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INTRODUCTION.

SCOPE AND VALUE OF BLOOD EXAMINATION.

H^aiMATOLOGT has now established for itself a definite field of

usefulness in the practice of medicine. It has solved some prob-

lems where least was hoped from it, and given us disappointingly-

little help where great expectations had been aroused. We might

have expected from it some light on the nature of rheumatism, fu-

runculosis, uraemia, diabetes, but none has come.

On the other hand, who could have hoped that it would help us

in the diagnosis of central pneumonia, of deep-seated suppurations,

and of trichinosis, or in the prognosis of relapsing fever or of pneu-

monia?

There are probably not more tnan five or six diseases in which

the blood examination gives us the diagnosis ready-made, but there-

is a very considerable number of conditions in which the blood ex-

amination will help us to make it. Not pathognomonic signs, but

links in a chain of evidence are what we are to expect from blood

examination. Very often the simple discovery that the blood is

normal may be a fact of the greatest value in diagnosis.

On the whole it seems to me that the examination of the blood

gives evidence similar in kind and not much inferior in value to

that obtained by examination of the urine. Both methods of ex-

amination give us (a) a ready-made diagnosis in a few diseases
;
(b)

side lights on a good many obscure conditions; and (c) the fre-

quently great assistance of a negative report. In certain wards of

the Massachusetts General Hospital it has been for some years the

rule to examine the blood of every patient as a matter of routine

at the time of entrance. In a small proportion of cases this gave

negative evidence only ; in a much larger proportion it materially

assisted in the making of a diagnosis.

Improvements in technique have lessened the labor and increased

the accuracy of blood examination. The most important facts
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about the blood of nearly every case can be obtained by a practised

observer in fifteen minutes.

The blood is the only tissue that we can study easily during the

life of the patient. Its relations to all other tissues are such that

it is typical of them all in a way that no other tissue is, acting on

all and being acted on by all. As yet we have studied chiefly its

morphology, and from that single aspect obtained most of the clini-

cally valuable information which we possess about it. But the

field of the blood chemistry is in many respects even more promis-

ing at the present time, and there seems reason to believe that the

study of the blood is still in its infancy and will take a higher place

in the future as an aid to diagnosis, prognosis, and treatment.

Like all methods of physical examination it has especial useful-

ness when we cannot communicate with a patient, either by reason of

iis unconsciousness, stupidity, or insanity, or because he speaks no

widely used language. In such cases the detection of marked anae-

mia, leucocytosis, eosinophilia, a typhoid serum reaction, or a mal-

arial organism may be of great assistance. Malingering is made
more difficult by it, and in the differentiation of organic from func-

tional disease it is often very helpful. There is no febrile disease

on which it may not throw light.

The evidence for these and many other aids furnished by the

blood examination in clinical work is given in the later chapters of

this work.



PART I.

METHODS OF CLINICAL EXAMINATION OF
THE BLOOD.

OHAPTEE I.

Confining ourselves to the clinically available processes by

which we can gain information of diagnostic or prognostic value,

blood examination at the present time embraces the following proc-

esses.

1. Estimation of the total volume of the blood and of its oxygen

capacity.

2. Examiaation of the fresh blood (with or without a warm
stage).

3. Counting the red and the white corpuscles.

4 Estimation of the amount of coloring matter.

5. Examination of dried and stained specimens.

6. Bacteriological examination of the blood.

7. Examination of the serum.'

8. Estimation of the coagulation time.

Less important are

:

9. Estimation of volume of corpuscles and of plasma in a given

quantity of blood.

10. Estimation of the specific gravity of the blood.

11. Estimation of the number of blood plates.

12. Estimation of the amount of fibrin.

To describe these processes in detail is the purpose of the next

chapters.

I. Estimation of the Total Volume oe Mass of Blood.

Until recent years the determination of the total mass of the

blood has been practically beyond our reach, and our blood exami-

uations have dealt wholly with small " samples " drawn from the

" See Chapter xiii. of Book II.
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periphery and treated as typical of the rest without regard to any

possible variations in the total amount of blood in the vessels.

But recently Haldane and Smith, in three important and inter-

esting papers, ' have suggested and applied a method which, if it

stands the test of time and criticism, will add very materially to

our knowledge of blood physiology and blood pathology.

The essential features of their method are as follows :

1. The patient inhales a measured volume of CO (a harmless

and not unpleasant process). After two or three minutes a few

drops of blood are taken for analysis and the percentage to which

the haemoglobin has become saturated with carbonic oxide is esti-

mated (by the carmine method, see reference at foot of page)

.

2. Knowing the amount of CO inhaled, and the degree in which

the blood has become saturated by this known amount, the quantity

of CO capable of being taken up by the whole of that patient's

blood can be calculated. Thus, supposing that the volume of car-

bonic oxide delivered was 150 c.c, and that the blood was twenty-

five per cent saturated, it is obvious that the blood would have been

one hundred per cent saturated by 600 c.c. Its total capacity

fur CO (or for oxygen) is 600 c.c.

3. How then shall we connect this estimate of total oxygen

capacity with the volume of the blood ? In a previous research the

writers showed that the oxygen capacity per 100 c.c. of any given

sample of blood can be accurately estimated by comparing its color

with the color of an equal sample of ox blood whose capacity for

oxygen has been previously determined. For example, a patient

having absorbed 100 c.c. of CO, it is found that his blood is one-fifth

saturated by this gas. The total capacity for CO (and so for oxy-
gen) is therefore 500 c.c. But further, the patient's blood is found
to have the same color as an ox's blood every 100 c.c. of which
has been previously determined to be capable of taking up 20 c.c.

of oxygen. The patient's total oxygen capacity (500 c.c.) divided
by the oxygen capacity of every 100 c.c. of his blood (20) gives us
25. This figure is then the number of hundreds of cubic centi-
metres of blood in his body—2,500.

Smith has now applied this method to over one hundred cases
•aiul found it to produce no appreciable ill-effects on the patient!
As the result of these studies, he estimates the average volume of

1. Journal of Physiology, xxii., p. 233. 2. Journal of Physiology
xxv., p, 831. 3. Transactions of the Pathological Society, 1900, vol. li

'
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blood in tealth as 3,240 c.c. or 3,420 gm. The latter figure is

obtained by means of the average specific gravity of normal blood

(taken as 1.055). In the fourteen normal cases studied the blood

mass varied from 2,830 to 4,550 gm. or ^ to ^-^ the body weight,

but was never as large as had previously been estimated (y^).

In chlorosis, Smith found that the apparent diminution in hae-

moglobin was, in fact, due to the great increase in the plasma of

the blood (serous plethora), the total oxygen capacity or haemoglobin

remaiuing normal. In pernicious anaemia, on the other hand, the

amount of plasma is sometimes increased and sometimes dimin-

ished, but the oxygen capacity or haemoglobin is always low. These

observations will be referred to again later (seepage 123).

II. Examination of the Fkbsh Blood.

(a) Puncture.—In all the processes about to be described (ex-

cept the bacteriological examination) the first step is as follows

:

Gently cleanse the lobe of the patient's ear with a damp cloth

and then dry it. All vigorous rubbing or kneading is to be avoided.

Attempts to sterilize the skin or to cleanse it with alcohol and ether

are a waste of time. A small lancet or a bayonet-pointed surgical

needle may he used ; a sewing needle gives more paia and draws less

blood from a given de]3th of puncture. A steel pen, with one nib

broken off, makes a good lancet. The needle need not be sterile.

In several thousand blood counts made at the Massachusetts Gen-

eral Hospital since 1893 the needles have never been sterilized and

no signs of sepsis have been seen in any case.

Possibly this is due in part to the fact that the next step in the

process after the puncture has been made is always to wipe away

four or five successive drops as they emerge. This serves not only

to get the blood flowing freely, but also to wash the ear in its own

blood.

The puncture is best made into the lower surface or edge of the

lobe, which is steadied with the fingers of the left hand. A very

quick stroke gives least pain, the hand rebounding like a piano

hammer. If the skin of the lobe is stretched tight with the fingers

of the left hand so that no " give " is possible, the quick puncture

gives hardly any pain.. I have repeatedly taken blood from a

sleeping child without waking it. What hurts the patient is the

mistaken tenderness that slowly i^resses the needle through the skin.
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The puncture must be deep enough to make the blood flow freely

and without strong pressure, after it is once started by pressing out

a few drops Blood squeezed out with strong pressure should never

be used for counting, as it may be considerably diluted with fluid

from the neighboring tissues.' If the skin is moderately thin and

the ear easily made hypersemic, a puncture one-eighth of an inch

deep is sufficient. With thick, bloodless skin it may be necessary

to go in one-quarter or one-third of an inch—never more. Beivare

ofbleedevs I have seen bleeding from a puncture made for a blood

count which could not be checked for three-quarters of an hour.

It is always safer to ask after a history of haemophilia as a matter

of routine before taking blood, just as one asks after false teeth be-

fore etherizing. If there is a history of haemophilia, a mere touch

of the needle point will give us all the blood we need without em-

barrassing us with a troublesome hemorrhage

There is no question as to the superiority of the ear over the

finger for drawing the drop. The ear is less sensitive than the

finger, and a slighter puncture gives us all the blood we need.

^Moreover, it is a distinct advantage, especially in children, that the

patient cannot watch the puncture of the ear, or the preparations

for making it, and cannot easily withdraw the part. A sleeping

patient often needs to be roused to get at his finger, while his ear is

usually easily accessible above the bed clothes. Again, the absence

of any bony prominence against which to press makes us less likely

to use too much pressure than if we puncture the finger.

When one is making frequent examinations of the blood of a

sensitive person, as in pneumonia, these details are of real impor-

tance, and in cases of pernicious anaemia in which the previous

attempts to get blood from the finger had been absolute failures, I

have found no difficulty in getting it from the ear. In this disease

the advantages of the ear over the finger are peculiarly great.

Preparation of Temporanj Specimens for Immediate Examination.

(b) When, after wiping away the first four or five drops, a good-
sized drop exudes spontaneously, touch the centre of a perfectly
clean cover-glass against the summit of the drop without touching
the slcin itself at all, and drop the cover-glass face downward upon
a slide so that the force of the impact will help to spread the drop
of blood thinly and evenly between slide and cover. It is recom-

' Moderate pressure produces.no error of importance.
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mended by Ehrlich and others to hold the cover-glass with forceps,

but there is no harm in holding it with the fingers, provided we avoid
touching either of its surfaces, i e , hold it always as in Fig 1 '

Slide and cover must be perfectly clean, else the blood will not
spread out in a layer thin enough to avoid the corpuscles overlying
each other so that not one of them is

clearly seen. Further, as dirt simulates

faii-ly closely some of the pathological ap-

pearances for which we are on the look-

out, its presence on the slide leads to loss

of time or to mistaken conclusions. Cover-

glasses, as they come from the shops, may
be coated with a substance not easily to

be removed. To get them really clean
F'g- i--P™per Method of how-

.
'' ing a Cover-glass.

nothmg IS so simple as or more effective

than soap and water. After several years' use of the method
of cleaning usually advised (viz., strong mineral acid, followed

by alcohol and then by ether), I have become converted to the

use of plain soap and water as the best and simplest way of

cleaning slides or cover-glasses. Kub soap over every part of the

glass, wash it off with water, and polish thoroughly with a clean

handkerchief (most towels are apt to leave a scrap of lint on the

glass).' If slide and cover are perfectly clean, are held as in Fig.

1, and allowed to touch only the summit of the blood drop and not

the skin, the blood will spread out properly between them, and no

pressure on the cover-glass will be needed to make the layer of cor-

puscles thin enough. Pressure is undesirable, as it often makes all

sorts of artefacts in the preparation and hastens crenation of the

red corpuscles. Better results are obtained if slide and cover are

varvied just before using, and it is well to have an assistant rub the

slide vigorously with a towel just before it is used.

This method is, of course, applicable only to specimens to be

' I am not unmindful of ElirlicL's warning that the moisture of the fingers

spoils the specimen ; but in practice I do not find it to be true except as re-

gards the margin of the film, the good preservation of which is not essential.

Only the thinnest cover-glasses in the market should be used, i inch is the

best size.

-Further experience has convinced me that water alone is generally suffi

cient, provided the polishing, which is the chief factor of success, is thorougli.

Tissue paper is very useful for polishing cover-glasses. After polishing, it is

well to pass them through a Buusen or alcohol flame once or twice.
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immediately examined. Specimens which are to be transported or

preserved should be prepai-ed as directed on page 39.

Prevention of Cell-Death.

Slides so prepared are usually best examiued with a one-twelfth

oil-immersion lens. As a rule they keep long enough for purposes

of examination without any further precautions, but if we desire to

keep the blood fresh and uucoagulated for a longer period, it is best

to exclude air in this way: Paint upon the slide with vaseline,

cedar oil, or any gummy substance a hollow square or ring of about

the size of the cover-glass, so that when the latter with its drop of

blood is put down upon the slide the drop will spread out inside the

riag of oil, which seals the margtas of the cover-glass to the slide.

Specimens so prepared will keep for many hours unchanged, and

without crenation or coagulation, if the weather is warm or if the

slide be kept in a warm place.

In examining blood suspected of containing malarial parasites it

is sometimes useful to put the whole microscope into one of the

warming apparatuses devised for the purpose. This is better than

any of the various kinds of warm stage in use, but in clinical work
there is rarely if ever any need for artificial heating apparatus of

any kind, provided the room and the slide are warm.

What Can he Learned from Fresh Blood.

In the first place we note the readiness or sluggishness of its

flow from a puncture of standard depth. The blood flows more
readily than usual in the following conditions

:

1 Peripheral congestion or vaso-dilatation.

2, Exaggerated fluidity of the blood (chlorosis, some types of

anaemia, and haemophilia).

It flows sluggishly

:

1. After profuse hemorrhage or serous drain (cholera).

2. In certain cases of extreme anaemia—e g , emaciated cancer
cases.

3. Vasomotor spasm (cold, hysteria, Raynaud's disease, uraemia
^certain cases).

4. Exaggerated coagulability

Examination of the fresh blood by the method described above
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is also a good way for ascertaining the presence or absence
of—

1. The Plasmodium malariae

2. The Spirochsete of relapsing fever

3. The Filaria sanguinis hominis and the Trypanosoma.
4. Kouleaux formation among the red cells.

It is also a quick and convenient method of finding out with ap-

proximate accuracy:

(a) Whether the blood contains an increased amount of fibrin;

(h) Whether any considerable anaemia or leucocytosis' is present;

(c) Whether or not the amount of haemoglobin in the red cells

is much decreased;

{d) Whether the red corpuscles are deformed

;

(e) Whether the " blood plates " are increased or not. A prac-

tised observer can also make a diagnosis of leukaemia by this method

in most cases, but here mistakes may easily occur.

So much can sometimes be learned from a specimen prepared in

this very quick and easy way that it should be as much a matter of

routine as a urine examination. But in order to get any information

from such a preparation we must previously have familiarized our-

selves with the appearance of normal blood under such conditions

—

with the size, shape, color, and refractions of the red cells, white

cells, and blood plates and their ratio to one another, and with the

great variety of curious phenomena to be seen as a drop of blood

gradually dries up between slide and cover. No book can teach

this ; it must be learned by actual experiment.

Some of the commoner sources of error will be referred to later.

Here I will mention only the Brownian movement in the protoplasm

of the corpuscles, to be distinguished clearly both from the amcEboid

movements of the leucocytes or of the malarial parasite and also

from the irregular contractions of the dying protoplasm, which give

rise to pseudo-amoeboid motions in the crenated points of normal

red cells or in the irregular projections of corjjuscles deformed by

disease {vide infra).

For a more detailed description of normal red corpuscles, white

corpuscles, and blood plates the reader is referred to Part II.

An account of the pathological changes to be observed in the

fresh blood will be given in later chapters.

' More accurately it is only the ratio of red to white corpuscles that we

can determine, and when the red are very much diminished in number we

may be deceived into supposing that the white are increased.



CHAPTER II.

COUNTING THE CORPUSCLES.

I. The Thoma-Zeiss counter.

II. Durham's modified counter.

I. Out of the many instruments devised for this purpose that of

Thoma-Zeiss with Zappert's modified ruling of the counting

chamber is the best, and much
the most commonly used.' In

the use of this instrument there

are five steps or stages

:

1. Puncturing the ear.

2. Diluting and mixing the

blood thus obtained.

3. Adjusting a drop of di-

luted blood in the counting

chamber.

4. Counting the corpuscles.

5. Cleaning the pipette.

To count the vi^hite corpus-

cles, an instrument different

from that employed for the red

is often used.

The technique is nearly the

same for both instruments, but

for clearness' sake I shall de-

scribe them separately. To
save time I shall call the small-

bore pipette used for red cor-

puscles (Fig. 2, A) the -red
counter," and the large-bore

Fig. 2.—Thoma-Zeiss Pipettes. A. For red cor-
P^Pette (Fig. 2, E) the " white

pusoles ; B, for white corpuscles. counter.

"

> The various modifications Introduced from time to time do not seem to
me to present advantages sufficient to make tliem deserve to displace tlie
original instrument.
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Counting the Eed Corpuscles.

(a) After puncturing the ear as above described, and as soon as

the blood is flowing freely, put the point of the " red counter " into

the drop as it emerges from the ear, and by sucking gently on the

rubber tube attached to the other end, draw up blood to the mark
0.5 on the pipette. It is convenient to rest

the end of the pipette on the thumb as ^,,,

shown in Fig. 3. It needs some practice

to stop exactly at the mark, but if we hap-

pen to draw the blood up a little past the

mark 0.5 no considerable error results, pro-

vided we draw the column down again to

the mark by tapping the point of the pipette

on a towel, and provided also that the m- -y^ -

strument is perfectly clean and dry. The ^-^ /^ /J

aim and intention, however, should always fig. 3.—Method of Restins Point

be to stop exactly at the mark 0.5, and with oi pipette on theThumb while
'^ J ' Sucking In Blood.

a little practice we can do it, except with

nervous or delirious patients, and those who carelessly move the

head just at the critical moment. With such patients we usually

have to content ourselves with drawing the blood a little beyond

the mark 0.5 and then drawing it down again to the mark as above

described.

Diluting the Blood.

(b) The bottle of solution to be used for diluting the blood

should be ready uncorked at the bedside. Of the many solutions

suggested by various authors none is better than Gower's, the for-

mula for which is as follows

:

Sodii sulphat gr. 112

Acid, acet 3 v.

AqusB %iv.

Toisson's solution is also very useful and stains the white cor-

puscles so that they can be easily distinguished from the red. Its

composition is as follows

:

Methyl violet, 5 B 0.085 gni.

Sod. chlor 1.000 "

Sod. sulph , 8.000 "

Keutral glycerin 30.000 cm.

Aquffidestill 160.000 "



14 CLINICAL BLOOD EXAMINATION.

We must wait about ten minutes after mixing before the leucocytes

are fully stained. Except for this delay, the only objection to this

solution is that it is rather difficult to clean the pipette after using

it. If the white cells are counted with another pipette the staining

fluid can be as well dispensed with.

Into a bottle of one of these solutions, ready at the bedside, the

point of the pipette is to be plunged as soon as the blood has been

drawn up to the point 0.5 and the outside of the pipette wiped clean

of blood. Suction is then exerted through the rubber tube the in-

stant the point of the pipette is below the surface of the diluting

solution. This siiction is continued until the diluted blood has

filled the bulb of the pipette and gone past it up to the point

marked 101. It is not difficult to stop at this point, provided the

pipette is perfectly clean and dry inside. Otherwise it is impos-

sible. Should any mishap occur at this jjoint, the whole process

must be begun over again after carefully cleaning and drying the

pipette. If no accident happens and the mixture is sucked up to

and not past the mark 101, we have diluted the blood with two

hundred times its bulk of neutral solution. If, instead of drawing

the blood up to the mark 0. 5, we draw it as far as the point marked

1, and then dilute as above described, the mixture will be 1 to 100.

Some observers habitually use this dilution. The objections to it

are (1) That if the blood is accidentally drawn up too far (i.e.,

past the mark 1) we cannot draw it down again but must painfully

clean and dry out the pipette (see page 18) and repeat the proc-

ess. (2) If the blood contain approximately the normal number

of corpuscles, they will be so crowded when adjusted on the ruled

surface of the disc A that it is more difficult to count them. If we
use another pipette for the white corpuscles, the dilution of 1 : 100

has no advantage to counterbalance these drawbacks.

While sucking in the diluting solution, it is well to roll the

pipette on the long axis with tlie fingers of the hand which holds it

in the diluting fluid. This mixes the blood instantly and prevents

any of it from floating on the top of the solution and thereby com-
ing up undiluted into the narrow portion above the bulb of the

pipette, where it might possibly escape thorough mixing.'

Next we thoroughly mix the blood and diluting fluid by shaking
and rolling the pipette, its ends being closed by the fingers. The

' Care must be taken that no saliva finds its way through the rubber tube
and into the pipette. Kever blow through the rubber tube.
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little glass ball within the bulb helps this process materially. A
minute's brisk rolling and shaking is as good as five minutes', as I

have convinced myself by many experiments, and the distribution

of the corpuscles throughout the mixture is very even, provided

there is no delay in proceeding to the next step,' viz.

:

(c) Adjusting a Drop of Diluted Blood in the Counting Chamber.

—Remove the rubber tube from the pipette and blow out the por-

tion of diluting solution which last entered the pipette, and which

consequently has not been thoroughly mixed with the blood in the

bulb. Five or six drops should be blown out before any is used for

B
,

^,„r,„j, FiyTZTmn .>i[p.m.^

A C
Fig. 4.—Thoma-Zeiss Counting Slide. A, Ruled disc ; B, cover-glass ; C, moat.

examination. Next, put upon the surface of the counter (A, Fig. 4)

a drop of such size that when the cover-glass (B) is let down over it,

the whole of the disc A is covered with the drop without any being

spilled into the " moat " (C) around it. Just how large such a drop

should be, can be learned only by practice. It is not literally

necessary thatexactly the whole disc A should be covered, provided

nine-tenths of it is covered, but any spilling over into the "moat"

(C) entails serious error."

After the cover-glass has been let down upon the drop, we should

be able (provided the whole instrument is clean) to see concentric

rainbow rings between the cover-glass and the body of the instrument.

These are known as Newton's rings. A little pressure with a needle

on the cover-glass will often bring them out if they do not at once

appear, but they must remain visible after the pressure is taken off.

Otherwise we know that there must be some dirt or dust under the

cover-glass preventing its settling exactly into position, and this will

cause error in the count, though not a very considerable error in

most cases. (To see Newton's rings we should get our eyes near

to the level of the counting chamber so that the light from window

or lamp is reflected from the surface of the cover-glass.

)

' If we have to pause before going on to the next step, we must take care

to roll and shake the pipette again when ready to proceed.

' In accordance with Meissen's suggestion Zeiss now supplies this apparatus

with a groove in the glass disc outside the "moat," whereby communication

is established between the latter and the external air. Thus the results of

counting are made independent of differences in atmospheric pressure.
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If the above conditions are not all fulfilled, the instrument

should be washed and another drop tried, after shaking the pipette

and blowing out a few drops as before.

The cover-glass must be let down as soon as possible after the

drop has been put on the disc A, and before the corpuscles have

time to settle. It is best to let it down with a needle as in mount-

ing microscopic specijnens.

Counting.

(d) After waiting two or three minutes so that the corpuscles

may settle thoroughly upon the space ruled off on the disc A, "the

whole blood-covered area of the ruled slide should be examined first

O.lOOmm. C.Zeiss
Jena

Fig. 5.—Thoma-Zeiss Counting Slide. X, Ruled disc.

by low power, and, no matter what distribution obtains over the

ruled square, if over the whole field the cells are not quite uni-

formly distributed, the slide should be cleaned up and another

drop examined " (Emerson).

If the distribution seems everywhere uniform, the counting is

begun, using preferably an objective 5 of Leitz or D of Zeiss and a

Xo. 1 or 2 eyepiece.

The central part of the ruled space on the surface of Zappei't's

counting chamber (A, Fig. 5) is divided into four hundred squares,

every group of sixteen squares being enclosed in double lines to

make it easier to know how many squares we have counted (see Fig.

6). Including the squares with double lines we have a group con-

taining thirty-six small squares, a group convenient to count at one

time as it just about fills the field of the objective Leitz No. 6, or

Zeiss D with a No. 2 eyepiece.

To avoid considerable error we should count the corpuscles in

five fields of thirty-six squares each, such as is shown in Fig. G,
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taking the fields in various parts of the whole ruled space. The

instmuient should then be washed ' and the whole process repeated

with a second drop. If the count of the second drop differs widely

from that of the first, a third drop should be counted, and the aver-

age taken of those two which are most nearly alike. Thus at least

three hundred and sixty small squares should be counted ; with such

a number the error is not over three per cent for practised observers.''

In normal blood this means counting about 2, 160 corpuscles, as six

or seven to a small square

is about the normal average

when we are using a dilu-

tion of 1 : 200 such as has

been described (twelve to

fourteen cells per square

in a dilution of 1 : 100)

.

Among the difficulties

encountered in counting is

the presence of a few cor-

puscles on or touching one

or more of the lines hound-

ing the space to be counted.

Shall we count these out

or in?

In counting, for in-

stance, a field like that in

Fig. 6, what are we to do with the cells which sit astride the lines

AA, BB, etc.?

To get round this difficulty, it is best to make it a rule to count

in all the corpuscles on or touching some two of the boundary lines

{e.rj., AA and BB) and to take no notice of any cell on or touching

the lines CC and DD. In this way the exclusions just balance the

inclusions. Of course all cells within these outer boundary lines

are to be counted whatever their position.

Beyond this the details must be settled by each man fo'r himself.

My own habit is to count through the squares in the order indicated

by the track of the serpentine arrow in the accompanying Fig. 7,

and to count by twos or threes.

' Use only water—alcohol dissolves the cement which holds the ruled disc

in place.

= See Reinert's "Zahlung der Blutkorperchen," Leipzig, 1891, p. 48 et seq.

9

oc
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A movable stage makes the countiag easier, especially for be-

ginners. Either natural or artificial light may be used, with a

small aperture diaphragm, and if the instruments are clean and the

diluting solution fresh and free from sediment,' there is no diffi-

culty in deciding how many cells each square contains, and no ex-

traneous fragments to be

excluded. We must dis-

tinguish the white corpus-

cles from the red, not by

their size but by their

stain if Toisson's solu-

tion is used, otherwise by
their peculiar shining

look when the lens is

drawn up so as to put the

red cells slightly out of

focus. The blood plates

are not noticeable and

lead to no errors.

When the number of
FIG. r.-The Arrow Indicates the Order in whlcH the corpuscles in 360 Squares

Squares are Counted. ^
has been counted the

number is divided by 360 and multiplied by 800,000 (i.e., by 200
to make up for dilution and then by 4,000, because each square
is equivalent to ^Vu o* a cubic millimetre), which gives us the
number of corpuscles per cubic millimetre.

These figures need not be committed to memory, for we have
marked on the instruments used all the data necessary for the cal-
culation, i.e., the dilution figures on the pipette and the area and
depth of a single square on the counting slide.

(e) The importance of cleaning the pipette as soon as the count-
ing is done is so great that it should be reckoned as one of the
regular steps on every count. First water, then alcohol, and lastly
ether must be sucked into the pipette and brought into contact with
every part of the bulb and tube. After this air must be sucked or
pumped through the tube until it is perfectly dry and the glass ball
will roll about freely in the bulb without sticking anywhere.

These precautions take but two or three minutes, and if they are

' Most diluting solutions precipitate or accumulate spores, and need to be
frequently renewed or filtered.
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omitted and the blood dries in the pipette, it may take several

hours' work to get it clean. Further, if it is not thoroughly dried

after cleaning, the mixing of the blood when it is used next cannot

be done accurately.

The first three steps of the above process {i.e., the obtaining,

diluting, and mixing of the blood) must be done as swiftly as is

compatible with accuracy, but when once the blood is mixed in the

pipette it can be kept there indefinitely and counted at leisure.

None of the corpuscles are destroyed or lost, and if the bulb is

thoroughly rolled and shaken up whenever we are ready to count

the blood, no error results from keeping it twenty-four hours or

more in the pipette.

It is not necessary, therefore, to carry a microscope to the pa-

tient's house or bedside; the pipette and the diluting solution are

all that we need to take with us, and when the blood is mixed in

the pipette, the latter' s ends can be closed with a rubber band, and

the blood carried home and counted at leisure. The pipette should

be kept approximately horizontal during the transit.

COUXTING THE WhITE CoEPUSCLES.

To make a reasonably accurate count of white corpuscles, using

the " red counter " and the dilution of 1 : 100 or 1 : 200, we need to

count an immense number of squares, far more than was necessary

in estimating the red cells—in fact, at least ten times the whole

ruled space. It is therefore far quicker and more accurate to use

the " white counter " or large-bore pipette with a diluting solution

which readers the red cells invisible and leaves only the white to be

counted. Such a solution is the one-half of one-per-cent solution

of glacial acetic acid in water. With this the white corpuscles

stand out very clearly and the red can barely be seen at all- The
technique is the same as that already described, with the foUowiag

exceptions

:

. 1. The drop of blood needed is nearly three times as large as

that used m the " red counter " ; it is about as big as can be made to

stay on the ear without rolling <M, even if we draw blood only to

the mark 0. 5. If we draw blood to the mark 1, as advised by Ttirck,

we must make a deeper puncture and suck in the blood as it flows

without waiting for the formation of drops.

2. The bore of the tube being large, it fills and empties more
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readily. Hence our suction must be gentler, and it is rather harder

to stop exactly at the mark 11. For the same reason the diluted

blood will run out of the pipette if the latter is not kept nearly

horizontal, and the bottle of diluting solution should accordingly be

tipped up as we plunge in the point of the pipette, so that the latter

is depressed as little and for as short a time as possible before suc-

tion begins.

3. Zappert's modification of the Thoma-Zeiss counting chamber

should be used. Zappert's counting chamber (now supplied by

Zeiss at the same price as the ordinary one, 'i.e., 15 marks) differs

from that ordinarily used in that the central square millimetre is

surrounded by eight undivided squares of the same size (see Fig.

10). With this ruling one counts first the number of leucocytes in

the central square (about 35 in normal blood) and then in each of

the surrounding undivided squares. This gives us a total of about

300 leucocytes (in normal blood) as a basis for our calculations.

The total so obtained is divided by 9, and then multiplied by 200

(provided we have diluted 1 : 20).

The advantages of the large-bore pipette are obvious. The only

drawback is its expanse. The technique is not at all difficult.

Counting Both Red and White Cells with the Saiae Pipette.

We may avoid buying both large-bore and small-bore p,ipettes in

one of the following ways

:

1. We can count both red and white corpuscles with the "red
counter."

2. We can count both red and white corpuscles with the " white
counter.

"

The reason why we cannot use the " red counter " for counting
white cells, unless modified in some way, is that in the whole ruled

surface of the counting chamber not more than three or four white
corpuscles are to be found in normal blood when diluted two hun-
dred times. If we dilute less, we cannot see the cells distinctly,

because they are so crowded. If we find, say, three white corpus-
cles as the number to be used as a basis in calculating the number
of white cells in a cubic millimetre, the chance of error is very
great, the multiplier being so large (2,000) and the multiplicand so
small (3).

To get over this difficulty we may utilize the cells spread over
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the. disc of the counting chamber outside the ruled sjmce in one of

the following ways

:

(a) Bi/ measuring the field of the objective used. The writer's

objective, No. 5 of Leitz, has a field of very nearly one-quarter of

a square millimetre or one-quarter of the

whole raled space. Four fields of this

lens, taken anywhere outside the ruled

space, therefore, contain the same number

of cells as will cover the whole four hun-

dred small ruled squares.

(ft) Another method is as follows:

Cut out of black cardboard a square hole

(see Fig. 8) of such a size that it will fit

into the tube of the eyepiece—the square

aperture allowing a space of just one-

quarter of a millimetre (one hundred of the ruled squares) to be

seen through it with a given objective (say Leitz No. 5). Four

fields as seen through such an aperture can then be counted in vari-

ous parts of the slide outside the ruled space as explained above.

Fig. 8.

Fig, 9.—Zappert's Countinff Chamber.

(c) For any one living where microscopic ruling on glass can be

done at a moderate cost, by far the best way is to have the rest of

the disc A (Fig. 5) ruled oif as shown in Fig. 9. Leitz and Zeiss
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now supply iustruments so ruled. I have not been able to hear of

any one in America who could do such work at a moderate expense.

Whatever method of counting white corpuscles is adopted, we
ought to have at least one hundred corpuscles actually counted to

use as the multiplicand of our computation. A single drop from

the white counter with a dilution of 1 : 10 gives us normally about

seventy white corpuscles in the four hundred ruled spaces, and

by repeating the process with a second drop the result may be made
reasonably accurate. This was the method adopted by Eieder ' in

the immense number of counts made by him.

II. Durham's Modified Hcemocytometer.

In the Edinburgh Medical Journal for October, 1897, Herbert

E. Durham, of Cambridge, England, describes a self-filling capil-

lary pipette which has considerable advantages over the ordinary

Thoma-Zeiss instrument. The account of the device is here given

in his own words.

"As in the Gowers' instrument, there is a separate capillary

pipette for measuring the blood, one for measuring the diluting

fluid, a mixing vessel, and the counting chamber. A few words

may be said about each of these.

" Capillary Pipette.—There is an obvious advantage in the use

of a self-measuring pipette. It cannot go wrong by accident. Dur-

^
Fig. 10.—Cross-section of Durham's Automatic Blood-Pipette. T, Glass tube (like that of

meaicine-aropper) ; N, rubber nipple (like that ot medicine-dropper)
; j), perforation in the

nipple ; c, cork holder, perforated by capillary pipette.

ham uses small pieces of thick-walled capillary tube—5 and 10

c.mm. in capacity. Such a pipette can readily be cleared by pass-

ing a piece of darning cotton by means of a needle through the bore

of the pipette. It is best to wet the end of the cotton with ether.

" Any one who has worked much with the Thoma-Zeiss pipette

will know how troublesome it is to clean, especially when a number
of observations have to be made in a limited time. The tiny pipette

is mounted by means of a small cork (c) in a large glass tube (T),

' "Beitrage zur Kenntniss der Leucocytosis,'' Leipzig, 1892 (Vogel).
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which is provided with a rubber nipple (N), having a lateral per-

foration (p) (Fig. 10)

" The mixing vessel consists of a small test tube (2| X t^ in-

fer 1 c.c, or 2|^ X f in. for 0.5 c.c). Several such tubes may be

kept, so that a number of observations can be made if necessary.

For thoroughly mixing the blood and diluting fluid, one or more small

glass globules are placed in the tube. By using different colored

glass globules, different specimens can be readily differentiated.

"For measuring the diluting fluid, pipettes containing 1 and 0.5

c.c. are used ; these are remarked at '995 and 990 c.mm. and 495

and 490 c.mm. respectively. With these graduations the following

dilutions may be obtained : 1 : 200, 1 : 100, and 1 : 50, with the ap-

propriate capillary pipette.

" Having measured the diluting fluid, according to the eventual

dilation desired, the blood capillary is filled by touching the exud-

ing drop of blood and allowing it to completely fill itself.

" The hole in the nipple allows free air-way so that there is no

hindrance to the action of capillarity. When filled, any blood on

the outside of the pipette is rapidly wiped oflF, and the tube is in-

serted into the mixer until the point is one-half to three-fourths of

an inch above the level of the contained liquid.

" The nipple is then held in such a way that the hole lies under

the thumb of the operator. When this is the case it is slightly

squeezed, and then, while the pressure is continued, the bulb is

rotated so that the hole is free again. In this way the blood is

squirted out, but not sucked back again. In order to wash out the

remains of the blood the point of the capillary is dropped into the

diluting fluid; the bore instantly fills itself. It is then withdrawn

and the pressure and rotation of the nipple are repeated. This has

to be repeated several times, and occupies a few seconds of time.

" To mix the blood and diluting fluid thoroughly, the mixer is

placed between the opposed hands, which are rubbed backward and

forward; the mixer is rotated thereby, and the glass globules cause

a thorough dispersion of the corpuscles in the fluid.

"A drop of sufiBcient size is then placed upon the counting cham-

ber, and the cover slip is slipped on sideways in the usual way. I

prefer the Thoma-Zeiss counting chamber.

"The advantages of this method are;

" 1. The ease and thoroughness with which the pipette can be

cleaned.
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"2. The manifest advantage of tlie self-measurement of the

blood.

" 3. The avoidance of the objectionable necessity of using the

mouth to suck fluids into the pipette.

" 4. The measurement of the diluent can be done carefully

and calmly beforehand, and any error corrected without taking any

more blood.

"5. The greatly smaller cost of the pipette.

" 6. The same pipette is useful for making various dilutions in

serum diagnosis, by using several mixing vessels filled beforehand

with dilute fluid."



CHAPTEE III.

OIJVER'S H^MOCYTOMETER—CENTRIFUGALIZING THE BLOOD
—HEMOGLOBIN ESTIMATION—SPECIFIC GRAVITY-

STAINED SPECIMENS—THE IODINE REACTION
—BACTERIOLOGICAL EXAMINATION.

Oliver's H.emocytometer.

Recently a method of estimating corpuscles by means of their

optical effect, and without directly counting them, has been intro-

duced by Dr. Oliver. For practical purposes an actual counting of

the corpuscles must be considered a necessity; not only since tlie

number of leucocytes is not without importance (e.g., in the diag-

nosis of enteric fever), but also since these cells may be so abundant

that the}- may interfere with the use of optical methods, as in the

case of leukaemia. Nevertheless the instrument is very accurate

and useful in many cases. Its principle is based on the fact that if

a small quantity of blood is gradually diluted with Hayem's solu-

tion ' in a test tube whose sides are flattened so that its mouth forms

a rectangle about 15 mm. by 5 mm., and a candle flame is looked

at through the mixture, there is to be seen, when a certain degree

of dilution is reached, a bright horizontal line on the glass. This

line is made up of a large number of minute images of the flame,

produced by the longitudinal striation of the glass. If the quan-

tity and quality of blood used are in every instance the same, the

degree of opacity depends wholly on the amount of Hayem's solu-

tion added. It is found that with normal blood the amount of

diluting solution necessary to allow the image of the candle flame

to be seen through the mixture is always the same, and can be very

accurately fixed, so that a variation of one per cent in the number

of corpuscles can be distinguished by noting the amount of diluting

• Hydrargyri perchloridi 0.5 gm.

Sodii chloridi 1.0 "

Sodii sulphatis 5.0 "

Aquse destillatse 200.0 c.c.
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solution which must be added before the image of the flame ap-

pears. To collect the blood, Oliver uses a capillary pipette con-

ns. 11.—Oliver's Hsemocytometer. A, Graduated mixing tube; P, capillary pipette"; iVf,

dropper, with rubber nozzle flttting the capillary pipette.

taining about 10 c.mm. (one large drop), and used exactlj- in the

same way as the v. Fleisclil capillary pipette (see Fig. 11).

One pipette full of normal blood is gradually diluted in the flat-

tened tube with Hayem's solution until a bright horizontal line

caused by the image of candle flame becomes visible through the

mixture. The point to which the column of the mixture ilien

reaches is marked 100, and the space between that point and the

bottom of the tube is divided into 100 equal parts. The point

marked 100 is then equivalent to 5,000,000 red corpuscles; 90 =
4,600,000, 80 — 4,000,000, and so on, each degree on the scale

corresponding to a difference of 60,000 corpuscles (Fig. 11).

TJse of Olirer's Hwrnocytometer.

The capillary pipette is first thoroughly cleaned and dried by
passing through it a needle and thread saturated with water and
then with alcohol and ether. It is then filled in the usual way,
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and the outside carefully and quickly wiped if necessary. The

medicine dropper (previously filled with Hayem solution) is then

connected with the polished blunt end of the pipette by means of

the rubber tube (Fig. 11), and blood washed into the test tube.

Speed is essential, else coagulation occurs. If the previous hsemo-

globin estimation has shown ninety to one hundred per cent of col-

oring matter, we can safely add the diluting solution rapidly until

the point marked 80 is reached. If the coloring matter is lower we

must cease our rapid dilution correspondingly sooner. When we

get near the point at which the flame image is likely to appear, the

diluting fluid must be added a few drops at a time. After each

addition put the thumb

over the mouth of the tube

and turn it upside down
once or twice to mix the

blood thoroughly, wiping

the thumb each time on

the edge of the tube so as

to put back what fluid has

adhered to it. At a cer-

tain point the image will

suddenly become visible.

It is seen soonest if we ro-

tate the tube on its long

axis, as the image becomes

visible earliest at the sides

of the tube, but dilution

should be continued drop

by drop until the horizon-

tal line of light is just

visible across the short

diameter of the tube. The
appearance of the incom-

plete line at the sides is

a constant forerunner of

the complete transverse

line, and should put one on one's guard, as very close watching

is needed to recognize it without overstepping the necessary dilu-

tion. The opacity remains uniform for many minutes. The whole

process should be carried on in a perfectly dark room, and the dif-

FlG. 12.—Showing the Method of Holding Oliyer's

Hsemocytometer.
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fused light of the candle must be shut off from the eye. Tliis is

best done by fitting the tube into the hand, as shown in Fig. 11',

with the long axis in line with the candle, holding the tube close to

the eye, and standing about ten feet from the candle. In the use

of both of his instruments Oliver employs only the small wax can-

dles known as Christmas candles, whose flame is of the most con-

venient size.

After some experience with this instrument I find it simple, ej-e-

saving, rapid, and sufficiently accurate in cases not associated with

marked anaemia, as indicated by the previous haemoglobin test. Its

drawbacks are the impossibility of making any estimate of the Avhite

corpuscles with it and its gross inaccuracy in cases of severe anaemia

(see Emerson, Johns Hojjlcins Bull., January, 1903, and Baumgar-

teu, Johns Hopkins Bull., July, 1902).

Thk H.ematockit.

The haematocrit of Hedin has undergone considerable modifica-

tion and improvement and as remodelled and improved by Judson

Dalaud has been used to some extent in this country. Its direct

and obvious object is simply to ascertain the relative volume or

mass of the corpuscles and of the plasma in a drop of blood ; but

the hope of its advocates has usually been that it would supplant

entirely or mostly the long, tedious, and eye-destroying process of

counting with the Thoma-Zeiss instrument.

To use the Daland haematocrit we prick the ear as usual and

with the help of a bit of rubber tube attached to one end of the

capillary tube (Fig. 13) suck in enough blood to fill it entirely.

As soon as it is full, put the finger (greased with vaseline)

tightly over the free end of the glass tube aud then, but not till thi'ii,

draw off the rubber tube and adjust the glass as quickly as possible

in the place prepared for it on one of the horizontal arms of the

whirling machine (Fig. 13). A similar tube (empty) should be put

on the other arm of the crosspiece to nuike the balance true. The
handle of the instrument is then revohed at least seventy times a

minute for two minutes, at the end of Avhich time (sometimes less)

the column of blood cells is packed so tight that no further whirling

has any effect on its length.

To estimate the number of red corpuscles from the length of the

column, we call each degree of the scale on the tube 100,000 cells,
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or a little more. Thus if the blood column in the tube ends at

about the mark 50, we consider that the blood has rather more than

5,000,000 red corpuscles per cubic millimetre. So far all observers

agree on the figures, but as to just how much more or less than

100,000 each degree on the scale is

worth there is some variation between

different observers. Daland ' finds that

the degree of the scale on the capillary

tube corresponds to 99,390 corpuscles.

So far as I can learn, the use of this

instriiment in Europe has been chiefly

for the direct information it affords as

to the volume of the red cells and the

amount of respiratory surface in the

blood, rather than for the indirect in-

formation it may give us as to the num-
ber of the red cells. It does not seem

as yet to be supplanting the Thoma-
Zeiss counter.

Its bulk and the noise it makes
must for the present, I think, prevent

its extensive use outside of hospitals. Fi<;. is.—Daland's Haematocrit. Two

The noise it makes is a very loud and

disagreeable one, and will deter many
from using it in private practice.

Emil Aspelin ("Eiineberg's Fest-

schrift," 1903) has recently made a

number of experiments with a modified

instrument, using a longer tube and a

mixing bulb like that in the Thoma-Zeiss instrument. Here he

mixes the blood with a diluting solution, and after thorough cen-

trifugalization is able to estimate with reasonable correctness the

number of leucocytes as well as of red cells. Still the time con-

sumed is greater than that necessary to make a count of white cells

with the Thoma-Zeiss instrument, and for the red cells the new
instrument, even in Aspelin's hands, is often far from accurate.

Emerson (Johns Hopkins Bull., January, 1903) finds the haema-

tocrit "useful in determining the presence of lipsemia, cholsemia,

haemoglobinaemia, etc., but not to count the cells."

'University Med. Mag,, November, 1891.

capillary tubes in place on the hori-

zontal whirling beam. The instru-

ment is to be fastened to the edge

of some solid and bulky piece of

furniture by means of the thumb
screw seen at the bottom of the cut.

If not very tightly secured, it will

work loose when the handle is re-

volved rapidly.
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H.EMOGLOBix Estimation.

1. Tallqvist's Haemoglobinometer.

2. Dare's

3. Oliver's

4. V. Fleischl's

Until recently the instrument most used both here and in Europe-

was that of V. Fleischl. In France Hayem rules supreme in the

matter of instruments, as in everything else concerning the blood,

and in England Oliver's apparatus is used to a certain extent.

Very recently, however, a contrivance originated by Tallqvist ' has

come into use and deserves, in my judgment, to supplant all others

in clinical work. I shall therefore describe it first.

I. Talhji'ist's HcBinoglohinometer.

A drop of undiluted blood is soaked into a bit of filter paper of

standard quality and compared (by ordinary reflected daylight)

with a paper color scale of ten tints, ranging from ten per cent to

one hundred per cent. The scale was prepared by imitating in

water color the tint of the blood of anaemic patients (using the v.

Fleischl instrument) when soaked into the standard filter paper.

The water-color standard colors were then reproduced in lithograph,

and the lithographed scale bound up with fifty sheets of the stand-

ard filter paper makes an apparatus which can be easily slipped

into the pocket and carried to the bedside.

In making the comparison the blood stain is put against ^ a back-

ground of white filter paper beside the color scale, and moved along

until a match is found. The comparison should be made as soon

as the stain has lost its humid gloss and before it is thoroughly

dry. Artificial light cannot be used. Errors of ten per cent are

possible, but it is my belief that far greater errors than this are

frequently made with v. Fleischl's or Oliver's instrument in the

hands of the great majority of physicians. Tallqvist's scale costs

but $1.25, and can be used by any one with sufficient accuracy for

practical purposes, and with a celerity that makes haemoglobin esti-

mation no more of an undertaking than feeling the pulse. I have

' 'Tallqvist, St. Paul Med. Jour., May, 1900.
« Never blot it.
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used the instrument in several hundred eases, and have never yet

been misled by it, nor found a greater error than ten per cent in

comparison with Oliver's or Dare's instrument.

II. Dare's ' Hmmoglobinometer.

This excellent instrument is undoubtedly more accurate than

Tallqvist's, and would be preferable to all others but for its cost

($20), its bulk, and the time necessary to make an observation and

to clean the parts.

As in Tallqvist's method, undiluted blood is used, and this con-

stitutes an advantage over both v. Fleischl's and Oliver's instru-

ments. The blood is drawn by capillary attraction into the slit

between two slabs of glass, one transparent, the other translucent

and white, so as to diffuse the light used for illumination.

The color of the blood is then compared with different portions

of a circular disc of colored glass revolved by means of a thumb

screw so that different tints are successively brought side by side

with the blood tint. Transmitted light from a candle is used for

illumination, and the observation is made through a tube, which

effectually excludes all extraneous light. As we turn the screw

and bring different tints of the glass standard into comparison with

the layer of undiluted blood, the percentage of hsemoglobin can be

read off from the etched scale which appears at a point opposite the

color aperture. The sharply bevelled edge of the opening rests

directly over the reading indicated. A pivoted black screen pro-

tects the observer's eyes from the direct light of the candle, and

may occasionally be brought over the color apertures so as to rest

the eye.

The instrument is so -made that blood film and standard color

disc are viewed side by side in a horizontal plane through two cir-

cular holes 5 mm. in diameter which are considerably magnified by

a lens in the telescoping camera tube.

In using the instrument we need no dark room—a great advan-

tage. The instrument is simply pointed at some dark surface—

a

dark coat or corner. In order that the blood and the color disc

should be equally lighted, it is essential to see that any curve that

exists in the candle wick should point straight toward or away from

the centre of the instrument in line with the juncture of the springs

which support the candle.

'Phila. Med. Jour., October, 1900.
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The reading should be completed before the blood film begins to

shrink in from the edges, i.e., within ten minutes.

The advantages of Dare's instrument are

:

1. Its accuracy; using undiluted blood and making allowance as

it does for the color curve, it is, I believe, more accurate than any

other clinically available instrument.

2. Leucocytosis does not disturb the reading (as it does in v.

Fleischl's instrument).

3. The errors and waste of time incident upon dilution are

avoided, since the instrument uses undiluted blood.

4. No dark room is needed.

5. It can be used and cleansed much more quickly than any

other instrument except Tallqvist's.

My reason for preferring Tallqvist's instrument despite these

merits of Dare's are

:

1. Because accuracy greater than that obtainable with Tallqvist's

instrument is seldom practically important.

2. Because an observation can be made with Tallqvist's hsemo-

globinometer in about one one-tenth of the time needed for using

any other instrument, i.e., in about twenty-five seconds.

3. Because the Tallqvist instrument takes so little room and

needs no cleaning or preparing for use.

4. Because it is so cheap.

Ill Oliver's HcB-moglobinometer.

Oliver's instrument corrects two errors which are inherent in v.

rieischl's.

1. It has no sliding scale of color, but compares the blood tint

successively with definite tints of glass, each of which is even.

The tints are worked out to correspond to the specific dilution curve

of blood, for

:

2. Since every colored liquid changes color at ,a different rate

when diluted, the dilution curve of blood does not correspond to that

of glass (which behaves in this respect like a liquid). The glass

wedge of v. Fleischl's instrument represents a single color regularly

diluted and does not correspond io, its degrees to the colors of blood

diluted at a similar rate. The scale of Dr. Oliver's instrument is

measured to correspond to the actual colors of the blood's dilution

curve by means of the tintometer.

In other respects the principle of the instrument is like v.
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Fleischl's, and the method of using the two is practically the same

except that in Oliver's reflected light is used instead of transmitted

light. Oliver's instrument consists of a series of twelve tinted glass

discs corresponding to the haemoglobin percentages from 10 to 120

Fig. U.—Oliver's Haemoglobinometer. a. Standard color discs ; h, capillary pipette ; c, washing

tube ; d, mixing cell.

and arranged in two rows (see Fig. 14, a). The intermediate de-

grees are measured by means of " riders " of colored glass, which

can be laid on top of the primary color discs so as to deepen the

tint seen

The capillary pipette (Fig. 14, b) is somewhat stouter than v.

Fleischl's, but is used in the same way to collect the blood, which

is then forced out of it with water from a medicine dropper (which

is fitted with a rubber tube to slip over the blunt end of the pipette)

(Fig. 14, c) and washed into a mixing cell (Fig. 14, d) similar to

v. Fleischl's, except for the absence of a central partition. Here

the blood is mixed in the usual way with water and the cell filled

to the brim and covered with a small glass plate; a bubble always

forms, but by turning the cell or moving the cover-glass yre can

usually get the troublesome shadow thrown by the bubble out of

the color field. The blood thus prepared is brought close to the

3
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scale and there compared with the tint of the different standard

color discs. If it matches one of them the observation is complete
;

if not we use one of the glass riders, which enables us to read within

two and a half degrees A fuller set of riders can be obtained so

as to make it possible to read down to one per cent.

The standard is usually arranged for candle light, but another

set of discs can be obtained adjusted to daylight readings. The'

latter are less accurate. The same precautions as to the exclusion

of outer light by means of a " hydroscope " tube, resting the eye

frequently, etc., must be observed with this instrument as with v.

Fleischl's. [It can be obtained of J. H. Smith & Cie., Zurich

(Wollishoften), for 116 francs plus duties and expressage, or of the

Tintometer Company, 6 Farringdon Avenue, London, E. C] The

candle should be placed three or four inches from the instrument

and arranged to light both the blood and the color discs alike.

A word as to the use of the riders. The instrument as used for

clinical work usually has two riders : the one having the deeper

tint is used on the upper half of the scale, the ether on the lower.

Suppose we have decided that the blood color is between 60 and 70.

Put the rider on the 60 disc and compare again. If the blood is

darker than the 60 disc plus the rider, the percentage is approxi-

mately 67^ (since it is higher than 60 -f 6 [the rider] and lower than

70. If it just matches the 60 plus its rider, the reading is 65. If

the blood is paler than this, yet darker than 60, it is about 62|-.

An error of about two degrees is obviously inevitable.

IV. Use of V. FleisohVs Hwmometer.

(a) Fill on one side of the metallic cell (a. Fig. 16) about one-

quarter full of distilled water. Put the end of the little pipette

(B) horizontally into the side of the blood drop, which will at once

fill the tube by capillary attraction. Quickly wipe away any blood

that may be on the outside of the pipette. Then put it into the

water contained in one of the partitions of the metallic cell and
rattle it quickly back and forth, so that the water may be forced

in first at one end and then at the other.

(b) After this the expulsion of the blood may be completed by
forcing water from a medicine dropper through the capillary

pipette and into the compartment where the mixing has been begun.

Using the metal handle of the pipette, mix the blood and water in

every part of the compartment. Then fill both compartments of
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the cell to the brim with distilled water, and adjust the compart-

ment containing the clear water so that it comes over the slip of

colored glass, while through the compartment containing the blood

light thrown upward by the reflector below passes directly to the

Fig. i5.—A, Colored

glass: B, capillary

pipette.

Fig. 16.—v. Fleischl's Haemometer. o. Partition into which blood

is put ; a', partition into which water is put ; G, mixing cell v

K, K, colored glass slip (see Fig. 15, A): P, P, metal frame on
which scale is marked ; R, S, reflector ; T, screw which moves

the frame, P, P.

eye. Turn the thumb screw (see Fig. 16, T) back and forth until

the color of the glass is the same as that of the blood, and read off

the number on tlie scale which corresponds to that color. This

gives the percentage of haemoglobin, 100 being the color of normal

blood for men and 80-90 for women.

(c) Matching the colors may be somewhat aided by observing

the following precautions

:

1. Do not stand (^or sW) facing the light, but sideways.

2. Use as little light as possible.

3. Eoll iq} a piece of paper (^preferabbj black) into a tube of

such size that it will fit over the metallic cell {D, Fig. 17), and rest

on the platform of the instrument.

4. Use first one eye and then the other, and never look more than

a few seconds at a time.

5. Move the thurrib screw tvith short, quick turns rather than
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B

slowly and gradually, for sudden color changes affect the retina

more than gradual ones.

6. If the preliminary reading shows one of thirty per cent or

less, two or three pipettes full of blood should be used and the

reading divided by 2 or 3.

T A considerable error can thus

be avoided.

Necessary Errors.

A considerable error is

absolutely necessary, inas-

much as the bit of colored

glass to be seen at any one

time through the aperture of

the instrument is not (like

the blood) all of one tint, but

includes a variation of twenty

'per cent in color, i.e., if the

glass appearing at one end of

the aperture is opposite 50 on

the scale, that seen at the

other end of the aperture -will

either be at 30 or at 70.

To avoid these and other difficulties with v. Fleischl's instru-

ment various modifications of it have been proposed, the best of

which is Miescher's.

In using Miescher's modification of v. Fleischl's instrument the

dilution is carried on in a capillary pipette like that of the Thoma-

Zeiss instrument, distilled water being the diluent. From the mix-

ing bulb of the pipette the diluted blood is blown into one com-

partment of each of the two cells (one 16 mm. deep, the other

12 mm. deep) which are supplied with the instrument. The other

compartment in each cell is filled with water. The grooved cover-

glass is slid along the projecting partition of each cell, and each
* cell then covered with a diaphragm which transmits a ray of light

corresponding to not more than three degrees of the scale, " thus

giving practically a single color of the glass wedge for comparison

with the blood" (Emerson). Candle light is used.

The reading of the smaller cell should be four-fifths that of the

larger, and one reading may be used to coiatrol the other. The

Fig. 17.—jL, Light ; A and B. right positions for

observer ; C, wrong position for observer ; D,

cell In place.
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table supplied with, the instrument translates the data obtained into

haemoglobin percentages or grammes per 100 c.c. of blood.

The instrument is very accurate, but no better than Dare's,

which costs less than half as much.

As recently pointed out by Emerson (loe. cit.), the readings of

most haemoglobin scales (100 per cent being made to correspond to

about 13.8 gm. of haemoglobin per 100 c.c. of blood) cannot be

applied directly to children's blood.

The child under five years has normally but 10 to 16 gm. per 100

c.c, which would correspond not to 100 per cent, but to 75 to 80

per cent. Similarly the normal for a child from five to fifteen

years is 80 per cent; from fifteen to twenty-five years, 88 per cent.

It would be better, as Emerson says, to express otir readings in

grammes per 100 c.c. rather than in per cent.

Estimating the Specific Gravity of the Blood.

The simplest and most available method for clinical use is that

of Hammerschlag,' a modification of Roy's " method. Chloroform

is heavier than blood ; benzol is lighter. Mix in a urinometer glass

such quantities of the two that the specific gravity taken by an ordi-

nary urinometer is about 1069, i.e., that of normal blood. Punc-

ture the ear, draw a drop of blood into the tube of a Thoma-Zeiss

pipette, a small medicine dropper, or any other capillary tube, and

blow it out again into the chloroform-benzol mixture. The blood

does not mix at all with these liquids, but floats like a red bead.

If it sinks to the bottom add chloroform, if it rises to the top add

benzol, until finally the drop remains stationary in the body of the

liquid, showing that its specific gravity is just that of the surround-

ing mixture. Then take the specific gravity of the liquid, as we

do of urine, and you have the specific gravity of the drop that

floated in it. The following precautions are needed

:

1. Have the inside of tlie urinometer glass perfectly dry and

clean; otherwise the drop of blood may cling to it and flatten out

against it.

2. It is usually well to have more than one drop of blood in

the glass in case any mishap occurs with the first one.

3. Add the chloroform and benzol a few drops at a time, and

•Wien. klin. Wochenschrift, iii., 1018, 1890.

' Proceedings of Physiological Society, 1884.
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after each addition stir the whole mixture thoroughly with a glass

rod.

4. If we have reason to suppose the blood will be lighter than

normal {i.e., if the haemoglobin is probably low, vide supra), it

saves time to start with a lighter mixture of chloroform and benzol.

6. Avoid having any air within the blood drop. This can gen-

erally be seen either in the capillary tube or after the drop is in the

mixture. It is safer to take the middle portion of the blood drawn

into the capillary tube, as both the first and the last portions of the

column are more apt to have air in them.

6. The whole process should be done as quickly as possible, else

the chloroform or benzol may evaporate or work into the blood drop

and so affect its weight.

It is better to have a urinometer with a scale running as high as

1070, but this is not essential, for the clinically important specific

gravities are low, not high.

The importance of the specific gravity of the blood, as hinted

above, is not so much for itself, but because it runs parallel to the

percentage of haemoglobin aiid gives a figure from which the latter

can be computed.

The specific gravity of the blood varies very little (except in

dropsy from any cause), and in the corpuscles themselves the vari-

able element is the haemoglobin.' Consequently in most non-drop-

sical patients the specific gravity of the whole blood varies directly

as the haemoglobin. The following exceptions to this rule must be

borne in mind.

1. In leukaemia the specific gravity is relatively higher than the

haemoglobin on account of the weight of the leucocytes.

2. In pernicious anaemia with high color index (see below) the

haemoglobin is about two per cent higher than we should gauge it to

be judging by the specific gravity.

To estimate the percentage of haemoglobin from the specific

gravity, one of the following tables may be used, modified from
Schmaltz, "Pathologic des Blutes," etc., Leipsic, 1896, using a
direct weighing method. Apparently a degree of specific gravity

means much more at the top of the scale (i.e., 6.6 per cent) than
at the bottom (If per cent). This table has been verified by the
research of Yarrow {University Med. Mag., 1899) through compar-

' Except in dropsy in which the corpuscles themselves may get water-
soaked.
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isou with a standard solution of 13.77 gm. of prepared haemoglobin

in normal salt solution (up to 100 gm.). It appears to be very

accurate.

Spec. Grav. Haemoglobin.

1030 = 30
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the first in the position shown in Fig. 19. Move the slide along in

the direction shown by the arrow so as to spread' the blood drop

over the whole length of the glass as thinly as possible. The

fieiec^/afi\

Fl«. IK. Fig. 19.—Spreading Blood on a Glass Slide.

quicker the whole process is performed the better will be the results.

After drying the film in the air it can be fixed and stained as below

described.

Fixing the Films.

These films have now to be fixed, and this process is best com-

bined with that of staining as is done by Wright's method (see

below). If other staining methods are to be used, the films must

first be fixed either by heat or by half an hour's immersion in abso-

lute alcohol and ether (equal parts), or by the same mixture (30

c.c each) plus five drops of a saturated alcoholic solution of corro-

sive sublimate (five minutes' immersion), by chromic acid two per

cent, or by exposure to the vapor of forty-five-per-cent formalde-

hyde. I have used all these methods, but found none of them to

compare favorably with Wright's method.

The method of fixation by alcohol and ether needs little com-
ment, the cover glasses being simply left in the mixture half an
hour or as much longer as is convenient. Half an hour is enough.

Eor Ehrlieh triacid stain we use dry heat. The best way to do this

is in a dry-heat sterilizer at a temperature of 115°-156° C, accord-

ing to the size and construction of the oven and the kind of stain

used. The temperature must be watched very closely, and as soon

as it reaches the desired point the heat should be removed. It

needs about five minutes to get the temperature to 160° C, and as

soon as it gets there the specimens should be taken out. The ther-

mometer bulb must rest as near as possible to the blood films with-

out actually touching them.
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Staining.

/. Wright's Method.

Within the past year hsematological technique has been notably

simplified and improved by the introduction of a stain far superior

in my opinion to any previously in use. I refer to Wright's modi-

fication of Leishman's stain, which in turn is a modification of Jen-

ner's. Jenner introduced the use of methylic alcohol at once as a

solvent for staining materials and as a means of fixing blood films

upon glass. Leishman simplified and improved the method of

using a stain which in itself differs but little from Jenner' s,

Wright showed us a much quicker and easier method of preparing

the stain, the essential pigments in which are polychrome methyleiie-

blue and Griibler's yellow eosin. For details of preparing the

stain see Wright's article.' The stain must be kept in a tightly-

corked bottle since evaporation soon makes it precipitate, and so

spoils any preparation stained with it. I have noted no deterio-

ration in bottles used during the last six months.

The process of staining is quicker and simpler than any other

known to me, and even if it is not carried out precisely according to

the directions given below, a fairly presentable specimen is almost

always to be obtained.

Technique.

1. Drop upon the blood film with a medicine dropper as much

of the stain as it will hold without spilling off, and leave it there

for one minute. This is chiefly to fix the film.

2. Add to the fluid on the cover-glass (or slide) sufficient water

drop by drop to make visible a greenish metallic scum upon the

surface. For a -l-inch square cover-glass six to eight drops are

usually needed, but the exact amount does not make any essential

difference. Let the stain thus diluted remain for about two min-

utes upon the film.

3. Wash the film in tap water and let it stand in water for one

or two minutes more, or until the thinner portions of the film are

yellowish pink. Water washes out part of the blue dye and differ-

entiates the stain.

' James H. Wright : Jour. Med. Research, January, 1902,
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4. Dry cautiously with blotting paper or filter paper and mount

in balsam.

The whole process should not consume more than five minutes'

time. (The stain may be had at the Harvard Cooperative Society

store, Boylston Street, Boston.)

This stain is the best known to me not only for leucocytes and

erythrocytes, normal and abnormal, but also for malarial parasites,

basophilic granulations of red cells, and all purposes for which one

uses a blood stain at all

//. Ehrlich's Method.

Far inferior in most respects is Ehrlich's tricolor mixture, which

is made as follows

:

Saturated watery solution of orange G 6 c,c.

" acid fuchsin 4 "

To these add a few drops at a time, shaking between each addition

Saturated watery solution of methyl green 6.6 c.c.

Then add

:

Glycerin 5 c.c.

Absolute alcohol 10 "

Water 15 "

Shake well for one to two minutes. Let stand twenty-four hours.

Do not filter. G. Griibler's colors are best.

The staining process is simple. A drop of the stain is simply

spread over the surface of the cover-glass specimen with a glass rod

and washed off again with water after five minutes, or as much
longer as is convenient. If the specimen look too dark (brown or

red instead of orange-yellow), it is not because of overstaining, but

because of imderheating

.

If overheated, the specimen looks pale lemon yellow to the naked

eye, and under the microscope everything is blurred and dim.

Tlie Iodine, Reaction.

lodophilia, so called, is the reaction which the neutrophilic leu-

cocytes show when brought in contact with a drop of the following

solution

:

Iodine 1 gm.
Potassium iodide 3 "

"Water ; loo c.c.

Gum arable 50 gm.



TECHNIQUE. 43

A drop of this mixture is put on a slide and into it we press a

film of blood without auy previous fixation or preparation of any
kind. Use an excess of the iodine mixture and then squeeze out

the excess by gentle pressure on the cover-glass lest the dense color

of the fluid obscure the field. When such a slide of normal blood

is examined, the red cells are found to be uniformly colored a bright

yellow upon a much fainter background, while the white corpuscles

are stained of about the same tint, their nuclei being somewhat
more refractile. This contrast between the nucleus and protoplasm

is suf&ciently distinct to permit one readily to differentiate the

various forms of white cells. In certain pathological conditions,

such as septicaemia or uraemia, the uniform yellow coloration is broken

by the appearance in the protoplasm of the polymorphonuclear

neutrophiles of reddish-brown granules, or a diffuse brownish color-

ation, and by the presence of small and large masses outside the

corpuscles similarly colored. This condition is the " iodine reac-

tion," and asf suggested is of two distinct types, namely, (1) the

extracellular, and (2) the intracellular.

1. Extracellular Reaction.-—The masses seen outside the cells

are round, oval, or slightly irregular, varying in size from 2 to 6,

or even 8 ij.
in diameter, and of a copper-red color. They may be

free, but are usually found in fragments of protoplasm which appear

to be the debris of broken-down leucocytes.

2. Intracellular Reaction (see Figs. 20 and 21).—Within the

cells the reaction occurs almost invariably in the neutrophiles.

Here the appearance is extremely varied, the granules being of

almost any depth of color from a light orange to the deepest

brown, and of various sizes. They may be scattered evenly through-

out the protoplasm, grouped about the neucleus, or, in rare cases,

at the periphery of the cell. In sharp contrast to the round or

oval extracellular bodies, those within the cells are for the most

part irregular in shape. In many of the neutrophiles the reaction

is shown not by a granular appearance of the protoplasm, but by a

diffuse brownish discoloration, the depth of which varies within

wide limits. In rare cases basophiles and myelocytes react, but here

the picture is a different one, for instead of many granules scattered

throughout the protoplasm one finds a more or less distinct single

row of relatively large brownish areas about the nucleus We have

never observed any brown color, either diffuse or granular, in the

eosinophiles.
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It is important to note that in some specimens only a few neu-

trophiles are found which are abnormal. The intensity of the color

appears to be of as much importance as the number of corpuscles

showing it. Not infrequently a large number of leucocytes are

seen absolutely unafEected by the iodine solution before any are

Fig. 20.—a. Strong lodopbilla In a Polynu-

clear Leucocyte ; b. Normoblast.

Fig. 21.—Moderate lodophilic Beaction in

Two Polynuclear Leucocytes.

found with the characteristic coloration. With other cases scarcely

any normal ones can be demonstrated. In our examinations we

have, as a routine, counted at least one hundred cells; if in that

number none are observed with either a diffuse or granular stain,

we consider the reaction negative.

Differential Counting.

The only procedure in the microscopic examination of stained

specimens which needs any description is that of making the so-

called " differential count '' of the leucocytes (i.e., determining what

percentage of the leucocytes present belongs to each of the sub-

varieties as described on pages 60-67) . To do this acciirately we
should examine at least five hundred leucocytes—the examination

being simply the classiiieation of them under their different sub-

varieties. A movable stage is very convenient though not essen-

tial for this purpose. With such a stage the technique is simply to

start with the lens in, say, the upper left-hand corner of the blood

film and, by turning the screw of the mechanical stage, move the

preparation slowly past the eye until the upper right-hand corner

is reached. During this process, as the cells appear in the field they

are checked off and put down irnder one or another heading. Then
move the stage so that the lens is just one field's diameter nearer

the right-hand lower corner of the preparation, and go back again

from right to left, following the serpentine track indicated above in

Fig. 7. To move the lens just one field's diameter we have only to
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fix the eye on a cell at the extreme edge of the field, and then move
the stage till that cell disappears out of sight on the opposite side of

the field. Thus we avoid any chance of counting the same cells

twice, and yet are sure not to miss seeing any.

As we go back and forth in this way, we notice chiefly the

white cells, of course, but yet keep our eyes open for any unusual

appearances in the red cells. Usually these move by in a monoto-

nous stream, one looking much like another, but in pathological

blood we must always he on the lookout for nucleated red cells,

degenerative changes, and variations in size and shape. In malarial

cases, of course, our scrutiny is directed chiefly upon 7'ed cells.

If M-e have not the help of a movable stage we try to do the

same thing moving the slide with the fingers. With moderate care

there is no danger of counting the same cells twice, but we cannot

help missing a good many altogether, so that although accurate the

process takes longer.

When leucocytosis is present, at least one thousand leucocytes

can be found in a single well-spread seven-eighth-inch cover-glass

specimen. In normal blood we may need to go through two or

three covers.

Bacteriological Examination.

Blood obtained by the ordinary method of puncture is not fit for

bacteriological examination.' The following is the better way:

Sterilize the skin over the flexor surface of the bend of the

elbow, and wash off thoroughly the agents used for sterilization

with boiled water or boiled normal salt solution. Have an assist-

ant grasp the upper arm so as to prevent the venous return and

distend the large veins at the elbow. Into the most prominent of

these plunge a sterilized hollow needle connected with the bulb of

a sterilized syringe. All traces of antiseptics must be carefully

washed out of the needle and the syringe bulb before using.

When the needle penetrates the wall of the vein the blood usu-

ally begins to flow into the bulb of the syringe, and this is hastened

by gently withdrawing the piston until 5 to 10 c.c. of blood are in

the bulb. Then withdraw the needle, press a pad of sterilized

gauze over the wound, and expel the blood before it coagulates

into a flask of nutrient bouillon or melted agar-agar.

' See Kilhnau's comparative experiments In Deut. med. Woch., 1897,

No. 35.
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The further examination of cultures falls outside the scope of

this book.

lu the above procedure the only difficulties are : 1 Sometimes it

is hard to find a vein and to get the needle into it. 2. Occasionally

we get the needle entirely through the vessel into the tissues on the

other side.

If the blood does not flow readily into the bulb one of these two

mistakes is usually the cause, but occasionally in those whose ves-

sels are very small or whose circulation is very feeble (as in the

moribund) it is very hard to get the requisite amount of blood.

Only practice helps us to avoid these difficulties.

The procedure causes hardly more pain than the use of an ordi-

nary subcutaneous injection; the process of sterilization is usually

more irksome to the patient than the puncture

Bleeding is trifling, and within twenty-four hours there is usu-

ally no trace of the puncture left. A sterilized dressing with mod-

erate pressure should be applied

Estimation of the Time and of the Completeness of Coagulation.

In. certain conditions, particularly in acute exanthemata, clot-

ting is slow or fails to occur. This is still more marked in the

various forms of the hemorrhagic diathesis. In obstruction in the

biliary tract, with or without jaundice, clotting may be greatly de-

layed, and this fact is of great importance to the surgeon with refer-

ence to the question of operation.

Hayem has called attention to the fact that in purpura heenior-

rhagica the blood clot may form, but fail completely to retract.

He further believes that the blood of pernicious anaemia may be

distinguished from specimens obtained in cases of secondary anaemia

by the fact that in pernicious anaemia there is an incomplete forma-

tion of serum.

In both these conditions the blood plates are greatly diminished.

Hayem has found similar changes in some other cachectic con-

ditions.

The importance of these facts in the prognosis of purpura may
be considerable—the severer forms being thus distinguishable from
the milder types (according to Hayem) even during the remissions

or non-hemorrhagic stages of the disease.

For the estimation of coagulation time the simple little instru-

ment devised by Wright is sufficient. This consists simply of a set
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of from six to twelve capillary tubes of about the same calibre

(0.01 to 0.0125 inch) into each of which a blood column about two
inches long is aspirated. The tubes are then set perpendicularly

in a rack and at regular intervals the condition of the blood is tested

by blowing into one of the tubes. When coagulation occurs, the

tubes are found to be blocked with clot.

Normally coagulation occurs in these tubes in about three min-

utes. In disease, especially in cases with biliary obstruction, coagu-

lation may not occur until ten to fifteen minutes have elapsed.

Other Methods of Blood Examination.

It is perhaps worth while briefly to mention some other methods

of blood examination of which no account will be given.

1. Determination of the alkalinity of the blood. No accurate

and clinically available method has yet been devised. Despite the

interesting work of Kraus, Caro, Lowy, Biernacki, v. Limbeck, and

others, I am still unable to get hold of any clinically valuable in-

formation given by the determination of alkalinity.

2. Resistance of the red corpuscles to the influence of distilled

water. As is well known, water breaks up red cells ; but if we add

a certain amount of alkali, say NaCl, the cells remain uninjured.

The amount of NaCl which has to be added to prevent the destruc-

tion of red cells is from 0.44 to 0.48 per cent. Under certain

pathological conditions it needs either more or less of the salt to

keep the cells intact, i.e., they possess an increased or diminished

power of resistance against the destroying influences of distilled

water. The degree of concentration necessary to maintain red cor-

puscles intact is known as the isotonic coefficient of the blood as

stated in terms of a given salt ; 0.44-0.48 is thus the coefficient of

normal blood corpuscles in NaCl, provided we do not take account

of any changes in the red cells other than the giving up of their

haemoglobin. In solutions weaker than 0.44 to 0.48 per cent NaCl

the haemoglobin leaves the corpuscles; but minor changes—especially

swelling of the whole cell—may ocAir in any solution of NaCl

weaker than 0.9 per cent, so that if we desire for therapeutic pur-

poses a solution as neutral as possible in relation to the red cells a

0.9-per-cent NaCl solution is better than a weaker one.

The resistance of the blood cells to the influence of electricity,

heat, and mechanical pressure has also been investigated in various
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conditions of health and disease. Welch has suggested a possible

clinical application of these facts. There is much, he says, for the

view that the number of blood plates is an index of lowered resist-

ance in the red cells. When resistance is lowered and blood plates

increase, intravascular thrombosis—so much dreaded in chlorosis,

so eagerly desired in aneurisms—is more apt to occur.

3. The amount of solids in a given quantity of blood can be de-

termined by weighing a given amount of blood before and after six

hours' drying at 65° C. Inasmuch as the haemoglobin percentage

and the specific gravity run practically parallel with the amount

of solids this method has no considerable clinical value.

4. The viscosity of a specimen of blood may be estimated by

determining the force necessary to draw it through a glass tube of a

given length and diameter compared to the force needed to draw an

equal volume of water through the same tube. Hirsch and Beck

(Deut. Archiv f. klin. Med. , April 12th, 1901) have worked out an

apparatus on this principle and found that judged by this test

normal blood is 6.1 times as viscid as water, both being tested at

38° C. Different specimens of normal blood vary from 4.0 to 5.9

(water = 1")



PART II.

PHYSIOLOGY or THE BLOOD.

CHAPTER IV.

Onlt such portions of our knowledge of blood physiology will

be entered upon here as are necessary for an understanding of the

small group of pathological changes which can be profitably inves-

tigated by clinicians. This limits us for the present to the mor-

phology of the blood, its coloring matter, and its density under

physiological conditions.

Appearance of Fresh Normal Blood.

/. Bed Corpuscles.

(a) If the blood is spread thickly the blood discs are often

arranged in the form of rouleaux (Fig. 22), which represents a form

of agglutination. Adding horses' serum to human blood greatly

increases the tendency to rouleaux formation, while in NaCl solution

the rouleaux are not formed at all (Shattoek : Jourti. of Path, and

Bad., 1900, p. 313). The entire absence of this tendency to

rouleaux formation is pathological. It is to be avoided, of course,

as far as possible, as it gives us only the thin edges of the corpuscles

to look at, and covers up much that we need to study. Thin spread-

ing of the blood is therefore important.

(h) There is not much variation from the accurately round shape

of each corpuscle in normal blood, except where one is indented by

another. As they are moved about by the currents set in motion

by the gradual drying up of the plasma, and strike against each

other, they bend, double up, or indent each other like bags of jelly,

but yet always have a strong tendency to return elastically to their

round outline when free from pressure. Thus a corpuscle passing

through a narrow passage between two leucocytes will be flattened

out like a worm ; but as soon as it emerges on the other side, it will

be as round as before.

4
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(c) The central biconcavitij of the cell, being thinner than the

rim, is lighter colored. Just how much lighter should be learned

by practice so that we may detect any abnormal pallor of the corpus-

cles due to lack of haemoglobin. Pallor is to be seen mostly in the

centre of the cell, which in extreme cases seems almost transparent.

This is not to be confounded with the highly refractile, glistening-

white centres seen as a mark of necrosis as soon as the blood begins

to dry up. A fuller description of these appearances is given in

the chapter on the malarial organisms, with some forms of which

they may be confounded.

(d) Slight variations in size are present among normal red discs,

and here again only practice can teach us where the normal limits

end and the pathological begin. Cells may be (pathologically) all

undersized or all oversized, so that a standard of comparison is not

always to be looked for in the preparation itself,

(e) If we focus carefully on a single red cell, we can usually

make out a fine, wavy, so-called molecular motion in it. This is

quite different from the active amoeboid movements observed in

dying cells, and from the rapid dancing of malarial pigment.

(/) The familiar appearance of spines all over the cells usually

called " crenation" need not be described here (see Fig. 24, p. 79).

But it is the very earliest beginning of crenation that leads to

mistakes, as when only one projection has been developed and that

points toward the eye, so that a bright spot in the corpuscle is all

we see.

(g) Unless we disinfect the skin before puncturing we must be

prepared to find in fresh preparations (1) oil drops ;
' (2) epithe-

lium
; (3) particles of " dirt "

; (4) small colorless motile organisms

about 1 !J. in diameter (MllUer's "Hsemoconien," see page 58).

(h) We may make a rough estimate of the number of red cells

present if we take care to spread the drop of the same thickness

each time. The eye gets used to the ordinary look of a well-filled

field of corpuscles and notices a look of thinness if any considerable

anaemia is present.

(i) The degenerative changes to be seen in normal blood after

long exposure to the air, which can get in between slide and cover,

are described in detail later on. In pathological blood we may find

these as soon as the blood is drawn.

' In some conditions the blood really contains fat (vide infra, " Lipsemia").
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11. White Cells.

(a) The' white or colorless cells are but little different from the

red in color, the latter being so nearly colorless. We first notice

them either by their amoeboid movements, or because they are not

moved by the plasma currents, but stand like a rock round the sides

of which the current of red cells is broken. They are slightly

larger in most instances than the red cells; but this difference

shows less in the fresh specimens where the leucocyte keeps its

spherical shape than in the dried and stained preparations, where it

is usually somewhat flattened. Their shape is very irregular and

their edges often look tattered.

In some leucocytes the amoeboid motions are almost absent

These are the smallest cells, and in them a single nucleus filling

most of the cell can often be seen. They are much more nearly

spherical and less irregular than the larger and more active cells.

The large amoeboid leucocytes are more or less granular, and in

certain lights these granules look quite dark and are sometimes

mistaken for bits of malarial pigment. This is especially true of

the coarse granular cells seen occasionally; staining shows these

large granules much more distinctly (=eosinophile— see below, page

61) ; cells of this type are the most actively amoeboid of all.

(b) The most important point iu connection with the leucocytes

is their ratio to the red cells. This is estimated in fresh specimens

not by any actual counting, but by reference to a standard fixed in

the mind by study of normal specimens, so that any considerable

increase of the white cells is noticed at once Naturally we must

not judge from any one part of the slide, as the distribution of the

leucocytes may be unequal in different parts of it.

111. Blood Plates.'

Unless the number of these elements is increased by some path-

ological influence, we seldom notice them at all in fresh blood.

This may be because we do not work quickly enough in preparing

our specimen Hayem recommends that the cover-glass be laid

upon the slide i.before the puncture is made; as soon as the drop

' It is probable that the elements included under this heading comprise

several different things. It is beyond the plan of this book to discuss their

origin and significance, since they possess at present no clinical value.
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emerges it is allowed to run in between slide and cover by capillary

attraction, thus avoiding contact with the air. '
The blood plates are

irregularly shaped, very cohesive elements, about one-half the diam-

eter of a blood disc, usually seen clinging together in masses^ like

zoogloea. They are colorless and not amcsboid and look like debris.

IV. Fibrin Network.

After a specimen of fresh blood has stood for some time exposed

to as much air as can creep in between slide and cover-glass, we

begin to notice a network of fine straight lines in the spaces be-

FiG. 22.—Rouleaux Formation and Fibrin Network of Normal Blood.

tween the corpuscles. Here and there these filaments seem to

radiate from a centre where irregular, colorless masses, apparently

blood plates, are to be seen (Fig. 22).

No stain is needed to demonstrate these fibrin threads, but a

small-aperture diaphragm and very little light make them plainer.

' This is a very satisfactory way if we wish to see the corpuscles as fresh

and unspoiled as we can. Put a cover-glass on a slide so that the edge of one

corresponds with the edge of the other, and, holding them in this position

with finger and thumb, put their superimposed edges into the side of the drop

as it emerges. It will run in between theni by capillary attraction. Blood

plates stained by Wright's method are easily seen and their number may be

approximately estimated.
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Their only importance is that under certain pathological conditions

the fibrin network is very much increased and helps us in the diag-

FiG. 33.—Increased Thickness of Fibrin Networls.

nosis (Fig. 23). Hence it is of importance to be familiar with the

ordinary closeness of the network in normal blood as a standard of
)

comparison. i

For an account of the conditions of its increase see Chapter IX.,

page 114.

Aykbage Diametek of Red Cells.

The blood under normal conditions shows considerable variations

in the size of its corpuscles in the fresh state as well as in stained

specimens.'

' A method of measuiing, approximately accurate, and easily applicable in

clinical work is the following

:

Using a camera lucida, trace on paper the divisions of a fine-stage microm-

eter as seen under a one-twelfth oil-immersion lens ; such micrometers are

usually ruled to one one-hundredth of a millimetre. Approximate accuracy

in our tracing can be obtained if the process is repeated till the divisions

marked in successive drawings correspond accurately one with another. Care

must be taken that the paper is flat iipon the table beside the microscope, and

not raised on a block or otherwise ; also that the part of the paper on which

we draw should be perpendicularly under the centre of the mirror and not off

to one side. "When a drawing has been made with these precautions, we have

only to divide the space between each of the lines in our drawing into ten

equal parts, and we have a scale, each division of which represents 1 1« as seen



54 CLINICAL BLOOD EXAMINATION.

The following table (v. Limbeck) shows the results of various

observers.

Normal Limits. Average Diameter.

Welcker diameter = 4.5-9.5/* 7 /*

Valentin 7 /*

Malinln 7.7 /*

Hayem diameter = 6-8.8 ft . 7.5 ft

Mallassez 7.6 /i

Laache diameter = 6-9 p— 8.5 /*

Bizzozero 7.075 /i

Gram diameter - 6.7-9.3 /i 7.850 ft

Average = 7. 5 //

These differences depend partly on differences in the method of

measuring (wet or dry), and partly on the fact that the age and

conditions of nutrition in the persons selected make a difference.

In the new-born, afid to some extent throughout childhood, the

normal limits of variations are wider than in adults (3.3-10.5 //,

Hayem). Sex appears to have no constant influence.

The majority of any individual's red cells are certainly about

7.5 fi in diameter, and this may accordingly be taken as our

standard (Hayem counts twelve per cent under 6.6 /j., twelve per

cent over 8 p., the rest 7.5 p.).

Normal Number of the Ked Cells.

1. At the level of the sea and in adult life the normal number

of red cells per cubic millimetre is about 5,000,000 for men and

4,500,000 for women. This is frequently exceeded in vigorous,

healthy persons; 6,000,000 is by no means rare among healthy

young men, and higher figures are seen occasionally. Thus Hewes '

in fifty young medical students found an average of 5,809,000 per

cubic millimetre; of these fifteen exceeded 6,000,000, the highest

being 6,400,000, while the lowest of the whole series was 5,120,-

under a one-twelfth oil-immersion lens, with the tube of the particular micro-

scope used. To use our /«-scale we have only to draw with the camera lucida

any cell whose size we want to know, using always the same microscope, the

same length of tube, and the same lenses, and having the drawing paper as

before flat on the table and perpendicularly under the mirror. The drawing
thus made is measured with the .li-seale like any other object.

With this method a cell can be measured in a few seconds and with suffi-

cient accuracy (».«., within 0.5|U). '

' Transactions of the Boston Society of Medical Science, May- 18th, 1897.



PHYSIOLOGY OF THE BLOOD. 55

000. Altitude above the sea level raises the couut invariably (see

page 74).

2. The influence of menstruation, childbirth, and lactation is to

diminish the red cells temporarily, the amount of the diminution

depending not only on the.amount of blood lost but on the capacity

of the individual organism for blood regeneration. At puberty,

when sexual functions are being established, we expect lower counts

than after the establishment of the function. Normal pregnancy

does not affect the count of red cells.

3. The count of red cells per cubic millimetre is raised by any

cause inducing concentration of the blood, such as profuse sweating,

and is lowered by the temporary dilution of the blood after large

draughts of liquid. In these changes, which are always very tran-

sient, the haemoglobin and specific gravity in a given drop are of

course increased with the corpuscles.

Vasomotor influences affecting the calibre of the peripheral ves-

sels (hot or cold baths, exercise, etc.) may temporarily concentrate

or dilute the blood by affecting the interchange of fluid between the

vessels and the surrounding lymph spaces. By these processes the

blood in the peripheral vessels may show an increase or diminution

in the cellular elements, the haemoglobin and specific gravity corre-

sponding to the greater or less concentration of the blood at that

point (on these points see below, page 73.)

Hayem noted that in young people especially the number of red

cells varied considerably without any notable change in conditions.

4. Influence of Nutrition on the Number of Red Cells.

A. After a meal, especially when considerable liquid is taken,

the blood is temporarily diluted and hence the count of red cells

per cubic millimetre is diminished (v. Limbeck, Keinert). This is

illustrated by the following case from v. Limbeck

:

Adult Male, Healthy.

Red Cells. White Cells. Hasmoglobin.

11:15 a. M 5,530,000 7,660 98 per cent.

12 M. dinner.

13:15 p.M 5,3a0,000 6,166

1:15 " 5,480,000 8,500

3:15 " 4,733,000 13,000

3:15 " 4,873,000 14,000 89 per cent.

4:15 " 4,730,000 10,830 89 "
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As the white cells rise (diurnal variations, see page 91) the red

fall.

Fasting, by concentrating the blood, temporarily increases the

numfeer of red cells (400,000-600,000 increase after twenty-four

hours' fast).

B. General Nutrition.—Lean, muscular people have on the aver-

age more red cells per cubic millimetre than fat people (Leichten-

stern, quoted by v. Limbeck), other things being equal."

As above said, fasting (by concentrating the blood) raises the

number of red blood cells, so that it is not simply hunger that gives

us the diminution in red cells commonly found in poorly nourished

people, but rather the influence of bad hygiene in the slums, etc.

6. Seasons and the time of day seem to have no influence in

themselves. The same is true of race and climate. The only ex-

ception to this is reported in the work of E. Below," who found in

yellow-fever districts an average count of only 4,700,000 red cells

per cubic millimetre and the diameter of the individual cell reduced

to 5.9 11 on the average (7.5 tx — normal).^

6. Fatigue.—Hayem noted a loss of from 500,000 to 1,000,000

red cells per cubic millimetre in the blood of a number of farmers

after a hard summer's work, the counts made in September having

been compared with those of April and always found to be lower.

Whether fatigue is the only cause of this diminution may be

doubted.

7. Affe.—In the new-born the number of red cells is very high

for a few days (7,000,000 to 8 800,000), but falls at the end of

seven to ten days (see page 14&).

In the very old a certain degree of anaemia is, so to speak, physi-

ological; but this, which like the plethora of the new-born is to be

referred not to the fact of age but to concomitant influences, is by
no means invariable. Schmaltz reports 6,766,000 red cells in a
man of eighty-one and 4,816,000 in a woman of seventy-four.

Normal Number of White Cells.

The figure usually given for adults is 7,500 per cubic milli-

metre. This varies a good deal, according to the nutrition of the

' The influence of stasis in the obese, whose fat loads the surface of the
heart, is to cause an apparent increase of red cells.

s"Deut. Tropenhygiene," Berlin, 1895. O. Coblanz.
5 See also under Anchylostomiasis, page 438.



PHYSIOLOGY OF THE BLOOD. 57

individual (see page 89) and also at different times of the day,

owing to influences not explained. In animals a slight shock ' is

sufficient materially to affect the count of leucocytes; 5,000 to

10,600 may be called the normal limits. Romberg finds 9,058 as

the average count in fifty-five healthy young women. Tliere is, I

believe, no evidence to show whether or not mental disturbances

(fear, rage, emotion of various kinds) affect their number, but my
impression is that they do. Other causes of variation will be dis-

cussed under Leucocytosis.

Blood Plates.

The number of blood plates is variously estimated at from

180,000-250,000 (v. Emden) to 860,000 (Kemp and Calhoun).

They do not contain hsemoglobin and show no signs of a nucleus.

They are the chief constituents of white thrombi. Wherever they

are diminished {e.g. , in haemophilia, purpura) clotting is apt to be

slow, and there is reason to believe

—

(a) That their number is an index of lowered resistance of the

red cells.

(6) That whenever their number is much increased, thrombosis

is likely to occur. In chlorosis, for instance, their number is in-

creased and thrombosis is relatively common, while in pernicious

anaemia they are diminished, and thrombosis rarely if ever occurs.

Coagulation time outside the body depends largely on the amount

of fibrin and is a wholly different phenomenon from intravascular

• thrombosis. This is of importance in coiuiection with the use of

gelatin injections to favor thrombosis in aneurisms. An increased

rapidity of coagulation outside the body is no indication of success

in such cases. Blood plates are increased in chlorosis and in many

cases of grave ansemia. In the severer types of many infections

(measles, erysipleas, malaria) they are diminished, and in malaria

they are sometimes wholly absent during the fever. In pneumonia

and tuberculosis they are normal or increased. In purpura and

haemophilia they are sometimes much diminished or absent.

The physiological limits of the amount of hcemoglohin and of the

specific gravity have already been mentioned. Under physiological

conditions their variations follow those of the count of red cells.

' L(5wit: "Studien z. Physiol, und Pathol, d. Blutes," etc., Jena, 1892

Fischer.
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Mullee's "Blood Dust."

Mliller' has described under the title of "Hsemoconien," or

blood dust, a constituent of normal and pathological blood not

previously noticed. This consists of small round colorless granules

about the size of the finest fat drops—or about 0.26-1
ij.

in diameter,

their size being very variable. They are highly refractile and

have rapid dancing (molecular) motion, but no power of locomotion.

They are insoluble in alcohol and ether, not stained by osmic

acid, and take no part in the .formation of fibrin. Stokes and

Wegefarth,' who have confirmed Miiller's observations, note that

the " blood dust " can be seen much more clearly by the light of a

Welsbach gas burner than by daylight. The latter observers pre-

sent a body of evidence tending strongly to show that these bodies

are the extruded granules of neutrophilic and eosinophilic leucocytes.

Granules apparently identical with them can be stained in fresh

specimens with eosin or Ehrlich's triacid stain in a way apparently

like that of the intracellular granules." They are also to be seen

in pus and in hydrocele fluid.

No special diagnostic or prognostic significance has yet been

attached to them, though the work of Kanthack and Stokes renders

them of great interest with reference to the problem of immunity.

' Centialbl. fur allg. Path., etc., viii., 1896.

' Johns Hopkins Hospital Bulletin, December, 1897.

sNichoUs: Phil. Med. Jour., February 36th, 1898.



CHAPTEE V.

FINER STRUCTURE OP THE BLOOD.

Appeakancbs op Dried and Stained Specimens.

In cover-glass specimens prepared and stained as above directed

approximate ideas of the quantity of red cells, of white cells, and

of haemoglobin can be formed, parasites and bacteria can be seen;

the whole mass of evidence based on the finer structure of the

leucocytes can be obtained only in this way. The appearances of a

specimen of normal blood prepared in this way are as follows

:

Red Cells.

1. With Wright's modification of Leishman's stain the haemo-

globin stains pink or yellow according to the amount of decoloriza-

tion with water. With Ehrlich's triple stain the haemoglobin takes

up the orange G of the mixture, and in a properly heated specimen

the red cells are of a brilliant yellow or pale orange tint. If over-

heated they have a feebly stained, washed-out look, while if under-

heated they are more or less brown or gray. '

The degree of pallor of the centres corresponds to the amount of

haemoglobin in the corpuscles, and can be gauged much more accu-

rately in stained than in fresh preparations. The color of the

edges is not much affected by pathological changes, the centres

being the test. But in cases with extreme poverty of haemoglobin

the colored rim may be reduced to a mere shell and the rest may be

almost completely colorless. The power roughly to estimate the

amount of coloring matter in this way can be easily acquired.

,
An approximate idea of the number of red cells may be formed

by any observer who has learned to use a uniform technique in each

case and to spread the blood of a standard thickness.

' This is a fruitful source of error. Many suppose that because their speci-

mens come out too dark they must be "burnt," and so heat less. In fact the

dark tint means that the specimen is not heated enough.
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2. With Ehrlich's mixture the blood plates do not stain at all.

With Wright's stain they are colored dark purple or red.

White Corpuscles.

In normal blood stained by either of the methods above described

we recognize the following varieties of white cells

:

1. Those known as "polynuclear " ov polymorphonuclear neu-

throphilie leucocytes, which make up about two-thirds of all the

white corpuscles of normal blood and constitute the vast majority

of those found in ordinary pus. Stained by Wright's method the

nucleus takes an intense navy-blue color, and a moderate amount

of network structure is visible within it. With Ehrlich's stain the

nucleus takes a much lighter blue color, and its edges are ill defined,

so that it does not so easily catch the eye. It is very irregular in

shape, and no two are just alike. One often sees two main portions

with outlines about as irregular as those of the American continents,

and joined by a filament as narrow relatively as the Isthmus of

Panama. The different parts of the nucleus often seem to be

wholly separated from each other, but this is very rarely if ever the

case. Careful focussing brings out fine filaments joining the appar-

ently separated pieces. The windings and twistings of the nucleus

suggest comparisons to the letters Z, S, or E.

In the protoplasm of the cell around the nucleus fine granula-

tions can be demonstrated which take a variety of shades of pink

with Wright's stain, and with Ehrlich's a violet or purple. They
are very small and irregular in shape, contrasting with larger and
more spherical granules of the eosinophile. Between them can be

seen in most cases a pinkish stained background of cell substance.

With the lower powers of the microscope they seem to fuse together

into a diffuse pinkish or purplish mass.

The term " neutrophilic " is not strictly accurate, since the gran-

ules can be stained (though more faintly) with eosin, but they are

most distinct when stained with a differential acid mixture like

Ehrlich's "triacid," which contains both an acid and a basic dye.

There is some evidence for believing that these granules have when
young a basic aflSnity, gradually changing to an acid affinity as they
mature.

'

' In infectious diseases and grave aneemias the granules of the polynuclear
cells may altogether lose their staining affinities or large oval basophilic dots





PLATE I.

Pig. 1.—(as) Polynwrphonudear NeutrojiMles. Note the varieties in size

and shape of granules, the irregular staining of the nuclei, the light space

around them, their relatively central position in the cell.

(J) Myelocytes. Note identity of granules with those just described; the

even, pale stain of nuclei; their position near the surface (edge) of the cell.

The two cells figured indicate the usual variations in tlie size of the whole cell.

(c) Bmall Lymplwcytes. In the cell at the left note transparent protoplasm;

in the cell next to it note mry pale pink of protoplasm around nucleus which

is deeply stained, especially at the periphery. The next cell has an indented

nucleus; its protoplasm relatively distinct. The cell on the extreme right

shows no protoplasm and is probably necrotic. In all note absence of granule*

with this stain. With basic stains a blue network appears in the protoplasm.

((?) Large Lymphocytes. Note pale-stained nuclei and protoplasm, irregu-

larity of outline ; indented nucleus in one. Every intermediate stage between

these and the "small" lymphocytes occurs, and the distinction between them
is arbitrary.

(e) Eosinophile. Note irregular shape, loose connection of granules, their

copper color, their uniform and relatively large size, and spherical shape.

(/) Eosinophilic Myelocyte. Note similarity to (6) ordinary myelocytes ex-

cept as regards granules. Color of granules may be as in («) ordinary eosin-

ophile.

All the above were stained with the Ehrlich triacid stain, and drawn with
camera lucida. Oil-immersion ob j ective one-twelfth and ocular No. ill. (Leitz).

Fig. 3. —Malarial Parasites in Fresh
( Unstained) Blood (Tertian Forms).

N,N, normal red corpuscles; 1, red cell containing hyaline body ; 3, 3, 4, 5,

successive stages in the development of the parasite, showing acquisition of

pigment ; 6, 7, full-grown parasites, the corpuscle no longer visible ; 8, begin-

ning of segmentation ; 9, segmentation. In 6 and 7 note brownish blur behind
the pigment dots. Drawn as in Fig. 1.

Pig. ii.~Teriian Parasite Stained toith Eosin and Methyl Blue. The re-

mains of the corpuscle containing the parasite stain pink, the parasite blue,

and its pigment black. The stages of growth correspond with the numbers
attached. Note in Pigs. 1, 3, 3, and 4 the shape of the parasite, shown better

than in fresh specimen.

[Owing to a mistake the cells in Fig. 3 are not drawn according to a single

scale and their relative sizes must be disregarded.]



Examination of the Blood.

PLATE I.

Fig. 1. Varieties of Leucocytes.
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2, Lymphocytes.—With Wright's stain the nucleus, which is

about the size and shape of a red corpuscle, stains deep purplish blue

(see Plate A). Around it is a narrow rim of protoplasm, which

takes a robin's-egg-blue tinge. As a rule this rim shows no gran-

ules, but occasionally a few blue or pink dots may be seen upon it.

With Ehrlich's triple stain the nucleus of lymphocyte is colored

very pale blue in the majority of instances, so that the cell often

escapes notice in hasty differential counts. The protoplasm may be

altogether unstained, or may be of a bluish tint, still paler than

that of the nucleus (see Plate I).

Cells of the type just described vary in size from that of a red

corpuscle, or slightly smaller, up to two or three times that size. In

the larger forms the nucleus may be eccentric or indented and the

protoplasm rim wider. One often sees in the protoplasm of these

forms pink, purple, or dark-blue granules, which are of various

sizes, but usually scanty. Some of the large forms have a proto-

plasm considerably darker in color than that of the small lympho-

cytes, and at times the granules are so numerous that it is diflflcult

to distinguish the cells from myelocytes.

Occasionally the nucleus is more or less deeply indented at one

side (Ehrlich's "transitional forms").

Within the group of cells just described most competent ob-

servers distinguish two types, one called " lymphocytes proper "

(large or small) and the other "large mononuclear cells." I think

there is good reason to believe that this distinction is correct, but as

no clinical importance has ever been attached to the so-called large

mononuclear cells, and as they make up in the great majority of

cases but a few per cent of all the leucocytes, it seems to me best

at the present time to include them for practical purposes within

the lymphocyte group.

3. Eosinophiles.—With Wright's stain the nuclei are stained

light blue or lilac, with a vague intranuclear structure. They are

polymorphous, like those of the neutrophiles, but with a looser

structure. The granules, which are about 1 ijl in diameter and

roughly spherical or ovoid in shape, take with Wright's stain a

brilliant eosin tint, while around them the protoplasm is very pale

blue. With Ehrlich's stain the granules are copper-colored or

brown, the nucleus is very pale blue, the protoplasm unstained.

may appear among the normal granules. (Hirchfelt: Berl. kliu. Woch., July

22d, 1901.)
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These cells are more easily injured by the technique of spreading

the film than is any other variety of leucocyte, and are often found

broken, their granules scattered about the fields.

4. Mast Cells.—One of the striking features about Wright's

stain is the prominence which it gives to the mast cells, which, with

Ehrlich's stain, usually escape notice altogether. They are about

twice the diameter of a red cell. Their nucleus has very vague

outlines, but seems usually to be polymorphous. Over and around

it are scattered granules larger even than those of an eosinophile

and of an intense blue color, sometimes almost black. They may
be very numerous, practically obscuring the nucleus, or scattered

thickly about the margin of the cells. Occasionally they are dis-

tinctly ovoid and plum-colored.

Summing up, we find it most convenient to divide the leucocytes

of normal blood into four varieties

:

1. Polynuclear or polymorphonuclear neutrophiles.

2. Lymphocytes—large and small (including the so-called

"large mononuclear" forms and Ehrlich's transitional cells).

3. Eosinophiles (polynuclear).

4. Mast cells.

Teems.

No one can feel more unsatisfied with the terminology used in

this book than the writer. It rests partly on a theory of the origin

of the cells (" lymphocytes "), partly on the properties of the nucleus

("polymorphonuclear"), and partly on affinities for aniline dyes
(" neutrophile "—" eosinophile ").

All that can be said for it is that it discards certain very mis-

leading names like " splenocyte " (a term applied by some to the

large lymphocytes according to the now exploded theory that they
come from the spleen), or like "small mononuclear," to designate

cells not rarely polynuclear.

Origin of the Different Varieties.

Two groups may be distinguished

:

(a) Polymorphonuclear

I. The myelogenous group

(from the bone marrow).

neutrophiles.

(U) Eosinophiles.

(c) Mast cells.

(d) Large mononuclear cells

(Ehrlich)?
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II. The lymphogenous group Lymphocytes of all

(from adenoid tissue). sizes.

Except within Group II. no transitions between the differ-

ent varieties of circulating leucocytes are recognized.

Normal Percentage of Each Variety.

In the blood of healthy adults the proportions of the different

varieties above described are the following

:

, , ( Small lymphocytes 20-30 per cent.
^ ' 1 Large " 4-8 "

(J) Polymorphonuclear neutrophiles 63-70 "

(c) Eosinophiles -J—l
"

(d) "Mastcells" .j^-^

(a) In infancy the percentage of lymphocytes is much larger

(fortj' to sixty per cent) and the polymorphonuclear neutrophiles

are only eighteen or forty per cent.

In a variety of debilitated conditions not usually thought of as

definite diseases, the percentage of lymphocytes is comparatively

large and that of the polymorphonuclear cells small.* The general

vigor and health of the individual can sometimes be estimated

simply from the leucocytes. Persons calling themselves well, but

never vigorous or active, may show no more than fifty per cent of

polymorphonuclear cells, the lymphocytes running up to forty,

fifty, or even seventy-five per cent. In an unmarried woman of

twenty-nine, suffering from no discoverable organic disease, I found

one day among 1,200 leucocytes 74.9 per cent of lymphocytes with

only 25 per cent of polymorphonuclear cells. The total leucocyte

count was 6,000 per cubic millimetre. Two weeks later the per-

centages were normal, although no change had been observed in the

patient's (debilitated) condition. She is now well and. married.

Not all cases of debility show this change, and we are not yet

in a position to say under just what conditions it occurs. It cer-

tainly is not peculiar to tuberciilosis, as Holmes has supposed. Pre-

sumably the conditions are such as decrease the functional activity

of the marrow.

(b) Changes in the percentage of neutrophiles will be discussed

later.

(c) The percentage of eosinophiles often changes in a way hard

' This change is usually dependent on an absolute diminution in the mye-

logenous cells.
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to explain. Thiiir increase or decrease in the circulating blood does

not follow that of the polymoi-phonuclear neutrophiles—in fact is

often inversely proportional to it, and the eosinophiles may be

markedly increased in a blood otherwise normal, for reasons wholly

unknown to us.

The eosinophiles and " mast cells " may be pictured as compara-

tive strangers, though not intruders in the circulating blood. They

are thus intermediate between the regular inhabitants (lymphocytes

and neutrophiles) and the variety next to be mentioned, which are

real intruders

—

i.e., almost never found in normal blood. These

are the

Myelocytes.

The larger portion of the leucocytes of the marrow is made up

of mononuclear neutrophiles, a type of cell not yet described, and

differing from any variety found in normal blood, although it has

many points of resemblance to the polymorphonuclear ueutrophile,

and is, in fact, the same cell in an early stage of growth. I de-

scribe it here because it is peculiar to no one disease and is

an occasional visitor of the blood in various diseased conditions,

and in conditions on the borderland between the pathological and

the physiological (starvation, muscular fatigue).

The myelocyte (see Plate I. and Plate B.) is most easily recog-

nizable if stained by Ehrlich's methods. With Ehrlich's triple stain

it appears as a spherical cell nearly filled by a large, pale-stained

nucleus immersed in neutrophile granules. One sees at once how
little it differs from the large lymphocytes (simply in having gran-

ules) and from the polymorphonuclear neutrophile (only in the shape

of its nucleus). I have called the granules neutrophilic, and this is

true of the great majority of them in most cells. But as Ehrlieh has

recently pointed out, there is a great deal of variation in the staining

affinities of different granules, side by side, in the same cell. In

some granules (according to Ehrlieh the younger ones) "there is

prominent a basophile portion which becomes less and less marked as

the cell grows older." Such granules take with Wright's stain a

bluish tint. Others near them (older?) are violet, while others again

are nearly pink. In the polynuclear neutrophile these basophile affin-

ities are much less marked, but even in them considerable differences

may be made out between the tints of adjacent cells and of adja-

cent; granules in the same cell. In size and shape the myelocyte
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granules are like those of the polynuclear cell. The nucleus, by
which we chiefly distinguish the myelocyte, shows none of the

twists and turns characteristic of the polymorphonuclear neutro-

phile, but is usually spherical or egg-shaped, and is in close contact

with the cell wall for a comparatively large portion of its wctent

—

i. e. , if egg-shaped it is placed eccentrically.

Not infrequently the nucleus shows signs of old age (vacuoles)

or of mitosis, for occasionally we find two nuclei at the poles of

the cell.

Size of Myelocytes.

All the older accounts of the myelocyte speak of it as a very

large cell, the largest variety of leucocyte ever seen in the blood.

This is true of many of them; diameters of 18-21 // are not un-

common, but we also find them of every other size down to 10-11 [i

diameter—that is, down to the size of a lymphocyte. This holds

both for the myelocytes in the circulating (leuksemic) blood and for

those in the marrow. No distinction from other varieties of leuco-

cyte can be based on size alone, unless we say their average size is

greater than the average size of the leucocyte. Perhaps the follow-

ing table may be of interest

:

Average diameter of 100 myelocytes = 15.75 /i.

" " " 100 polymorphonuclear neutrophiles = 13.50 /t.

" " " 100 " large " lymphocytes = 13 ii.

" " " 100 eosinophiles = 12 jj.

" " 100 " small " lymphocytes = 10 /*.

" " " 100 red corpuscles (normal) = 7.5 /<.

Eosinophilic Myelocytes.

Under the same conditions which favor the appearance of the

ordinary (neutrophilic) myelocyte, we often find a small number of

cells identical with them in all respects, except in possessing eosino-

philic in place of neutrophilic granules. Such cells are found in

abundance in the marrow, and this fact, together with the resem-

blance to the ordinary myelocyte both in morphology and in the

conditions of their occurrence, seems to me to justify the term

eosinophilic myelocyte. In them as in all myelocytes there is a

wide variation between the staining affinities of different granules,

some being much darker than others.

5
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So far I have described the type cell of each variety. As we

should expect, atypical forms are numerous. Some of the com-

moner ones are as follows

:

I. Degenerated Leucocytes.

Frequently in leukaemia and occasionally in other conditions

one sees leucocytes apparently moribund. That they are not ordi-

nary artifacts is shown by the fact that they are not found in nor-

mal blood treated by the same technique that reveals them in the

blood and in hardened blood clot of leuksemic cases, as well as by

the fact that Botkin and others have produced similar appearances

by keeping the leucocytes a few days in an aseptic state.

The commonest forms of degenerated leucocytes are

:

1. A homogeneously stained mass looking like a washed-out,

structureless nucleus that has lost its protoplasm and become ragged

at the edges (karyolysis).

2. The same intensely stained.

3. Vacuolization of the nucleus or of the protoplasm.

All these forms of degeneration affect chiefly the lymphocytes

and large mononuclear forms. In the granular leucocytes we see

all stages of breaking up; the granules are scattered about the field

and the nucleus is pale, structureless, and deformed.

II. Tkansitional Neutrophiles.

Cells on the borderland between the " marrow cell " and the

"polymorphonuclear leucocyte," the nucleus having some of the

characters of each variety (see below, page 103)

.

III. Turck's "Stimulation Forms."

These cells are also described by Engel as " mononuclear cells "

and very recently by Weil as " non,granular myelocytes."

Weil's description conveys the salient points in the appearance

of this cell. It looks like a myelocyte whose granules have been

fused into a smooth homogeneous band of color around the siugle

spherical or ovoid nucleus. The protoplasm is always homogeneous
and deeply stained; there is, however, a good deal of variation in

the tint in different cells. In some it is purple, in others violet or



FINER STEUCTURE OF THE BLOOD. 67

brown. In leuksemia they are often counted as myelocytes or as

large lymphocytes by unpractised observers.

They appear in various diseases associated with stimulation of

the bone marrow, i.e., grave ansemia and all conditions associated

with leucocytosis (see below, pages 102-103).

Other rare varieties will be mentioned under Leuksemia.



PART III.

GENERAL PATHOLOGY OP THE BLOOD.

CHAPTER VI.

UNEQUAL DISTRIBUTION OF BLOOD—POLYCYTHiEMIA—DILU
TION AND CONCENTRATION OF THE BLOOD.

1. Unequal Distribution.

How far is the single drop used for blood examination typical

of the whole?

It has been experimentally proved that specimens of the blood

of the smaller venous and arterial twigs do not differ from each

other materially in corpuscular richness. Capillary blood is slightly

richer in corpuscles than that either of veins or of arteries. But as

capillary blood is everywhere of the same corpuscular richness, we

may consider one capillary network or set of venules as typical as

another, provided our technique is good—that is, provided lymph

is not squeezed into the drop by strong pressure. It is indifferent,

therefore, so far as accuracy is concerned, whether the drop of blood

be obtained from one or another part of the body. All standard

estimates of the number of corpuscles per cubic millimetre of nor-

mal blood refer to capillary blood.

S. Local or Peripheral ^olycythcemia.

So far we are speaking of normal conditions. It is a familiar

fact, however, that the vessels of a given part of the body can be

overcrowded with blood, e.g., by the use of an Esmarch bandage.

A drop taken from such a part would certainly not be typical.

Now as the same effect can be produced by a variety of diseases,

under these conditions we must modify considerably any inferences

made from examination of a single drop.

Such conditions, entailing a false polycythsemia or apparent in-

crease in the number of corpuscles, are

:
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Any disease involving either (a) general cyanosis or (b) cyanosis

of the part from which the drop of blood is drawn.

(a) General cyanosis results from cardiac insufficiency (valvu-

lar or parietal disease of the heart itself, blocking of the lung

circulation by emphysema or thrombosis), from insufficient aeration

of the blood (pneumonia, congenital malformation of the heart),

interfereuce with the heart's action by pressure of tumors, effusions

(pericardia], pleural, peritoneal), or enlarged organs (liver, spleen),

or from vasomotor disturbances. It is evident that some of these

conditions {e.g., congenital heart disease) may not involve any

peripheral stasis at all, and in the absence of this it is not easy to

account for the increased number of corpuscles in the drop. What-

ever the explanation may be, there is no doubt of the fact that gen-

eral cyanosis from any cause whatever produces an increase of cells

in a drop such as we usually examine.

The cases of cyanosis which I have classed under " cryptogenetic

polycythsemia " (for want of a better name), cases in which, in the ab-

sence of disease in any organ, the skin and mucous membranes are

persistently and markedly bluish, are not very uncommon. I have

seen three such, all in stout, elderly women. In one the cells in a

drop of blood from the ear, finger, or toe were more than double the

normal number (see page 71.)

(S) Local Cyanosis.—The pressure of a tumor, or any other

hindrance to the circulation of any part, may give a similar increase

in the number of corpuscles in a measured amount of blood from

that part. In paralyzed patients the count may be higher on the

paralyzed side. In markedly cyanotic patients the count of red cells

may be notably above normal, and we must make allowances. Error

is more likely to arise wlien we have cyanosis in a person whose

blood is poor in red corpuscles. The combination of these two fac-

tors may give us a normal blood count and lead us to overlook the

anaemia. Thus a person might have really a severe anaemia and

yet the count of red cells be actually above the normal. This

element of stasis should never be lost sight of. Many high counts

reported in pneumonia or hysteria are to be explained by abnor-

malities not of production or destruction but of distribution of the

blood cells.

With these exceptions the drop of blood taken at the periphery

is typical. We have next to consider some general conditions

under which a person's whole blood may be inferred to be abnor-
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mal from the findings hi a drop taken from the periphery. Consid-

eration of special diseases will follow later.
'

Temporary increase or diminution in the amount of fluid within

the vessels can be brought about not only by a change in the me-

chanical conditions of pressure and osmosis, but by any influence

affecting the tone of the peripheral vessels. We have then

:

Temporary Serous Plethora or Dilution of the Blood.

(a) From transfusion of fluid in large amounts or its ingestion

by mouth or rectum.

(b) From decreased blood pressure, as in acute failures of com-

pensation in cardiac disease.

(c) From vasomotor dilatation.

As an example of this last Grawitz reduced the specific gravity

of the blood from 1041 to 1038.7 within eight minutes by the inha-

lation of nitrite of amyl. This decrease of specific gravity can only

mean an increased amount of watery constituents in the blood, as

there was no evidence of any destruction of the heavier elements of

the blood, and only water (and chlorides) pass through the vessel

walls easily. In the above case the specific gravity was again at

1041 within a few minutes.

Polycythcemia.

The red-faced persons popularly known as " full-blooded " show

no abnormalities in their blood discoverable by any means of inves-

tigation known to us. The condition is probably dependent on the

presence of a rich capillary network near the surface of the skin, or

on a dilatation of individual venules and arterioles at the periphery.

Such a person may be markedly anaemic without any considerable

changes in the color of the face. The fact that people of such com-

plexion often end their lives with a ruptured cerebral artery is due

presumably to the circumstance that " high living " produces in the

same individual dilated peripheral capillaries and weakened arterial

walls.

Examples of what seems more likely to be a true polycythaemia

are as follows

:

(a) In cases of severe anaemia which recover, the blood regener-

ation may attain such vigor that the number of red cells shoots tem-

dorarily up above normal, even as high as 7,700,000.

(5) The same condition can be temporarily produced by trans-
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fusion of actual blood from one individual to another. It Iksts but
a few days as a rule.

(c) Some eases occur without any known cause. In one such

case which came to autopsy (death from cerebral hemorrhage) the

internal organs were as deeply engorged as the periphery of the

body. Similar cases—often associated with splenic enlargement

—

have been reported by Vaquez, Osier (Trans. Assn. American Phy-
sicians, 1903), by McKeen (Boston Med. and Surg. Jour., June
20th, 1901), by Saundby and Russell {Lancet, 1901, i., p. 515) and

by Hall (Amer. Med., June 27th, 1903). The cases of the follow-

ing table are apparently of this type.

Table I.— Cryptogenbtic PoLYCYTHyBMiA.

Age.
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albumin'out of tlie serum and corpuscles and so decrease the weight

of the blood (see below, page 78), but the blood volume is not

changed. Indeed, any influence has to work very quickly in order

to concentrate the blood, for in an astonishingly short time the

other tissues repay the vessels their loss of fluid and the normal

blood volume is restored.

The same temporary effects can be produced by influences

constricting the vessels (cold, pain, suprarenal extract), and a

concentration of the blood results which lasts a few min-utes or

hours.'

In all these interchanges of contents between the blood-vessels

and the other tissues it is, as above said, the watery elements chiefly

that change. The red cells are not affected by the give-and-take of

the vessels and tissues, and although cold produces in the peripheral

circulation an increase in the number of white cells greater than

can be accounted for by simple concentration, the weight of evidence

seems to be against any new production of cells and in favor of a

change only in distribution, the white cells accumulating at the

periphery.

jSTow as the number of cells is not affected by these temporary

variations in the volume of liquid within the vessels, it follows that

the number to be counted in a cubic millimetre, though typical of

the whole blood at that time, is not to be reckoned from in the

ordinary way. For example, after a severe diarrhoea or in phthisis

after a night-sweat the blood may be temporarily so concentrated

that we find 6,000,000 or more red corpuscles per cubic millimetre.

Under normal conditions of the blood mass we should infer from

such a count that the body contained one-sixth more red corpuscles

than usual. Here obviously it means only (if anaemia is absent)

that the blood mass is reduced one-sixth by concentration. It is

only in such sudden reductions of blood volume that we can meas-

ure the amount lost by this method. Long-standing causes of

drain on the plasma might at any time act as destroyers of red cor-

' Oliver has shown recently (Lancet, June 37th, 1896) that any influence

causing rise of blood pressure will slightly concentrate the blood. Thus rais-

ing the arm over the head and holding it there by muscular effort slightly

concentrates the blood in that arm. Electrical stimulation or massage of the

arm has the same effect. Lowering blood pressure, as when the arm is sup-
ported passively over the head, dilutes the blood. This confirms the results of

Mitchell (Med. News, May, 1893) and of Chgron (Comptes Rend, de I'Acad.

d. Sciences, 1896, No. vi.).
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puscles as well, through the changes in the nutritive fluids- in which
they live.

Further, it is only when we know the number of corpuscles just

before the sudden drain on the plasma comes that we can measure
the amount of plasma lost by the amount of apparent increase in

the red cells. Stasis and any other cause that heaps up corpuscles

at the periphery must also be excluded before we can judge of the

loss of plasma in this way.

The conditions of an abnormal concentration of the blood are

those already alluded to as teiaporarily sucking away its watery

constituents, namely:

(«) Watery diarrhoea, especially in cholera and other acute dis-

eases accompanied by diarrhoea.

(b) Large
. and rapidly accumulating serous effusions (slow ac-

cumulations would give time for the blood to take up water from

the tissues and make up for its loss).

(c) Profuse sweats.^

(d) Persistent vomiting or starvation of liquids (see Table II.)

(e) Increased blood pressure (exercise, massage, electricity).

Blood already lacking in red cells, if suddenly concentrated by

such a loss of fluid, might deceive us. into supposing it normal,

because the number of cells in a cubic millimetre might be normal.

In the presence, therefore, of any such reason for concentration of the

blood, we should always inodify our ordinary methods of inference

from the hlood count. For example, v. Limbeck records a case of

hepatic cirrhosis with ascites in which before tapping the ascites

the count of red cells was 3,280,000 per cubic millimetre. Within

twenty-four hours after tapping there were 5,160,000 cells per

cubic millimetre, the reaccumulation of the ascitic fluid going on so

fast that the blood was unable to adjust itself and became overcon-

centrated. A careless observation might have inferred a great gain

in the corpuscular richness of the whole blood, when in fact not a

corpuscle had been gained, and those present had probably grown

poorer in albumin.

• Mayer (Zeitsch. f. dietet. u. phys. Therap., 1903, vol. vi., Hft. 7) finds that

hot-air baths produce a transient increase in the hsemoglobin and in the leuco-

cytes. Hot-water baths had no effect on the leucocytes and slightly dimin-

ished the haemoglobin.

The combination of hot baths and hot drinks produces in children, accord-

ing to Hannes (Oentralb. f. in. Med., 1901, p. 823), a slight loucocytosis last-

ing about an hour.
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Table II.—Starvation.

Case.
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earlier weeks of the change; but their volume, as determined by
the hsematoerit, is not increased, and nucleated forms are not found.

Later the poikilocytes and microcytes vanish and the haemoglo-

bin percentage rises so as to correspond with the increased count of

red cells.

On returning to low land, the blood returns within a short time

to its normal condition.

Many explanations have been offered for this interesting phenom-

enon, the most reasonable, I think, being that which considers it a

vasomotor phenomenon, due to lowered barometric pressure.

2. Phosphorus and CO Poisoning.

The polycytheemia of acute phosphorus poisoning may reach as

high as 8,650,000. This may be partly explained by concentra-

tion due to the occurrence of vomiting; but in some cases the in-

crease seems out of proportion to the amount of vomiting.

With illuminating-gas poisoning there is usually no vomiting to

speak of, and the cause of the marked increase in the red cells is un-

known. Von Limbeck in two cases of CO poisoning showed respec-

tively 6,630,000 and 5,700,000 red cells. Mtinzer and Palma^

record 6,700,000. The white cells are also increased (see page 413).

> Zeit. f. Heilk., vol. xv., p. 1.



CHAPTER VII.

ANEMIA AND HYDR.EMIA.

1. Ax^MIA.

Definition.—A deficiency in corpuscle substance, i.e., a deficiency

in red corpuscles, in haemoglobin, or in both,' with or without

changes in the total volume of the blood.

It is important to bear in mind that the color of the skin is not

a safe guide in judging Avhether a person is anaemic.

The most striking example of the fallacy of judging of anaemia

by the color of the skin and mucous membranes is in the so-called

"tropical ancemia." Practically all persons belonging to white

races who take up their residence in the tropics acquire after a

time an extreme pallor of the skin and mucous membranes, and

this appearance has usually received the title of "tropical anasmia."

It turns out, however, from the careful studies of several different

investigators, that the blood of such persons shows absolutely no

anaemia or other variation from the normal.

°

We are to judge of anaemia, then, solely by the blood exami-

nation.

Distinction between Primary and Secondary Ancemia

.

In one sense all anaemia is secondarj-. It is due to some cause,

a symptom in a chain of events. But in some cases we know the

cause and in some we do not.

(a) Primary ancemia is that in which the causal factors are

either entirely unknown or are apparently insufficient to produce so

severe a disease. This division, like most of our statements about

the blood, is a rough-and-ready one, held provisionally until a bet-

' This is a clinical definition and makes no attempt to go to the root of the
matter. I have little doubt that chemical or other changes in the serum are

the cause of the corpuscular changes, which only mirror the deeper disease.

But these chemical changes are as yet so little understood that we have to

judge of their presence chiefly by their effect on the corpuscles.
' So far as present methods of examination go.
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tev classification is discovered. It has a certain utility if not used

with any less simple meaning than that given above.

There is no good evidence that there are any primary diseases

of the blood-making functions. A case of secondary anaemia is one

in which we have an obvious cause such as hemorrhage or malaria

for the loss of corpuscle substance. Remove the cause and the

anttmia ceases. Sometimes, however, after removal of the caiise,

('.;/., after cure of a case of syphilis, the anaemia set agoing by the

syphilis persists. On the other hand, there are few patients with

" primary " anaemia who cannot recall some event in their past lives

sufficient to account for a cei'tain grade of anwmla {e.c/., a nervous

shock, a hemorrhage, an attack of tertian malaria). Yet if the

anaemia that occurs after so slight a cause is of the pernicious or

fatal type, we may fairlj- call it "primary." By this we mean

that though the " cause " assigned might produce so?«e anaemia, it

was not sufficient to produce this fatal aneemia and has presumably

little or no connection with it. "Primary " means not the absence

of mil/ cause of anaemia in the history, but the absence of any suffi-

cient cause so far as is known.

An attack of tertian malaria or a history of bleeding piles does

not cause fatal anaemia in 999 out of 1,000 people who have such a

history. In the 1,000th it is a case of ^jos^ hoc and wot propter hoe.

Given the unknown cause that does lead to "primary" anaemia, and

it might be that a pregnancy, a nervous shock, or the presence of

intestinal parasites would act as the straw that breaks the camel's

back; but the important causal factor i^ the unknoicn factor. Evi-

dence is accumulating in support of Hunter's view that pernicious

ana?mia is due to excessive blood destruction produced by toxic sub-

stances absorbed from the gastro-intestinal tract. Chlorosis is now

generally believed to be a disease representing defective blood

formation. But we are still in the realm of theory in these matters.

It is true that in the majority of cases we can tell from the

blood examination alone whether a case is without known cause

(= "primary") or symptomatic (= "secondary"). But there

appear to be enough exceptions to this rule to make us cautious

about stating it as a law.

f -p • _ ( Chlorosis. ( To be discussed under Special
ITimary _

-^ pg,.nicious anoemia. \ Pathology of the Blood,
ANJ5MiA=j

I Chapter VII.

\ Secondary.
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Se^ofidart/ Ance^niia.

I. First Stage.—I defined anaemia above as a diminution in

corpuscle substance. In the milder types of this condition the num-

ber of red corpuscles is not diminished at all, but the individual

cell is small, pale, and of light weight, through loss of nitrogenous

matter. This is appreciated

:

(a) As a lack of coloring matter.

(b) As a lowering of the specific gravity.

In the mildest grades of secondary anaemia there are no further

changes.

The lack of coloring matter is usually not present in every cell,

as is seen in the stained specimens. Some are very pale at the

centre, while others are well stained.

II. Second Stage.—Usually the next changes to appear are, like

those already mentioned, qualitative, the number of red cells still

remaining normal or approximately so.

The individual cell as seen in fresh preparations is more or less

deformed and varies from its normal diameter, dwarfed forms usu-

ally being commoner than the giant forms. These variations in

size and shape are sometimes termed "poikilocytosis," and the

dwarf and giant forms are called respectively microcytes and
macrocytes.

Maragliano * has included the above changes, together with others

about to be described, under the heading of

Necrobiosis in the red corpuscles, attributing them to a patholog-

ical condition of the serum.

The changes united under this heading may be divided for con-

venience' sake into

(a.) Endoglobular changes.

(i) Poikilocytosis and crenation.

(c) Changes in staining properties.

{d) Changes involving motility in the corpuscle as a whole, or

in parts of it.

(e) Decrease in the average diameter of corpuscles with loss of

the power to form rouleaux.

All these changes may be watched in normal blood outside the

vessels, as necrosis gradually comes on from contact with the air.

' XI. Cong. f. Inn. Med., Leipzig, 1893.
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Under pathological conditions the same changes may occur outside

the body, but more quickly than usual (as other diseased tissues

decompose more quickly after death than those of a sound man sud-

denly killed), or inside the body.

(a) Endoglohular Changes (see Fig. 24, a).—These consist in

the appearance of clear hyaline spaces of various shapes within the

corpuscle, round triangular, rod-shaped, etc. In the fresh speci-

men they change their shape rapidly and continually; in dried and.

stained specimens they ap-

pear as sharply outlined

light spaces in the corpus-

cle. In normal blood these

changes occur after thirty to

seventy minutes outside the

vessels. In some pathologi-

cal conditions specimens

show them the instant the

blood is collected, and pre-

sumably they were present

before it left the vessels.

(S) Crenation and Poiki-

locytosis (Fig. 24, 5).—What
we know as crenation in the

corpuscles is probably the

same sort of process which, occurring within the vessels, we call

poikilocytosis. A lump rises at one or more points in the corpuscle,

becomes more pointed, and gradually the whole cell acquires amce-

boid motions, assuming in succession the various shapes with which

we are familiar in poikilocytes. Hayem has minutely described

four types of motion in the red cells of anaemic blood.

1. General amoeboid jnotion of the whole cell.

2. Vermicular motion of flagella-like prolongations.

3. Oscillating motions, especially in small light cells.

4. Pseudo-parasitic motion.

(e) The pointed projections may break off and move about ac-

tively in the plasma. These motions, as well as the preceding

amoeboid movement of the whole corpuscle, are to be explained as

irregular contractions of the necrobiotic protoplasm, similar in a

general way to the actions of a hen after its head is cut off. These

motions are not to be confounded with the finer Brownian or " mo-

FiG. 24.—Degenerative Changes in Red Cells.
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lecular " movement to be seen in any healthy cell. The small bits

broken off (Fig. 24, c) are doubtless the dwarf cells seen in dried

and stained preparations. Curiously enough, these fragments tend

again to assume the biconcavity characteristic of normal cells, as a

drop of fat breaks into smaller but similar drops.

(d) Oval Shape.—In a great many cases of pernicious anaemia

and some other forms of anaemia there is a marked tendency to

FiQ. 25.—Elongated or Oval Corpuscles in a Case of Pernicious Anaemia.

oval shapes in corpuscles not otherwise considerably deformed.

Even in normal blood I think there are a small number of oval

forms, and in anaemia this number may be greatly increased till,

as in Fig. 25, we get all the cells elongated. The same appearance

can be produced by roughness in spreading the blood, but in such

case the deformed corpuscles all point one way.

(e) Changes in Staining Properties.—Normal red corpuscles

have affinity chieily for acid stains. Influences like those which

lead to the alterations in shape and size above described may alter

the staining properties of the cell as well, so that it takes up two

or three colors (according to the number present in the stain),

either diffusely or irregularly, some parts of the cell taking color

differently from others. In lead poisoning, for example, minute





PLATE A.

Fig. 1.

—

m, m, etc., Mcgaloblasts, some with polychromatophilic pi-oto-

plasm, some with degenerating nuclei (karyolysis).

mi, mi. Microblasts.

n, Normoblast.

/, " Free " nucleus.

b. Blue cell (i.e., basophilic erytlirocyte) with nuclear remnant,

r, Ring body in red-stippled erythrocyte.

-s. Blue-stippled erythrocyte.

Fig. 2.

—

m, m, etc.. Myelocytes.

p, p, etc., Polynuclears.

t, t. Transitional neutrophiles.

I, Lymphocyte.

n, n. Normoblasts.

me, Eosinophilic myelocyte.

b, Mast cell.

e, Eosindphile.
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bits of the red cells become basophilic, so that the cell presents,

with appropriate staining, a stippled look. The same change

occurs in pernicious anaemia and occasionally in other varieties of

anaemia. This has been termed a "polychromatophilic " or degen-

erative change. Some observers have supposed it to be rather of

the natu.re of regeneration, believing that the cells take color in this

unorthodox way because they are half-developed.^

(/) In many secondary anaemias, especially in those associated

with inflammations, the average diameter of the cells is lessened,

and the rouleaux are not formed.'

(17) Cells may lose their haemoglobin altogether, leaving only

the shell of the corpuscle behind (see Fig. 24, d).

All these nec'robiotic changes are characteristic of the severer

grades of secondary anaemia, such as occur in cancerous cachexia,

phthisis, nephritis, etc.

III. Third Stage.—Here the number as well as the quality of

the red cells begins to suffer. So far I have mentioned only the

qualitative changes in secondary anaemia and have purposely made
these changes more prominent than the actual diminution in the

count of red cells, because it is only comparatively rarely and in

very marked cases that the diminution in corpuscles is consider-

able. The blood characteristic of most cases of secondary anaemia

is one in which the number of red cells is approximately normal.

The important exceptions to this rule are: 1. The anaemias of

infancy and earlj' childhood. 2. Large hemorrhages (soon after

their occurrence). 3. Malaria. 4. Acute septicaemia.

The direct and rapid destruction of the corpuscles by the ma-

larial organism or hemorrhage account for this. Of sepsis and the

anaemias of infancy I shall speak later.

IV. Fourth Stage.—The blood of secondary anaemia shows often

evidence not only of degeneration and destruction of the cells but

also of regenerative changes. I have already described two regen-

erative changes—basophilic stippling and diffuse polychromasia; a

third is the presence of

' A heated controversy has sprung up regarding this point and a consider-

able mass of literature relating to it has accumulated. Without trying to

present and criticise the evidence I shall content myself with stating that all

tlie changes in staining reaction, just described, seem to me best explained as

evidence of regeneration.

' But in the severest forms of anaemia the diameters are apt to be increased.

6
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Nucleated Red Cells.

These are usually divided into three groups

(a) Normablasts.

{b) Megaloblasts.

(c) Microblasts.

Normolilasts.

(a) The first are normally present in naoderate number in the

bone marrow of healthy persons, and in great numbers iu the mar-

row after hemorrhage. They are generally considered to be a

younger stage in the life of the corpuscle than the non-nucleated

forms seen in the circulating blood. Hence the appearance in the

peripheral circulation of this form of nucleated cell is considered to

mean that, in the comparatively plentiful reproduction of red cells

called forth in the marrow by the anaemia, a certain number of red

cells leave the nursery (the marrow) before they are grown up and

circulate for a time in their immature state. A normoblast, then,

represents an immature red corpuscle (see Plate IV. and Plate A.

)

In size and color it is like an ordinary red cell except that we
find, usually somewhat to one side of it, a round nucleus about one-

half the diameter of the whole cell. With Ehrlich's or Wright's

stain this nucleus stains very deep blue, nearly black, and is sharply

outlined against the pale yellow of the cell body around it.

The cell often looks as if it were pushing its nucleus out, i.e.,

in many instances we see the nucleus projecting over the edge of

the corpuscle, or half out of it, and occasionally we find it lying

beside the corpuscle from which it has just emerged; but this ap-

pearance is probably an artifact and not, as Ehrlich thought, the

regular way of disposing of the normoblast nucleus.

Very frequently the nucleus has towards the centre a light spot,

sometimes so brilliant that it looks like the reflection of light from
the surface of a drop of ink or any dark liquid, what artists call the

"high light." Occasionally there are several of these light spots

in a nucleus, or it may be all light blue-gray except a dark blue

rim. This is the commonest type of normoblast. But now and
then we meet with one when the nucleus is more or less separated

into two or more pieces. These pieces are usually connected by
pale-staining "bridges," perhaps radiating from a centre so that





PLATE IV.

(1) m,m,m,m— Young megaloblasts.

(2) D,D,D,D; the upper two are probably old normoblasts with degenerating

auclei, and the lower two old megaloblasts with nuclei in a similar condition.

(3) 0,0,0,0, etc.—The two cells in the lower right-hand corner are probably

old megaloblasts whose nuclei are nearly absorbed. The three cells immediately

to the left of these are probably young normoblasts—the lowest one being the

youngest. The otlier four cells marked '^o,o,o,o" (those to the extreme left)

are Tprohskbly middle-aged megaloblasts. The two labelled "Normoblasts" are

really old noi'moblasts. The appearance of extrusion of the nucleus on one of

them is probably an artifact. The large cell on the extreme upper right-hand

corner is probably a megaloblast with a " pyknotic " or oedematous (degener-

ating) nucleus.

(4) In the young or "typical " megaloblasts (m,m,m,iii) note the white line

aiound the nucleus, the variations in its tint, and, in two of them, the discol-

orations of the protoplasm (polychromatophilia), especially near the nucleus.

The lower of the two cells in karyokinesis shows the best.

(5) In the microblast note the ragged edge of the protoplasm.

(6) In the lower portion of the plate C cells deformed in size or shape") an
actual field from a case of pernicious anaemia was copied. Maerocytes (or large

cells), microcytes (or small cells), and misshapen cells or poikilocytes are shown.

(7) The ''polychromatopMlic cells" in the lower right-hand comer were
stained with the same mixture as those to the left of them, but have taken up
other colors besides the orange G, which alone is taken up by normal red cells.



Examination of the Blood.

PLATE IV.

Normoblasts

Microblast

Cells in karyo-—
> kinesis

Varieties of Nucleated Red Cells.

m. in. in. in. = Typical inegaloblasta, D. D. D. D. = Cells with dividing nuclei.

V. 0. u. 0, w. u. u. — Other (unaamed) varieties of nucleated red corpuscles.

Scale of p.' A^

i.

/

Polychromatophilis cells

Cells deformed in size or shape.

u. C Cabot fee. Lith. Anat. t E. A. Fimko, Leipzig.
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the nucleus is "rosette-shaped," or it may take any one of a large

number of different shapes. The parts of the nucleus which are

nearest the periphery of the cell usually stain more deeply than the
" bridges " which join them.

Sometimes the nucleus breaks apart completely, and we find

two or more separate unconnected nuclei within the single cell.'

Or one of the pieces may be outside the cell and the others inside.

Rarest of all is the appearance of true mitosis in the nucleus of

a normoblast.

Megalohlasts,

(h) The typical megaloblast, as usually described, is so unlike

the normoblast that we should not naturally think of them as near

relations.

It does not occur anywhere in the healthy adult body, not even

in the bone marrow. In the early foetal marrow and in the mar-

row and circulating blood of grave forms of anaemia it is to be

found, usually in company with a certain number of normoblasts.

The typical megaloblast is an abnormally large cell (11 to 20 ix

in diameter), frequently showing abnormal staining (polychromato-

philia) in its protoplasm, which is, therefore, brownish or purplish

with the Ehrlich's stain, gray or yellowish with Wright's. Its

nucleus is very large, filling most of the cell, and contrasts with

the normoblast nucleus not only by its greater size, but by the

pale, even stain which it takes up. The commonest color of the

nucleus with the Ehrlich-Biondi stain is pale green or robin's-egg

color; with Wright's stain some shade of blue (see Plates IV.

B, E, and P).

Cracks and "flaws" are sometimes to be seen in the protoplasm,

giving evidence, as its purplish stain does, of the necrobiotie changes

described by Maragliano.

The outline of the whole may be quite circular : oftener it is

oval or somewhat irregular, but rarely much deformed.

Microblasts.

(c) Microblasts, which are rarer than either of the varieties just

described, consist of a nucleus like that of a normoblast or smaller,

and contained in a cell body smaller than the normal red corpuscle.

'A pparently the nucleus is absorbed or degenerates (see Israel and Pap-

penheim; Virchow's Archiv, vol. cxliii.).
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In the writer's experience the cell bodj' is usually reduced to a few-

shreds of discolored protoplasm changing about the nucleus (see

Plate IV.). Their clinical significance is generally supposed to be

that of megaloblasts.

"Atypical Forms."

We may find in a given specimen of blood only typical normo-

blasts, microblasts, or megaloblasts, and accordingly can easily

reckon up the number of each kind and see which type of blood

formation predominates. But sometimes there are cells present

about the classification of which we cannot come to a decision, and

I have occasionally seen a specimen of blood containing a large

number of nucleated red cells no one of ivMch could strictly be

classed either as a "normoblast," a "megaloblast," or a "micro-

blast," as these are defined above. The researches of Pappenheim

have thrown much light on this difficulty. While insisting with

Ehrlich that the megaloblast and the normoblast represent respec-

tively the early foetal and the post-uterine types of blood formation,

and that there are no real " transitions " from tlie one to the other,

he yet recognizes that the two varieties are not absolutely to be

differentiated by any of the ordinarily accepted criteria such as

size, color of nucleus, etc. Most "megaloblasts," he admits, are

larger than most normoblasts, but there are occasional giant normo-

blasts and dwarf megaloblasts which by size alone are. indistinguish-

able. The large, pale, delicately netted nucleus of the "megalo-

blasts " is simply a young nucleus. All young nuclei are relatively

large and pale, while the small dark nucleus of the normoblast is

simply an old or degenerating nucleus. The real criteria of the

two varieties, according to Pappenheim, is not the size or color of

nucleus nor of the whole cell, but the structure of the nuclear net-

work. This is a point difficult to malie out by ordinary staining

jnethods and not easily appreciated. Luckily for us, most " megalo-

blasts" are larger than most "normoblasts"; and further, most of

them, as seen in the blood, are young (i.e., have large pale nuclei

with delicate chromatin network), while most " normoblasts " are

old, as shown by their small, dark, coarse-skeined nucleus, so that

in the majority of cases Ehrlich's criteria for the two varieties are

sufficiently correct for diagnostic purposes. Pappenheim of course

wishes to abandon the terms "megaloblast" and "normoblast"

altogether, but since size still remains the most easily recognized



PLATE F.

Fig. 1.—Erythroblasts in Pernicious Anaemia.

(From a sJide kindly loaned by Dr. A. L. Knight, ol Cincinnati, and showing an extraordinary
abundance o( erythroblasts.)

Y

Fig. 2.—Megaloblasts In Pernicious Anaemia.

(Part of the same slide shown in Fig. 1 above more highly magnlfled.)
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criterion of " megaloblasts " and " normoblasts " I shall continue to

use the terms. On the chances, then, any nucleated red cell over

10 /I diameter should be classed as amegaloblast whatever the appear-

ance of its nucleus, and any nucleated red cell under 10 it. diameter is

probably a normoblast whatever the appearance of its nucleus.

Microblasts simply represent degenerating forms (usually normo-

blasts) whose protoplasm is falling away. [These points will be

made clearer by reference to Plate IV. and the remarks intended to

explain it.]

In most cases of severe secondary anaemia we find a few normo-

blasts. In very severe forms, whatever the cause, we may or may
not find an occasional megaloblast. But these are usually rarer

than the normoblasts, even in the severest types of secondary

ansemia. The commonest exceptions to this rule are the anaemias

due to haemolysis, or to intestinal parasites, in which, though sec-

ondary and curable, the megaloblasts in some cases predominate

over the normoblasts.

Summing up the changes characteristic of secondary anaemia,

which includes almost all the important pathological appearancea^

occurring in red cells, we have

:

i (a) Lack of haemoglobin, y

I. \{b) Lowered s p e c i fi c v Characteristic of mild caseff.

/ gravity.
)

II. The above and necrobiotic I Characteristic of moderate

changes of jNIaragliano. (
cases.

' (a) Lack of red cells.

(b) Presence of n o r m o -

blasts and the above

(T. and II.).

IV. Megaloblasts and the above ) Characteristic of very se-

(I., II., and III.). [
vere cases.

The changes in the white cells will be discussed in the next

chapter.

Among the commonest causes of secondary anaemia are : I. In-

fective and febrile diseases, acute or chronic. II. Malignant dis-

ease. III. Chronic suppurations, nephritis, chronic dysentery,.

cirrhosis of the liver. IV. Bad hygiene, pregnancy, and lactation.

V. Intestinal parasites. VI. Poisons (lead, arsenic, etc.).

To discuss the way in which each of these influences acts in

producing anaemia is tempting, but falls outside the plan of this book..

III.
Characteristic of severe

cases.
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The following are good examples of the condition of the blood

:

Secondary Anemia.

No.



r

PLATE E.

r 1
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solids (corpuscle substance) must be made up by water taken in

from the tissues. Hence any anaemic person's blood is thin, watery,

or hydrsemic. Women's blood is somewhat more hydrtemic than

men's, because less rich in cells. Ordinary chlorosis and second-

ary anaemia show no more water than normal in the serum, but the

cells are probably somewhat waterlogged.

(h) In many conditions of dropsy, whether from heart or kid-

ney, we may have more water than normal, both in the plasma and

in the corpuscles themselves, which are capable of taking up con-

siderably more than their normal amount of water.

(c) Any temporary dilution of the blood under the conditions

mentioned above (ingestion of liquid, lowered blood pressure, etc.),

is from one point of view a hydrsemic condition.

No special clinical significance attaches to it other than that of

anaemia, whose correlative it is.

(d) The investigations of Haldane and Smith seem to show that

the total volume of plasma is greatly increased in certain types of

anaemia, although its specific gravity remains normal. This is one

type of hydraemia (see page 6).



OHAPTEE VIII.

LEUCOCYTOSIS—LYlVrPHOCYTOSIS—EOSIKOPHILIA—
MYELOCYTES.

Much confusion has been caused in the past by the failure to

see in leukaemic blood anything more than an extreme and perma-

nent form of leucocytosis, while leucocytosis was thought of as a

mild and temporary leukaemia.

We know now that they are quite different phenomena, differing

not in the number, but in the hind of cells present in the increased

numbers.

Definition.

There are many difficulties in defining leucocytosis. To my
mind the term is best used to mean : An increase in the number of

leucocytes in the j/eripheral blood over the number nornnal in the indi-

vidual case, this increase never involving a diminution in the poly-

morphonuclear varieties, but generally a marked absolute and relative

gain over the number previously present.

(a) I say " in the peripheral blood " because most observers now
hold that leucocytosis is not always a real increase in the total num-

ber of leucocytes in the body, but is often the result of chemotaxis

or thermotaxis, the cells being drawn or attracted to the periphery

and out of the internal organs. At any rate, in the blood drop

which we draw (whether also in the internal organs or not)", the

leucocytes are present in increased numbers per cu.bic millimetre.

The studies of Muir, Ehrlich, and others have made it clear that

there are two types of leucocytosis. (1) The first includes only

leucocytoses of sudden appearance and short duration such as those

produced by cold baths. Here there is no time for the production of

new cells and the increase of white corpuscles in the peripheral

blood corresponds in all probability to a decrease in the number
ordinarily hoarded in the pulmonary capillaries and elsewhere, the

total number of leucocytes in the body remaining approximately

the same. (2) When leucocytosis lasts for months, as is often the

case in long-standing suppurations and malignant neoplasms, there
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is no doubt that leucocytes are foi-med and turned into the circula-

tion more rapidly than under normal conditions. The total num-
ber of leucocytes in the body is then greatly increased. In such

cases the marrow is found to be hyperplastic whether the leucocy-

tosis is due to bacterial toxins (Ribbert) or to long-continued ex-

perimental injections of albumoses (Taylor). Chronic leucocytosis,

then, is a function of the marrow.

(b) In persons not usually to be considered sick, but simply

somewhat wizened or ill-nourished, the normal count of white cells

may be as low as three thousand per cubic millimetre. For such

an individual ten thousand cells per cubic millimetre would be a

decidedly pathological condition. On the other hand, there are

persons, usually those of notable vigor and good nutrition, whose

white cells rarely fall below ten thousand.

Obviously we must take account of these differences both in our

definition and in our practice if we are to reason correctly from the

data of blood examination.

(c) Further we must lay stress upon the varieties of leucocytes

whose increase constitutes leucocybosis in distinction from either

variety of leukaemia (myeloid or lymphatic).

For instance, given a count of eighty thousand leucocytes per

cubic millimetre, we cannot tell without knowing the varieties of

cells present whether the case is a genuine leukaemia or merely a

leucocytosis symptomatic of pneumonia, suppuration, malignant dis-

ease, or other conditions.

(d) Lastly, in order to be sure that the polymorphonuclear cells

are not decreased, we must know approximately what the normal

percentage for that individual is. The normal percentage of these

cells in infancy is from twenty-eight to forty per cent. In adults

it is much higher, but varies like the total count, according to con-

ditions of nutrition, etc. Thus the normal for adults is usually set

at from sixty to seventy per cent, and if we include the obviously

ill-nourished, but not actually sick, and also those in blooming

health, we shall have to widen our normal limits considerably.

From fifty to seventy-five per cent are within normal limits accord-

ing to the above conception. But obviously we can make no abso-

lute judgment by a standard so vague. It is much better, I think,

to consider eacli individual as his own standard within these limits,

his count of polymorphonuclear cells being a fair measure of the

soundness and vigor of his metabolism. Thus, in an obviously
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.debilitated individual, we should consider seventy-two per cent of

-.these cells very higli, while in a vigorous athlete it might not be so.

In typical leucocytoses of the inflammatory type the percentage of

ipolynuclear cells often rises above eighty per cent, sometimes much

higher; but very rarely as high as in the case of suppurative men-

ingitis mentioned by Stengel

—

99.5 per cent.

It is the endeavor to include all these limiting conditions that

3ias made my definition so long and involved.

Whether or not differences of race make any difference in the

normal count of white cells I cannot say, but certainly the average

of a group of college athletes would be higher than that of some

country towns in New England, where everybody is more or less

under-nourished; and if one is to practise among all sorts and con-

ditions of men, I think he cannot but expect to find people's leuco-

cytes vary all the way from 5,000 to 10,500 per cubic millimetre,

without there being more than malnutrition to account for the lower

figures.

We may divide leucocytoses for convenience's sake into: 1.

Physiological leucocytoses. 2. Pathological leucocytoses.

Phtsiological Leucocytoses.

1. Leucocytosis of the new-born

2. Leucocytosis of digestion.

3. Leucocytosis of pregnancy.

4. Leucocytosis post partum.

6. Leucocytosis after violent exercise, massage, and cold baths.

6. Leucocytosis of the moribund state.

The Leucocytosis as Affected by Digestion and the Time of Day.

(a) Total abstinence from food lowers the leucocyte count. In

the blood of the professional faster Succi, the number sank within

his first week's fast to 861 per cubic millimetre. After the first

week it rose to 1,530, and remained there throughout his thirty

days' abstinence (Luciani). i The polymorphonuclear cells and eo-

sinophiles are said by Tauszk to be increased in chronic starvation.

Von Limbeck counted the blood of a melancholic patient who
had fasted a week, and found 2,800 white cells per cubic millimetre.

These facts support the idea thatthe number of leucocytes depends
' "Das Hungern," German translation by O. FrSnkel. Hamburg, 1890.
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In(within certain limits) on the individual's assimilation of food,

cancer of the gullet we find similar low figures.

(b) After a midday meal rich in proteids the leucocyte count

rises about thirty-three per cent in many sound persons. Ten

thousand cells may perhaps be considered the average, three to four

hours after a proteid meal; but if the count before a meal is only

4,000 or 5,000, digestion will perhaps not raise it above 7,000,

while vigorous adults may show 13,000. Examples of the midday

meal leucocytosis in diseases other than gastric are seen in the fol-

lowing table

:

Case.



92 CLINICAL BLOOD EXAMINATION.

place at all and Japha's figures support this. Eieder reports a

lymphocytosis. It is probable that bobli lymphocytes and neutro-

philes are increased, while eosinophiles are not markedly affected.

In view of these facts, it seems to me that the so-called diges-

tion leucocytosis probably represents, as Japha suggests, a periodic

daily variation—at an}' rate, in part. In routine blood examina-

tions allowance should be made for it, but I do not see that it has

any diagnostic value.

Leucocytosis of the New-Born.

The following table is compiled from the best authorities on the

subject (Schiff, Gundobin, Bayer, Hayem, Carstanjen, Warlield,

and others)

:

Age.
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healthy non-pregnant women and found no considerable difference

between the counts in the two series.

Ascoli and Esdra (cited from Hahl: Arch, f. Gyndkol., 1902, p.

491) investigated seventeen cases at various periods in the preg-

nancy and found no genuine leucocytosis and no progressive increase.

Hahl {loc. cit.) found practically no increase before the begin-

ning of labor.

Leucocytosis After Parturition.

Hibbard and White {Jonr. Exp. Med., November, 1898) studied

fifty-five cases, thirty-three of which were in primiparse. Twenty-

four hours before labor eighty-four per cent of the primipara?

sho^yed leucocytosis {i.e., over 10,000 per cubic millimetre), the

average being 15,000, while in seventy-five per cent of multiparse

there was some increase (11,700 average).

After delivery there was a decided fall in the leucocyte count,

which was normal about the fourth day with a slight secondary

rise about the fifth to the seventh day post partum. After this the

leucocytes gradually fell to normal. The leucocytosis was more

marked in the younger women and in primiparse.

During labor itself the counts rose from an average of 12,200 to

an average of 17,600 in primiparse, and from 9,600 to 12,200 in

multiparse Mastitis produced a rapid rise of leucocytes.

In all cases the increase was made up by the polynuclear cells

alone, while eosinophiles were usually scanty or absent.

Hahl (loc. cit.) studied thirty-six cases (twenty-one primiparse

fifteen multiparse) and concludes :
" 1. During the last day of preg-

nancy the leucocytes are somewhat increased. The beginning of

labor pains produces a further and rapid increase made up wholly

of the polynuclear cells. 2. In the course of the first week after

•delivery the leucocj^tes return to iiormal."

Zangemeister (loc. cit.) confirms the above, and adds that in

especially difficult or painful labors the leucocytes are proportionally

increased (e.g., to 30,000 or more). In the puerperium very high

•counts were found only when there was marked absorption of decom-

posed lochia. He believes that no diagnostic or prognostic value

can be placed upon leucocyte counts .in the puerperium.

The articles of Henderson (British Journ. of Ohst. and Gyn.,

1902, p. 168) and of Pray (American Gyn., October, 1902) confirm

Ml essentials these findings.



94 CLINICAL BLOOD EXAMINATION.

The Leucocytosis of Violent Exercise.

Larrabee, Tileston, and Emerson ' have recently studied the

blood of eleven men before and after a twenty-five-mile road race

on foot. Their results are summarized in the table on page 95.

The most striking point is the resemblance of the blood to that

found in leucocytoses of the inflammatory or toxic (distinctly path-

ological) type. Even the abnormal forms of leucocytes—myelocytes,

transitional neutrophiles, and " stimulation forms "—were present in

some cases, while eosinophiles were reduced or absent.

Cold Baths and Massage.

Thayer studied twenty cases of typhoid and found an average of

7,724 white cells before and 13,170 after a Brand bath (^ Johns

Hopkins Medical Bulletin, April, 1893). The increase took place

equally in all varieties. Winternitz (Imperio-Eoyal Medical So-

ciety, Vienna, February, 1893) came to a similar conclusion and

found also that prolonged cold bathing decreased the number of

white cells (dry cold does the same). A patient was recently

brought to the Massachusetts Hospital who had fallen through a

hole in the ice and been some minutes in the icy water. His tem-

perature was 91.8" by the rectum. Blood count showed 17,500

leucocytes per cubic millimetre. Next day he was perfectly well.

On the contrary, short hot baths decrease and prolonged ones in-

crease the number of leucocytes. Local warm baths have a similar

effect, raising the count of leucocytes in the blood of the immersed

arm if cold and short, and lowering it if hot and short, while pro-

longed immersion has an opposite effect. In the other arm the

counts go up when those of the immersed arm go down, and vice

versa (Eovighi).'' Mitchell ° found that the leucocytes showed dis-

tinct increase (as well as the red cells and haemoglobin) after one

hour's general massage.

These forms of leucocytosis are usually explained by changes in

blood pressure, and vasomotor changes affecting the calibre of the

peripheral vessels and consequently their contents. Becker * found

' Boston Med. and Surg. Journal, February 19th, 1903.
= Arch. Ital. d. Clin. Med., xxxii., 3, 1893.

' American Journal of the Medical Sciences, May, 1894.

^Deutch. Arch. f. klin. Med., 1901, vol. Ixx.
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that the increase of leucocytes in the capillary blood after short

cold baths was not maintained in the venous blood. There the

leucocytes were normal.

Terminal Leucoci/fosis,

The leucocytosis of the moribund state, though by no means

invariable, occurs in many cases, whether from the influence of a

terminal infection or from stasis. When death is sudden or rapid,

it does not occur. It seems to be analogous to the terminal rise of

temperature seen at the close of jnany chronic non-febrile affections.

The longer the patient is moribund the higher the count reaches.

In pernicious anaemia the increase may be so great as to simulate

lymphatic leukeemia. Such a case occurred in the writer's own

experience (see also pages 136-1.S7) . The patient had presented the

signs and symptoms of pernicious ansemia.

Slides taken on the day of death showed a ratio of one white to

fifteen red cells, the small lymphocytes greatly predominating, but

the autopsy revealed simply the lesions of pernicious anaemia. The

differential count of 1,000 leucocytes on the day of death showed

:

Lymphocytes, 91.7 per cent; polymorphonuclear cells, 7.7 per

cent; eosinophiles, 0.5 per cent. Four megaloblasts were seen while

counting these. The total leucocj'te count was about 60,000.

In ordinary cases the differential count shows an increase in the

polymorphonuclear leucocytes. Tims in a case reported by Eieder,

in which the leucocyte count rose during the last two days of life

from 7,800 to 59,300, the polymorphonuclear cells constituted 87.6

per cent of the whole 59,300.

Pathological Leucocytoses.

For convenience' sake these may be divided as follows:

1. Post-hemorrhagic leucocytosis.

2. Inflammatory leucocytosis.

3. Toxic leucocytosis.

4. Leucocytosis in malignant disease.

Leucocytosis due to therapeutic and experimental influences.
n

1. Post-hemorrhagic Leucoci/tosis.

Within an hour after a large hemorrhage we find commonly a

considerable increase (16,000-18,000). In hemorrhage from the

stomach this disappears again, usually within a day or two, while
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in ordinary traumatic hemorrhage it persists longer. This last fact

may perhaps be explained, as v. Limbeck suggests, by the local

conditions in the wound rather than by the loss of blood in itself.

The polymorphonuclear leucocytes are usually increased rela-

tively and absolutely as in other forms of pathological leucocytosis.

Sometimes we have lymphocytosis (see page 118). The average of

increase in the white cells is parallel in a general way to the anaemia

produced in the individual, i.e., it depends on his powers of recu-

peration rather than on the amount of blood lost. Its duration fol-

lows the same rule.^

2. Inflammatory Leucocytosis.

I use the term " inflammatory leucocytosis " rather than " leu-

cocytosis of infectious diseases " because there is a considerable

number of infectious diseases in which no leucocytosis occurs, while

it accompanies almost all forms and cases of inflammation. Never-

theless I shall class under this heading some diseases in which in-

flammation plays but a very subordinate role.

I. Although purulent and gangrenous processes usually cause a

higher count of white cells than serous processes, the amount of

the exudation is not a measure of the amount of leucocytosis. It

seems to depend rather on the resultant of two forces, viz. , the

severity of the infection and the resisting power of the individual.

Those factors may interact in various ways

:

1. Infection mild : resistance good = small leucocytosis.

2. Infection less mild : resistance less good = moderate leuco-

cytosis.

3. Infection severe : resistance good = very marked leucocy-

tosis.

4. Infection severe : resistance poor = no leucocytosis.

This will be illustrated later under " Pneumonia " and under
" Sepsis." Experiments on animals show that whereas moderate-

sized doses of septic cultures, not sufficient to kill the animal, are

followed by leucocytosis, larger doses, after which death follows

speedily, do not raise the leucocyte count at all. Animals weak-

ened by any cause show less leucocytosis to a moderate dose than

strong animals.

If the individual reacts from the shock his leucocytes are in-

' Further account of the blood after hemorrhage will be found on p. 136

et seq.

1



98 CLINICAL BLOOD EXAMINATION.

creased again and rise above normal. If reaction fails, the leu-

cocytes do not rise.

II. The course of the leucocytosis as regards both amount and

duration shows, like the temperature chart, certain more or less

characteristic differences in different cases.

III. In some diseases, e.rj. in measles, in which the absolute

number of leucocytes is not increased, we see a relative increase in

the polymorphonuclear cells, pointing to the fact that influences

are at work similar to those which produce an absolute increase.

IV. That the amount of exudation is not of itself a measure of

the amount of leucocytosis is shown by the fact that erysipelas or

scarlet fever may be accompanied by as high a count as the average

count in pneumonia or empyema.

That purulent exudations usually have more effect on the white

cells than do serous ones is due, I suppose, to the fact that a puru-

lent inflammation usually means a severer infection.

V. jSfo direct connection exists between leucocytosis and fever,

many febrile affections running their course with a normal leu-

cocyte count. When both leucocytosis and fever are due to the

same causes they rise and fall together, but the correspondence is

rarely accurate, and marked leucocytosis may exist without fever.

VI. Acute, rapidly spreading inflammations seem to produce a

greater leucocytosis (other things being equal) -than those in which

the process is relatively chronic and stationary. For instance, an

appendicitis, when well walled off and stationary, shows less in-

crease in white blood cells than while its lesions. are progressing.

But peracute, overwhelming general sepsis may have no effect on

the leucocytes, the reactive power of the organism being crushed.

VII. Most inflammatory leucocytoses are preceded by a"tempo-

rary diminution in the number of leucocytes. This occurs in ani-

mals from shock of any kind (blows on the head, tying to the ether-

izing board), and it seems not unlikely that the cause is the same
in all cases.

The following is a list of the more important inflammatory or

infectious conditions in which leucocytosis appears

:

1. Infectious diseases with comparatively slight local inflamma-
tory processes

:

(a) Asiatic cholera.

(h) Relapsing fever.

(c) Typhus fever (according to the majority of observers).
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(d) Scarlet fever.

(e) Diphtheria and follicular tonsillitis.

(/) Syphilis (secondary stage).

(g) Erysipelas.

(A) The bubonic plague.

(() Yellow fever (some cases).

2. Infectious diseases with more extensive local lesions:

(a) Pneumonia.

(b) Smallpox (suppurative stage)

(c) ilalignant endocarditis, puerperal septicaemia, and all pysemic

and septiceemic conditions.

(d) Actinomycosis.

(e) Trichinosis.

(/) Glanders.

(//) Acute multiple neuritis (febrile stages).

(/i) Acute articular rheumatism.

(z) Septic meningitis and cerebro-spinal meningitis.

(J ) Cholangitis, cholecystitis, and empyema of the gall bladder.

(k) Acute pancreatitis.

(Z) Endometritis, cystitis (some acute cases).

(m) Gonorrhoea.

3. Local inflammatorii processes :

(a) Abscesses of all kinds and situations, such as t

Felon.

Carbuncle, furunculosis

Tonsillar and retropharyngeal abscess.

Appendicitis, phlebitis (some cases).

Pyonephrosis, perinephritic abscess, and pyelonephritis.

Osteomyelitis, empyema.

Psoas and hip abscess when not simply tuberculous.

Abscess of lung, liver, spleen, ovary, prostate.

Salpingitis and pelvic peritonitis, epididymitis,

(b) Inflammations of the serous membranes, including:

Pericarditis, peritonitis, arthritis (serous or purulent, non-tuber-

culous), conjunctivitis.

(c) Gangrenous inflammations, as of the

Appendix, lung, bowel, mouth (noma).

{d) Many inflammatory skin diseases, such as dermatitis, pem-

phigus, pellagra, herpes zoster, prurigo, some cases of universal

eczema, etc.
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S. Toxic Leucocytosis.

Under this heading I have grouped most of the conditions not

obviously to be explained as infectious or inflammatory '(though

some may turn out to be such) and not due to malignant disease or

therapeutic agencies. This classification is chiefly for convenience'

sake and represents only a guess at the real explanation of the

lerucocytosis

:

(«) Leucocytosis of illuminating-gas poisoning.

(h)
" " quinine poisoning.

(c)
" " rickets (many cases).

{d) " " the uric-acid diathesis, gout.

(e)
" " acute yellow atrophy of the liver.

(/)
" " advanced cirrhosis of the liver (some cases),

especially with jaundice.

(ff)
" " acute gastro - intestinal disorders (pto-

mains?).

(h) " " chronic nephritis, usually in ursemic cases.

(i) Leucocytosis after injections of tuberculin and thyroid ex-

tract.

(j)
"

after injection of normal salt solution (intra-

venous).

(A) " afteringestionof salicylates, potassium chlorate,

or phenacetiu.

{!)
" during and after prolonged chloroform narcosis

(on the effects of narcosis upon the blood

see page 253).

Possibly the leucocytosis of acute delirmm and some cases of

acute mania belong also in this group.

4- Leucocytosis of Malignant Disease.

Very likely this belongs more properly under one or another of

,
the classes just mentioned Some observers think that it occurs

only from the inflammation excited in the periphery of some malig-

nant tumors; others that it is due to absorption of morbid products
from the tumor itself; others again that it is to be accounted for by
the cachectic state associated with the growth of the tumors. The
details and conditions of its occurrence will be discussed later (page
428).
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6. Lemcocytosis Due to Therapeutic and Experimental Influences.

Pohl 1 found that most of the so-called tonics and stomachics

produce'a slight increase in the white cells in animals, particularly

the vegetable tonics like tincture of gentian and oil of anise seed,

while bismuth, bicarbonate of soda, and iron had no such effect.

Quinine, caffeine, and ethyl alcohol gave likewise negative results.

Von Limbeck found leucocytosis in men after oil of peppermint and

oil of anise seed.

Binz '" got the same results with camphor. In all these experi-

ments the substances were given by the mouth.

Using subcutaneous or intravenous injections, Lowit experi-

mented on animals with hemialbumose, peptone, pepsin, nucleinic

acid, nuclein, extract of blood-leech, pyocyanin, tuberculin, curare,

uric acid, urate of sodium, and urea. All but the last of these pro-

duce temporary decrease followed by increase of leucocytes.

Goldschneider and Jacob ° used extracts of various organs.

Extract of spleen, marrow, and thymus produced leucocytosis pre-

ceded, as in Lowit's experiments, by a brief diminution in the num-

ber of leucocytes, while extract of pancreas, thyroid, kidney, and

liver had no effect.

Winternitz ' injected a large variety of substances subcutane-

ously and found that the degree of leucocytosis was parallel to the

degree of local reaction excited,

For example, neutral salts and weak acids or alkalies produced

slight local inflammation and a leucocytosis of from forty to sev-

enty-five per cent of the origial count. But irritants like turpen-

tine, croton oil, nitrate of silver, sulphate of copper, mercury,

antimony, digitoxin, etc., produced local suppuration (aseptic) and

much greater leucocytosis (two hundred to three hundred per cent).

Pilocarpine and antipyrin have been found by von Jaksch and

others to produce marked increase in the number of leucocytes

when given subcutaneously. During the use of thyroid extract

Eichter
( Centralhlatt f. inn. Med. , 1896, p. 3) noted leucocytosis.

Eenzi and Boeri report leucocytosis (slight) after purgatives such

as castor oil, podophyllin, and scammony. Schreiber (Deut. Arch.

'Arch. f. exp. Path. u. Pharm.,vol. xv., 1899.

•Arch. f. exp. Path. u. Pharm., vol. v., p. 133.

"Arch. f. Anat. u. Physiol., 1893, p. 567.

*Arch. f. exp. Path. u. Pharm., vol. xxxv., p. 77.
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/. klin. Med., 1899, vol. Ixii., p. 242) found that salicylic acid pro-

duced leucoeytosis for the first few days of its administration.

Other drugs which have been reported to produce leucoeytosis

are potassium iodide, spermine, morphine, sodium salicylate, and

phenacetin.

The transfusion of blood of normal salt solution has a like effect

(see Bibliography in Da Costa).

A large number of observations on the effects of injections of

bacteria or their toxins agree in the following results

:

1. When the dose is very large the leucocytes are reduced, and

the animal dies.

2. When the dose is not sufficient to kill the animal then tem-

porary diminution in the leucocytes is soon followed by leucoeytosis.

3. When the dose is slowly fatal the count of leucocytes oscil-

lates up and down within wide limits.

4. Animals previously rendered immune to the poison injected

show little or no leucoeytosis.

5. Leucoeytosis is more easily called forth and of greater extent

in young animals.

6. Most pathogenic organisms act similarly, but bacilli and

toxins of tuberculosis as a rule cause no leucoeytosis.

7. There is no evidence that any one variety of leucocyte is

attracted by any particular bacillus or toxin.

In the above sketch of therapeutic and experimental forms of

leucoeytosis no attempt has been made to give anything but the

more interesting and important outlines of the immense amount of

work done.

Cell Structure of the Leucocytes in Leucoeytosis.

Hitherto we have spoken as if leucoeytosis meant only an in-

creased number of the normal cells, but one cannot study the cell

forms in extensive pathological leucoeytosis without noting in many
cases qualitative QhoMg&s in the individual cells. These are chiefly:

1. A greater or less approximation of the nuclei of polymor-

phonuclear neutrophiles to the appearances of the myelocyte nucleus.

As will be mentioned later under leukaemia, we find in every blood

containing many myelocytes numerous cells whose nucleus is on the

border line between the myelocyte and the polymorphonuclear

stage, so far as appearances go. Now in leucoeytosis we find the

same " border-line " cells in smaller numbers, the likeness to the
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myelocyte sometimes passing into identity in one to tliiee per cent

of the cells.

2. Turck's " Reizungsformeii " or " stimulation cells " in which

the protoplasm of the cell (which is in other respects like a large

lymphocyte) shows a greater or less approximation to the appear-

FiG. 26.—Atypical Leucocytes seen in Leucocytosis. 1, Leucocytes with polar arrangement of

nuclei (mitosis ?) ; 3 and 3, leucocytes with nuclei resembling those ol myelocytes ; 4, leu-

cocyte containing two kinds of granules.

ance of myelocyte protoplasm, i.e., a diffuse violet or purple color

exactly as in the myelocyte but non-granular. Engel makes a

separate variety of this cell, giving it the useless name of " mono-

nuclear cell." Weil calls it the "non-granular myelocyte." Turck

considers its presence in the circulating blood to indicate a stimula-

tion of the marrow by the toxins of disease, resulting in the pas-

sage of this—supposedly immature—cell into the blood.

3. Other finer changes, such as the number, size, and staining

power of the neutrophilic granulations, polar position of the nuclei,

etc. (see Fig. 26), require further study.

Changes like the above militate against the idea that leucocyto-

sis is simply a matter of the distribution of fully formed leucocytes

in the peripheral or internal vessels.

For an account of iodophilia or the iodine reaction in the poly-

nuclear leucocytes during suppurations see page pages 4^-43.
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Absence of Leucoeytosis.

It is of fully as great a practical assistance to us to know that

in certain infective diseases leucoeytosis is regularly absent as to

know tliose conditions in which it is to be expected. Among the

most important diseases in which' leucoeytosis is conspicuously

absent are

:

(a) Typhoid fever and " paratyphoid " infections.

(b) Malaria.

(c) Grippe (most cases).

{d) Measles.

(e) Eotheln and miimps.

(/) Malta fever.

{g) Cystitis.

(A) Tuberculosis, including

—

Incipient phthisis.

Miliary tuberculosis.

Tuberculous peritonitis.

" ostitis and periostitis.

" pleurisy.
" pericarditis.*

In some of these affections, notably in miliary tubercle and the

later weeks of typhoid, the leucocytes are diminished. Further

details will be given under the special diseases.

Leucopbnia.

Definition.—A diminution in the number of white cells in the

peripheral circulation as compared with the number normal for the

given individual.

1. The effects of starvation and malnutrition in producing leu-

copenia have already been described. Such leucopenia is usually

associated with lymphocytosis (see below). Cancer of the gullet is

an example of this class.

2. Short hot baths or prolonged cold baths produce temporarily

the same result (Winternitz, loc. cit. ).

3. Most of the infective diseases in which there is no leucoeyto-

sis are sometimes characterized by leucopenia, e.g., grippe, measles,

' Tuberculous meningitis often does show leucoeytosis (vide infra, p. 303).
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miliary tuberculosis, and other forms of pure tuberculous infection,

malaria, and especially typhoid, in the later weeks of which it is

almost invariable, and is accompanied by lymphocytosis. In a case

of glandular tuberculosis with bronchopneumonia Vaquez and

Eibierre (Soc. Med. d. H6p., 1900, p. 914) report a great diminu-

tion both of red cells (to 1,000,000) and of leucocytes (to 2,300)

the loss involving solely the polynuclears, which were reduced to

184 per cubic millimetre (eight per cent), while the lymphocytes

remained nearly normal, 2,116 per cubic millimetre (ninety-two per

cent).

P. K. Brown has recently reported a fatal case of infectious

pharyngitis with intense and continued leucopenia. When a case

of leukaemia is complicated by an infective disease (pneumonia, sep-

ticaemia) the number of leucocytes may fall below the normal. In

a case recently occurring at the Massachusetts General Hospital in

which a lymphatic leukaemia was terminated by septicaemia from

glandular suppuration, the white cells fell gradually from 40,000

three weeks before death to 419 per cubic inillimetre on the day of

death. 1 The differential count was unchanged (lymphocytes =
ninety-eight per cent).

4. In pernicious anaemia the count is usually very low and may
fall below 1,000 cells per cubic millimetre Other severe types of

anaemia (rachitic, syphilitic, post-hemorrhagic) may produce the

same result.

5. Splenic anaemia or the splenic form of Hodgkin's disease is

often associated with marked leucopenia.

6. Medicinal leucopenia—following the injection of ergot, tan-

nic acid, sulphonal, atropine, agaracin, and some other drugs, has

been described by Bohland (Centralb. f. inn. Med., 1899, vol. xx.,

p. 361).

Lymphocytosis.

Lymphocytosis is an absolute and relative increase in the circulat-

ing lymphocytes. The increase is relative to the number of lym-

phocytes normal for the individa.ial. When lymphocytosis and an

increase of the total leucocyte count are present we cannot distin-

' Koblank (Dissert., Berlin, 1898) could find but orae leucocyte in twenty

stained cover-glass preparations from the blood of a case of epilepsy. No
count was made. In Brown's case (American Medicine, April 19th, 1902) the

leucocytes sank to 360 per cubic millimetre before death.
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giiish the blood from that of lymphatic leukaemia, and the distinc-

tion must depend upon the course and symptoms of the case.

1. Such a condition (relative to the adult) occurs in healthy in-

fants' hlood and in many diseases of infancy, the blood seeming to

have a tendency to return to the infantile type. This is especially

true of cholera infantum, rickets, and congenital syphilis. Any-

thing that retards the infant's normal gain in weight or general

development retards its blood development as well.

2. Pertussis, as Meunier has recently shown, is accompanied by

a very marked lymphocytosis, the lymphocytes being quadrupled

while the polyrtuclear cells are doubled. The increase is absolute

as well as relative (see pages 107 and 220).

Variola also shows lymphocytosis according to Weil,

3. Hereditary syphilis is perhaps the best-known cause of rela-

tive lymphocytosis in children. Scurvy may produce the same

result. Dividing the aneemias of children into two groups, those

that do and those that do not produce leucocytosis, ib appears that

the great majority of those whose total leucocyte count is normal

show a relative lymphocytosis. This is the case irrespective of

whether there is enlargement of the spleen or not. Sometimes the

smaller, sometimes the larger lymphocytes are in the majority.

Often no division between the two kinds is possible.

4. In adults some forms. of debility may he associated with an

increased percentage of lymphocytes, due in fact to the absolute

diminution of the neutrophiles. This should be distinguished from

true lymphocytosis. The same false appearance of lymphocytosis

may be seen in haemophilia, goitre, cervical adenitis, and other con-

ditions involving a diminution of the polynuclear neutrophiles, in

chlorosis, pernicious ancemia, Graves' disease and the anaemia second-

ary to syphilis, iu the later weeks of typlioid fever and in lactation.

5. After the administration of thyroid extract, tuberculin, pilo-

carpine, or quinine hydrochlorate subcutaneously.

6. The larger forms of lymphocytes are in increased iu malaria,

in some splenic tumors (chronic "ague cake"), and especially in

the post-febrile stage of measles; also in many of the same diseases

in which the small lymphocytes are increased.

7. The most marked absolute lymphocytoses known to me (ex-

cluding leukaemia) occurred in two cases of pertussis-pneumonia in

infancy. One case occurred at the Massachusetts General Hospital
in 1894—in a child of six, who passed through an attack of broncho-
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pneumonia with uneventful recovery, the only peculiarity of the

case being the marked increase of white cells running up to 94,600,

sixty-nine per cent of which were lymphocytes. During convalescence

the blood became normal and the child left the hospital entirely

well. In 1900 we had a similar case in a baby of fifteen months,

well until seized with paroxysms of coughing four days before en-

trance.' The spleen and glands were normal. There were no

hemorrhages and no anaemia. The blood showed

White cells.
Per cent

polynuolear.
Per cent

lymphocytes.
Per cent,

eoslnophlles.
Remarks.

First day .

Third day.
Fifth day

.

Sixth day.

103,000
104,850
185,000!

Death. No
autopsy,

35 64.5 0.5 Red cells normal.
No nucleated forms.

Since reading Meunier's account of the enormous lymphocytosis

of whooping-cough I have believed these two cases to have been

atypical whooping-cough. These cases will be referred to later in

the account of the blood of pneumonia.

Diagnostic Value of Lymphocytosis.

1. I have already suggested that the degree of health in per-

sons not organically diseased might perhaps prove to vary directly

with the percentage of polymorphonuclear cells in the blood.

2. In children the same percentage is to a certain extent a meas-

ure of the child's degree of development—causes of leucocytosis

being excluded, and the percentage normal for a child of the pa-

tient's age being taken as the standard.

3. Absolute lymphocytosis in the presence of glandular tumors

is our mainstay in the diagnosis of lymphatic leukaemia, but whoop-

ing-cough must always be remembered as a source of error.

EOSINOPHILIA.

Definition.—An increase in the number of eosinophiles in the

circulating blood.

' A similar case has recently been reported by Steven (see page 331).
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Physiological Eosinophilia.

There is no constant eosinophilia either in infancy or during

menstruation, as the researches of Carstanjen have shown; but at

these periods the number of eosinophiles is subject to remarkable

oscillation, which no doubt has given rise to the impression that

they are regularly increased.

Among the causes of pathological eosinophilia are

:

1. Bronchial Asthma and Fibrinous Bronchitis.—During parox-

ysms the eosinophiles are plentiful in the sputum and in the mucous

membrane of the upper air passages as well as in the blood. In

the case quoted from Billings (see page 377) there were 53 per

cent of eosinophiles in a leucocyte count of 8,300. Gabritschewsky

reports 22.4 per cent in asthma.

2. Acute and Chronic Skin Diseases.—The most marked cases

are those reported by Lazarus (60 per cent of eosinophiles in urti-

caria widely distributed), Zappert (33 per cent, or 4,800 eosino-

philes per cubic millimetre in pemphigus'), and by Canon (17 per

cent in prurigo and psoriasis). In dermatitis herpetiformis high

eosinophile counts are reported by Leredde and Perrin, by Brown,

and by myself (see page oU6).

3. Hehninthiasis.—Trichinosis and uncinariasis are the mem-
bers of this group which have been most thoroughly studied, and in

both of them eosinophilia is marked and constant (see pages 490

and 497), but of late evidence is fast gathering to show that filaria-

sis, Bilharzia disease, hydatid disease, and others, due to animal

parasites, are likewise associated with eosinophilia.

Bucklers, working under Leichten stern, has established the in-

teresting fact that " all varieties of helminthides, froin the harmless

oxyurides to the pernicious ankylostoma, may bring about an in-

crease of eosinophiles in the blood, often to an enormous extent."

Bucklers reports 16 per cent of eosinophiles in oxyurides, aud 19

per cent in ascarides, and Leichtenstern has quite recently found 72
per cent of eosinophiles in ankylostomiasis, and 34 per cent in a

case of taenia mediocanellata (Ehrlich and Lazarus, page 103).

4. Post-Febrile.—At the height of most acute infectious fevers

(except scarlet fever and sometimes rheumatic fever) the eosino-'

philes are greatly diminished or absent. In the post-febrile period,

however, abnormally high percentages of eosinophiles are often

found.
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Tilrck found 5.67 per cent (430 absolute) after pneumonia; 13.8

and 9.37 per cent (970 absolute) after rheumatism. Zappert fouud

20.34 (1,486 absolute) after malaria; 26.9 per cent (3,220 absolute)

after tuberculin reaction fever. Grawitz found 90 per cent ( !)

(41,000 absolute) after tuberculin reaction fever (see page 292).

6. Malignant Tumors.—Various authors (Weiss, Palma, Eieder)

have observed a slight eosinophilia in connection with the cachexia

of malignant disease. It is, however, of moderate degree and sel-

dom exceeds seven to ten per cent.

In Eeinbach's study of 40 cases there were 4 with eosinophilia

as follows: Sarcoma of the forearm, eosinophiles 7.8 per cent;

sarcoma of the femur, eosinophiles 8.4 per cent; malignant tumor

of the abdomen, eosinophiles 11.6 per cent; lymphosarcoma of

neck with ulcerative endocarditis and metastases in the bone mar-

row, eosinopliiles 48 per cent (60,000 absolute) (see pp. 467-458).

Among my cases there is one of generalized sarcoma with eosino-

philes 12.4 per cent (2,108 absolute). Zappert quotes a case of

lymphosarcoma with 17.7 per cent (2,077 absolute) and 2 cases of

cancer (uterus and stomach) with 11 per cent (860 absolute) and

8.5 per cent (536 absolute).

6. Compensatory Eosinophilia.—Ehrlich's researches appear to

show that when the function of the spleen is abolished, either by

splenectomy or by disease, a late compensatory eosinophilia occurs.

7. Medicinal Eosinophilia.—After the administration of cam-

phor, V. Noorden observed an eosinophilia of 9 per cent in 2 chlo-

rotic girls. Phosphorus poisoning is also said to cause eosinophilia,

and Taylor refers to nuclein and pilocarpine as possessed of similar

properties.

8. Myelogenous LeukcBmia (see page 164).

9. Eosinophilia in Hcematoma, Hemorrhagic Exudations, and

Purpura.—Klein {CentraWl. f. inn. Med., January 28th, 1899)

Case.
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reports two cases of hemorrhagic pleural exudation with a very

large number of eosinophiles, (74 to 76 per cent) in the exudate and

a marked increase of circulating eosinophiles

:

Perhaps of a similar type is the eosinophilia exemplified in the

following report from a case of simple purpura in a girl of eight:

White cells, 18,000; eosinophiles, 17.5 per cent; polynuclears, 44

per cent; lymphocytes, 39 per cent.

10. Eosinophilia in Benign Ovarian Disease.

Neusser, in 1892, stated the eosinophiles are increased in dis-

eases of the female genitals. Kopp (Dissert., Wurzburg, 1894)

could find but five out of sixteen cases of ovarian tumors showing

eosinophilia, but Voswiukel {Monatschr. j'. Gebiirtsh. u. GynakoL,

1898, p. 413) has carefully studied 126 cases of pelvic disease with

the following results

:

I. Diseases of the Fallopian tubes, endometritis, and myoma
uteri (31 eases) show a normal percentage of eosinophiles and no

myelocytes.

11. All severe ovarian diseases (excepting in febrile stages and

excepting also cancer of the ovary) are associated with eosinophilia

and an increased percentage of polynuclear cells (40 cases). Even
if the ovary is mostly destroyed eosinophilia is usually present (10

out of 18 cases).

III. In cancer of the uterus the eosinophiles may be normal,

increased, or diminished (19 cases).

Diminution in Eosinophiles.

1. During severe muscular exertion.

2. After castration (Neusser).

3. In febrile stages of pneumonia, grippe, typhoid, diphtheria,

sepsis, and most infectious diseases accompanied by lencocytosis.

That this is not due simply to the presence of fever is shown by
the fact that in jnalaria and scarlet fever, despite high fever, eosin-

ophiles may be increased.

4. In the moribund state eosinophiles are diminished or absent.

5. Malignant disease, hemorrhage, and most of the other causes
of lencocytosis also diminish the eosinophiles.
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Diagnostic and Pkognostic Value or Eosinophilia.

In trichiniasis eosinophilia is of great diagnostic value.

Nensser has suggested the following points :
*

1. In the diagnosis between puerperal mania and puerperal sep-

sis, eosinophilia points to the former.

2. Between a tumor connected with the genital S3'stem and one

not so connected, eosinophilia points to the former.

3. In determining whether a given case of hysteria, neurosis,

or psychosis is likely to be benefited by castration, the presence of

eosinophilia favors the operation.

4. In malignant disease an eosinophilia points to a metastasis

in the osseous system (tumors of the spleen are not included in this

rule).

5. In cases of doubtful syphilis eosinophilia combined with

lymphocytosis (see above) speaks in favor of syphilis.

6. The diagnosis of any obscure form of " uric-acid diathesis "

is helped by findiug an increase of eosinophiles.

7. In distinguishing malignant liver disease from other liver

disease eosinophilia points to the latter.

8. In the proffnosis of chlorosis, eosinophilia is favorable.

9. In the prognosis of scarlet fever and scarlatinal nephritis

the greater the eosinophilia the better the prognosis.

10. After hemorrhage increased eosinophiles show active regen-

eration of blood and good prognosis.

11. In pernicious ansemia eosinophilia is favorable for the same

reason.

MYELOCYTES.

The occurrence of the myelocyte of Ehrlich in the circulating

blood is almost always to be looked upon as pathological, that is,

as the intrusion of a variety of leucocyte naturally a stranger to the

circulating blood and a permanent inhabitant of the marrow.

Among hundreds of specimens from healthy persons I have seen

but one typical myelocyte.

1. The largest number of circulating myelocytes occurs in

myelogenous leukaemia (see page 161).

2. In all conditions associated with stimulation of the bone

marrow—that is, in all diseases accompanied by well-marked leu-

' For none of which I can vouch.
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cocytosis or by severe anaemia of any type—myelocytes in small

numbers may frequently be found. Thus I have found them in

most cases of pernicious anaemia and of malignant disease with

leucocytosis. Tiirck finds them in most acute infections, even in

typhoid with subnormal leucocyte count. Engel has noted their

frequent presence in diphtheria, while Neusser ' has noted them in

various toxic conditions such as puerperal mania, osteomalacia,

uraemia, carbonic-acid poisoning, Basedow's disease, diabetic coma.

Others have recorded their occurrence in rickets, syphilis, phthisis,

general paralysis, etc.

The common elements in these various diseases are anaemia and

leucocytosis. In fact,. I do not know of any of the very numerous

diseases and conditions associated with leucocytosis in which myelo-

cytes have not been found. Accordingly it seems to me reasonable

to class them as signifying a marrow stimulation, and as much akin

to Tiirck' s "stimulation forms" (see page 103).

As a rule I think the presence of myelocytes indicates an accel-

eration of those marrow functions by which granalar leucocytes

are furnished to the blood. Such an acceleration may be supposed

to take place in leucocytosis, leukaemia, and severe anaemia, which

are the chief conditions in which myelocytes appear in the blood.

MAST CELLS.

1. Many of the same causes which increase eosinophiles {e.g.,

animal parasites, skin diseases) also increase the mast cells slightly.

2. A. E. Taylor (Contrib. of Pepper Labor., Phil., 1900, p. 148)

has noted an increase in one case of carcinoma, one of gonorrhoea,

one of mycosis fungoides, and two of septic bone disease.

3. The most constant and extensive increase of mast cells is

found in myelogenous or mixed-cell leukaemia.

4. Osier records five to six per cent in a case of "splenic

anaemia. " In one of my cases they numbered four per cent (632
per cubic millimetre).

5. Zollikoffer (Dissert., Berne, 1899) has noted increase of

mast cells in hysteria, in sciatica, and in articular rheumatism with-
out fever. No counts are given.

6. Bigart (La Sem. Med., December 31st, 1902) reports 20.6 per
cent of mast cells in a case of Hanot's cirrhosis.

' Cited in Klein: Volkmann's "Samml. klin. Vortrage," December, 1893.



CHAPTER IX.

GENERAL PATHOLOGY OF THE BLOOD AS REGARDS HEMO-
GLOBIN, FIBRIN, LIPEMIA, MELANJaMIA, AND

HEMORRHAGE.

HEMOGLOBIN.

As stated above, the haemoglobin may increase and diminish in

lines parallel to those of the red cells. In that case we suppose the

amount of haemoglobin per corpuscle to be normal and the color index

or valeur globulaire is said to = 1. When the haemoglobin is dimin-

ished more than the count of corpuscles, we may saj' that the color

index is less than 1. For example, if a man has 5,000,000 red cells

per cubic millimetre and only 50 per cent of haemoglobin, we esti-

mate the color index by simply reducing the count of cells to a

stated percentage (5,000,000 cells = 100 per cent of cells) and

dividing this percentage into the haemoglobin percentage

—

i.e., J/^

= 0.5 = the color index. Therefore 4,000,000 red cells (= 80 per

cent) with 60 per cent of haemoglobin give a color index of f^ =
0.075.

The color index rarely goes above 1, except in pernicious anaemia

(see below). Here it may be as high as 1.7. As a rule, when the

red cells are above the normal, the haemoglobin rises equally, some-

times it lags behind a little, but rarely if ever does.it rise higher

than the cells.

In most anaemias, as has been pointed out, the haemoglobin

suffers markedly before any considerable loss of red cells takes

place. In other words, the corpuscles seem to get thin before they

die, and except in malaria, hemorrhage, and a few other cases they

are not destroyed while in the full vigor of health.

'

The loss of haemoglobin is loss of albumin, the chief constituent

of the cells, and hence is usually loss of weight.

In general the changes in the haemoglobin are best studied in

' This is of course not literaL There is no reason to suppose that good-

sized corpuscles get smaller. It is more likely that a smaller generation is

sent out by the blood-making organs.

8
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connection with changes in the count of red cells, and so far as they

have not already been mentioned will come in ander the various

special diseases.

Fibrin.

The fibrin network to be seen in normal blood during coagula-

tion (see page 52) is increased in a considerable number of condi-

tions. Hayem has studied these minutely, and described several

varieties of arrangement of fibrin fibres as characteristic of special

diseases, that is, studied fibrin qualitatively as well as quantita-

tively, and also as regards the rapidity of its formation.

The rate of fibrin formation is often not the same as the rate

of coagulation. It is not parallel to the number of leucocytes

or blood plates, at least not in all eases (malignant diseases,

scurvy).

In a general way we expect increased fibrin in infectious and in-

flammatory diseases, but there are notable exceptions to this. The

greater the exudation and the freer it is (in a cavity or on the sur-

face) the thicker the fibrin network, while so-called interstitial in-

flammations or such conditions as parenchymatous nephritis show

little increase in fibrin. The seat of the lesions has no consider-

able influence, except as it modifies the nature of the lesion. An
abscess in one place has the same effect as an abscess elsewhere,

provided it is equally free or equally confined, and of the same

contents.

Tuberculosis does not increase fibrin if uncomplicated. Leu-

coeytosis and fibrin behave alike in many respects, especially in

relation to the vigor of resistance which the individual opposes to a

given infection. When the individual is so weakened that he does

not react well against the infection, the leucocytes and fibrin are

but slightly increased, whereas in a vigorous individual the same

infection would have markedly iiicreased both fibrin and leucocytes.

But neoplasms raise the count of leucocytes without changing the

amount of fibrin.

In a general way fibrin increases and decreases as fever does,

but often persists after fever is gone.

The most marked fibrin networks are seen in pneumonia, acute

articular rheumatism, suppurative diseases, and in scurvy. In

erysipelas it follows the leucocytes (increased in severe, not in mild

cases). In the early days of grippe it is increased.
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The fever of hysteria or chlorosis shows no increase of fibrin,

and post-hemorrhagic anaemia with or without fever shows none.

Fibrin is diminished in pernicious anaemia, not increased in leu-

kaemia, typhoid, malaria, malignant disease, non-suppurative dis-

eases of liver, nephritis (except interstitial nephritis, in which it

may be increased), heart disease, purpura, haemoglobinuria (some-

times decreased).

The most valuable point about the fibrin appears to be the ab-

sence of any increase in malignant disease whereby a diagnosis

between the affection and a suppuration may be helped. Otherwise

the information given by it is chiefly confirmatory of impressions

given by other features in blood examination.

LiPiEMIA.

The blood invariably contains small quantities of fat, especially

during digestion (v. Jaksch ').

In the blood of persons suffering from a variety of diseases such

as phthisis, diabetes mellitus, obesity, alcoholism, nephritis, and in

some dyspnoeic conditions, suppressed menses, pregnancy, icterus,

typhus, malaria, mental disease, diseases of the heart and pancreas,

;

as well as in health, fat is occasionally to be seen in considerable

quantities. Grawitz '' finds that if the blood is collected in a fine

capillary tube, and this is kept in a horizontal position for some

time, fat rises to the surface like cream, and can be seen with an

oil-immersion lens in the form of fine drops. Gumprecht^ demon-

strated it with osmic acid, which stains the fat drops black, and

proved them to be fat by dissolving them in ether, xylol, etc.

Lipaemia has no special significance so far as is known, and is

not characteristic of the diseases above mentioned. Its cause is

unknown.

[In almost any preparation of the fresh blood fat drops are to

be seen unless the patient's skin is washed with alcohol before

puncturing. Even with these precautions a few drops may often

be seen in healthy people's blood.]

' "'Klin. Diagnostik," p. 75 (English translation).

^Loc. cit., p. 160.

3 Deut. med. Woch., 1894, No. 39.
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Melak^mia,

In malaria the occurrence of a black pigment in the leucocytes

which have taken plasmodia into themselves is generally to be seen

during and shortly after a paroxysm. Pigment free in the blood is

to be seen only at the momen^ of segmentation among the new gen-

eration of parasites. The same condition has been observed in

relapsing fever and in persons suffering from melanotic malignant

tumors, the pigment being always in the white corpuscles. Pre-

sumably it must at some time be free in the plasma, but it is rarely

if ever seen outside the cells.

In Addison's disease Tschirkoff ^ observed pigment in the leu-

cocytes.

Hbmokehage.

Women can stand a greater hemorrhage than men. Children,

on the other hand, succumb to comparatively slight hemorrhages

{cf. Blood in Infancy, page 510). Individual differences make a

great difference in the ability to survive hemorrhage, and no exact

amount of blood can be stated as the maximum that any one can

lose and yet survive.

Changes in the Blood Resulting from Hemorrhage.

The red cells and haemoglobin of course suffer proportionately at

first; later the haemoglobin in the newly formed cells is always

deficient (see below).

The striking point in the blood after hemorrhage is the evidence

it gives us that even before the hemorrhage has ceased the other

tissues begin to contribute fluid to make up the volume upon which

life depends. The serum is markedly diluted by this fluid, but

still serves to give the heart something to contract on and so pre-

vents blood pressure from falling as fast as it otherwise would do.

Were it not for such contributions from neighboring tissues the

organism could sustain but slight hemorrhage without succumbing

at once. We have then after hemorrhage a diluted or hydraemic

blood, even though we do not assist the efforts of nature by con-

tributing fluid by intravenous or rectal injection. Dock '• reports a

'Zeit. f. klin. Med., vol. xix., 1891.

'Dock: Trans, of Association of American Pljys., 1899, p. 130.



BLOOD REGENERATION. 117

case due to epistaxis in which the count fell to 367,600 per cubic

millimetre The counts in this case were as follows

:

Date.
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page 426). Grawitz records a gain of 2,000,000 red cells in two

weeks after a gastric hemorrhage (ulcer).

Young, well-nourished persons are of course quicker in making

up losses than the old and weak.

Blood Condition During Regeneratio7i.

1. Bed Cells.—(A.) As previously mentioned, the haemoglobin

becomes relatively low as soon as the regenerative process is well

established, and as recovery progresses the red cells are almost

always normal in numbers for some time before the stature, weight,

and color of the individual cells is what it should be. A color

index of 0.50-0.60 is not unusual—in short, what some call a

"chlorotic " condition of the blood.

(B) Qualitative changes are those already described on page 78,

namely : (a.) Deformation in size and shape with an average diminu-

tion in size; {b) polychromatophilic cells; and (c) nucleated cor-

puscles. These latter are almost exclusively of the normoblast type,

but an occasional megaloblast has been observed.

Blood Crisis.—Von Koorden was the first to notice that in some

cases nucleated corpuscles are to be found in the circulation in great

numbers for a few hours only, the blood examination both before and

after showing few or none at all. The name of " blood crisis " has

been given to these sudden outpourings of nucleated red cells; they

are to be observed during recovery from various forms of anaemia.

2. White Cells.—Immediately after a loss of blood we can usu-

ally find a decided leucocijtosis despite the dilution of the blood (see

above, Post-hemorrhagic Leucocytosis).

This leucocytosis may not differ from those occurring from

other causes. The percentage of polymorphonuclear cells is usually

increased, and the eosinophiles often disappear or, as in Dock's

case, just referred to, all varieties of leucocytes may be increased,

or, again, as pointed out by Stengel, we may have a lymphocytosis

after hemorrhage, either from the start or following a polynuelear

leucocytosis. In his case the percentages were : Polynuclears, 43.5;

lymphocytes, 43.6; transitionals, 10; eosinophiles, 2.8. A case of

anaemia from bleeding piles, in which the red cells were 2,723,000

and the haemoglobin 35 per cent, showed in a total leucocyte count

of 4,200, 69 per cent of small lymphocytes and only 28 per cent of

polymorphonuclear cells. Leucocytosis, if present, is rarely very

high, seldom reaching over 30,000. It is not invariably present.
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or, if present, sometimes is of very short dnration. Thus in a pa-

tient whose red cells were reduced to 3,200,000 by a profuse uterine

hemorrhage the white cells counted next day were only 8,000;

while in the next bed of the hospital was a woman crushed in a

railroad accident whose red cells were 1,280,000, and the white

cells 28,000, the usual state of things.

The leucocytes may be increased even by a cerebral hemorrhage

which is not large enough considerably to affect the red cells in

most cases. Obviously some other influence is at work in these

cases (see page 385).

The effect of transfusion (intravenous saline solution) is appar-

ently at first to increase the leucocytosis.

D , a patient with traumatic rupture of the urethra, had had

severe hemorrhage for forty-eight hours before it was cheeked at

1 P.M., November 1st, 1896. At 4 p.m., his pulse being 165, the

count showed red cells, 3,304,000; white cells, 10,400. He was

at once given a pint of sterilized normal salt solution by intravenous

injection under the strictest asepsis. Ten minutes after the trans-

fusion the leucocytes numbered 32,400. One hour later they were

24,700, and the red cells 3,632,000. Four hours later, leucocytes,

31,900; red cells, 3,046,000. The later counts were as follows

:

Red Cells. White Cells.

November 3d : good pulse 3,608,000 34,600
" 3d (5 p. M. ) : good pulse 3, 944, 000 30, 200
" 3d (4 P.M.) : good pulse 3,928,000 l.'),800

«
13tli 3,360,000 16,600

A good recovery was made.

Chronic Hemorrhage.

Piles, uterine disease, haemophilia, purpura, and other causes

may produce a long-standing drain on the blood.

Some patients apparently can lose a little blood almost daily for

years without acquiring any severe anaemia, and if the individual

is otherwise sound and does not suffer from an underlying disease

like phthisis, cancer, or nephritis, he can probably go on for a long

time without showing any bad effects from the repeated small hem-

orrhages. How much he can stand we have no way of judging, for

we cannot measure the amount of blood lost. When, however,

such small repeated losses do produce an anaemia, regeneration is
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apt to be much slower than after a single large hemorrhage. The
longer the drain has been going on the poorer the chance for recov-

ery, and the slower the latter will be if it does take place.

Gain in body weight does not always mean gain in corpuscle

substance as well (see Malignant Disease, page 425).
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PART I.

CHAPTEE I.

THE PRIMARY ANEMIAS.

I. THE BLOOD IN PERNICIOUS ANEMIA.

1. Volume and Oxygen Capacity.—J. Lorrain Smith, studying

the blood of seven cases by the carbonic-oxide method, concludes

that "absolute loss of oxygen capacity (= haemoglobin), which in

chlorosis practically does not occur, is here of primary importance.

Whereas, in chlorosis, the oxygen capacity is 95 per cent of the

normal, here it averages 48 per cent, and in one case was but 28

per cent."

The volume of blood is sometimes markedly increased, some-

times normal, sometimes diminished. Patients with a large volume

of blood seem to feel worse than those with normal volume, even

when the haemoglobin percentage and count of corpuscles are ap-

proximately the same. In the remissions of the disease the vol-

vime may be rapidly reduced. So, for example, 4,305 c.c. with

1,100,000 red cells per cubic millimetre and later (in remission)

2,775 c.c. with 3,104,000 red cells per cubic millimetre.

2. Gross Appearances.

(a) The drop as it emerges from the puncture is often exces-

sively pale and watery, but not more so than may occasionally be

seen in secondary anaemia or chlorosis. Sometimes it is not nearly

so pale as in other cases with equally low counts^ a fact which may
be due to the increased color index sometimes present (see below).

In several early cases I have seen the blood as red as normal.

Another appearance, w^hich I have frequently observed in this

and other anaemias,, is an uneven, streaked color in the drop, as if

the cells were unequally divided in the plasma.

(b) As striking as the color of the drop is its great fluidity; the

rapidity with which it slips off the ear or finger often makes it diffi-
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cult to suck it up ill time. It is usually very slow in coagulating.

When drawn the blood does not separate into serum and clot, even

after the lapse of seventy-two hours (Lenoble).

(c) The fresh specimen in most cases shows no rouleaux forma-

tion, and a marked diminution in blood plates and fibrin. Hayem
says :

" This double lesion, rarity of blood plates and loss of retrac-

tility on the part of the clot, is, according to my latest observations

(1900), the most characteristic sign of this form of primary anaemia."

I have no experience on this point.

There are usually great variations in the size and shape of the

corpuscles with a tendency to an oval shape and an increase in the

average diameter. Not infrequently the deformed corpuscle shows

active pseudo-amoeboid motions of its projecting points or of the

cell as a whole. The great lack both of red and white cells is no-

ticeable even in the fresh specimen.

Red Cells and Hmmoglobin.

(a) Quantitative changes (see Table I.). The average count of

red cells in the one hundred and ten cases of my table is about

1,200,000, which may be taken as the average count in patients seen

at the stage of the disease at which they feel sick enough to seek

medical advice.' We very rarely get an opportunity to examine
the blood in the early stages of the disease, so that we have to

judge of them chiefly from the evidence given during the remission

so commonly observed. In the relapse following such a remission

the blood count may fall from 5,000,000 to 1,000,000 in a period

of from six weeks to six months. In the later stages of the disease

500,000 red cells per cubic millimetre is not rare, and if the diminu-
tion has been gradual, the patient may be up and about and able to

do light work with a count no greater than this. I watched such a
case in the wards of Dr. F. G. Shattuck at the Massachusetts Gen-
eral Hospital in 1892, in which for several weeks the blood count
remained at or near 500,000, yet the patient was outdoors daily,

read the papers, and seemed perfectly comfortable. Evidently it

is not the anaemia itself which kills the patient.

The lowest counts on record are that reported by Quincke
143,000 per cubic millimetre, and that of Hills' 155,280.

Cf. Schaumann; Out of his 38 cases, 1 was over 2,000,000; 36 were be-
tween 1,000,000 and 2,000,000: 11 below 1,000,000, average 1,290,000.

2 Hills Boston Medical and Surgical Journal, 1898, vol. 139, p. 542.
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Quincke's case later improved so much that the corpuscles rose to

1,234,000 within seventy-four days of the count of 143,000 She

lived several months " fat and well nourished." Hills' case died

in a few days.

Table I.

Pernicious Ansemia (139 cases).

a. Red cells at the first examination ranged:

From 500,000 to 1,000,000 in 36
" 1,000,000 to 1,500,000 in 55
" 1,500,000,000 to 2,000,000 in 39

Total cases under 2,000,000 130

From 2,000,000 to 2,500,000 in 9

139

b. Leucocytes numbered (when first examined):

Under 1,000 11

1,000 to 3,000 29

3,000 to 5,000 53

5,000 to 7,000 28

7,000 to 10,000 14

10,000to 13,000 4

139

e. Hsemoglobin (first examination)

:

Relatively high in 98

Not relatively high in 41

139

d. Average diameter of red cells at time of final examination

:

Increased in 118

Not increased in 21

139

e. Megaloblasts at time of first examination

:

Predominated In , 109

Later examination, predominated in 27

Only one examination, no megaloblasts 3

139
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/. Lymphocytes averaged between 20 per cent and 30 per cent in

i< .. " 30 " " 40 "

u « " 40 " " 60 "

„ « u eo " " 80 " "

I, " « 80 " " 90 " "

41

41

47

7

3

139

g. Eosinophiles averaged:

Under 4 per cent 116

Over 4 per cent 15

None found 8

139

h. Myelocytes. Present in 86 cases. Highest percentages

:

10 per cent in 2

9 " " 1

8 " " 2

7 " " 3

The great but temporary improvements above alluded to, fol-

lowed by relapse, occur either with or without treatment. In the

course of a few months the count of red cells may rise to normal,

the nucleated corpuscles (see Charts) disappear, and the patient is

apparently restored to health and goes to work with a laugh at the

doctor. I have followed one case through five such relapses in a

period of three years before the fatal issue came. Frequently the

patient feels so vs^ell during one of these remissions that he goes to

work and is lost sight of, and, under such conditions, the incautious

are apt to report "cure."

The accompanying charts ' show the three types usually met with;

No. II. being, of course, only a fragment of a case similar to No. I.,

while the steady progression of No. III. may have been preceded

by a rise from a former downfall, though no such history was
obtained.

Looking over a considerable number of cases, one can hardly

help being struck with the tendency of the count to remain near

the figure 1,000,000. The red cells rarely remain stationary at,

say, 2,000,000, and often death may occur without the red cells

sinking below 1,000,000. It seems as if some self-applying mech-

' The number of perpendicular lines represents the number of weeks.
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anism tended to arrest the destruction of corpuscles at or near this

point.

In counting the red cells some difficulty and error may result

from the very small size of some of the cells. It is especially im-
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portant that the diluting solution should be clean and freshly made,

else "without the aid of a stain it may be hard to distinguish the

dwarf cells or microcytes from bits of extraneous substance.

Qi/ANTiTATivK Changes.

White Corpuscles (see Table I.).—The rule is a very consider-

able diminution in the number of leucocytes. Thus of 139 cases

which I have examined 103 were under 6,000, the average of all

being about 3,800.

[I have excluded from this series counts made immediately

after hemorrhage and counts in infants. The latter are very apt to

show a leucocytosis in connection with any form of anaemia.]
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As the disease progresses the leucocytes fall even more rapidly

than the red cells, and counts as low as 500 white cells per cubic

millimetre are not uncommon. ^

Leucoeytosis, when present in the blood of adult cases, is always

due to some complication like hemorrhage or suppuration.

As mentioned above, the blood plates and fibrin are much

diminished.

Table II.

—

White Cells.—Fikst Examination in Sixty Cases.

No.
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This high color index is not, however, peculiar to this disease.

It has been noted in acute leukaemia, in " splenic anaemia " (McCrae),

in malaria, in haemolysis from acetanilid, and in leprosy.

Of the 139 cases in the series on page 125, in which the haemo-

globin was tested, a color index of over 1 was apparently present in

98, or 71 per cent, and a color index of less than 1 in 41, or 29 per

cent, of the cases. How many of these haemoglobin estimations

may have been wrong I cannot say.

From the frequency with which we find the corpuscles well

stained and larger than normal in pernicious anaemia (see below),

we should expect that the haemoglobin ivould be relatively high,

and in a larger percentage of cases than the v. Eleisqhl instrument

indicated.

An iiicreased color index is probably a bad prognostic sign. In

the remissions of the disease, when the cells are increasing fast, the

haemoglobin lags behind and the color index is low. As the relapse

follows, the color index in many cases progressively increases.

Cases whose color index is low and in which the average diameter of

the red cells is normal are apt to he gaining at that time, while those

with high color index are apt to be losing at that time.

The average color index in the cases in which haemoglobin and

red cells were both tested was 1.04, the average percentage of

haemoglobin being 26 and of corpuscles 24 (= 1,200,000).

Qualitative Changes.

1. Red Corpuscles.

We must distinguish here between

I. The active stages of the disease and

II. The remissions.

In the active stages we find

:

(a) Increase in the average diameter of the cells is a very con-

stant and striking feature of the stained specimens in this disease.

In no other disease do so large cells or so many of them occur.

The average diameter may rise as high as 11 to 13 ij.,
but as a

rule the average is reduced by the presence of a few abnormally

small forms. The percentage of oversized cells gives us a better

idea of the facts. Thus Ehrlich in 8 cases of pernicious anaemia

found the following percentages of oversized red cells : 71, 71, 66,

65, 60, 58, 67, 56. In 5 convalescent cases 33 to 50 per cent of the

9
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cells weve oversized aud in the period of complete remission from

to 14 per cent.

Out of 139 cases in which I have looked for this point, 109

showed the increase, as far as could be judged without measuring

many cells. This does not mean tliat every cell is larger than nor-

mal, but that the " macrocytes " are more numerous than the " micro-

cytes." Occasionally we see cells over 20 // in diameter, some with

nuclei, some without.*

(b) Deformities in Shape.—The eye soon gets used to the shapes

assumed by the necrobiotic corpuecJes and learns to distinguish

them from the distorbious due to technique or to crenation. Most

of them fall under one or another of the types shown in Plate IV.

The very large forms are generally oval, but seldom present any

further deformities. Among the smaller cells the battle'dore and

sausage-shaped forms are very common. In one case I found all

the red cells of the latter shape, so that they looked at first sight

like a lot of gigantic bacilli. That this appearance was not due to

the technique "^ (as I had at first supposed) is probable from the fact

that the rod-shaped cells did not point all in one direction as they

would have done if pulled out of shape by the process of spreading

(see Kg. 27.) This appearance is only an exaggeration of what

may be seen in most severe anaemias, namely, a tendency towards

an oval shape like that of amphibian corpuscles. This is usually

true of those cells (in pernicious cases) which are not more violently

deformed. The type of cell so common in secondary anaemia—well

stained at the edges and pale in the middlfe—is rarely seen.

Occasionally we see cases with no considerable deformities what-

ever in the red cells. In nine cases out of sixty in which this point

was observed, little or no deformity was noted. I cannot make out

that such cases have any better or worse prognosis than others. I

' Capps has recently proved the increase in the size of the red cells by de-

termining in an ingenious way what he calls the wlume index. ' With the

hsematocrit he determines the volume of the red cells in a given amount of

blood, and compares this figure with the count. If in a blood containing

1,000,000 red cells (one-fifth the normal), the column packed down by the

haematocrit is more than one-fifth as long as that obtained by centrifugalizing

normal blood, then the volume index is above the normal. This high volume
index he finds regularly in the exacerbations of pernicious anaemia.

'' Some writers advise the use of less heat than usual in dealing with cover-

glass specimens of pernicious anaemia. I have not found this so, and heat as

usual up to 150^ C. and then stop.
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have never seen cases whose red cells were all undersized, but a
normal average diameter was present in somewhat under one-quar-

ter of the cases in which I have looked out for this point.

(c) Staining Properties of the Red Cells.—The white spots or

streaks described by Maragliano, Haxem, and others are very often

seen in the red cells of pernicious anaemia despite good technique.

f/t
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which in most red corpuscles shows some thin place or crinkle char-

acteristic of a flat cell, while the lymphocyte gives us the more

solid-looking outline of the sjiherical cell. With Wright's stain it

is seldom difficult to make this distinction.

2. Nucleated Bed Corpuscles.

Nothing further needs to be said in description of these forms

(see pages 82 to 87). We have no ez'act method of estimating

the number of nucleated cells either in relation to the whole num-

ber of red cells or in a cubic millimetre. All we can do is to note

the number seen in such an area of a cover-glass specimen as is

covered while counting a given number of white cells, say, 1,000.

Knowing the ratio of red to white corpuscles, we can calculate from

this number of nucleated red cells their approximate relation to the

whole number of red cells.

Thus if the ratio of white to red be 1: 1,000 (1,000,000 red and

1,000 white) and we have seen two nucleated red corpuscles while

making a differential count of 1,000 white cells, the total number

of red cells passed over must be approximately 1,000,000 and the

number of nucleated corpuscles about 2 : 1,000,000 red cells or two

in a cubic millimetre. Of course when leucocytosis is present and

the ratio is raised—say, to 1 : 150 (10,000 white and 1,500,000 red)

finding two nucleated red cells while counting 1,000 white would

mean that there were two nucleated cells in every 150,000 non-

nucleated, or twenty in a cubic millimetre (or in 1,500,000 non-

nucleated cells).

Such calculations are inaccurate because we are never sure that

the red cells and white cells are distributed in the dried speci-

men exactly as they are in the blood. Part of the leucocytes

may be accumulated at the edges of the cover-glass, so that the

ratio in the middle may be different from that in the circulating

blood.

Nevertheless we can get some idea of how plentiful the nucleated

corpuscles are, aud as their significance in prognosis depends far

more on their kind than on their number, greater accuracy as to the

latter is not at present important. For instance, two megaloblasts

per cubic millimetre mean a worse prognosis than twenty normo-

blasts, provided there are n6 other kinds present in either case. It

is the ratio of megaloblasts to normoblasts and not the absolute

number of each, that is of importance.
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In all but three of the cases of pernicious anseniia in which I

have examined the blood, the number of megaloblasts has exceeded
the number of normoblasts, and as the cases grew worse the megalo-
blasts grew relatively, more numerous (often absolutely as well).

Further, in several hundred cases of severe secondary anaemia I

have but twice seen the number of megaloblasts exceed the number
of normoblasts.

The range of variation in the number of nucleated cells present

has extended in my series from 6 per cubic millimetre to 7,100 per

cubic millimetre (see Table III.). Tlie calculation can be made by
using the following formula

:

Let ?i'= the number of white cells counted (by differential count).
" TO = " " " nucleated red cells seen while counting these.

" p = " " " white cells per cubic millimetre (Thoma-Zeiss).

in

p X — = X = number of nucleated red cells per cubic millimetre.
n

The search for nucleated corpuscles in pernicious anaemia is

sometimes the most laborious undertaking in all blood examination,

but it is also one of the most important. "We may search two or

three hours before finding one nucleated corpuscle, but on that cor-

puscle may hang the character of our prognosis. If it be a megalo-

blast aud no other nucleated red corpuscles are seen, the prognosis

is bad, and it is important that we should know it. This is partic-

ularly true when the case is seen during a remission, for under

these conditions we might never suspect a case of pernicious anaemia

but for the presence of megaloblasts. They are not always difficult

to find; indeed, in one of my cases they were more numerous than

the white cells, but, as a rule, we do not get off with less than two

hours' work.

The number of megaloblasts in the peripheral circulation often

varies very markedly from day to day so that to-day it may be im-

possible to find any, while to-morrow they will be plentiful. Even

in different preparations made at the same time the number of

megaloblasts may vary greatly. The importance of frequent exami-

nations is obvious in the light of these facts. Morse (Boston Med.

and Surg. Jour., November 27th, 1902) reports a series of eases to

prove that the diagnosis of pernicious anaemia cannot be made from

the blood alone, for identical blood occasionally occurs in secondary

anaemias.
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S. White Corpuscles.

Unless the cover-glasses are spread unitstlally thickly, it may
take a long time to find enough leucocytes for an accurate differen-

tial count, so great is the leucopenia in mSnj* cases. It is worth

while, therefore, to spread some of the covet-glaSses more thickly

than would be advisable if we had only the red cells to examine.

Table IV.

—

Percentages op Leucocytes in Pbenicioits AN.a;MiA.

Lyhphocztes, Laroe and Shall.
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Table IV.—Percentages op Leucocytes ik Pernicious Anj^mia

(^Contiiiued).

Lymphocytes, Larqk and Small.
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The lymphocytes were of all sizes, but faintly stained. Autopsy

showed a typical case of pernicious anaemia with terminal pneu-

monia. No signs of leuksemic lesion in marrow or glands.

Da Costa (page 182) found eighteen hours before death that the

leucocytes (which had previously numbered from 1,000 to 2,400)

had risen to 18,600. The lymphocytosis was considerable—46 per

cent (or 8,500 absolutely), but not extreme as in the cases above

cited. Two other cases showed respectively 71 and 79 per cent of

lymphocytes a few days before death. The polymorphonuclear

cells suffer proportionately as a rule. On the other hand, Evi^ing

has observed a marked rise in the percentage of the polynuclear

cells near death, although autopsy revealed no complication. Pneu-

monia or septic complications may produce an ordinary polynuclear

leucocytosis.

Eosinophiles are occasionally increased, 9 per cent being present

in one of my cases, 6.6 per cent in another. The average of 78

examinations in my 52 cases is 2.7 per cent.

Small percentages of myelocytes are the rule. They are present

in 42 of 52 cases. Table V. shows the percentages.

Table V.

No.
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Taking 3,800 leucocytes per cubic millimetre as the average for

pernicious anaemia (see page 127), 2 per cent of myelocytes amounts

to only 76 per cubic millimetre. In leuksemia the absolute number

of myelocytes is seldom under 150,000 per cubic millimetre.

In many cases the polynuclear leucocytes show various abnormal-

ities in size and staining reactions. They are often smaller than

normal, a peculiarity also to be noted in myelogenous leuksemia.

The Blood in Remissions.

1. The CToloe Index. When the red corpuscles begin to in-

crease the color index may remain relatively high or even become

still higher (Laache, Schaumann); but in the majority of cases this

is not so. As a rule, in the remissions of the disease the haemo-

globin is relatively low, as in ordinary symptomatic anaemia, and I

have seen two cases which, if examined for the first time during

the period of remission, would have certainly been mistaken for

ordinary chlorosis.

2. The Leucocytes. Coinciding with the increase in the red

cells there is usually a still greater increase in the leucocytes, so

that for a time a moderate leucocytosis may be present. This in-

crease is made up very largely of polymorphonuclear neutrophiles,

and is due, no doubt, to the increased activity of the marrow through

which both red corpuscles and granular leucocytes are multiplied.

The eosinophiles may also be increased as in the following case of

Ehrlich: Eed cells, 4,115,000; white cells, 18,300. Differential

count of 400 cells showed: Polynuclears, 78.2 percent; lympho-

cytes, 12 per cent; large mononuclears, 0; eosinophiles, 9.5 per

cent. In another similar case he found 11 per cent of eosinophiles.

As the percentage of polymorphonuclear neutrophiles increases

the percentage of lymphocytes decreases, and the myelocytes,

which are usually present in small percentages during the active

stages of the disease, disappear. The number of megaloblasts

steadily decreases, and in their place normoblasts appear for a

time; later they, too, leave the circulating blood. The size of the

individual red cells is sometimes greater during a remission of the

disease than at any other time. In one remarkable case the patient,

whose symptoms had totally disappeared and who was actively at

work as a newspaper correspondent, dropped in to see me one day,

apparently in splendid health and spirits. His skin and mucous
membranes were ruddy red, his haemoglobin 90 per cent, yet to my
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great surprise I found only 2,600,000 red cells to the cubic milli-

metre. The stained specimens showed the largest red cells which

I have ever seen, for the most part perfectly well shaped and nat-

ural looking, but averaging 12
ij.

in diameter. This stage is, how-

ever, a comparatively short one, and the size of the red corpuscles

soon becomes normal or subnormal. The abnormal staining reac-

tions and the oval forms disappear. As a rule, the count of cor-

puscles does not remaia long above 4,000,000, but ranges in the

neighborhood of 3,000,000 during the greater part of the remission.

3. The Eed Cells. Usually the proportion of large forms

diminishes as in Ehrlich's case: (a) Active stage; red cells 1,340,-

000, large forms 66 per cent. (6) Remission; red cells 4,115,000,

large forms 33 per cent At the beginning of the remission the

number of megaloblasts diminishes, while the normoblasts increase.

Later the latter also disappear. Deformities become less marked

and the achromic cells (pale centres) appear, giving the blood

the appearance of secondary anaemia. Polychromatophilic and

spotted cells grow less numerous, but Ehrlich maintains that the

latter may remain even when the blood has otherwise regained its

normal appearance. He therefore considers "spotted red cells" of

value for diagnosis during remissions.

The rate of regeneration is often astonishingly rapid.

In Case VII. of my series the red cells increased from 1,800,000

to 5,200,000 in fourteen days. In Case XXXIX. the red cells

increased from 2,200,000 to 4,000,000 in thirteen days. In Case

LVIII. the red cells increased from 1,600,000 to 3,200,000 in

twelve days. In Case XCI. the red cells increased from 1,700,000

to 3,000,000 in fourteen days.

Similar observations have been reported by Ehrlich and other

observers.

It is quite possible, although I have no figures to prove it, that

in the periods of decline the red corpuscles may fall as rapidly as

they subsequently rise. This possibility is suggested by the fact

that one rarely sees pernicious anaemia in an early stage—that is,

until the red corpuscles have fallen below 2,000,000 per cubic milli-

metre. Only four of my cases showed more than 2,000,000 red

corpuscles per cubic millimetre at the time of the first examination

of the blood.



140 SPECIAL PATHOLOGY OF THE BLOOD.

Summanj.

The more important characteristics of the blood of pernicious

anaemia are as follows

:

1. Red cells about 1,200,000 per cubic hiiUimetre.

2. White cells much diminished.

3. Haemoglobin variable, sometimes increased relatively (= high

color index)

4. Deformities in size and shape of red cells in many cases.

5. Increase in average diameter of red cells.

6. Polychromatophilic red cells.

7. Megaloblasts more numerous than normoblasts.

8. Lymphocytosis.

9. Small percentage of myelocytes.

The items italicized are the most important and characteristic.

Diagnostic Value.

1. Pernicious ancemia and chlorosis may be indistinguishable

without the examination of the blood. The pallor of the two dis-

eases is not always different either in degree or iu kind, and the

symptoms and physical signs may be identical.

The differential diagnosis is easily made by the blood. The red

cells rarely reach as low as 2,000,000 in chlorosis and the number and

degree of degenerative changes are less than in pernicious anaemia.

Megaloblasts have been seen in chlorosis (Hammerschlag), but have

never constituted a majority of the nucleated red cells present.

In the great majority of cases the pallor and other signs and symp-

toms of chlorosis are due to lack of haemoglobin per corpuscle (for

the corpuscles are not only pale but very small-sized), and not to a

lack of corpuscles. The high color index and large size of the

scanty cells in pernicious anaemia contrast strongly with this.

The white cells are about the same in both diseases, though usu-

ally fewer in pernicious anaemia. Lymphocytosis is common to

both diseases. Myelocytes are occasionally found in chlorosis, but

much less commonly than in pernicious anaemia.

2. Pernicious Ancemia and the Anaimla oj Malignant Disease.—

-

Not long ago I examined the blood of a gentleman who had gradu-

ally and without assignable cause acquired a " lemon-yellow " pal-

lor, without loss of flesh, vomiting, pain, or any localizing sign or

symptom. The diagnosis of pernicious anaemia had been made.
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To my great surprise I found over 4,000,000 red cells, with only

38 per cent of haemoglobin, and 18,780 white cells, 86 per cent of

which were polymorphonuclear neutropliiles. One normoblast was

seen. ¥ibrin was not increased. The anaemia was evidently sec-

ondary, and the autopsy ten months later showed cancer of the

stomach.

Osier and INIcCrae record a case in which the symptoms and

signs (except the blood) were so suggestive of pernicious anaemia

that Osier made that diagnosis. Six months later a nodular mass
was felt in the region of the stomach, and the patient soon after

died. In this case the red cells varied between 2,840,000 and

3,048,000. The leucocytes numbered 11,500 ; there were no nu-

cleated red cells and but slight poikilocytosis. Haemoglobin was

25 per cent, /. e. , the blood of secondary anaemia. I have since had

four similar cases.

ilalignant disease may bring down the count of red cells to

1,000,000 or lower, but in such cases leucocytosis is often present.

As will be seen in the chapter on malignant disease, leucocytosis is

by no means invariable in the anaemia of cancerous growth, but in

those cases which cause such an anaemia as to resemble the counts of

pernicious anaemia, leucocytosis is the rule. This in itself is usu-

ally sufficient to exclude uncomplicated pernicious anaemia. \Vhen

an increase in the whole number of leucocytes is not present in ma-

lignant disease, there is often an increased percentage of polymor-

phonuclear cells, contrasting strongly with the increased percentage

of lymphocytes in pernicious anaemia. Xevertheless, it is true that

the blood of cases of cancer does occasionally simulate for a time

that of pernicious anaemia so closely that, judging from the blood

alone, the two diseases are indistinguishable. The other clinical

data must be kept in mind.

Normoblasts and not megaloblasts are the rule in malignant

disease. If megaloblasts are present tliej- are almost always in the

minority, while in pernicious anaemia they are in the majority.

The average size and staining power of the red cells is increased in

most cases of pernicious anaemia and decreased in most cases of

malignant disease.

Enrlich has twice diagnosed pernicious anaemia from the blood

examination and been confronted at the autopsy with small cancer-

ous growths in the stomach. In one case the cancer was " the size

of a hazelnut"; in the other, "an annular fibrous cancer of the
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pylorus without any ulceration." In these cases I believe the can-

cer to have been a complication and not the cause of the anaemia.

Such small growths are very rarely associated with any anaemia

at all.

Hayem insists that pernicious anaemia may be distinguished from

anaemia secondary to cancer, because in cancer the clot contracts

firmly and squeezes out the serum, and the blood plates are but

slightly diminished, while in pernicious anaemia the clot does not

retract and blood plates are greatly decreased.

3. Pernicious Ancemia and Other Secondary Anmmias.—Most

secondary anaemias which are severe enough to reduce the count of

red cells below 2,000,000 follow the type of malignant disease and

show leucocytosis. The great pallor and dyspncea seen in connec-

tion with some cases of tuberculosis and nephritis rarely mean a low

count of red cells, but simply a loss of haemoglobin. I remember

two cases in adjacent beds at the Massachusetts General Hospital,

both with extreme yellow pallor without emaciation; one had

1,020,000 and the other 4,100,000 red cells, the haemoglobin in

each being about thirty per cent. The first was pernicious anaemia,

the second nephritis.

Chronic bleeding from internal jjilcs is sometimes quite unknown

to the patient, and so leads to an extreme anaemia, which is not

unfrequently mistaken for pernicious anaemia. Cases of the kind

have been observed by Ewart (^Therap. der Gegenwart, November,

1899), by T. E. Brown, and by myself. In details, however, the

blood is quite unlike that of pernicious anaemia.

Purpura, typhoid, lead poisoning, chronic malaria, and other

diseases may reduce the red cells to a point as low as that seen in

early stages of pernicious anaemia and may not be accompanied by

leucocytosis ; but the absence of changes most characteristic of the

latter disease (a majority of megaloblasts, increased diameter and

color index in the red cells) serves in most cases to make the diag-

nosis clear. 1 Nevertheless, I have been recently convinced that the

blood of cases of secondary anaemia may exceptionally present ap-

pearances indistinguishable from that of pernicious anaemia (see

page 134). Cases involving haemolysis (poisoning by acetanilid,

I Another point of diflerence emphasized by Grawitz is that the plasma of

pernicious anaemia has a relatively larger amount of solids than that of anae-

mia secondary to the above diseases. This is hardly a clinically applicable

test, but is said to be a valuable one.
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uitrobeuzol, etc.) may also be associated with blood changes like

those of pernicious ansemia, and the bothrioce"phalus anaemias, which

show all the blood changes just described, must surely be classed as

secondary.

It appears, therefore, that the blood alone is not always sufficient

for the diagnosis of pernicious ansemia. This is especially true

during the remissions of the disease, but even in its active stages

the disease produces changes which are occasionally reproduced in

all particulars by cases of anaemia whose cause is obvious, especially

by those involving haemolysis. The blood of pernicious anaemia

appears to be the result of one type of chronic haemolj^sis.

4. Pernicious Ancemia and Leukwmia.—Occasionally in infants

these two diseases seem to approach very near each other and are

difficult to distinguish. In infancy, as is well known, any anaemia

(primary or secondary) is apt to be accompanied by leucocytosis and

an enlarged spleen. Further, leukaemia, which in adults usually

causes a relatively slight anaemia, affects the red cells much more

strongly in infancy, and may reduce them to a number decidedly

suggestive of pernicious anaemia. Therefore in both diseases we

may have enlarged spleen, great anaemia, and leucocytosis.

The one characteristic point of leuksemic blood—the abundance

of myelocytes—usually enables us to distinguish the two diseases,

for although present in both diseases the myelocyte is much more

plentiful in leukaemia. Unfortunately we have no way of fixing

just how numerous myelocytes must be in order to constitute leu-

kaemia. It is only in infancy, and very rarely then, that this diffi-

culty arises, but at that period I am inclined to believe that we

sometimes see conditions intermediate between the two diseases,

indicating the ultimate identity of the two. Their numerous clini-

cal resemblances cannot here be discussed. (For further comment

on this point see page 525.

)

Prognostic Value of Blood in Peknicious Anaemia.

The prognosis is always very bad, but the following scheme in-

dicates the presence of a severe or of a mild type

:

1. Severe (rapidly fatal). 2. Less Severe {slower course).

(a) Extreme progressive an- (a) Kemissions.

aemia.

(b) High color index. (b) Normal or low color index.
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(c) Normal-sized or small cells.

(d) No degenerative change.

(e) Numerous normoblasts.

(/) Few megaloblasts.

(^) Normal percentage of

morphonuclear cells.

It has been thought by some observers that the absence or great

scantiness of nucleated corpuscles indicated lack of any effort at

(c) Increase in size of red cells.

(d) Degenerative changes.

(e) Numerous megaloblasts.

(/) Few or no normoblasts.

((/) Lymphocytosis. poly-

Fig. 28.—Normal Blood. Magnified 350 diameters.

regeneration on the part of the blood-making functions, and hence a

peculiarly malignant type of the disease. I have never seen cases

Pernicious anaemia. Chlorosis.

Rarely under 3,000,000. . .

,

Usually normal
Always relatively low. . .

,

Rare

Occasional ; always more
numerous than megalo-
blasts.

Diminished
Increased
Decreased

Rare

Secondary anaemia.

Red cells 'About 1,000,000

White cells Usually decreased
Haemoglobin . . . Often relatively high.
Megaloblasts . . . Constitute the majority

of the nucleated red
cells.

Normoblasts Less numerous than the
megaloblasts.

Size of red cells

Lymphocytes...
Polymorphonu -

clear cells.

Myelocytes

Increased..
Increased.

.

Decreased.,

May be 1,000,000 or less.

Usually increased.
Relatively low.
Rare; nevermore numer-
ous than normoblasts.

Common.

Various; not increased.
Usually diminished.
Usually increased.

Common

.

Rare.
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Fig. 30.—Chlorosis. Magnllled 350 diameters. Note small size and pale centres,

10
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in which nucleated corpuscles were steadily absent, but their scanti-

ness has seemed to me as a rule to be associated with a more slowly

fatal type of the disease.

Ko significance has seemed to me to attach to the presence of

larger or smaller percentages of eosinophiles.

To illustrate the different size of the cells in chlorosis and per-

nicious ausemia I have had photographs taken of the blood of a case

of two of these diseases and of normal blood, all on precisely the

same scale (see Figs. 28, 29, 30).

3. FATAL ANEMIA WITH HYPOPLASTIC MARROW.

(
" Aplastic Ancemia. " )

Ehrlich reported in 1888 ' the case of a girl of twenty-one with

cutaneous, uterine, buccal, and retinal hemorrhages, which caused

death within thirty days from the first symptom. Blood examina-

tion showed 213,360 red cells—small, fairly stained forms predomi-

nating. Deformities were slight. No nucleated red cells could be

found despite many hours' search before and after death. Leuco-

cytes numbered 200 per cubic millimetre—an astonishing leucopenia.

Eighty per cent of these white cells were lymphocytes and 6 per

cent large mononuclears, leaving but 14 per cent (or 28 per cubic

millimetre) of polynuclear neutrophilic cells. In other words, the

neutrophiles were reduced to about y^ of their normal number,

while the lymphocytes were distinctly though less markedly dimin-

ished. Eosinophiles were wanting altogether.

The great diminution in red cells and granular leucocytes in this

case suggested to Ehrlich a lack of compensatory reaction on the

part of the marrow. Autopsy confirmed this. The marrow of the

femur was yellow throughout except for a tinge of red near one end.

Similar cases have lately been reported by Lipowski," Muir,'

and others. In these, as in Ehrlich's case, hemorrhages were

prominent.

The red cells in Muir's case were normal in size and their imm-
ber was reduced to 800,000 and the hsenioglobin to 11 per cent.

The leucocytes numbered 7,000 per cubic millimetre, but only 25

per cent of them were polynuclear neutrophiles. Eosinophiles and
blood plates were entirely absent. No nucleated red cells could be

' Cliante-Annalen, xiii. ^Lipowski: Deut. med. Woch., 1900, p. 340.

'Muir: Brit. Med. Jour., 1900, p. 910.
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found in the blood, and only one or two in the marrow, post mor-

tem, despite long and careful search. The marrow was of the fatty

type, almost white, and contained few neutrophiles and no eosino-

pMles.

In Lipowski's case, as in Ehrlich's and in Muir's, the disease

was dubbed " purpura hsemorrhagiea " owing to the profuse hemor-

rhages from mucous, serous, and cutaneous surfaces. The red

cells were 2,112,000, haemoglobin was 18 per cent. Only 7 per

cent of the leucocytes were neutrophiles, the rest lymphocytes.

Nucleated red cells were absent.

3. THE BLOOD IN CHLOROSIS.

This has been already described for the most part under the

heading of Secondary Anaemia. In many cases the two are indis-

tinguishable by the blood examination alone, the changes consisting

simply in the presence of light, small-sized, pale, more or less de-

formed red cells whose number may or may not be decreased, accord-

ing to the severity of the case. Leucocytosis is rarely if ever pres-

ent in uncomplicated chlorosis, but is often absent in secondary

anaemia. Normoblasts may be present in both. The chief points

of distinction are

:

(a) The red cells are more apt to be uniformly under-sized and

under-colored in chlorosis, while in secondary anaemia we more

often find normal cells among the diseased ones.

(h) The color index may be lower in chlorosis than is common
in secondary anaemia, and this lowering is more constant in chlorosis.

(e) Absolute diminution iji the number of polynuclear leucocytes,

which is very common in chlorosis, is not so common in secondary

anaemia.

(d) Nucleated corpuscles are less common in chlorosis than in

anaemia secondary to malignant disease.

(e) Coagulation is rapid, in contrast with the very slow clotting

of pernicious anaemia and of many secondary anaemias. Yet fibrin

is not increased. The increased rate of coagulation seems to be

connected with the marked increase in blood plates, which is

almost always present.
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Volume and Oxygen Capacity of the Blood.

The blood volume is greatly increased. In 21 cases with hsemo-

globin below 60 per cent Smith found the average volume 4,883

c.c, or over one-half greater than the normal average (3,240).

The volume is increased in proportion to the severity of the disease.

Some eases showed 6,400 c.c. of blood, or nearly double the aver-

age. At the same time the total oxygen capacity (or total haemo-

globin) is approximately normal, averaging over 95 per cent in 21

cases. As the specific gravity of the plasma is normal, there ap-

pears to be a great increase in the amount of normal plasma. If

we were to imagine this excess of plasma filtered off, there would

remain {e.g., in Case X. of Smith's series with 6,266 c.c. and

2,600,000 red cells) about 8,000,000 red cells per cubic millimetre.

Hence Smith concludes that there is really a large absolute increase

in the number of red and white cells disguised by an excess of

plasma. Under treatment the oxygen capacity or haemoglobin is

not really increased, but the amount of plasma diminishes—in one

case from 4,674 c.c. to 2,800 c.c.

The Blood in Gross.

The pallor of the drop is sometimes excessive, fully as great as

in pernicious anaemia; the liquid is very fluid and thin, and flows

abundantly on puncturing the skin. Yet it coagulates very rapidly

and our technique must be prompt.

Red Cells and Hemoglobin.

Quantitative Changes.

Hayem has recorded cases whose count was as low as 1,662,000

and even 937,360 per cubic millimetre. Such figures are certainly

rare in this country, and the striking fact is usually the slight

numerical loss of red cells, considering the extreme pallor of the

patients.

The lowest count in the Massachusetts General Hospital series

was 1,932,000, in W. S. Thayer's 63 cases 1,953,000, and in Da
Costa's 1,720,000. The accompanying tables, from the records,

show the rahge of red cells and haemoglobin in 192 cases as counted

when the patients first came under observation. The highest counts

(7,100,000 and 6,884,000) are undoubtedly due to some temporary

stasis or concentration of the blood.
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The average of the 192 cases, 4,052,000 red cells per cubic milli-

metre, is about the same as in Thayer's ' series, the average of which

is 4,096,544, while Da Costa's average in 106 cases is 3,876,000.

The average heemoglobin percentage of this series, 40.4 per cent,

is also very close to Thayer's (42.3 per cent) and to Da Costa's

(41.3 per cent). This gives us a reduction of the corpuscle sub-

stance to one-half the normal, or to the equivalent of 2,250,000

healthy red cells; 101 of the 192 cases have 4,000,000 or more red

cells. .These figures do not agree vfith those collected by v. Lim-

beck, in which only 99 out of 247 are over 4,000,000. But this

probably means simply that in this country the patients seek medi-

cal advice before their disease has advanced very far, while in Ger-

many they wait longer before resorting to a hospital. For, as above

explained, in all anaemias the individual corpuscles suffer in qual-

ity first and only after some time begin to decline in number. This

is especially the case in chlorosis, although by no means peculiar

to that disease.

The color index is invariably low, as seen in the table, although

it is rare to see it fall below 0.30. In only four eases of the present

series did it go below that figure, the average being about 0.50.

V. Noorden " found that the color index was especially apt to

be low in first attacks and less often in the recurrent or habitual

cases, but Komberg,' in a study of one hundred and seventeen cases,

has not found this true, and I agree with Eomberg. One of the

lowest color indexes in my series was in a woman over fifty who

had a truly habitual chlorosis.

Table VI.

—

Chlorosis.

Red Cells. Cases

Between 7,000,000 and 8,000,000 1

6,000,000 " 7,000,000 3

" 5,000,000 " 6,000,000 36

4,000,000 " 5,000,000 73

" 3,000,000 " 4,000,000 64

" 3,000,000 " 3,000,000 26

« 1,000,000 " 3,000,000 1

Average of these 193 cases = 4,053,000

' See Osier's article on Chlorosis in the " American Text-Book of Medicine,"

vol. ii., 1894.
2 " Chlorosis," Wien, 1897 (Holder).

^Berl. klin. Woch., June 38th, 1897.
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White cells. Cases.

26,000 1

Between 15,000 and 14,000 4

14,000

13,000

12,000

11,000

10,000

9,000

8,000

13,000 3

13,000 9

11,000 13

10,000 15

9,000 13

8,000 10

7,000 34

White cells. Cases.

Between 7,000 and 6,000 30

6,000

5,000

4,000

3,000

2,000

5,000 20

4,000 17

3,000 10

3,000 2

1,000 3

183

Average, 7,810

Pek Cent of H^MOGLosra in Chlorosis.

ween 10 and 19 =
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to 7.9 II or even 8.2 (i in many cases. Both in thife respect and

as regards the bleaching of individual cells, many cases contrast

with most secondary anaemias, in that a large proportion of the

cells are affected alike, i.e., are small and pale, while in stecondary

anaemia there are apt to be well-stained and good-sized or oVer-sized

cells in every field. These last occur also in chlorosis, but less fre-

quently as a rule. Hence the usually lower color index of chlorosis.

In certain'cases this distinction does not hold, and the two condi-

tions are identical in so far as the size and color of the red cells are

concerned.

(c) Deformities in siae and shape are very common in all ad-

vanced cases, but often absent in mild or moderate ones. They

present no special peculiarities except that maeroeytes are relatively

rare and microeytes relatively common. In the severest cases,

however, the maeroeytes begin to get more numerous and we ap-

proaci. the picture of pernicious anaemia.

((£) Changes in Staining Reaction.—Polychromatophilia, baso-

philic red cells, or stippling is rare, but, despite Grawitz's state-

ment, may be occasionally seen in severe cases.

(e) Nucleated red corpuscles are very scanty even in advanced

cases. Most observers find them in small numbers after long

search. They are almost always of the normoblast type, but megalo-

blasts have also been found. In four cases of my series normoblasts

in small numbers have been found—never more than one hundred

and twelve per cubic millimetre. I have never found megaloblasts.

The scantiness of nucleated red cells is a point of contrast with

the anaemia secondary to malignant disease, in which even in mildly

anaemic states we readily find nucleated corpuscles, while in chloro-

sis, even in severe cases, a long search may show very few or even

none at all.

Specific Chavity.

Chlorosis is usually agreed to be one of the diseases in wh,ieli

specific gravity and haemoglobin run parallel, and as the inaccuracies

and inconveniences of the v. Fleischl instrument are so great, it

seems to the writer better to follow the specific gravity rather than

the haemoglobin. The tables on page 39 (Part I.) show how the

inference from density to coloring matter can be made. A specific

gravity of 1030 is not very rare.
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White Cells.

A. Quantitative Changes.

Leucocytosis is absent in uncomplicated cases. In the series in

Table VI. the occasional leucocytosis may be due to digestive or to

a variety of other influences (uterine troubles, etc.), which could

not be excluded.

The average in Thayer's 63 cases was 8,467 and in Da Costa's

7j,090; in the .present series it is just under 8,000.

As in pernicious anaemia, the worst cases are apt to have leuco-

penia, and as improvement progresses the white rise even faster

than the red corpuscles. Thus in Romberg's careful study of 117

cases, 24 cases whose haemoglobin was uuder 40 per cent had an

average of 6,350 leucocytes per cubic millimetre, while 52 cases

whose ]iaejnogl.obin averaged 60 per cent had an average of 9, 250

leucocytes. We found the average in healthy girls of the same

age to, be 9,068 white cells per cubic millimetre.

The absence of leucocytosis is the most important point in dis-

tinguishing chlorosis from secondary anaemia due to cancer, suppu-

ration, etc.

B. Qualitative Changes.

Lymphocytosis is usually present, as in pernicious anaemia, when-

ever the disease is well marked, and sometimes even in mild cases.

Thus Rieder found in 12 cases an average of 33 per cent of lympho-

cytes, the highest percentages being 53.7, 43.5, and 41.7; but Da
Costa in 37 cases found rather low figures for the small lymphocytes.

In his series eosinophiles were notably decreased, and in 70 per

cent of his cases entirely absent. Either the small or the large

lymphocytes ma,y predominate. In my own experience it has

usually been the sjnall forms, while Da Costa has found an aver-

age of 15.5 per cent of large mononuclear forms (including large

lymphocytes) in his 37 cases. In one case he made out 40 per cent

of these cells with only 32 per cent of polymorphonuclear.

The neutrophiles suffer proportionally, their low percentage con-

trasting often with that of secondary anaemia associated with leu-

cocytosis. Eosinophiles are occasionally increased. In Rieder's

12 cases the average percentage was 3.5, the highest percentages

being 9.6 and 7 per cent.

Myelocytes are rare but have occasionally been observed in small

numbers.
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Regeneration of the Blood.

As the patients begin to mend under the influence of treatment,

the blood changes are just the reverse of those seen during the de-

velopment of the disease. First the corpuscles gain in numbers,

the haemoglobin still remaining low; later and much more slowly

the coloring matter, size, and weight of the cells are renewed. It

seems as if the new-formed cells were of light weight and had to

be replaced gradually by cells of normal stature. The nucleated

corpuscles and deformities disappear and the leucocytes shoot up
often a little above the normal.

Blood Plates.

They are considerably increased.

Chlorosis ivithout Known Blood Changes.

Romberg quotes the following facts: Three girls, nineteen,

twenty, and twenty-five years of age, came to him with typical

symptoms of chlorosis. Their blood counts showed:

I. Red cells, 5,246,000 ; Hb. 80 per cent.

II. " « 5,376,000; " 83 "

III. " " 4,408,000; " 87 "

All improved markedly under iron treatment.

I mention this because I have seen several' similar cases and

have heard of others from colleagues.

Summari/.

1. Blood as a whole : Very pale in marked cases, very fluid, but

coagulates rapidly. Fibrin not increased. Specific gravity usually

low, running parallel with the haemoglobin.

2. Red cells: Average 4,000,000 when the patient is first seen,

very rarely go below 1,000,000. The majority of them are small-

sized, pale, often deformed. Nucleated corpuscles are rare (normo-

blasts as a rule).

3. White cells not increased.

Lymphocytosis, occasionally eosinophilia.

4. Blood plates increased.

Diagnostic Value.

1. The points of difference from pernicious anaemia have been

discussed (see page 140).
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2. It is important to distinguish it from simple debility, and

from cases in which the skin only is ansemic ; in both of these con-

ditions the blood is normal.

3. From secondary anaemia it may be indistinguishable in case

the latter be without leucocytosis. When leucocytosis is constantly

present and the percentage of polymorphonuclear leucocytes is in-

creased, chlorosis (uncomplicated) can be excluded. Of course

many of the complications which may occur in chlorosis are accom-

panied by leucocytosis.



CHAPTER II.

LEUKEMIA.

The distinction between leuksemia and leucocytosis has been

sufiBciently dwelt on above.

The blood of the vast majority of cases of leukaemia falls clearly

under one or the other of two distinct types, myeloid on the one

hand, lymphoid on the other. Myeloid blood is found only in cases

with great hypertrophy of the spleen, marked marrow changes, and

little or no enlargement of the other lymphatic tissue. Such cases

are usually chronic (two to five years).' Lymphoid blood, on the

other hand, may be associated either with acute or chronic forms of

the disease, the lymphatic glands may or may not be enlarged, and

the spleen may be as big as in cases of the myeloid type. . The
diagnosis of leukaemia can easily be made by the blood alone, but

we eanuot say from the blood whether or not the spleen or the vis-

ible lymph glands are hypertrophied. In acute lymphsemia the

lymph glands of the alimentary tract (cervical, faucial, gastro-en-

teric, mesenteric) may be the only set involved, or the process may
not involve the lymphatic glands at all. At least nine cases of this

type have been reported, all of them acute and apparently originat-

ing like the " myeloid " cases from the marrow itself. The matter

has been discussed and studied, especially by Walz," by Pappen-

heim,' and by Dorothy Eeed.'

All of the forty-nine cases associated with myeloid blood which

have come under my observation have run a chronic course, while

of the cases showing lymphaemia seven were chronic, five acute, and

five subacute. All the myeloid cases had very large spleens with-

out enlargement of visible lymph glands, but three of the lymphatic

cases had spleens almost filling the abdomen.

' But Grawitz (p. 333) and Reimann (Wien. klin. Woch , 1899, No. 39) have

reported cases which appeared to be acute.

^Walz: Centralb. 1 allg. Path., 1901, p. 967.

^ Pappenheim : Virchow's Archiv, vols, clvii., clix., and clxvi.

•Dorothy Reed: Am. Jour. Med. Sc, October, 1902. See also Kelly:

Trans. Assn. American Phys., 1908.
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The disease leukaemia, then, is associated with two types of

blood.

1. Myeloid blood.

2. Lymphoid blood

.

I. MYELOID LEUKEMIA.

The drop as it emerges from the puncture looks somewhat

opaque in .color, but is neither whitish nor chocplate'Colored. It

flows very sluggishly, however, and is difficult to spread between

cover-glasses owing to the masses of. white cells contained in it.''

Coagulation is normal, three minutes or less with Wright's coagu-

iometer, and fibrin is not increased.

Eed Cells.

In the earlier stages of the disease there is no anaemia. Later

the diminution in red cells is moderate, averaging about 3,120,000

in the forty-seven cases of Table VII. Toward the end of life the

count of red cells often falls below 2,000,000. The patients are

often not pale and may feel perfectly well. The haemoglobin is'

usuallj' diminished, the color index being about 0.6 in my cases.

It is difficult to read the v. Fleischl instrument in leukaemia, as

the presence of so many leucocytes gives a muddy tint to the liquid,

not easy to compare with the red of the glass.

Table VII.

—

Leukemia.

No.
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Table VII.

—

Leukemia (Continued).
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No.
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cases there were ten with 10,000 or less of the nucleated red cells

per cubic millimetre, three with 10,000 to 20,000, ,and two between

60,000 and 70,000. One showed only 360 per cubic millimetre.

Both normoblasts and megaloblasts may be seen, but in most cases

the latter are in the minority. In nine cases studied by Da Costa the

normoblasts averaged 4,654 per cubic millimetre and the megalo-

blasts 1,^7. Many of the normoblasts show fragmentation in their

nuclei, and occasionaly true karyokinetic figures are seen. In the

anaemic cases we find all the other changes in the red cells charac-

teristic of anaemia, but the nucleated cells are almost always more

prominent than in any other form of anaemia of a like severity.

This shows that nucleated corpuscles are not to be thought of as

evidence (like deformities in shape) of regenerative or degenerative

conditions only. A special connection to the wide circulatory chan-

nels of leukaemic marrow seems indicated, all the more so as in the

lymphatic form of the disease in which the bone marrow is usually

much less affected, nucleated corpuscles are much less numerous,

appearing in relatively small numbers in the very acute anaemic

cases and not at all in those which are not anaemic. The proto-

plasm of the erythroblasts is usually polychroraatophilie, contrast-

ing in this respect with the acidophilic protoplasm of embryonic

and infantile erythroblasts.

The variations in size and shape correspond to the degree of

anaemia present ; occasionally, i.e., in cases seen early in the course

of the disease, the red cells are quite normal.

As the count of the white cells rises, that of the red may fall,

and vice versa; or the red cells may remain at a comparatively high

figure despite the progress of the white.

White Cells.

Quantitative Changes.

The average number per cubic millimetre in the forty-nine cases

of Table VII. (the lymphatic cases being excluded) was 386,808 at

the time when the cases first came under observation. The highest

count in this series is 1,072,222 and the lowest 98,000.

Among the older recorded cases are some in which the white
cells were said to be more numerous than the red. The ave^lfe?

ratio in my series is about one white to seven red. The higjfegt

ratio is 1 : 2, and the lowest 1 : 37. It is best to use the " red etnm-
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Table VIII.

—

Myeloid Leukemia.
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Table VIII.—Myeloid Leukaemia {Continued).
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portion of the leucocytes in this disease possess little power of

amoeboid motion.

With or without the influence of therapeutic agencies or after

splenectomy the white cells may fall gradually to normaLand re-

main there for some time. The patient's symptoms may simulta-

neously ameliorate, or there may be no improvement but rather the

reverse. Such a case occurred under my observation, and the pa-

tient, a washerwoman, went back to work and afterward passed

through an attack of lobar pneumonia in safety.

At such a time, when no increase in the white cells is present,

we should never S"spect leukaemia, seeing the case for the first

time, unless we chr.nce to make a differential count; then the char-

acteristic qualitative changes (see below) may be found, or the

blood may be wholly nou-leukaemic, as in a case recently reported

by McCrae, and in a similar case slides from which were recently

shown me by Martin,

Qualitative Changes.

1. Myelocytes.

The enormous number of myelocytes is the chief point of int 5r-

est. The average in my 41 cases was 32.5 per cent (see Table Vlll ),

rising in one case as high as 60 per cent and only 4 times falling

lower than 20 per cent, but they may fall as low as 7.1 per cent

(31,950 absolutely), as in one of Da Costa's cases.

Taking the average total number of leucocytes as 325,000 per

cubic millimetre, the absolute number of myelocytes averages over

123,000 per cubic millimetre. So far as I am aware, the highest

count of myelocytes in any other disease is that mentioned on page

438 in a case of malignant disease, namely, 4,514 per cubic milli-

metre.' The contrast is sufficiently striking. I wish to insist upon

this point, namely, that the blood of myeloid leukaemia is abso-

lutely peculiar and characteristic, and could not possibly be con-

fused with that of any other disease. Certain writers of late years

have concluded that because myelocytes do occur in a great variety

of diseases other than leukaemia, therefore there is nothing pecul-

iar about the blood of the latter affection. It would be as logical

to say that because albumin and casts occur occasionally in the urine

' Taylor reports a gastric cancer with 4,285 per cubic millimetre.

11
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of persons practically well, therefore there is nothing characteristic

about the urine of acute nephritis.

At the first glance the stained specimen of leuksemic blood

seems to be composed mostly of myelocytes, but this is because they

are on the average so much larger than the other forms of white

cells, which, being packed away in the interstices between the large

myelocytes, do not appear prominently at first sight.

Although (as just mentioned) the average size of the myelocytes

is greater than that of any other kind of leucocyte, there is a great

range of variation in their size, and some are hardly, if at all, larger

than a red cell. (This is equally true of the myelocytes as seen in

the bone marrow. See page 65.)

The individual characteristics and variations in the myelocytes

have been already sufficiently described on page 64.

2. Polymorphonuclear Cells.

Absolutely the number of diese cells is greatly increased, al-

though the number in eacli 1,000 leucocytes is considerably dimin-

ished. The actual number per cubic millimetre averages over

200,000 in my series, and in all but one of Taylor's 17 there were

66,000 or more. The average percentage in the 41 eases of Table

VIII. is 47, the figures ranging between 17 and 72 per cent.

The individual cells show a much greater range of variation in

size, staining properties, and the size and shape of the nucleus than

in any other condition. In most forms of leucocytosis, for example,

one polynuclear cell looks very much like another, but in this form

of leukeemia we are often struck by—
(a) Very small cells or very large cells (4 ij. to 20 // in diameter).

(h) Darli-stained or v&xj pale-stained cells.

(c) Unusual shapes in the nuclei.

(d) Variations in the size and staining of the granules. While

normal polynu-clear cells have granules nearly of one shade, the

leuksemic polynuclear cells have granules varying from yellow or

pink to purple or blue. Their size also varies greatly. Taylor

found some as large as eosinophilic granules.

Besides .these variations, we often see cells apparently belonging

to this type, but whose protoplasm shows no color or granulation

whatever. Other cells show a few granules scattered about against

a perfectly white background. Such cells may contain basophile

granules besides the neutrophile.
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(e) There are always some cells on the border-line between the

polymorphonuclear and the myelocyte, and in regard to which de-

cision must be arbitrary. I have lately been in the habit of classi-

fying such cells as Transitional Neutrophiles. Similar cells are

found in leucocytotic and anaemic blood (see page 102.)

S. Lymphocytes.

In percentages the lymphocytes are reduced from their normal,

20 to 30 per cent, to an average Of 10.6 per cent, as in leucooytosis.

But still if we class together large and small forms, their absolute

number is always increased. Thus the lowest percentage present in

Table VIII. (namely, two per cent) would mean 6,500 out of the

average 325,000, the total leucocyte count per cubic millimetre, and

this is three or four times as many lymphocytes per cubic milli-

metre as are present in normal blood.

The proportion of large and small forms varies a great deal.

Da Costa found an average of 12 per cent large and 4.5 per cent

small in his 12 cases. Sometimes the lymphocytes in this form of

leukaemia do not differ from those of normal blood, but in most

eases we find the following atypical varieties

:

(a) Large lymphocytes with a protoplasm so darkly stained that

it is difficult to distinguish them from myelocytes. Indeed in some

cases, when hints of a granular look appear in the violet-stained

rim, we find it impossible to be sure whether we are dealing with a

large lymphocyte or a myelocyte. The personal equation alone

decides. These cells are not peculiar to leukaemia. Tiu'ck has

described them (under the name of " Beizungisfoi-men") in most in-

fectious diseases, and I have often seen them in the blood of ma-

lignant disease and of pernicious anaemia. Taylor and Weil class

them as myelocytes without granules.

(b) Cells like lymphocytes except that they contain a varying

number of granules of one or more varieties (basophilic, acidophilic,

or neutrophilic).

4- EosinopMles.

Like all the other varieties these are absolutely much increased.

Eelatively—by percentages—they may or may not be so. In my
series they ranged from 1 to 19 per cent, averaging 4.4 per cent, a

slight increase over the normal

Many writers, wrongly interpreting Ehrlich's observations on
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this point, have stated that an increased percentage of eosinophilic

cells was the distinguishing mark of leukaemia, and even recent

writers {e.g., Gilbert, Strilmpell) continue to repeat this false

statement.

The cell most characteristic of splenic-myelogenous leuJccBmia is

not the eosinophile hut the myelocyte. Nevertheless eosinophiles are

enormously increased absolutely, and this fact may be of great diag-

nostic value. lu a case of cancer of the marrow with anaemia and

leucocytosis Epstein ' found large numbers of jnyelocytes and nu-

cleated red cells, but no eosinophiles. The absence of eosinophiles

in this ease sufi&ced to exclude leukaemia."

We distinguish several types of eosinophiles in leukaemic blood.

(a) Ordinary (polymorphonuclear) eosinophiles.

(b) Eosinophilic dwarf cells and giant eosinophiles. In some

of these the granules are also huge—even 2 ii. in diameter (Taylor).

(c) Eosinophilic myelocytes.

(a) Needs no comment ; (b) is simply a very small cell with

eosinophilic granules ; sometimes such cells are not over 5 ij.
in

diameter. They are not uncommon in this form of leukaemia

and are very rare in any other disease. The same is true of

(c), the eosinophilic myelocytes which are very rare in any other

disease, except pernicious anaemia, in which they are occasionally

seen.

These cells are like myelocytes except that their granules are

eosinophilic instead of neutrophilic (see Plates I. and II.). They
are found in the marrow in considerable numbers and may consti-

tute the majority of the eosinophilic cells in this form of leukaemia.

Occasionally we see eosinophiles with a few basophilic or neutro-

philic granules as well. Eosinophilic myelocytes are of constant

occurrence and great diagnostic value in leukaemia. In no other

disease are they equally numerous. Their size, like that of the

neutrophilic myelocytes, varies from 8 to 26 /* diameter.

5. Basophiles.

(a) The lymphocytes may contain basophilic granules as in any

ordinary blood.

'Epstein: Zeit. f. klin. Med., 1896, vol. xxx.
Si Yet Hirschfelt and Alexander (Berl. klin. Woch., 1903, No. 11) report a

case of myelogenous leukaemia (with autopsy) in which both eosinophiles and

mast cells were absent from the circulating blood.





PLATE II.

Fig. 1.—Both this and Fig. 3 are intended to be fac-simlles of actual micro-

scopic fields.

(a) Note the cell between those labelled 8 and 9—apparently a "mast cell."

Such cells are often seen in this form of leukaemia. With Ehrlich's stain they

present this appearance. Basic stains bring out coarse blue granules in the

periphery of the protoplasm.

(J) Note also the cell at the extreme upper right-hand corner of Fig. 1,

which it is almost impossible to classify either as a myelocyte or as a poly-

morphonuclear neutrophile, since it appears to be intermediate between the

two varieties.

(c) Both the nucleated corpuscles are normoblasts ; 9 has polychromatophilic

protoplasm. The red cells show scarcely any deformities and very slight de-

ficiency in coloring matter.

Fig. 2.

—

[a) Note the deformities in size and shape of red corpuscles, owing
to the anaemia present.

(b) No lymphocytes are figured, as they made up only two per cent of the

white cells in this case. Eosinophiles were absent.

(c) Note that the contrast between this figure (leucocytosis) and the one

above it (leukaemia) is not in the abundance of white cells but in the kind of

white cell predominating among those present.



Examination of the Blood.

PLATE n.

Figure I = Splenlo-myelogenoue Leucaemia

Figure II = LeuoooytoBls (cancer of kidney)

Cells stained yellow = Bed corpnecles

1. 2. 3. 4 a. 5 = Polymorphonuclear nentrophllee

8 = Lymphocyte

7 a. 8. = EoBlnophiles

9 a. 10 = Nucleated red oorpuBoles

Ail others = Uyelocytes

»)jjaf

Cells stained yellow = Bed corpuscles

All others =
Polymorpho-

nuclear-

neutrophiles

Scale of I

Figure II

Leucocytosis.

R. C. Cabot r«c. Ltth. Anet. v. G. A. Fnnke, Leipsig,
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(b) The basophilic or amphoteric tendency of the granules of
some of the myelocytes has been already described (page 64).

(q) " Mastcellen," or coarsely granular basophiles, usually with
a trilobed nucleus, are almost always to be found in specimens
stained with Wright's stain. With the triple stain their proto-

plasm is nearly unstained, but usually a number of round white spots
can be made out against a faintly stained background. These are

the basophilic granulations. Mast cells make up from one to ten per
cent of the leucocytes in most cases of myelocytsemia. Ehrlich states

that they are always present and greatly increased in such cases,

but my experience and that of Taylor do not confirm this. In 2 of

Taylor's 11 cases mast cells were absent. On the other hand, one
of his cases showed over 140,000 mast cells per cubic millimetre

(10 per cent), and it is undoubtedly true that "an excess of mast
cells is one of the most trustworthy signs of myelogenous leuksemia."

Their granules are not purely basophilic but metachromic.

6. Mitoses.

Leucocytes showing mitosis are very rarely found in leukaemie

blood and play a negligible part in the increase of the circulating

leucocytes. They have no value in diagnosis.

7. Polymorphous Condition of the Blood.

Weiss has rightly insisted on the fact that in this types of leu-

ksemia the blood preparations show a very polymorphous condition.

There are no fi.xed types, but every variety shades through inter-

mediate forms into some other variety. No two cells are alike.

Precisely the same conditions obtain in the normal marrow, and we
can scarcely resist the impression that in this form of leukaemia we

see in the blood unfinished cells of various kinds which usually

do not appear in the circulating blood.

As Charcot-Leyden crystals have no diagnostic value and are not

peculiar to any disease, no description of them will be -given here.

They appear to be present wherever eosinophiles are plentiful, e.g.,

in asthma, gonorrhoea, in the bone marrow, etc.
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8. JRemissions.

During remissions, when the leucocyte count may fall to nor-

mal, the percentage of myelocytes usually remains large and the

diagnosis could thus be made even if we saw the case then for

the first time. This I have observed in two cases, and Thayer and

Taylor have had the same experience. But occasionally myelocytes

and all other evidence of leukaemia disappear, and diagnosis in such

remissions is impossible. McCrae and Martin have studied such

cases. During such "remission" occurring in ansemic cases the

blood may take on almost or quite all of the features of pernicious

anaemia. Two such cases have recently been reported by Stengel

(Med. News, October 20th, 1902).

9. Atypical Forms.

Schwartz (Zeit. f. Heilk., November, 1901) has studied a case

which at the first examination showed 40,000 leucocytes, 87 per

cent of which were pclynuclear, with 7 per cent lymphocytes and

6 per cent eosinophiles. Erythroblasts were numerous. Later

myelocytes appeared and the erythroblasts disappeared.

II. LYMPH^MIA.

{Lymphatio Leukmmia.')

The cases may be acute or chronic.

The writer has watched seven cases of typical lymphatic leu-

kaemia for periods of from seven months to three years. One pa-

tient came over thirty miles from time to time to report. His

blood showed little variation from the following figures : Eed cells,

2,300,886; white cells, 112,000. The differential count always
' showed the overwhelming majority (over ninety per cent) of small

lymphocytes characteristic of the disease. The lymph glands were

all much enlarged, the spleen just palpable. The patient kept about

his work as gardener for over two years. Another, in an active

wine merchant, was wholly unattended with symptoms. The pa-

tient first sought advice for the unsightly glands in his neck. He
continued to feel absolutely well and to work hard until life was





PLATE B.

Fig. 1.—Shows Normal Red Cells and Sixteen Polynuclear Leucocytes,

the latter drawn somewhat too large in comparison with the red cells.

Fig. 3.—From a Chronic Case. In some acute cases the lymphocytes

are larger.
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suddenly cut short by an attack of pneumonia. I watched his blood

for three years, and it always showed typical lymphsemia without

anaemia. Grawitz has watched a similar case for over four years.

The blood of acute lymphsemia differs as a rule in many cases

from that of the chronic types. These differences will be referred

to later on.

Ebd Cells.

The count of red cells is often somewhat lower than in the

splenic-myelogenous form of the disease, averaging 3,600,000 in my
cases. In acute cases it is usually very low and the ansemia pro-

gresses rapidly. In the infantile cases collected by McCrae, the

highest count was 2,350,000. In chronic cases the red cells behave

about as in myelocythaemia, except as regards nucleated forms.

A point of interest in chronic cases is the rarity of nucleated red

cells, the abundance of which is so marked a feature of splenic-

myelogenous leukaemia. They may follow the grade of anaemia

present. In other cases (as in one reported by McCrae) nucleated

red cells are entirely absent, despite a reduction of the red cells to

1,680,000. In the eleven cases in infants collected by McCrae,

there were no nucleated red cells found in seven. In acute cases

the number of nucleated forms is often greater and may be as great

as in myeloid leukaemia. Two cases recently reported by Herricki

exemplify this.

White Cells.

Quantitative Changes.

As a rule the numerical increase is not so marked as in the

splenic-myelogenous form. The average ratio of white to red cells

is about 1 : 50 instead of 1:7, and we rarely see counts reach the

height common in the other form of the disease. The highest count

of my series was 1,480,000 at the patient's first visit, and the low-

est 30,000, the average being 350,000 as compared with 438,000 in

the myeloid leukaemia. These figures refer to uncomplicated cases.

> Journal of the American Medical Association, July 24th, 1897.
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Qualitative Changes.

1. Lymphocytes (small forms, large forms, or a mixture) make

up usually over ninety per cent of all the leucocytes present. In

some cases they are all nearly of one size, while in others we find

every gradation from the smallest to the largest, so that it is abso-

lutely futile to attempt to separate them into "large " and "small."

Four of my cases were made up wholly of the small forms, all

under 10 /j. in diameter, two were composed largely of forms over

15 iJL in diameter, while six showed every intermediate size.

Table IX.

—

Lymphatic Leukemia.

No.
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fore death began to have fever, hemorrhages, great increase in the

total leucocyte count and in the anaemia. No complication was

present. The lymphocytes increased 30 per cent, and the polymor-

phonuclear neutrophiles dropped from 30 to 3 per cent.

Gerhardti watched a case which began acutely with a large

percentage of large lymphocytes and then became chronic with a

predominance of small lymphocytes.

In acute cases Litten''' has noticed fatty degeneration in the

leucocytes.

The ' following figures illustrate the influence of a septicaemia

(from suppurating cervical glands) which ended the life of No. 3 in

Table IX.

Date.





PI,ATE III.

(a) Chronic Lymplimmia with Excess of Bmall Lymphocytes.

One polymorphonuclear cell is present. All the rest are lymphocytes and

exemplify the variations in the morphology of the cell occurring in this and
other diseases as well as in health, e.g. , variations in the staining of the proto-

plasm and nucleus, indentation and even division of the nucleus.

Note that the scale of the whole of Plate III. is larger than in the other

plates (see scale of n).

(b) Acute LympluBmia with Excess of Large Lymphocytes.

Note the lack of chromatin in both nuclei and pi'Otoplasm of large lym-

phocytes. The plasma around them or their extreme edge took most of the

stain. The brown tint of the red cells is due to underheating. Compare the

colors with those in the figure above (a) in which the preparation was prop-

erly heated.
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Lymphatic Leucaemia

a. Small Lymphocytes in excess

b. Large ,,
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Polymorphonuclear neutrophiles are absolutely as well as rela-

tively diminished in most eases. Indeed they are often so scarce

that one has to look through several thousand leucocytes before

finding one. There is nothing abnormal about theni—a point of

marked contrast with the neutrophiles in myeloid leukaemia. JEJosin-

ophiles and myelocytes are equally rare.

Summary.

The leading characteristics of leuksemic blood are as follows

:

(a) Myeloid leuJcmmia.

1. Red cells about 3,000,000 ; nucleated forms very numerous.

2. White cells about 460,000, of which

3. Myelocytes form about thirty per cent.

4. Every possible form of cell intermediate between the ordinary

varieties is to be seen. ("Polymorphous blood.")

(S) Chronic lymphatic leukcemia.

1. Eed cells about 3,000,000 or lower; nucleated forms rare.

2. Wliite cells about 300,000, of which

3. Small lymphocytes usually form over ninety per cent.

4. Myelocytes and eosinophiles very scanty.

(c) Acute lymphatic leukcemia.

1. Red cells much diminished; nucleated forms infrequent.

2. Large forms of lymphocytes usually predominate ; many of

them often show signs of degeneration.

3. Neutrophiles and eosinophiles very scanty.

Diagnostic Value.

Leukaemia is distinguished by the blood examination from

1. Hodgkin's disease: (a) splenic, (i) glandular.

2. Tumors of the spleen and vicinity {e.g., kidney or retroperi-

toneal glands).

3. Enlargements of the lymphatic glands from tuberculosis,

syphilis, malignant disease.

4. Hydronephrosis.

5. Huge leucocytosis from any cause.

6. Chronic malaria.

7. Amyloid disease.

1. Leukcemia and Hodgkin^s disease (lymphadenoma or pseudo-

leukaemia). The pathology of the two diseases is identical but for

the blood count. In Hodgkin's disease the blood is normal, or
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shows only a moderate anaemia or leucocytosis (polymorplronuclear

cells alone increased), and the diagnosis is easily made.

2. Tumors of the spleen and especially of the Tcidney are very apt

to be mistaken for leukaemia. Within a single year I was asked to

examine the blood in three cases of "leukaemia," all of which

turned out to be malignant disease of the kidney. In all of these

there was a large tumor resembling the spleen in the left hypochon-

drium, also a very large increase of white cells. In two of them

the blood was examined fresh and the great number of white cells

in the slide taken as evidence confirmatory of leukaemia. The

stained specimen, however, showed only marked leucocytosis with

ninety per cent of polynuclear cells of the ordinary type and no

myelocytes. Other large tumors of this region showed similar re-

sults. Occasionally cases of leukaemia with numerous metastases

are described as " sarcomatosis," and then it is asserted that the

blood of leukaemia is identical with that of sarcoma. The source of

the mistake is obvious.

3. Adenitis with hyperplasia due to tuberculosis shows usually

normal blood ' and is thus easily distinguished from leukaemia.

Leucocytosis is often present in syphilitic cases and still more

marked in those due to cancer or sarcoma, but the counts rarely

reach 30,000 and myelocytes are absent or very scanty.

4. One case of hydronejihrosis in which the distention of the

sac was so great that it presented as a hard, solid tumor on the

right hypochondrium, was taken for leukaemia by a competent

observer some years ago. The normal blood examination re-

vealed the mistake, and excluded also malignant disease in all

probability. The diagnosis was reached, however, only at the

autopsy.

5. Huge leucocytosis in pneumonia or malignant disease may
cross the old boundary line of 100,000 white cells, beyond which
none but leukaemic cases were supposed to venture. The differ-

ential count sets us right instantly, showing ninety per cent or so

of the increase to be made up of ordinary polymorphonuclear

leucocytes.

6 and 7. The large spleen and cachectic appearance associated

with chronic malaria and long-standing suppurations may be easily

distinguished from leukaemia by the absence of anything more than

anaemia and leucocytosis in the blood.

' Sometimes marked leucopenia.
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.- 1. At First. 2. Later.

Polymorphonuclear cells 15.6 per cent. 57.5 per cent.

Small lymphocytes 83.3 " 40.0

Large lymphocytes 1.8 " 1.6 "

Eosinophiles .18 " .16 "

Myelocytes... .16 "

Various infections—miliary tuberculosis, pneumonia, grippe,

erysipelas, abscess kidney, septic lymph glands—alike decrease the

leucocyte count or reduce it to or below normal. In one case a rise

just before death was observed.

Thus in Henck's case the leucocytes fell from 400,500 to 89,000,

in one of Mtiller's from 246,900 to 67,300, in Kovac'p from 67,000

to 17,000, in Zeissl's from 140,000 to 9,350. I have already men-

tioned a case of lymphatic leukaemia (page 170) in which the leuco-

cytes fell from 40,000 to under 500, this last being on the day of

death. In this case the percentages of the different varieties of

leucocytes remained entirely unchanged.

Herrick ' reports a case complicated by acute streptococcus infec-

tion in which the white cells were 60,000 at the time of death.

How high they may have been earlier is not known

It appears, therefore, that when an infection complicates leukae-

mia we may have

—

1. No effect (see case of rheumatic fever as a complication, just

mentioned).

2. A genuine leucocytosis on top, so to speak, of the leukaemia,

with an increased percentage of polymorphonuclear cells.

3. A decrease in the leucocyte count with or without an increase

of polymorphonuclear cells. This decrease is by far the most com-

mon result and may go far below normal as death approaches.

Goldschneider ^ found that by the injection of splenic extract

and other substances he could bring about a similar diminution in

the number of leucocytes, but that, as in the case of intercurrent

infections, this diminution was not accompanied by any improve-

ment in the patient's condition, and death followed as usual.

Abscesses occurring in leukaemic patients are filled with poly-

nuclear leucocytes as ordinary abscesses are, and do not contain

myelocytes.

^Loc. cit.

'Discussion of Fraenkel's article.
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nODGKIN'S DISEASE.

{Pseudo-Leukcemia, Lymphoma.
)

The diagnosis of this disease is impossible without the blood

count. Yet the blood is in no way peculiar, but presents in most

cases all the characteristics of tlie normal tissue. Its value is as

negative evidence, telling us iu a given case that leukaemia is absent,

(I.) Transitions from Hodgkin's disease to leukaemia have taken

place under the eyes of competent observers, but they are very

rare. But few su.ch cases are on record so far as I know—that of

Fleischer and Penzoldt,' that of Mosler,'" and one reported by

Senator,' in which two sisters came under observation, both suf-

fering from Hodgkin's disease. One died of it ; in the other the

blood changed to that of leukaemia before death.* Wende (Amer.

Jour. Med. Sciences, December, 1901) reports a typical example of

this transition.

Date.
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mia have time to show themselves in the blood. One difficulty with

this view is that there occur chronic cases which last from eight to

ten years without any change in the blood. Another difficulty is

that the transition is in fact rare, despite the relative frequency

with which the disease is met with.

(II.) Probably many cases diagnosed as Hodgkin's disease are in

fact cases of glandular hypertrophy due to syphilis or tuberculosis,

and this fact has led many to the belief that all cases called Hodg-

kin's disease are in reality only syphilitic or tuberculous adenitis.

In a considerable number of cases, however, tuberculosis has

been disproven by careful inoculation experiments with the glandu-

lar tissue, and there is no reasonable doubt that some cases, at any

rate, are not due to tuberculosis or syphilis. Probably the diagnosis

can never be made with absolute certainty during life.'

(III.) The frequent occurrence of fever and other symptoms

characteristic of an infectious disease has led some writers to class

it as such. In a certain percentage of cases the disease (like leukae-

mia) has run an acute course, lasting uot more than six weeks from

the first symptoms to death. In some clironic cases the same sort

of evidence of an infectious nature has been brought forward. Ul-

cerations occur in the mouth and intestine, through which morbid

products might gain admission. Various bacteria (pyogenic and

others) have been found in the blood and tissues from time to time,-

but numerous negative examinations for micro-organisms are also

on record, and the evidence is insufficient to establish the infec-

tious nature of the disease. None the less, there is a growing ten-

dency among the leading writers and observers in Germany and
elsewhere to believe that the disease will ultimately be shown to

be tuberculous.

(IV.) Meantime most surgeons continue to regard it as a form
of sarcoma and to treat it like malignant disease.

The Blood.

Whatever the nature of the disease, we find in the earlier stages

of naost cases normal blood, as will be seen in Table X. (cases 7 to

23 inclusive).

I The recent monographs of Reed (Johns Hopkins Hospital Reports, 1903,
vol. X., p. 133), Simmons (Journal of Med. Research, June, 1903), and Long-
cope (Bulletin No. 1 of the Ayer Clinical Laboratory, October, 1903, Phila-
delphia), have shown that there is a characteristic histological picture corre-
sponding to Hodgkin's disease, and apparently to no other.
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Table X.

—

Hodgkin's Diseabe.

1
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Table X.

—

Hodgkin's Disbabe {Continued).

i
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Table X.

—

Hodgkin's Disease {Continued).

1
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Table X.

—

Hodgkin's Disease (Continued).

i



HODGKIN'S DISEASE. 181

diminution of the lymphocytes is owing to the diseased condition

of the lymph glands, nor for believing with Pinkus (Nothnagel's

"Specielle Path, und Ther,," vol. viii., 1901) that the relative in-

crease of lymphocytes which some cases show is characteristic of

Hodgkin's disease. Pfeiiier ^ has recently reported a case of the

cutaneous form of the disease with 60 per cent of lymphocytes

out of a total leucocyte count of 6,500.

As in any other cachectic condition, small numbers of myelo-

cytes may be found. They were seen in nine of our cases out of

twenty-five in which a color analysis was made, the highest per-

centage being two per cent. Eosinophiles are usually decreased

when leucocytosis is present.

Summary.

Normal blood in early stages.

Later often marked anaemia; sometimes leucocytosis

Diagnostic Value.

The ouly help given us by the blood is in excluding leukaemia.

Syphilis, tuberculosis, or malignant disease might cause similar

changes or lack of changes in the blood.

Effects of Spleistkctomy on the Blood.

When splenectomy is performed for abscess, hydatid, rupture

of the spleen, or other local disease, it is followed, after a varying

number of weeks, by a hyperplasia of the lymph glands, associated

with lymphocytosis. How long this lymphaemia lasts is not alto-

gether clear.

Later, after many months, a moderate eosinophilia may appear
and the mast cells are increased. Ehrlich examined one case six

months after operation in which a considerable lymphaemia existed,

the back of the lymphocytes being large. EosinopHles were not

increased. In another case he found the lymphaemia persist-

ing in the fifth year after operation, while the eosinophiles were

between three and four per cent. In two other cases he found (six

and eighteen months after the operation) no lymphocytosis.

iPfeifEer: Wien. klin. Woch., 1897.
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Ill the following table the records of four other cases are given

:

Table XI.

1
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Osier's article (Am. Jour. Med. Sciences, January, 1900) the fol-

lowing counts are recorded

:

1
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Splenic Anaemia (^Continued).
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Splenic Anemia {Continued).



PART II.

ACUTE INFECTIOUS DISEASES.

OHAPTEE III.

INFLUENCE OP INFECTIOUS FEVERS ON THE BLOOD.

Some of the blood changes found in acute infections are to be

regarded as due simply to the fever associated with the disease.

It is worth while, therefore, to consider what fever per se can do to

the blood.

Maragliano ' and others have shown that during fever from any

cause a contraction of the peripheral vessels occurs. When fever

disappears, whether spontaneously or from the action of antipyretics

(phenaeetin, quinine, etc.), a dilatation of the vessels follows.

Following the laws to which we have so often alluded, the con-

traction of the vessels causes a concentration of the blood with rise

in specific gravity and in the number of blood cells per cubic milli-

metre. This concentration is still further increased by the greater

loss of water which the organism suffers during fever than under

normal conditions.

The effect of these two influences in increasing the number of

red cells per cubic millimetre is, however, counteracted to a consid-

erable extent by the sharing of the blood in the general tissue de-

struction which goes on with increased rapidity during fever. Many
corpuscles are thus destroyed, but until the temperature falls the

anaemia is covered up by the concentration. When the fever leaves

the patient there is a sharp fall in the number of cells per cubic

millimetre, due partly to the destruction of corpuscles (hitherto

masked by concentration) and partly to the dilution of the blood

which is the result of the post-febrile dilatation of the peripheral

vessels above mentioned. The suddenness of this fall in the count

is proportional to the suddenness of the fall in temperature.

The alkalinity of the blood has been often said to be diminished

' Zeit. f. klin. Med., vols. xiv. and xvii.
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in fever, but recent research tends to show that these results were

obtained by faulty technique, and it is doubtful whether the reac-

tion of the blood shows any constant changes in fever.

Leucocytes and fibrin show no constant changes, though in the

majority of infectious fevers they are increased. The tendency of

the granules of polynuclear cells to lose or change their staining

afftnities in infectious disease has been noted by Ewing, Stengel, and

Hirschfelt.

In the active stages of the great majority of infections the poly-

nuclear cells become increased at the expense of the other forms and

the eosinophiles become very scarce or disappear. In convalescence

these changes are reversed, the polynuclears sink, the eosinophiles

rise above normal, and for two or three months after the fever these

latter conditions often persist in the blood.

PNEUMONIA.

The Blood as a Whole.

(a) Bacteriology.—The diplococcus lanceolatus has been repeat-

edly found in the blood of pneumonic patients, especially in those

in whom there has been some secondary diplococcus infection (^e.g.,

diploccoecus endocarditis).

For example, Sittmaun ' out of 16 cases found diplococci in the

blood of 6, most of which were complicated with, lesions in other

organs, and 4 of which were fatal, while of the 10 whose blood was

sterile, 9 ended in recovery.

Boulay '' found the organism in 2 cases shortly before death.

Belfanti ' found it but 6 times out of a large number of cases, and

of these 6, 5 were fatal. Goldschneider ' and Grawitz ° got similar

results. Cohn ° in 32 cases found the organism in 9 ; 7 of these

were fatal. The other 2 had empyema and other evidences of

metastatic action of the pneumococci. White (Jour, of Exp. Med.,

1899, p. 426), in his very thorough study of 19 eases, got positive

results in 3—all of which proved fatal, as did 7 of the 16 negative

' Deut. Archiv f. klin. Med., 1894, p. 323.

= Paris Thesis, 1891.

3 Riforma Medica, Naples, 1890, No. 87.

Deut. raed. Woch., 189a, No. 414.

' Grawitz : Cliarite-Annalen, vol. xix.

«Cohn: Deut. raed. Woch., 1897, No. 9.
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cases. Beco i studied 49 eases. Twenty of these ended fatally,

and of these 20 there were 5 whose blood showed pueumococci

by culture and 1 from which Friedlander's bacillus was cultivated.

Out of 29 cases ending in recovery only 2 showed cocci in cultures

from the blood. If large numbers of colonies can be cultivated

from the peripheral blood, Beco considers the prognosis grave. A
few colonies, however, are of no significance in prognosis. Fraen-

kel has obtained over 300 colonies from one puncture. Their viru-

lence was less than that of those in the sputa, showing apparently

the effects of the blood's antitoxic power. Nevertheless, it is prob-

able that the presence of pneumococci in the blood is a bad prog-

nostic sign. The most recent observations made with 5 to 10 c.c.

of the blood well diluted in nutrient bouillon have shown a larger

percentage of positive results. Thus Pieraccini " was successful in

11 out of 28 cases, and Silvestrini " in 16 out of 16, Berghini ' and

Prochaska * in almost every case, even the most favorable.

(6) Coagulation is remarkably rapid, and in fresh specimens the

fibrin network is very thick and appears within a few minutes, ex-

cept in the rare cases with subnormal leucocytes. Here it may be

absent or diminished.

(c) In cases with cyanosis the blood is often concentrated at the

periphery so that its specific gravity is high and the number of cor-

puscles large.

{d) Monti and Berggrtin ° observed that in children the specific

gravity was high throughout the course of the disease, falling with

the temperature.

The toxicity of the blood is doubled (Albu : Virchow's Archiv,

vol. cxlix.).

Bed Cells.

During the fever the red cells are approximately normal (unless

increased by cyanosis) ; but after the crisis there is often slight

anaemia, and sometimes a severe one. The haemoglobin is more
markedly and more' lastingly reduced than the number of red cells.

' Beco: Revue de M6d., 1899, July lOtb.

« Pieraccini: Centralbl. f. allg. Path., 1900, vol. xi., p. 470.

^Silvestrini: Centralbl. f. allg. Path., 1900, vol. xi., p. 447.

* Berghini: Kef. from Grawitz, p. 516.

* Prochaska: Deut. Arch. f. klin. Med., 1901, vol. Ixx., p. 559.
^ Arch. f. Kinderheilk. , vol. xvii.
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A more interesting and important observation was made by
Tilrck in 1898, viz., that when the infection is severe or the patient

of low vitality nucleated red cells (mostly normoblasts) may appear

in the peripheral blood. In all Tlirck's cases megaloblasts as well

as normoblasts occurred, but the latter were greatly in the majority.

Dr. Badger and I studied a most interesting case of this type in

1898. The pneumonia ran a severe course and was followed by an

empyema which proved fatal. The blood counts were made for the

most part after the crisis. At autopsy the marrow of the femur

was bright red from end to end. The blood showed the following

:

Date.
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3. When resolution is delayed the leucocytosis continues, some-

times for weeks, and very gradually falls to normal in cases in

which resolution eventually occurs without complication. If ab-

scess, empyema, or gangrene follow, the leucocytes usually become

still further increased.

4. The degree of leucocytosis is probably the resultant of the

factors mentioned on page 97, and does not run parallel to the de-

gree of fever or the amount of luug involved. Nevertheless, cases

with extensive signs in both lungs, and especially those complicated

by empyema or other suppuration, are more apt to have very high

counts, provided the " reaction " of the patient against the infection

is vigorous. Children have especially high count as a rule (see ex-

ception below). The cases appear to fall into the following groups

as regards the degree of leucocytosis present

:

1. Mild infection, vigorous reaction = slight leucocytosis.

2. Severe or moderate infection, vigorous reaction = marked

leucocytosis.

3. Severe infection, feeble reaction = no leucocytosis.

(a) The patients in Class 1 all recover, but they are very few in

number, (b) Those in Class 2, which includes over nine-tenths of

all cases, may or may not recover, according as the fight between

patient and disease comes out one way or the other.

(c) Those in Class 3 almost invariably die ; there is not sufficient

of a struggle to raise the leucocyte count. A striking exception to

this rule is reported by Stockton (Fhil. Med. Jour., June 25th,

1898), a case of lobar pneumonia in a child of eight with three

relapses and a total course of sixty-eight days. At the height of the

second relapse the blood was examined and showed only 4,000

leucocytes per cubic millimetre. Of these there were 44 per cent of

polymorphonuclear, 60 per cent small lymphocytes, 6 per cent large

lymphocytes. In the second apyretic interval, sixteen days after

the first examination, the count stood 7,840 leucocytes per cubic

millimetre. Of these, 34 per cent were polymorphonuclear, 60 per

cent small lymphocytes, and 20 per cent eosinophiles, 4 per cent

large lymphocytes (?).

After the third seizure (three weeks later) the leucocytes were

10,080, with polymorphonuclear 45 per cent. Small lymphocytes

46 per cent, eosinophiles 8 per cent, large lymphocytes 1 per

cent.

On the sixty-eighth day (in convalescence) the blood showed

:
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Red cells, 4,952,000; white cells, 7,600; haemoglobin, 90 per cent.

Polymorphonuclear, 57; small lymphocytes, 36; large lymphocytes,

2.6; eosinophiles, 4.5.

Very possibly this infection may have been due to some other

organism than the diplococcus lanceolatus.

When either the patient or his disease easily gains the mastery

there is no leucocytosis, or a very slight one; but in the much larger

class of cases in which the struggle is a fierce one, leucocytosis ap-

pears, whichever way the struggle results.

Pick 1 noted that pneumonia complicating smallpox when the

patients were already very sick, caused no leucocytosis, and the same

is often true in those whose power of resistance is reduced by age,

alcoholism, typhoid, or by some chronic disease.

Von Jaksch, noticing the fatality of cases without leucocytosis,

suggested that we should induce leucocytosis by injecting turpen-

tine or other irritants so as to cause abscess; but this has not proved

of any benefit to the patient, nor has the production of leucocytosis

without abscess, as can be done with pilocarpine or nuclein, been

any more successful. There is no difficulty in producing the leuco-

cytosis by these means, but all observers are agreed that it does the

patients no good.

Leucocytosis is checked by antipyretics (Hare ') but not by cold

bathing, which speaks in favor of the latter method of reducing

temperature.

The general course of the leucocytes is seen in the accompanying

charts from Billings, to whose excellent article I am greatly in-

debted.

Qualitative Changes.—As in most forms of leucocytosis, the

polymorphonuclear levicooytes are enormously increased both abso-

lutely and relatively, often making over eighty per cent of all the

white cells.' Eosinophiles and blood plates disappear and the

lymphocytes are absolutely and relatively much reduced. After

the crisis this is reversed, the polymorphonuclear forms falling

often below sixty per cent, while the eosinophiles and blood plates

are above normal. The return of the eosinophiles to the circulation

' Arch. f. Dermat. und Syph., vol. xxv., p. 63.

« New York Medical Record, May 9th, 1896.

'LSper believes that if the polynuclear cells make up from ninety to

ninety-five per cent of all the leucocytes, the prognosis is very bad (Arch, de

med. exp., 1899, p. 724).
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often occurs a day or two before the crisis. It seems to mean that

the acme of the process has passed, and so constitutes a favorable

Chart I.—Pneumonia, Showing Fall by Ctmsis (Billings).

Feb. \ 16 \ 17 \
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As to the differential count in the (fatal) cases in which leuco-

cytosis is absent, data are scanty. Bieganski thought the polymor-

phonuclear varieties decreased, Rieder found them increased, while

Billings found them normal. No general law can be stated on this

point as yet.*

In a case of bronchopneumonia complicating pertussis studied at

the Massachusetts General Hospital in 1894, the conditions were

entirely different from those just stated. The patient, a girl of six,

had at entrance 72,100 leucocytes per cubic millimetre. Two days

Chaet II.

—

Pneumonia and Rheumatism.



194 SPECIAL PATHOLOGY OF THE BLOOD.

the 94,600 leucocytes per cubic millimetre. The polymorphonuclea*'

cells were reduced to 30 per cent. Lymphatic leukaemia was thought

of, but the leucocytosis was gone in ten days, and within a fort-

night the patient left the hospital well. In the light of recent

studies in pertussis this is now explicable (see page 220).'

Diagnostic and Prognostic Value.

1. In cases of so-called " central pneumonia " in which the symp-

toms but not the physical signs of the disease are manifest, the

presence of a well-marked leucocytosis is often of great diagnostic

value. It excludes malaria, typhoid, and uncomplicated grippe as

causes of fever, and if scarlet fever and suppuration can be excluded

by other evidence, it makes pneumonia very probable.

I have repeatedly seen the diagnosis of pneumonia made in the

absence of physical signs and largely on the evidence of the blood

count, the diagnosis being confirmed several days later by the ap-

pearance of typical signs of consolidation. In a patient of Dr. F.

C. Shattuck's, sick five days, yet showing no signs of consolidation

of the lung, the presence of a marked leucocytosis excluded typhoid,

the only other likely diagnosis, and led Dr. Shattuck to treat the

case as pneumonia, the wisdom of which course was later demon-

strated by the appearance of signs of consolidation.

2. Between pneumonia and capillary bronchitis the condition of

the blood is of no help, as the latter also causes leucocytosis, and

some cases affecting the larger tubes do the same.

3. In cases of pneumonia occurring in very old or very young
people, in which the fever and symptoms may be very slight, the

presence of leucocytosis may be the first thing to direct our atten-

tion to the lungs, dyspnoea and cough being absent.

In prognosis, the important point is that the absence of leucocytosis

is a very bad sign; while its presence is neither good nor bad. It

must be remembered also that in the very mildest cases we may find

the same absence of leucocytosis which in any other but the mildest

would be almost surely fatal.

This last point, which appears to me of great importance, is

illustrated by the following figures

:

Halla reported 14 cases; 2 had no leucocytosis, and both .were

fatal.

' StiSnon: Jour, de Med., de Chirurg. et de Pharm., Bruxelles, 1895, t. Iv.,

fasc. 1.
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Billings reported 22 cases; 1 had no leueocytosis and was fatal.

Laehr with 16 cases, and Eieder with 26, got similar results.

Ewing in 101 cases found leueocytosis absent in 6; 6 were fatal.

Von Jaksch and Kilodse likewise maintain that the absence of

leueocytosis is usually fatal.

In our series 842 cases have been studied. In general they

entirely confirm the results obtained by Billings and summarized

above : 90 of them presented no leueocytosis at any time, and of

these 83 were fatal; another one seemed moribund but finally re-

covered.

The evidence, therefore, is in favor of the view that when leueo-

cytosis is persistently absent in any but the mildest cases the prog-

nosis is almost fatal. Thepresence of leueocytosis, on the other hand,

is no guaranty whatever of a favorable issue.

Eeappearance of eosinophiles is a favorable sign in most cases.

Indeed Becker {BeMt. med. Wooh., 1900, p. 558) states that he has

never found eosinophiles in fatal cases. The counts at the time of

entering the hospital may be summarized as follows

:

ocytes under 10,000 = 90
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Quantitative Changes.

1. The blood plates are usually scanty, and the amount of fibrin

is diminished. In one of Ttlrck's cases, blood plates and fibrin

were nearly absent, and a hemorrhagic diathesis developed. He
considers a rapid falling off of the amount of fibrin and blood plates

a bad prognostic sign, but in a case of hemorrhagic typhoid reported

by Hamburger (Johns Hopkins Hospital Eeports, vol. viii.) recovery

took place, although the coagulation time vi^as ten minutes.

2. Specific gravity follows the course of the hsemoglobin.

3. The general effects of fever (see page 186) are in part ac-

countable for the changes next to be described, while some of them
are more peculiar to typhoid fever.

Bed Cells.

In Thayer's admirable study (Johns Hopkins Hospital Eeports,

vol. viii.) we find the following analysis of two hundred and sixty-

five counts:

Weekly Average Babeo on One Count per Week in Each Case, the
Average Being Taken for the W"eek in Every Case in which

Multiple Counts Were Made.

1st week 32 counts 4,913,313

4,706.855

4,555,814

4,187,730

4,118,590

4,028,438

3,809,125

8,653,285

3,509,666

count 3,920,000

2,109,883

All these counts refer to the febrile period of the disease.

Eighty counts were made during convalescence. The results

were as follows

:

Estimates of the Red Blood Corpuscles During Convalescence

Arranged According to the Period after the Last Day of Fever.

1st week, 32 counts 4,540,000

3d " 23 " 4,687,100

3d " 15 " 4,353,000

4th " 6 " 4,391,000

5th " 3 " 5,469,000

3d
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Thayer comments :
" It will be noticed that in the first week (of

fever) the number of red blood corpuscles is already somewhat be-

low the normal"—that is, taking the normal as from 5,600,000 to

6,000,000, as it seems proper to do in this country (see page 54).

From this point it steadily sinks week by week for the first nine

weeks. After that the number of counts is too small to justify con-

clusions. The lowest point is probably reached about the end of

defervescence in the majority of uncomplicated cases, yet when def-

ervescence is slow, blood regeneration may begin well before the

end of the febrile period. In the first two weeks of convalescence,

regeneration is going on slowly. "After the second week, in addi-

tion to the fact that the estimates are but few, the results are viti-

ated by the fact that the cases remaining in the hospital at so late

a period were for the most part instances of severe fever of long

duration, after which, as is shown by the first table, a much greater

degree of anaemia is reached " (Thayer).

Showing the Highest and Lowest Counts in Each Week.

Highest.

1st week 6,940,000

3d

3d

4th

5th

6th

7th

In only one of these cases could the high count be explained as

a concentration of the blood through diarrhoea and vomiting, but

counts made just after a bath are often very high owing to blood

concentration.

Hcemoglohin.

Thayer's figures are as follows:

1st week of fever, 21 estimates average 76 per cent.
" " 73 "

" " 67 "

60 "

58

Highest.
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This table shows a gradual decline during the febrile period,
with a very slow regeneration in convalescence. The hEemoglobin
(as in most secondary anaemias) suffers more than the couut of cor-

puscles, and is slower in reaching the normal, so that the color in-

dex is low throughout (see chart on page 201).

Leucocytes.

Thayer records 832 estimates of the white cells in uncompli-
cated cases.

Based on one count per week in each case, the average being taken for
the week in every case in which multiple counts were made.

1st week of fever, 100 counts 6,400
2d " " 206 " ' 6^200
3d " " 150 " 5,700
4th " " 95 " 5,400
5th " "

58 " 5,380
6th " " 19 « 5,800
'th " " 18 " 6,300

8th ' " 12 " 6,400

Thayer comments :
" It would seem that the longer the disease

lasts, the more profound the prostration, the lower the count."

Ewing says :
" The more severe the typhoid intoxication the lower

the count." How great the variations may be even in the absence

of any apparent complication is shown in the following table

:

1st week of fever 15,000

2(1
"

3d
'•

4th '•

5th '•

6th "

7th
"

8th "

0th "

Highest.
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la convalescence the count of leucocytes begins to rise toward

the normal as the following table indicates

:

1st week of apyrexia, 33 counts 6,000

2d " " 24 " 6,700

3d " " 16 " 6,300

4th " " 6 " 7,570

Thayer's results may be exhibited in the chart on the following

page.

In the majority of the 1,367 cases recorded at the Massachu-

setts General Hospital, the course of the leucocytes from week to

week has unfortunately not been followed with accuracy.

Most of our counts were made on the day of entrance to the hos-

pital, presumably during the first or second week of the fever.

The range of the counts was as follows

:

Between 1,000 and 3,000 = 13 cases.

3,000
"

8,000 = 63 "

"
3,000 "

4,000 = 171 "

"
4,000

"
5,000 = 230 "

"
5,000 "

6,000 = 334 "

"
6,000 "

7,000 = 317 "

"
7,000

"
8,000 = 150 "

"
8,000

"
9,000 = 118 "

"
9,000

" 10,000= 81 "

"
10,000 " 11,000= 43 '

"
11,000

"
13,000 = 37 "

"
13,000 " 13,000= 13 "

"
13,000 "

14,000 = 6 "

"
14,000 " 15,000= 3 "

1,357 "

From these figures I have excluded all cases counted only under
circumstances likely to concentrate the blood (cyanosis, after baths,

after severe diarrhoea).

Of these cases 1,309, or 97 per cent, had less than 11,000 leuco-

cytes per cubic millimetre at the time of entering the hospital, and
77 per cent had less than 7,000.

But these figures, like those reported by Thayer and Tilrck,

differ from the reports of some other observers in not showing so

large a proportion of very low counts. Thus Khetajurow expects
to find only 2,600 to 3,000 leucocytes in the third and fourth weeks,
but our observations show that this is not a law.
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Complications.

Thayer's study of the effects of complications is by far the most
thorough ever published.

6hakt of the Blood in Typhoid Fevee.

Febrile period—weeks. Convalescence—weeks.

/Sa^S^tTff / t 1
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1,992,000, in another to 2,000,000; yet the first of these cases

recovered.

The leucocytes showed no appreciable change in half of these

cases, while in the rest there was some leucocytosis (24,800 in one

case, 17,400 in another, 10,600 in a third), reaching its maximum

in from twelve to twenty-four hours, and returning to normal in

from two to seven days.

2. Perforation of the Boivel (8 cases). Leucocytosis was well

marked in three (16,400, 23,400, and 16,000), slight in two

(10,400 and 11,200), and completely absent in three, at the time of

the perforation. Thayer studied the clinical features of these cases

and the results of cultures made at operation, and concludes :
" It

is probable that slight local peritonitis always produces . . . leuco-

cytosis unless the individual is already in a condition of profound

general septicaemia. On the other hand, a sudden (general) infec-

tion of the peritoneum with large quantities of excessively malig-

nant organisms may often result in complete absence of leucocytosis

or a relatively slight rise, followed later by a fall. Three cases of

streptococcus peritonitis showed no leucocytosis at any time. The

prospect of relief by surgical interference is best in those cases with

a leucocytosis." Thayer also shows that a preperforative leucocy-

tosis due to local peritonitis about deep ulcers may occur. He adds,

however, a summary of four cases in which symptoms suggesting

perforation and accompanied by leucocytosis led to a laparotomy,

yet in which no perforation was found, the symptoms being due in

one case to thrombosis of the left iliac vein, while in the others no

cause was found. In many of these cases the leucocytosis was very

transitory, and without frequent (almost hourly) counts would have

been overlooked.

In the series of cases of typhoid perforation reported by Shat-

tuck, Warren, and Cobb {Boston Medical and Surgical Journal,

June 28th, 1900) there are four cases of general peritonitis with no
leucocytosis (3,800, 5,400, 7,300, and 8,000), and four cases with
leucocytosis (14,000, 16,000, 17,200, and 23,000). Two cases with
leucocytosis (14,300 and 13,200) showed at operation a perforation

protected by local adhesions. In most of these only one count is

recorded, so that the observations are of little value.

There is no doubt that leucocytosis does occasionally occur when
no complication exists so far as we can ascertain during life. Four
of the cases over 11,000 (see the above table) were counted repeat-
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edly and complications were carefully sought for, but none were

found. The most striking case showed the following counts

:

October 3d 13,100

4tli 13,000

5th 16,500

7th 18,800

8th 11,300
" 10th 10,600
" 13th 13,500
" 15th 17,700
" 17th 15,500, death ; autopsy.

The autopsy showed typical typhoid lesions and nothing else.'

Another and much milder case showed 11,000-12,000 white cells

constantly for over two weeks, and no cause could be found to ac-

count for it.

In typhoid septicceviia with endocarditis but without intestinal

lesions, Mayet and Bertrand (Soc. Med. d. Hop., 1900, p. 996)

report

:

October 19th 13,800 with 91 per cent, of polynuclears.

" 21st 14,800 " 93 "

" 33d 10,000 " 91 "

" 27th 18,900 " 94 "

The typhoid bacillus was obtained in''pure culture from the blood.

3. Furunculosis.—Thayer records 7 cases in all, of which the

leucocyte count is very slightly raised when we compare it with that

usually found in typhoid {e.g., 9,000, 10,000, 10,200, 10,600, etc.).

4. Thrombosis—six cases in Thayer's study are of especial in-

terest, because the leucocytosis with which each was associated ap-

peared in three cases earlier than any of the localizing symptoms,

such as pain and oedema.

The counts varied from 8,000 and 21,000 in femoral phlebitis

to 24,800 in plugging of the iliac vein. I have had two similar

cases.

5. Pleurisy—5 cases, all showed slight leucocytosis (10,000-

12,000). Only in the purulent cases (empyema) was the count

higher (23,000, 18,000). In one case the tapping revealed a bloody

and purulent fluid containing only typhoid bacilli. After the tap-

ping the leucocytes rose to 44,500.

In most of these cases the percentages of the different varieties

' Thrombosis of internal veins and osteomyelitis were not carefully searched

for at autopsy and may have existed.
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of leucocytes was but little affected {e.g. , 68 per cent of polynuclear

cells and 1.8 per cent of eosinopliiles with a count of 23,000 leuco-

cytes). This is not an ordinary leucocytosis

6. Pneumonia—6 cases, 3 with leucocytosis, 2 without it (ter-

minal infections). Both of those without leucocytosis and 2 of the

others proved fatal. The counts were 35,000, 38,000, 8,200, 4,000

and 6,000. The neutrophiles were not increased as much as in

ordinary leucocytosis. Tilrck records a case with but 1,600 leuco-

cytes despite lobar pneumonia, and Kohler mentions several similar

cases.

Bronchitis (severe) and Bronchopneumonia—4 cases, 3 showed

leucocytosis (16,600, 17,200, 18,200).

8. Periostitis—3 cases with leucocytosis reaching 22,000, 17,600,

and 13,000 (only 72 per cent of polynuclear cells in first case).

9. Submaxillary Abscess (streptococcus) with a maximum count

of 18,200 which developed late in the course of the process. In

another case with perforation peritonitis, the submaxillary abscess

(staphylococcus and typhoid bacillus) did not produce any rise in

the leucocytes.

10. Otitis Media—2 cases with leucocytosis of 15,600 and 11,800

(maximal). I have had 10 cases with maximal counts of 16,400,

14,000, 11,200.

11. Parotitis—3 cases, no leucocytosis in 2; in the other 30,500

(general infection with the staphylococcus aureus found at autopsy).

12. Perirectal Abscess—25,100 leucocytes. In one of my cases

(moribund) a large ischio-rectal abscess developed without produc-

ing any leucocytosis.

13. Pericarditis (dry)—11,500 leucocytes.

14. Bed-sores (3)—16,000 leucocytes (average)

15. Conjunctivitis—9,330 leucocytes (polynuclear cells 74 per

cent)

.

16. Cholecystitis—3 cases, all showing leucocytosis; 28,500,

21,200, and 14,400 (maximal).

17. Cystitis—3 eases, 1 with marked leucocytosis; 18,000.

18. Urethritis—3 cases, 1 with 13,700 leucocytes, of which 5.5

per cent were eosinophiles.

19. Tuberculosis (pulmonary )^—1 case with 14,200 leucocytes,

of which only 55 per cent were polynuclear. Ttlrck records a simi-

lar case with a normal leucocyte count. Pregnancy and peripheral

neuritis seemed to have no especial effect on the blood.
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Qualitative Changes.

Red Corpmclcs.—Tlirck notes " the relatively frequent presence

of marked differences in the size of the red cells with very numer-

ous dwarf forms; occasionally poikilocytosis and polychromato-

philia," i.e., the changes common to all varieties of secondary

anaemia.

White Cells.—Thayer's extensive and painstakirig studies are

exhibited in the following table

:

Table XII.



206 SPECIAL PATHOLOGY OP THE BLOOD.

point being reached at the end of the pyrexia. This is an absolute

diminution.

2 A relative increase in the lymphocytes, especially the larger

fovms; absolutely their number is not much changed.

3 A reduction (relative and absolute) of the eosinophilic cells

during the pyrexia followed by an increase in convalescence, which

may amount to a considerable eosinophilia.

Turck's results are practically the same. He adds that eosino-

philes may actually disappear from the blood at the height of the

disease, and considers that their reappearance or increase previous

to defervescence augurs a relatively short course for the fever, and

(aside from the occurrence of complications) a good prognosis.

Myelocytes and Beizungsformen were occasionally present in his

preparations, even in a case with a leucopenia of 4,200 and but 52

per cent of polymorphonuclear neutrophiles.

Naegeli {Beut. Arch. f. Jdin. Med., vol. Ixvii., p. 279) has

made a most careful study of fifty cases with fifteen to twenty

observations in each. His conclusions are

:

I. In the first week, during the " step-ladder " ascent of fever,

there may be a slight polynuclear leucocytosis.

II, The second and third weeks are characterized by leucopenia,

with a marked diminution of polynuclears, slight diminution of

lymphocytes, and absence of eosinophiles.

III. In the " period of steep curves " eosinophiles reappear, lym-

phocytes increase.

IV. Convalescence : Polynuclears reach their minimum while

lymphocytes and eosinophiles rise above normal. It takes about

two months for the blood to return to normal. All these changes

are more marked in children. Naegeli considers the eosinophiles

of importance in prognosis, and considers that in complications

the polynuclears should rise. If they do not the prognosis is poor.

Itolner {Deut-. Arch. f. klin. Med., 1898, vol. xl., p. 221) found

that in cases complicated by pneumonia or otitis, the leucocytes

were sometimes increased and sometimes diminished.

lodophilia occurs in a small proportion of the polynuclear cells'

at some time during the course of most cases of typhoid fever, espe-

cially on the second and third weeks.
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Summary.

1. The red cells suffer to the extent of about 1,000,000 in the

course of an average case, the reduction taking place gradually,

and being most marked at the end of defervescence in most cases

Svreating, vomiting, or diarrhoea may cause considerable transient

elevation in the count of red cells, while sudden losses follow intes-

tinal hemorrhage. Occasionally a very severe post-febrile anaemia

occurs, the red cells being reduced nearly to 1,000,000 with the

qualitative changes of a grave secondary anaemia. In most cases

the qualitative changes are slight.

2. Haemoglobin, as in most cases of anaemias, suffers somewhat

more than the number of red cells.

3. The number of leucocytes is subnormal throughout the dis-

ease, averaging about 5,000 at its height, though much lower figures

are common. This leucopenia progresses with the severity and

duration of the infection. Cold baths cause an immediate transient

increase in the number of leucocytes in the peripheral circulation,

an increase which may amount to double or triple the number be-

fore the bath.

Differential cou.nts show, during the febrile period, a progressive

diminution in the number and percentage of the polynuclear cells,

with a corresponding rise in the percentage of lymphocytes and

large mononuclear cells, and a great diminution or even disappear-

ance of the eosinophiles. In convalescence the percentage of eosino-

philes markedly increases, often before the other forms have re-

sumed their normal numbers.

4. Most complications, especially inflammations, produce a len-

cocytosis, but a particularly malignant infection may be followed

by no increase and even by a diminution in the number of leuco-

cytes. In many of the leucocytoses following complications the

percentage of polymorphonuclear cells does not rise.

Diagnostic Value.

There are few diseases (outside of those jinown as diseases of

the blood itself) in which the blood count is so often of value in

diagnosis. The diagnosis of typhoid fever is made by exclusion

—

exclusion of other causes of fever and of local inflammatory proc-

esses in particular.
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1 In this process of exclusion the blood is a most powerful

adjuvant, inasmuch as almost all local inflammatory processes have

leucocytosis, ivhile typhoid (uncomplicated) does not. I recall two

cases in which the chart and symptoms pointed to typhoid, but in

which tlie persistent marked leucocytosis directed attention to the

search for an inflammatory focus. . Both were at first unattended

with pain, tenderness, or other localizing symptom, but later signs

and symptoms began to point to the liver, from which pus was

evacuated by puncture. These cases of abscesses of the liver are

typical of the value of blood examination for any deep-seated sup-

puration. I have seen good clinicians puzzled for twenty-four

hours over the diagnosis between appendicitis and typhoid, but the

indication of the blood count was always fulfilled. Pysemic or

septicsemic processes are usually distinguishable from typhoid by

the same test—the presence of leucocytosis in the former.

Of the value of the blood in distinguishing certain cases of pneu-

monia from typhoid I have already spoken on page 194.

2. Aside from local or general pyogenic infections perhaps the

disease most often confounded with typhoid is malaria. This is

especially the case in the southern part of this country, where for

want of proper blood examination the confusion of the two diseases

is indicated in such a term as " typhomalarial fever." Malaria and

typhoid are alike in having no leucocytosis, but the presence of the

malarial parasite is an absolute test and in marked cases is always

derisive. Very mild cases of malaria may show so few organisms

in the peripheral circulation that without prolonged search they

cannot be found, and in the severest types of all the organisms are

not very abundant. In the vast majority of cases, however, the

organism can be readily found and our diagnosis made certain.

3. Tuberculosis, local or miliary, if uncomplicated by any pyo-

genic organisms, cannot be distinguished from typhoid by the blood

count alone, as- neither disease shows leucocytosis, but here the

Widal reaction (see page 529) comes to our rescue.

A large proportion of lymphocytes is commoner ili typhoid than
in tuberculosis, but it may occur in either disease. In the majority

of cases, however, tuberculosis is complicated with septicaemia from
a secondary pyogenic infection, and is then easily distinguished by
the existence of leucocytosis.

4. Typhus fever has not been well studied and the reports of

its blood condition are contradictory. At present we cannot say
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whether or uot it can be distinguished from typhoid by tlie blood

examination. In most cases the absence of a serum reaction will

exclude typhus.

5. Two cases of erythema nodosum with fever between 101° and

103° gave me trouble in diagnosis lately. In both the blood was

normal and differed from typhoid only by the absence of a serum

reaction. Thayer has reported a similar case {loc. cit., p. 630), in

which, however, there was a marked leucocytosis throughout.

6. Trichiniasis may run a course quite indistinguishable clini-

cally from that of typhoid, but the presence in trichiniasis of a

leucocytosis with marked eosinophilia and the absence of Widal's

reaction will decide any case of doubt.

7. Most auto-intoxications (ptomaine poisoning) produce leucocy-

tosis, and can therefore be distinguished from typhoid.

8. Meningitis, especially in its epidemic cerebro-spinal form,

has many symptoms like those of typhoid, but it always produces

leucocytosis, and is never associated with Widal's serum reaction.

9. From influenza typhoid cannot be distinguished by the blood

count, as neither of them produces leucocytosis. Here the blood

gives aid only through the serum reaction.

10. Acute Infectious Dysentery may present (especially in the

tropics) many features that remind us of typhoid. As a rule it

produces no leucocytosis, but it is distinguishable from typhoid by

the presence of Widal's reaction in the latter.

The occurrence of complications in typhoid may mask its char-

acteristic blood changes so as to make the blood useless in diagnosis;

but in most early cases, in which the diagnosis is especially impor-

tant and difficult, the blood shows no leucocytosis and is therefore

of great value in the exclusion of other diseases.

Prognosis.

In prognosis Naegeli {loc. cit.) agrees with Ttlrek in regarding

the persistence or early reappearance of eosinophiles as a favorable

sign, and believes that a normal number of polynuclear cells is a

good sign when the outlook is more serious, if the leucocyte count

is very low and does not increase during complications.

14
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DIPHTHERIA.

Bacilli of diphtheria in the circulating blood are practically

never to be found.

The speciiic gravity, according to Grawitz, is above normal at the

height of the disease. He obtained the same result experimentally

by injecting cultures of the Klebs-LofBer bacillus into dogs and

rabbits. He concludes that the poison of the disease is lympha-

gogic and so concentrates the blood.

Bed Corpuscles.—Morse's ' investigations show an average of

5,100,000 in twenty cases counted during the first week of the dis-

ease and of 6,160,000 in 10 cases during the second and third week

of the disease—practically normal figures.

These are the first systematic '' investigations of the red cells in

diphtheria and are confirmed by the reports of Ewing, Engel, and

Billings. The latter observer in counts made in seven cases during

the first five days of illness found an average of 5,600,000 -f- red

cells per cubic millimetre. During the first five to ten days after

this, the same cases showed an average loss of 510,000 cells per

cubic millimetre; five out of the seven showing considerable losses,

two remaining about the same. These were cases treated without

antitoxin. The two cases showing no loss of red cells were both

very mild, one having no membrane at any time. The diminution

ranged from 470,000 (third day) to 2,040,000 (sixth day). As a

rule no diminution can be made out until after the third or fourth

day.

Out of twenty-three cases treated with antitoxin and each

counted several times over, only three showed any considerable

diminution in the red cells and these lost less than 400,000 each,

not much beyond the limit of error (200,000) allowed for by the

investigator, and all of them severe cases. Six patients who were
anaemic when admitted (average = 4,640,000) showed a steady rise

in the red cells as the disease (treated with antitoxin) progressed.

It is evident from these figures that antitoxin largely prevents

the ansemia which usually develops in the first five to ten days. In

cases not treated with antitoxin the regeneration from the result-

ing anaemia is slow. Healthy individuals injected with antitoxin

' Boston Medical and Surgical Journal, March 7th, 1895.
'' Earlier reports are faulty as to technique.
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showed a very moderate reduction in the red cells in about one-half

the cases, the greatest loss being 932,000 per cubic millimetre (fif-

teen cases counted by Billings).

Qualitative Changes.—Billings' careful study of stained speci-

mens showed no deformities in size or shape and no nucleated red

cells, but Eugel has found normoblasts. Polychromatophilic red

corpuscles were very few in the eases in which antitoxin was used,

but more numerous when it was not used.

HcBmoglohin.—Here again the most thorough investigations are

those of Billings. In cases treated without antitoxin there was an
average loss of ten per cent, regained in part during convalescence,

but as usual reaching normal later than the count of corpuscles.

When antitoxin was given, the diminution of haemoglobin was less

marked, but when the decrease did occur the return to normal was
slow compared to that of the red cells, even when the patients were

up and about and apparently well.

White Gorjpuscles.—Leaving out the older observations in which

the technique was probably faulty, the principal investigators are

Morse, Ewing, Gabritschewsky, Billings, File, and Engel.

All agree that a considerable leucocytosis is present in most

cases—34 out of 36 of Billings' cases, 26 out of 30 of Morse's (the

latter made but one count in each case), 49 out of 63 of Ewing's.

In a general way, the severest cases show the greatest leucocytosis,

but it does not follow the pulse, temperature, nor the extent of the

membrane, and " the ordinary clinical examination of the patient is

of much greater value in . . . prognosis . . . than any informa-

tion to be gained from the examination of the blood. The latter

is simply confirmatory, never indispensable " (Billings). Morse's

conclusions are the same, although he considers that with notable

exceptions the amount of membrane is a rough measure of the

degree of leucocytosis. He finds no correspondence between the

glandular swellings and the degree of leucocytosis, though he noted

that "in the fatal ' septic ' cases with greatly enlarged glands," very

high counts were present. Other cases with little or no enlarge-

ment of glands showed equally high counts, however.

Ewing's 4 cases without leucocytosis were all mild, but of Bil-

lings' 2 cases without leucocytosis one was the severest of his whole

series, while the other was mild. Of Morse's 4 cases without leuco-

cytosis 3 were mild and 1 was severe. Gabritschewsky' s 14 eases

all showed leucocytosis.
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Putting the results of these four observers together we see that

when leucoeytosis is absent the cases are either very mild or very

severe, conditions analogous to those to be noted in pneumonia and

septicaemia. The counts in recent epidemics range from normal to

48,000 (Morse) or to 38,600 (Billings). Felsenthal ' found 148,229

per cubic millimetre in one case, and Bouchut's '•' counts are often

over 75,000.

In a general way the counts rise while the disease progresses and

fall gradually as improvement goes on, disappearing after the mem-

brane. " The leucoeytosis is well marked by the third day and very

likely earlier" (Morse). Billings found an increase after one day's

illness, but usually less than was present later in the disease; one

of his cases, however, had a higher count on the first day of the

disease than on any subsequent day, though no antitoxin was

given.

The injection of antitoxin has apparently no effect upon the

leucocyte (strange to say) except in the first twenty-four hours after

its use. Immediately

—

i.e., within thirty minutes after an injec-

tion—the leucocytes are stated by Ewing to be considerably dimin-

ished, but the leucocyte curve does not reach normal any sooner

than in cases in which no antitoxin is given, although it begins to

fall in the majority of cases after the injection. The same thing

(according to Billings) takes place without antitoxin.

The leucocytes of healthy persons are likewise unaffected by

antitoxin injections.

Qualitative Changes.—All authors agree that in most cases the

neutrophiles are increased. Morse found an average of 80 per cent

in 26 of his 30 cases. Of the other 4, 1 was normal and 3 were

subnormal (58, 69, and 69 percent); 2 of these were convalescent,

the other had been sick a week and had 12,000 white cells per cubic

millimetre. A marked lymphocytosis was present in 2 of Ewing's
63 cases, 43,200, and 13,950 absolute.^ In Billings' cases the

.polymorphonuclear varieties averaged 80 per cent and the lympho-
cytes 19 per cent, the eosinophiles being reduced to 1 per cent on
the average and often being entirely absent. With Morse eosino-

philes averaged 2 per cent.

' Archiv f. Kinderheilk., vol. xv., p. 78, 1893.

••'Comptes Rendus, 1877, Ixxv., No. 3.

^ In a case of Rieder's, aged three years, the lymphocytes rose from 19
per cent during the fever to 64 per cent in convalescence.
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The proportion of polymorphonuclear cells is usually direebly

proportional to the total increase of leucocytes.

Ewing thinks that " the staining reaction of the leucocytes is an

accurate measure of the severity of the diphtheritic infection," and

this staining reaction he finds increased in favorable cases by the

injection of antitoxin.

Billings did not find any such changes in " staining reaction,"

though he claims to have carefully followed out Swing's procedures.

Pitkianen ( Gas. din. de Botkin, 1901, p. 1033) states that in

unfavorable cases the eosinophiles disappear by the third or fourth

day, and the percentage of polynuclears is persistently elevated.

If the eosinophiles are constantly to be found, the prognosis is

good. In convalescence they rise above normal. He contrasts the

presence and steady increase of these cells in scarlatina with their

diminution in diphtheria (until convalescence) and considers the

difference to be of diagnostic value.

Engel ' found that antitoxin at first slightly increased the per-

centage of lymphocytes, and sometimes this increase was very

marked. In one case the lymphocytes increased from 24 to 65 per

cent after antitoxin.
\

The point on which be specially insists is the presence of con-

siderable numbers of myelocytes in fatal cases.

Of the patients examined by him 17 died, and 9 of these had

from 36 to 168 myelocytes in every one thousand leucocytes.

Myelocytes were also present in some of the patients who recovered,

but in smaller numbers (1.3 to 1.6 per cent).

In one case he found on the third day of the disease 4.3 per

cent of myelocytes, and from this point the percentage gradually

rose to 13.8 per cent, and then fell, there being 1.7 per cent pres-

ent at the time of death. An abscess occurring in the case showed

only the usual polymorphonuclear leucocytes in its contents. He
concluded that a large percentage of myelocytes is a bad prognostic

sign in any case.

Myelocytes are not mentioned in any of the numerous differen-

tial counts made by Gabritschewsky, Ewing, Morse, and Billings,

so that Engel's observation is so far unique.

lodophilia is usually present.

1 Gesellsch. f. innere Med., Berlin, July 6th, 1896.
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Summary.

1. Moderate anaemia, especially in cases treated without anti-

toxin. Eegeneration is slow.

2. Leucocytosis, very roughly parallel to the severity of the

disease, unaffected by antitoxin treatment, gradually decreasing as

the disease passes ofE, sometimes absent in very mild or very severe

cases.

3. Polymorphonuclear leucocytes much increased during febrile

stages, often diminished in convalescence.

4. Myelocytes numerous in some severe cases.

The blood examination has no diagnostic value so far as I can

see; in prognosis the absence of leucocytosis (except in obviously

mild cases) and the presence of many myelocytes are apparently

bad signs.



CHAPTEE IV.

ACUTE INFECTIOUS DISEASES (CONTINUED).

SCARLET FEVER.

Hbubner ' noted hsemoglobinsemia in one ease. Fibrin is not

increased even at the height of the fever, provided inflammatory

complications are absent.

Red Cells.—Very little is to be found in literature upon the sub-

ject. Kotschetkoff " noted a gradual diminution of the red cells to

about 3,000,000, regeneration taking place in the course of not less

than six weeks. Other observers have found little or no anaemia.

Hayem '' estimates the average loss of red cells at 1,000,000. In

mild cases he finds the lowest figures on the first day of normal

temperature. In severer cases in which the fever comes down
slowly, the red cells may not reach their minimum till twenty-four

hours after the normal temperature is regained.

Felsenthal * in six cases found the count to be 4,500,000 to

5,500,000—no considerable variation from normal.

Zappert " in six cases found it to be from 3,920,000 to 4,500,000,

an average of 4,150,000. Normoblasts are occasionally seen—as

in one of Ttirck's cases, and the normal variations in size and shape

are exaggerated.

White Cells.—Most observers are agreed that leucocytosis is the

rule, contrasting in this respect with measles, in which no leucocy-

tosis occurs. The increase attains its maximum two or three days

after the eruption. In light cases it may sink to normal even be-

fore the fever is gone, while in severer cases it may persist several

days after normal temperature is reached. Von Limbeck had a case

in which the leucocytosis persisted for twelve days after the tem-

' Deut. Arch. f. klin. Med., vol. xxiii.

«Ref. in Petersburg, med. Woch., 1893, 1.

^ Loc. cit., p. 914.

"Arch. f. Kinderheilk., 1892, p. 80.

6?eit. f. klin. Med., 1893, p. 392.
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perature had become normal. Forty thousand per cubic millimetre

is Dot unusual in well-marked cases. Eieder's ten cases averaged

17,500; Felsenthal's six counts were between 18,000 and 30,000.

My own are similar.

In a general way the severest cases are apt to have the highest

leucocyte counts; the figures have no direct relation to the amount

of fever, glandular swelling, or to complications in the ear or

kidney.

Van den Berg (Archiv fur Kinderheilk., 1898, vol. xxv., p. 321)

in 12 cases found the red cells in uncomplicated cases usually

above 4,000,000. Endocarditis or nephritis, he found, reduces the

erythrocytes and haemoglobin very rapidly, and in some cases as

low as 2,000,000 with 25 per cent hsemoglobin.

The leucocytes averaged about 17,000, but 2 cases exceeded

30,000; the increase lasted from twenty to thirty days.

Mackie {Lancet, 1901, vol. ii., p. 625) found leucocytosis in

each of 25 cases, one case reaching 93,300; but in no case was the

leucocytosis present until the day after the appearance of the rash.

Rechzeh {Zeit. f. Idin. Med., 1902, p. 107) studied ten cases

and noticed as a rule no changes in the number of red cells nor in

the haemoglobin. Poikilocytosis and erythroblasts were occasion-

ally noticed. The leucocytosis he found to run parallel with the

fever curve, reaching the highest figures when the rash was at its

worst, and then rapidly falling.

Eegardiug the percentages of the different leucocytes he con-

firms the findings of earlier writers.

Sacquepee (Arch.f. Med. Exp., 1902, p. 101) made 50 counts in

14 cases and reached the following conclusions

:

1. About the third day of the illness there is a marked and

sudden rise in the absolute and relative number of polynuclear with

a slight absolute increase of lymphocytes. This raises the total

leucocyte count often to 20,000, once to 31,000; 85 to 90 per cent

of this increase is made up by the polynuclears. This increase

rarely lasts beyond the seventh day, and by the twentieth day the

total count is generally subnormal. There is no parallelism be-

tween the count and the severity of the disease.

2. Beginning about the fourth day, there is an eosinophilia

(highest, 13 per cent or 1,950 per cubic millimetre) which falls very

slowly so that even in the third or fourth week the eosinophiles are

above normal.
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. 3. In the second week there is a slight absolute increase of

lymphocytes.

4. Streptococcus complications raise the number of polynuclear

cells and depress the eosinophile count.

Qualitative Changes.—The polymorphonuclear forms are in-

creased, often to ninety per cent, soon falling except in the worst

cases. The peculiar characteristic of the disease is the persistence

of eosinophiles in all but the severest cases despite the increase of

polymorphonuclear forms. The only other infections of which this

is true are tetanus and acute articular rheumatism. They may run

as high as five per cent during the fever, and are still more numer-

ous in convalescence, remaining increased for six weeks. According

to Kotschetkoff, disappearance of eosinophiles is a bad prognostic

sign except at the very beginning of the fever, when they may be

temporarily absent in favorable cases. Presumably they have some

connection with the exanthem, eosinophilia being so common in

connection with skin lesions. They may number 15 to 20 per cent

of the leucocytes in convalescence (Bensaude). Ttirck reports 14.

3

per cent (1,800 absolute) in one case and 13.3 (800 absolute) in

another. Felsenthal's average is 5 per cent; Zappert's, 3 per cent.

The lymphocytes are decreased proportionately to the severity of

the case, the worst cases showing only 2 to 4 per cent.

An increase of eosinophiles during a scarlatinal nephritis is re-

garded by Neusser and his pupils as a favorable sign, and their

absence as ominous. In ordinary cases without nephritis they reach

their maximum in the second or third week and are not normal till

the sixth. In the active stages of the disease myelocytes, transi-

tional neutrophiles, and " stimulation forms " occur.

Summ,ary.

Slight ansemia.

Leucocytosis beginning just after the eruption and often lasting

about a week.

Eosinophiles increased from the fourth day until late in conva-

lescence.

Diagnostic and Prognostic Value.

1. The chief importance of the blood examination is in distin-

guishing the disease from measles and the eruptions of other dis-

eases. Measles has no leucocytosis.
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2. Whether the prognostic significance attached by Neusser a^d

others to the percentage of eosinophiles is genuine or not, cannot

as yet be positively stated.

MEASLES.

In mild cases the blood shows no changes at all. When bron-

chitis, coryza, and conjunctivitis are very marked, fibrin may be

increased.

Bed Cells.—In mild cases no change—never over 400,000 or

500,000 red cells are lost (Hayem). Felsenthal's eight cases

showed counts of 5,000,000 to 6,500,000.

White Cells.—There is no leucocytosis, often a leucopenia dur-

ing the eruptive stage. In convalescence the lymphocytes and

especially the large mononuclear forms are increased. Felsenthal

in eight cases found the count normal or diminished. Pee found

but 4,000 in a case with a fever of 102.7°. Rieder's eight cases

averaged 7,500, being lowest at the height of the disease and increas-

ing as fever passed off. Complication with catarrhal pneumonia or

a very bad bronchitis and coryza, may slightly raise the count.

The eosinophiles, contrary to the example of scarlet fever, are often

diminished during fever.

Combe {Arch. deMed. d. Enf., 1895, vol. ii., p. 345) found in

the incubation (never later) a polynuclear leucocytosis. As the

rash appears this leucocytosis disappears and leucopenia takes its

place.

Plantenga (ibidem, March, 1903) confirms these findings in

twenty-nine cases. A " distinct and constant leucocytosis " occur-

ring in incubation and rising as high as 20,000 with 75 per cent of

polynuclear cells gives way to leucopenia when the rash comes out.

The eosinophiles are diminished or absent during the fever.

Eenaud (These de Lausanne, March, 1900) also confirms Combe's
findings and thinks the pre-eruptive leucocytosis of diagnostic value.

This increase and the subsequent decrease concern wholly the poly-

nuclear cells. He generalizes from six cases.

Courmont studied also six cases (Gas. des Hop., 1901, p. 1001)
and agrees in the main with Eenaud but finds some polynucleosis in

theweruptive stage. Myelocytes (he agrees with Weil) are absent.

In measles occurring in adults Courmont finds a slight polynuclear

leucocytosis at the outset, and in this he agrees with Weil
(
These

de Paris, " 1900, four cases).
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Eechzeh {loo. cit.) in ten cases got practically similar results,

and was struck with the fact that the blood presents a picture

almost the opposite of that in scarlatina.

Tileston {Boston Med. and Surg. Jour., 1904) in twenty-five

cases found no leucocytosis in the prodromal or eruptive stages,

though the percentage of polynuclear cells was usually increased.

Later this increase was replaced by a slight increase in the lympho-

cytes. Eosiiiophiles and blood plates were diminished until conva-

lescence, when the former became normal or slightly increased.

All complications produced leucocytosis, and in every case the occur-

rence of leucocytosis could be explained by a complication.

The Massachusetts General Hospital records furnish the follow-

ing counts in eleven cases

:
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MUMPS.

Seven cases of mumps under my care showed no leucoeytosis.

One case with orchitis showed 19,400 leucocytes and 90 per cent

hsemoglobin on July 1st; 14,600 leucocytes on July 3d, and 17,000

July 5th.

Sacquepee (loo. cit. ) records 30 counts in 15 cases. At the be-

ginning of the disease he finds in about one-half the cases a slight

increase in the total count (highest 13,600) 10 cases had never more

than 12,000. The increase is largely in the lymphocytes. The

polynuclears averaged 54 per cent, and in 2 cases were 16 per cent

and 25 per cent, respectively. The eosinophiles averaged 0.7 per

cent (subnormal). In 5 cases with orchitis he found a polynuclear

leucoeytosis (10,000 to 18,000).

WHOOPING-COUGH.

Meunier (^Archives d. Maladies de VEnfance, April, 1898) re-

ported studies in 102 cases of whooping-cor gh. Lymphocytosis is

early and constant. The counts average 22,700 in the cases exam-

ined during the catarrhal stage and before the advent of typical

" whoo^Ding " paroxysms. In the paroxysmal stage the leucocytes

average 40,000—the maximum being 61,250. In infants under four

years the leucoeytosis is far more intense than in older children.

After the fourth year the count runs from 12,000 to 18,000. All

the varieties of leucocytes are increased, but the lymphocytes are

relatively as well as absolutely increased—a true lymphocytosis

perhaps due to stimulation of the bronchial lymph glands. The
increase begins in the earliest stages of the disease before the cough

begins and persists into convalescence.

JVIeunier found no such changes in the blood of cases of bronchitis

or tracheitis, and suggests that the blood count may be of use in the

investigation of doubtful epidemics in schools or hospitals. Cima
{Pedriatria, 1899, No. 9), Stengel and White

( Univ. Penn. Med.

Bull., November, 1901, and De Amicis and Pacchioni {Clin.

Medica, 1899, vol. iv., p. 103) confirm these observations, though

in their eases the average lymphocytosis was somewhat less

—

17,900.



SMALLPOX. 221

The following cases exemplify these rules (see also page 193).

Table XIV.—Whooping-Cough.

Age.
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In hemorrhagic cases the anaemia comes on more quickly, its

degree depending on the amount of hemorrhage. In one patient,

dying on the seventh day of the eruption, Hayem found but 2,000,-

000 red cells, in another at the same stage, 4,600,000.

Fibrin is not increased until the stage of suppuration is reached.

Leucocytes.

In Pick's report on 42 cases no leucocytosis is recorded until the

appearance of vesicles.

Elaborate studies in the blood of smallpox have lately been pub-

lished by Weil,i and by Courmont and Montaguard." These studies

are concerned especially with the leucocytes. In Weil's series of

36 cases the counts ranged between 6,000 and 10,000 in 6 cases,

between 6,000 and 13,000 in 13 cases, exceeding 15,000 in 9 cases,

exceeding 20,000 in 3 cases, 25,000 in 3 cases, 30,000 in 1 case,

35,000 in 1 case.

One case ranged from 3,000 to 6,000 during the whole course of

the disease, except on the day of vesiculation (24,000), but this is

very rare, and the leucocytes are usually increased from the begin-

ning. The increase is usually most intense at the time of vesicula-

tion, and from that time does not vary notably until after pustulation

when it slowly declines until in convalescence a subnormal count is

reached. In hemorrhagic cases the increase is usually less marked.

A sudden drop in the leucocytes count may occur in the fatal

suppurating or hemorrhagic form. For example, in two fatal sup-

purating cases the leucocytes dropped from 24,000 and 18,000 to

6,200. In one hemorrhagic case ou the dying day counts of 6,200,

6,000, and 4,400 were recorded. A sudden drop in the leucocytes

is then a bad prognostic sign (from this opinion Courmont and

Montagnard dissent).

Complications occurring in convalescence produce a second rise

in the leucocytes.

Qualitative Changes.

The most significant fact in the blood of variola, according to

the writers already quoted, is the increase in mononuclear cells.

The percentage of polynuclear cells, instead of being increased as in

most infectious diseases, is from the outset diminished (i.e., 40 to

60 per cent), and may go as low as 14 to 20 per cent. Eosinophiles

' Soc. de Biol., June 39th, 1900.

' Soc. de Biol., June 32d, 1900; July 6th, 1900.
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range from normal (1-3 per cent) at the beginning of the disease,

downward. They are lowest just before desquamation. In conva-

lescence they are often slightly increased.

Among the " mononuclear cells " the increase of which is held

by Weil to be characteristic of the disease are

:

(a) Small lymphocytes, 30-40 per cent.

(S) Large mononuclear, 4-10 per cent.

(c) Myelocytes, 2-10 per cent (even 25 per cent in hemorrhagic

cases).

(d) Ttlrck's " Reizungsformen," 2-10 per cent.

During suppuration and desiccation the mast cells are sometimes

increased (5 per cent). The abnormal leucocytes—(c) and (d)

above—are present from the very beginning of the disease and form

a very characteristic part of the blood picture. They persist through

pustulation and diminish only in convalescence. They are present

in mild varioloids as well as in severe variola. Complication (pneu-

mococcus or streptococcus septicsemia) do not materially modify the

blood picture, unless they occur late in convalescence. In conva-

lescence a polynuclear leucocytosis may result from suppurative

complications.

Diagnostic Value.

In excluding scarlatina, measles, purpura, syphilis, erythema

multiforme, the blood is conclusive. Varicella, on the other hand,

produces changes in the blood which are precisely of the same

type as those of variola, though less in degree.

VARICELLA (CHICKEN-POX).

.The first observation of which I am aware is that reported by

Engel.i In a child of five he found during the height of the pus-

tular stage a moderate leucocytosis, with 67 per cent of neutrophiles

(high for a young child), and no eosinophiles. Three days later,

as the pustules were healing, the neutrophiles had sunk to 47 per

cent (normal for that age) and the eosinophiles had risen to 16 per

cent.

Nobecourt and Merklen {Journ. de Phys. et Path. Gen. , May,

1901) studied 15 cases and found in 10 of them a normal or subnor-

mal leucocyte count and in 6 a very slight increase (highest =
14,500).

' 15th Cong, fiir innere Med., 1897.
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The polynuclear cells were increased in 6 and diminished in 7.

The eosinophiles were always scanty; 5 of the patients showed

myelocytes, one as high as 12.5 per cent. On the whole the blood

seeins not to be distinguishable from that of variola, although in

most cases the total leucocyte count and the percentage of myelo-

cytes are higher in variola.

Stengel and White (loc. cit.) found no leucocytosis in 2 oases,

12,800 in a third, and 19,200 iu a fourth, which later developed

pneumonia.

ACUTE ARTICULAR RHEUMATISM.

According to Hayem and Garrod ' the blood constitutes, as in

syphilis, a most valuable measure of the intensity of the sickness,

which is parallel to the severity of the blood-changes rather than to

the number of joints affected. The fever, the intensity of the

lesions, and the state of the blood run parallel, in a general way,

but the degree of anaemia is a more delicate index of the patient's

condition than even the temperature chart (Garrod).

The Blood as a Whole.

Fibrin is greatly incl'eased. In no other disease except in pneu-

monia is the network thicker or more rapid in formation. Accord-

ing to Maclagau, this is to be explained by an increase of tissue

metamorphosis. Coagulation, on the other hand, is not quicker,

bat slower than usual.

Lactic acid is present in excess, but cannot be clinically esti-

mated, nor is its excess peculiar to this disease.

The alkalinity of the blood had been reported diminished, but

the technique is not considered reliable by the best observers.

Red Cells.—Hayem'' and Osier'' state that the poison of acute

rheumatism is a powerful and rapid destroyer of red cells. In

acute cases, according to Hayem, the red cells lose at least 1,000,000

of their number, and in cases which drag along and relapse the loss

is from 1,500,000 to 2,000,000. When an attack is cut short by
salicylate treatment the drain on the corpuscles is stopped. TUrck's

careful studies led him to the same conclusions. Red cells and
haemoglobin are always markedly diminished during the fever, the

haemoglobin especially, and after the attack a post-febrile anaemia

of varying severity is always left.

' British Medical Journal, May 28th, 1892.

^ Loc. cit.
, p. 91 7.

*
" Practice of Medicine." 1895.
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So far as my experience goes, this diminution does not seem to

occur in all cases. Many of my cases had been sick some weeks

before the time when the count was made, yet the counts are not

very low. The average count of red cells in the whole group of

cases is 4,300,000. The lowest counts were 2,528,000 with 45 per

cent of haemoglobin, 3,248,000 with 45 per cent of haemoglobin,

3,456,000 with 50 per cent of haemoglobin, 3,332,000 with 45 per

cent of haemoglobin, 3,468,000 with 36 per cent of haemoglobin,

3,440,000 with 26 per cent of haemoglobm, 3,608,000 with 40 per

cent of haemoglobin. Only 13 cases below 4,000,000 are recorded

out of 113. McCrae ' in 69 cases found the average to be 4,532,000

at the beginning of the disease and observed no diminution during

the later course of most of the cases.

Qualitative Changes.—Maragliano's so-called degenerative

changes in the red cells have been observed in this disease, but

are not very marked. Turck found erythroblasts in about a

quarter of his cases. Deformities in the red cells are usually

slight.

Hcemoglobin.—As in all secondary anaemias the coloring matter

is diminished more than the count. The average haemoglobin per-

centage in this series is sixty-three, and the color index .73.

McCrae (loo. cit.) states the average of haemoglobin in 77 cases as

66 per cent, a figure practically identical with mine. The most

marked change occurring in any case was a loss of 20 per cent in 12

days, the count of red cells being unchanged.

Leucoflytes.—All observers agree that leucocytosis is the rule and

that its degree is roughly parallel to the acuteness and severity of

the attack (the individual's vigor of reaction is always a factor) and

the amount of fever. Tiirck insists that complications (pneumonia,

pericarditis, pleurisy) are present whenever the count rises over

20,000, and in this he is supported by Ewing. No such complica-

tions were discovered in many of the cases of Table XV. which exceed

20,000, but this table shows that in 80.6 per cent of 243 cases the

leucocytosis was under 18,000. McCrae's average in 83 cases is

11,700; mine in 243 cases is 13,800. In 29 of his cases the count

was 10,000 or less. The remaining 54 cases average 14,260, or

15,380 if the highest count is taken in each case. There were 17

cases with over 15,000 leucocytes, 4 with over 20,000, and 1 of

38,000. All cases complicated with pericarditis showed leucocy-

1 McCrae: f. Am. Med. Ass., January 24th, 1903,

15
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tosis, but no constant connection between leucocytosis and en-

docarditis.

Rogers ' noted leucocytosis (13,500 to 65,000) in 21 out of 23

cases. The following tables illustrate the variations of the leuco-

cytes in a fairly typical way

:

Table XV., A.

—

Acute Articular Rheumatism.

Age. Duration
Degree of

inflammation.
Bed
cells.

White
cells.

§S.SoBS Remarks.

21
20
59
20
33

Adult.
19
7
23
23
49
46
21
37
21
32
13
12
8

20
22
19
41
9
47
25
18

19
19

32

37

30
47
27
17
27
28
33
42
33
26
10
20

Adult.
29
30
28
14
23

5 weeks.
""?""

?

2 weeks.
?

?

?

?
i weeks.

?

Iday.
2 weeks.

Iday.
3 days.
2 months

?

?

Red and hot
?

?
?

?

Tender and hot.
?

Red and hot.

V

Red and hot

.

Bed and hot

.

Red and hot

Red and hot
Tender and hot..
No redness or
heat.

1 month.

4 weeks.
3 days.
1 week.

10 days.

4 weeks.

3 weeks.

9 weeks.

Swollen and ten-

der.

Very slight ..

Hot and red

.

Some joints hot..

4,160,000
3,832,000
5,476,000
4,392,000
4,852,000
4,216,000
3,248,000
4,184,000
3,792,000

5,192,000
4,800,000

4,934,000
3,944,000
5,224,000
4,600,000
4,833,000
4,880,000
4,400,000
3,972,000
4,872,000
5,336,000
4,760,000
4,397,000
4,240,000
4,750,000
4,850,000
4,156,000

4,172,000
4,580,000
4,720,000
3,456,000
5,440,000
4,320,000
4,128,000
5,320,000

4,160,000
4,288,000
3,580,000
4,600,000
4,200.000
4,888,000
5,480,000
3,882,000
4,058,000
4,728,000
4,312,000
3,468,000

4,716,000
3,608,000
3,768,000
4,104,000
3,440,000
4,412,000
4,240,000
2,528,000

31,500
27,800
27,000
26,000
24,500
21,000
20,000
19,800
19,600
18,300
17,700
17,400
17,000
16,800
16,000
15,800
1.5,200

15,000
15,000
15,000
15,000
14,500
14,500
14,386
14.000
14,000
14,000

14,000
13,500
13,200
13,000
12,800
12,750
12,660
12,500

13,000
12,000
11,600
11,500
11,500
11,300
11,000
10,400
10,200
9,400
9,100
9,000
8,000
7,000
6,800
5,.500

4,700

65
45
94
50
76
56
45
60
45
70

55
45
58
68
57
65
56
50
58
30
75
40
60
75
72
54

70
64
65
50
55
68
65
65

65
65
70
60
50
80
45
50
40
45
36
50
40

58
26
60
46
45

Knees and one ankle.

Patient pale.

Died.

Third day.
Temperature, 108°.

Paronychia also.

Cheeks rosy.

Temperature 102'.

Severe case.

Seventieth day.

Hands alone involved.

Mitral regurgitation.

Fourth relapse.
Speclflc gravity, 1.040.

Twenty-second day.

'Rogers: Lancet, September 6th, 1903.
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Table XY., B.—Acute Articular Rheumatism with Complications.

No.
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Table XV.. C—Acute Articular Rheumatism.

White Cells. Cases.

Between 6,000 and 8,000 11

8,000 " 10,000 30

10,000 " 13,000 39

13,000 " 14,000 35

" 14,000 " 16,000 45

16,000 " 18,000 36

18,000 ' 30,000 18

" 20,000 " 23,000 8

22,000 " 24,000 6

24,000 " 26,000 7

36,000 " 28,000 2

30,000 " 32,000 3

38,000 " 40,000 3

243

Table XV., D.

—

Subacute Articular Rheumatism.
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Table XV., D.—StTBACUTE Articulak Receumatibm {Continued).

I
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Table XV., E. "Muscular Rheumatism."

No.
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cided by the blood examination was between malaria and "rheuma-
tism." The leucocytes were 23,600 per cubic millimetre, which
made it clear that the case was neither malaria nor "rheumatism,"
since the former never increases the leucocytes and the latter could
give so high a count only in case genuine articular inflammation
were present. The case turned out to be croupous pneumonia, which
the high leucocyte count strongly suggested.

Case II.—The patient presented symptoms and signs of acute
polyarticular rheumatism with fever. The fever came down under
salicylates, but soon rose again, and the man became wildly de-

lirious. His delirium persisted after the salicylate was stopped.
Several joints continued swollen and tender. The fever was very
moderate, ranging between 99° and 101°. There were no rose spots

and no enlarged spleen. Tlie question arose as to whether it was a
case of sepsis with localization in the joints, or whether it was a

case of typhoid supervening on an arthritis of some kind. The
blood count, which was repeated several times, always showed a.

perfectly normal blood except for a slight anaemia. The subse-

quent course of the case, during which he remained for nearly three

weeks more or less delirious, made it clear to Dr. F. C. Shattuck,

under whose care the patient was, that the diagnosis was typhoid.

Chronic rheumatism (muscular or articular) produces no con-

stant blood changes appreciable by clinical methods (see Table

XV., D and E).

ASIATIC CHOLERA.

In no other disease, so far as I am aware, has an acid reaction

in the blood been reported. This is at the end of life. All observ-

ers agree that the alkalinity is at least greatly reduced.

Our knowledge of the corpuscles is best summed up in Bier-

nacki's ' study of 38, and Kogers '' of 23 cases.

Red Cells.—In the stadium algidum, or stage of collapse, most

of the symptoms are due to the great concentration of the blood

from the loss of serious fluids in the stools. Hayem found the in-

crease of red cells from this concentration to amount to from 1,000,-

000 to 1,500,000 per cubic millimetre.

Biernackii found 7,662,600 in one case twenty-four hours after

the beginning of the disease. The specific gravity may be as high

as 1.071 or 1.072.

White Cells.—Leucocytosis is present, not merely as the result

of concentration, but as a genuine increase to at least double the

normal count. Biernacki i and Eogers " each found that cases with

"Biernacki: Deut. med. Woch., 1895, No. 48.

' Eogers : Lancet, September 6tli, 1902.
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particularly high counts (20,000 to 60,000) were soon fatal, so that

they consider a marked leuoocytosis in the algid stage as a bad

prognostic sign, although patients also die with low leucocyte counts

in this period. Thus 11 out of 14 cases with counts over 20,000 died,

while only 4 out of 9 cases with counts under 20,000 died (Eogers).

Such a ieucocytosis does not occur in ordinary diarrhoea or dysen-

tery.

Leucocytosis is present as early as twelve hours from the first

symptom and lasts at least as late as the sixth day. In the stage

of reaction it usually decreases. In one very inild case reported by

Biernacki there was not only no increase, but leucopenia (4,376 per

cubic millimetre), and Eogers noted counts of 2,000 and 4,000.

The differential count shows usually from eighty-two to ninety-

five per cent of polynuclear cells and a corresponding diminution of

the lymphocytes. Roger's figures seem to show that a large number

of polynuclear cells (absolute and relative) and a small percentage

(under 10 per cent) of lymphocytes means death in three-quarters

of the cases, while more than one-half of the cases showing over 10

per cent of lymphocytes recovered. On the other hand an absolute

and relative decrease of large mononuclear forms was associated

with recovery in 4 cases out of 5, while of 18 cases with over 2,000

large mononuclear cells per cu. mm. 14 died. The eosinophiles are

scanty. Sherrington ' found the mast cells notably increased in

some cases.

ERYSIPELAS.

Ehrlich, Halla, Pee, Eeinert, Eieder, and von Limbeck agree

that leticocytosis is usually present in well-marked cases. Von
Limbeck finds the " leucocyte curve " to run roughly parallel with

the temperature chart, sometimes beginning to fall a little before

the latter. The counts rarely run very high, yet Eeinert counted

39,627 in one case. Pee noted that the leucocyte count increases

only while the process is spreading, and that the size of the count

was a tolerably accurate measure of the severity of the case.

Eieder found in seven cases an average of only 15,000 per cubic

millimetre despite very high temperatures. In one case the leuco-

cyte count remained high after the temperature had fallen, but in

the others it anticipated the temperatures. In one mild case he
found no leucocytosis. Polymorphonuclear cells are greatly in-

' Sherrington : Proc. Royal Soc, 1894, p. 189.



ERYSIPELAS. 233

creased as in other forms of leucocytosis. Hayem noticed the same

dependence of the leucocyte count upon the severity of the process.

Chantemesse and Eey (Presse Med., 1899, vol. vi., p. 316) find

that in most cases the degree of leucocytosis is parallel to the tem-

perature curve, though the leucocytes may fall before the fever. In

patients with average resisting power the highest counts accompany

the highest temperature. When the area of disease extends the

leucocytes generally rise. At the height of the fever the polynu-

elear cells are much increased at the expense of the other forms,

while in defervescence these conditions are reversed.

From the third day to the end of the fever the polynuclear cells

steadily diminish in favorable (adult) cases. In the aged the poly-

nuclears are especially high, while in children the lymphocytes are

increased, especially at the height of the process. Persistence and

return of high polynuclear count means relapse, according to these

writers.

Table XVI.

—

Erysipelas.

Case.
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itself particularly just before the fall of the temperature. I have

seen no reference by other writers to the condition of the red cells

in this affection.

TONSILLITIS (FOLLICULAR).

Halla", Pick,' and Pee ' found leucocytosis as a rule in uncom-

plicated follicular tonsillitis; Eieder found it iu a case complicated

with acute nephritis.

The following table confirms these observations in the main,

though in mild cases no leucocytosis was present.
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Table XVII.—Tonsillitis {ContinuetC).
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leucocytosis, to the end that if such is discovered on blood examina-

tion we need not suppose that some other process is present to

account for the increase.

GRIPPE.

" Grippe " is a term very loosely used to designate any infection

of relatively short course, especially if catarrhal symptoms are pres-

ent. Seldom is the diagnosis established by satisfactory bacterio-

logical evidence. In all probability, therefore, many of the cases

included in the table below are not true "influenza."

The references to the hsematology of the disease in literature are

very scanty. Orion (Archiv. d. Med. milit., 1890, p. 280) found

fibrin increased during the early days of the disease. Eieder

(Munch, med. Woch., 1892, xxxix.) found no leucocytosis in grippe

and but little in the "catarrhal pneumonia" following it (Ttirck).

Blum {Wien. klin. Woch., April 13, 1899), found normal or sub-

normal counts, the latter especially in the " abdominal " type of the

disease. Gerber (ibidem, 1900, Nos. 25-27) and Stengel report

figures much like mine, i.e., rarely over 16,000 per cu. mm.
The following table shows that the leucocytes are normal in

about two-thirds of the cases. One hundred and seven of the three

hundred and nine cases showed leucocytosis, but in several of these

some complication was very possibly present. Only 34, or 11 per

cent, showed over 15,000 leucocytes. The absence of leucocytosis is

of importance in excluding pneumonia and local inflammatory con-

ditions. The leucocyte count does not help us to distinguish the

disease from typhoid. In this decision the serum reaction is our

mainstay (see page 529). From malaria it may be distinguished

by the absence of malarial organisms. In one case, after an oper-

ation for traumatic epilepsy, the temperature rose to 104°, with a

chill, and the question of meningitis was considered. The absence

of leucocytosis excluded the meningitis, and the attack turned out

to be grippe, which was just then very prevalent.

Tablb XVIII.—Gkippe.

White Cells.

Between 2,000 and 3,000 = 3 cases.

8,000 " 4,000 = 8 "

" 4,000 " 5,000 = 15 "

" 5,000 " 6,000 = 23 "
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Table XVIII.—Grippe (Continved).
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Czemiewsky,' Stern, and Hirschler" found the same organisms

in puerperal fever, the former observer in five cases.

Brunner,' Hoff,"* and Blum ^ found pyogenic staphylococci in

pyaemia and sepsis, and Saenger," Eouxand Lannois,' Cantu ° and

Bommers" had equal success, each in a single case.

Canon '° and Sittman^' investigated large numbers of cases with

many positive results, and Grawitz" and Petruschky " and Cohn '*

were successful in finding pyogenic cocci in the blood of cases of

ulcerative endocarditis as well as in other septic infections. Her-

schlaff '^ found them in erysipelas, acute tuberculosis, perforated

typhoid ulcer, etc. KUhnau,'" on the other hand, was unable to find

anything in the blood of twenty-three severe pyaemic cases, and was

successful in only one out of twelve cases of ulcerative endocarditis.

Taking the results of all these investigators together with those

of White," Krauss,'" James and Tuttle," Brieger"" and Neumann,"'

we get a total of 316 cases, with 107 positive results, or 33 per

cent. I agree with Da Costa that these figures give too favorable

an impression as to the value of blood culture in sepsis. Still

Grawitz insists that if we are not content with a single trial in

negative cases, the majority of cases show the presence of pyogenic

organisms, and that in obscure septic cases the diagnosis may be

greatly facilitated by such an examination. Negative results are

of course very far from excluding septicaemia, but positive ones are

sometimes of great value if proper precautions are taken in the

technique of the examination. In the diagnosis of malignant endo-

carditis, often a most difficult one, Grawitz thinks blood cultures

are especially important and likely to prove positive when the dis-

ease is present (see Diseases of the Heart, p. 346).

1 Archiv f. Gynakol., 1888, No. 33. '^ Deut. med. Wpcli., 1897, No. 9.

' Wien. med. Presse, 1888, No. 38. >= Sem. Med., 1897, p. 105.

3 "Wien. klin. Woch., 1891, No. 30. '« Deut. med. Woch., 1897, No. 35.
" Dissert, Strassburg, 1890. " White: Jour, of Exp. Med. 1889,
^ Miincli. med. "Wocli., 1893, No. 16. vol. iv., p. 435.
« Deut. med. Wocli., 1889, No. 8. 's Krauss: Zeit. flir Heilli., 1896, vol.
' Revue do Med., No. 13. xvii., p. 117.

8 Rif. Med., 1893, No. 96. " James and Tuttle: Report of Pres-
9 Deiit. med. "Wocb., 1893, No. 16. byterian Hosp., 1898, p. 46.

»» Deut. Zeit. f. Chirrug., 1893, p. 571. «» Brieger: Charite-Annalen, 1888, p.
" Deut. Arch. f. klin. Med., 1894, p.573. 198.

'= Charite-Annalen, 1804, vol. X. "Neumann: Berl. klin. Woch.,
'3 Zeit. f. Hygiene, 1894, pp. 59and413. 1888, vol. xxv., p. 143.



SEPTICEMIA. 239

Almost all observers agree that the finding of pyogenic cocci

(except the staphylococcus albus) in the blood makes the prognosis

almost surely fatal. The toxicity of the blood is doubled.

Red Cells.—All ' observers agree that very marked anaemia is

present in severe cases. Eed marrow post mortem I have seen in

two instances. Eoscher's ' investigations tend to show that the

diminution in red cells in septicaemia is greater than in any other

infective disease, and appears in a shorter time. He found such a

diminution present no longer than a few hours from the beginning

of the illness. He finds the amount of anaemia proportional to the

severity of the case, and (reckoning by means of the estimated solid

residue) concludes that whenever the blood has lost one-quarter of its

substance or more, death follows. He considers, therefore, that help

as to prognosis is given us by the blood examination in septicaemia.

The serum becomes very watery, partaking of the general atro-

phy of the blood tissue. In a case of intensely acute puerperal

sepsis, with profuse uterine bleeding, Grawitz found the red cells

reduced to 300,000 (!) although theipatient had been sick less than

twenty-four hours. The case seems almost incredible, but is re-

ported in great detail in the author's recent text-book, to which

reference has so frequently been mstde. He accounts for it by the

combination of haemolysis and dilution.

In eleven cases of puerperal sepsis seen at the Massachusetts

General Hospital in recent years the red cells averaged 3,500,000,

which is very low, considering the shortness of the illness in most

cases. (The influence of hemorrhage during parturition must of

course be taken into account.)

In most of the septic wounds which I have seen the counts have

not been low. But in one case of septicaemia from a suppurating

fibroid of the uterus the red cells numbered only 1,800,000. Ewing
reports a septic endometritis with 1,600,000 red cells. In a case

of puerperal sepsis of only a few days' duration, in a woman not

previously anaemic, Hayem " recently reports the following figures

:

December 3d—Red cells 1,450,000

White cells 7,500

Haemoglobin 20 per cent.

December 6th—Red cells 3,578,000

White cells 8,000

Haemoglobin 40 per cent.

' Inaug. Dissert., Berlin, 1894. ' La Med. Moderne, January 13th, 1897.
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December 24th—Red cells 4,231,000

White cells 7,200

Haemoglobin 65 per cent.

(Recovery.)

Such cases are the best examples we have of au acute ancemia

(hemorrhage excepted)

.

The hcemoglobin is usually diminished about as much as are the

corpuscles.

Nucleated red cells are very often seen; whether or not they

have prognostic value cannot yet be stated. In differential diagno-

sis their presence helps us to exclude typhoid and miliary tubercu-

losis, in which diseases they rarely are found.

Table XIX.

—

Puebperal Beptic^mia.
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Table XIX.—Puerperal SEPTiCiEMiA (Continued').

11

13

13

14

15

16

Age.
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Table XX., B.—8EPTioiEMiA with Aktecbitib.
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changes in the white cells in puerperal septicaemia; some observers

finding leucocytosis, while others find none.

The results of experimental infections referred to above

(see page 102) and the parallelism of the leucocyte changes in

pneumonia, peritonitis, and diphtheria fully explain these ap-

parent divergences, which perfectly exemplify the rules stated on

page 97.

Leucocytosis occurs only when the struggle between the patient

and his disease is intense, and whichever is victorious. When
either side wins without any difficulty, i.e., in the mildest and in

the severest cases, leucocytosis is nearly or entirely absent; indeed,

leucopenia may be found (as for instance in a case of septic endo-

metritis reported by v. Limbeck—only 3,000 leucocytes). Von
Limbeck and Krebs ' found no leucocytosis in cases of puerperal

septicaemia, but these were all fatal cases or very mild ones. Kie-

der, on the other hand, and the great majority of other observers

(Sadler," Roscher,' Kanthak,'' Grawitz, etc.) find leucocytosis. This

?neans that in most cases observed by these writers the infection was

of moderate severity. Swing's experience leads him to the conclu-

sion that while the rule that suppuration produces leucocytosis is

almost invariable, it must be remembered that leucocytosis may
promptly disappear when exudation ceases, and that suppura-

tion involving mucous surfaces may induce very slight leuco-

cytosis.

Only 14 of the 56 cases in Tables XIX. and XX. showed no
leucocytosis. One was very mild, the other proved fatal on the

day of the count. The leucocytosis is of the ordinary polynuclear

type with disappearance of eosinophiles and diminution of lympho-

cytes. Myelocytes and " stimulation forms " are usually present in

small numbers. lodophilia is always marked, and may be of value

in the diagnosis of cases with leucopenia. The reappearance of the

eosinophiles seems to me to have some favorable prognostic signifi-

cance.

'Krebs: Dissert., Berlin, 1893.

' Sadler : Loc. cit.

^Roscher: Dissert., Berlin, 1894.

" Kanthak : Brit. Med. Journal, June, 1893.
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Suminary.

1. Eapid development of severe ansemia.

2. Leucoeytosis marked, except in very mild or very severe

cases.

3. Blood cultures may contain pyogenic cocci.

Diagnostic Vahie.

The advantage of a positive bacteriological examination is obvi-

ous. Of the value of the blood count in distinguishing septic from

non-septic wounds and estimating the degree of sepsis and the im-

portance or needlessness of operative interference a great deal has

been written within the last three years. The question will be

thoroughly discussed in connection with appendicitis (see page

249).

Local Suppurative Process.

The effects of abscess upon the blood are, I suppose, due to sep-

ticaemia. Nevertheless septicaemia with abscess formation differs

enough from septicaemia without abscess formation, both clinically

and haematologically, to make a separate description convenient.

The most easily studied variety of abscess is that connected with

appendicitis, inasmuch as the frequency of operations in such cases

gives us opportunity to verify what we suppose to be indicated by

the blood count and see how far our suppositions are true.

At the Massachusetts General Hospital, most patients with other

varieties of abscess go straight to the surgeon and their blood is not

examined, but many cases of appendicitis come first to the medical

wards, and hence we have records of nearly one thousand cases

whose blood has been examined.

I shall therefore begin the description of the blood in abscess by

an account of appendicitis, which may probably be considered a

typical case of abscess formation.

APPENDICITIS.

In the following table I present a small group of the Massachu-

setts Hospital cases, which represents fairly well the conditions

found in average cases

:
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Table XXI.—Appendicitis.
—
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Table_XXL_—Appendicitis

6 I
B <
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Table XXI.

—

Appendicitis (Continued).
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4. Catarrhal appendicitis is rarely accompanied by leucocytosis

(only once in this series—14,000). In Da Costa's 38 cases of "ca-

tarrhal and interstitial" appendicitis there were but four with

counts above 15,000.

6. An increasing leucocytosis means a spi'eading process and may
he the only evidence of the fact. In Case 40 of this series, the pa-

tient entered with vomiting, localized pain and tenderness. The
leucocytosis was 15,600. Three days later he was comfortable,

had no vomiting and very little tenderness, and in all respects

seemed to be improving, yet the white cells had risen to 22,900.

Operation was postponed owing to the lack of all unfavorable symp-

toms except the Mood count. Next day the bowels were moving

well and the patient had no fever and no bad symptoms of any kind,

but his leucocytes had risen to 35,300. On the following morning

the surgeon was finally persuaded to operate and found a large

amomit of pus. Four times this series of events has fallen under

my observation.

A steadily increasing leucocytosis is always a bad sign and

should never be disregarded even when (as in these cases) other

bad symptoms are absent. It is of far more significance than a

larger count which does not increase.

6. The size of the leucocytosis is of comparatively little signifi-

cance. A low count (8,000-11,000) means one of three things:

(a) A mild case.

(h) A very severe case.

(c) An abscess thoroughly walled off.

After the abscess has ceased to spread and has become well

walled off, the leucocyte count remains stationary or decreases. If

it bursts into the general peritoneal cavity the count may rise

sharply or it may fall to normal or subnormal, its movement de-

pending on the degree of resistance which the system offers.

7. In the majority of cases the pus is neither completely walled

off nor free in the belly, and such cases are accompanied by a mod-

erate and fluctuating leucocytosis, which rises and falls according

to a variety of conditions which cannot be accurately interpreted.

it usually increases in the first three or four days of the illness,

and then becomes stationary or declines if the case is taking a

favorable course (i.e., if the pus is being absorbed or walled off),

while it continues to increase when the case is going on from bad to

worse.
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Case 20 illustrates the course of the leucocytes in a favorable case

not operated on; the leucocytes fell gradually but steadily from

hour to hour so that in two days the count came down from 20,100

to 8,750, the tumor and tenderness simultaneously disappeared, and

the patient was well in a few days more. Case 38 dropped in eight

hours from 16,000 to 8,000 and quickly recovered. In Case 19,

the leucocytosis fell in three days from 33,000 to 9,200, but rose

again when the bowels were moved by enema, and took some days

to reach normal again. Evidently the peristalsis injured the abscess

wall so that the process began to spread again and had to be walled

off afresh.

8. When a leucocytosis of 18,000-25,000 is maintained for a

number of days it usually means a large abscess pretty well walled

off.

9. The majority of cases as seen at the Massachusetts General

Hospital on the second, third, and fourth days of the illness showed

leucocytosis of 15,000-24,000, thirty-three of the present series

falling within these figures. Counts larger than this have always

been proved to mean a large amount of pus, a general peritonitis,

or a complication such as pylephlebitis or hepatic abscess. Of the

eases below 15,000 (fifteen in all) twelve did not come to operation,

or if operated showed no pus. This statement excludes the four

cases of general purulent peritonitis without leucocytosis mentioned

above.

10. Case 18 illustrates several points. After the first operation

the leucocyte count did not fall so rapidly as usual, and the cause

of this soon turned out to be a pus pocket, after the evacuation of

which the count fell in twenty-four hours from 47,700 to 16,700,

only to rise again for another accumulation of the same kind.

After this last (third) operation the case progressed slowly but

favorably, and yet the leucocyte count remained more or less above

normal for a month. The wound was healthy, freely discharging,

and had healed satisfactorily at the time of the last count reported.

Bloodgood ' has studied a considerable group of cases with much
care and his results deserve our attention. He properly lays great

stress upon the element of time in the interpretation of leucocyte

counts. He divides his cases primarily into the acute and the

chronic, and then makes a second set of distinctions among the acute

cases, which will concern us later.

' Bloodgood : Prog. Medicine, December, 1901.
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I. The 29 cliroiiic cases in his series (all operated upon) include

those admitted at the end of an attack, or between attacks, and

found at operation to be uuassociated with pus. Twenty-four of

these had counts below 12,000, while the other five ranged between

12,000 and 15,000. The latter were in cases admitted at the end of

an attack and still presenting slight symptoms.

II. (n) JcKte Diffuse Appendicitis without PuS ("catarrhal").

In 22 cases (all operated on) there was one count of 22,000

(twenty hours from the first symptom), rapidly falling to 11,000

within twenty-four hours, and two counts of 17,000, falling within

forty-eight hours to normal. The other cases showed lower counts.

(b) Ganffreuous Appendicitis (10 cases, no pus).

In cases seen early in the attack a rapid rise of the leucocyte

count can be observed to 20,000 or more.

(c) Acute A2>pcndicitis with Pus l>istending the Organ.

The counts in four cases were practically like those in gangre-

nous appendicitis.

((/) Appendicitis u-ith Abscess.

In 14 cases of Bloodgood's series (26 per cent) the leucocyte

count was normal (6,000-12,000). In 11 of the 14, the history and

tlie other symptoms pointed to a chronic, well-encapsulated abscess.

In 3 tliere were acute local symptoms, and 2 of tliese were extremely

ill—presumably luiable to react.

In 9 cases—subacute or chi-onic with palpable tumor—the

counts ranged between 12,000 and 15,000.

In oo cases (63 per cent) tlie leucocytes numbered 15,000 to

60,000—the great majority over 18,000. All were above this figure

if seen within the first forty-eight hours.

(e) Apjicudicitis with General Peritonitis.

The counts may be high or low. Four of Bloodgood's cases

showed respectively 11,000, 11,000, 13,000, and 14,000 (all fatal).

These were all cases of at least three days' duration, and as in cases

observed witliiu the first forty-eight hours, he has often (as I have)

found high counts, he concludes that "in the early hours of peritoni-

tis there is a rapid rise in the leucocytes, which, however, soon falls."

In view of all these facts, Bloodgood considers that :

" Witliii

.

the first forty-eight hours a leucocytosis of 18,000 should be con-

sidered an indication for operation," especially if we have recorded

a rising leucocyte count. With a count below 18,000 a?id falling

the patient is recovering from the attack.
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Between fhe third and seventh day a leucocytosis of 18,000 or

more is usually an indication for immediate operation, but in some

cases the local signs may incline us to postpone operation.

The above agrees essentially with the opinion of Longridge,' of

Kiihn," of Coste,' of Locke,' and of Joy and Wright.'

The latter observers lay especial emphasis on the good prognostic

significance of a decreasing leucocytosis. In such cases, unless the

falling count is accompanied by unmistakable signs of a generally

bad condition (which is rarely the case), operation may be post-

poned, while a high stationary or increasing count indicates a pro-

gressively serious case which demands immediate intervention. This

is entirely in agreement with my own experience.

Ciirschmann," Kuttner,' Diitzmann," Blassberg," and Weiss '° ex-

press similar views, Kuttner especially insisting upon the need of

making at least two counts a day and controlling them with the iodine

reaction (see below). If carried out with these precautions Kuttner

considers the count of leucocytes a most valuable aid in distinguishing

post-operative aseptic fever from pus-pocketing. Curschmann be-

lieves that a single count of 25,000 or more should make us very

suspicious of the presence of pus, though, like all other recent ob-

servers, he deprecates reliance on single isolated counts and urges

leucocyte charts. Blassberg believes that leucocytosis is less marked
in peripheral than in abdominal suppurations.

From these quotations it appears that our German colleagues are

at last waking up to the importance of blood counts in suspected

deep abscess, and are going through for the first time experiences

familiar to American physicians since 1893. Indeed, there are

indications that some German surgeons are falling into the error so

common here ten years ago—the error of supposing that leucocytosis

always means pus. Against this mistake Grawitz warns his coun-
trymen in the latest edition of his excellent text-book. Deaver " in

this country has uttered similar and on the whole very valuable

' Longridge : Brit. Med. Journal, November 8th, 1902.
' Eilhn: Miinch. med. Woch., December 9th and 16th, 1902.
' Coste: Ibidem, December 9tli, 1902. ''Locke (see p. 255\
5 Joy and Wright: Medical News, April 5th, 1903.

5 Curschmann : 31st German Surgical Congress, April, 1903.

'Kuttner: Ibidem. "Diltzmann: Ibidem.
'Blassberg: Wien. klin. Woch., November 30th, 1903
"Weiss: Ibidem-, January 15th, 1903.

'" Deaver: Transactions of Am. Surg. Assn., 1901, p. 115.
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warnings against the " tendency to replace the l)edside by the labo-

ratory as the point from which, to make the diagnosis." W/ien such

a clioice must be made sensible men will generally agree with Deaver

that the bedside is the point of vantage. But as Da Costa and

others have pointed out, we need rarely make this most unfortunate

division between the different methods of physical diagnosis. The
microscope should be a " laboratory " instrument no more than the

thermometer.

The matter cannot be better summed up, I think, than in the

words of Da Costa :
" The surgeon who attempts to use the blood

count in appendicitis as a definite pathognomonic sign will soon

run afoul of diagnostic disasters, but he who regards it only as a

symptom invariably to be correlated with equally, if no't more

important, clinical manifestations, cannot fail to find this method of

inquirj' of signal value in routine clinical surgery."

I am likewise in hearty agreement with another statement of Da
Costa's: "The behavior of the leucocytes throws a much clearer

light upon the progress of the disease, both in operative and non-

operative cases, than it does upon the initial diagnosis, which should

be determined chiefly by other clinicial methods." But to inter-

pret aright the variations of the leucocytes after operation, we need

to be familiar with those changes in the blood due to the operation

itself, and to the ausesthetie which made it possible. Accordingly,

I shall next discuss

:

I. The Effects of General Narcosis on the Blood; and

II. Post-Operative Changes in the Blood.

I. The Blood Changes Pkoduced by General Narcosis.

The earlier literature is well summarized by Da Costa and

Kalteyer.* Their own studies in fifty cases lead them to the fol-

lowing conclusions

:

1. Following anaesthesia there is generally a polycythsemia, rarely

an oligocythsemia. The polycythsemia is most marked immediately

after the termination of the anaesthetic stage, probably due to a con-

centration of the blood from previous purgation and recent vomiting.

2. Haemoglobin is invariably reduced absolutely, although the

amount of ether used and the duration of anaesthesia probably influ-

ence the blood change to a moderate extent.

' Da Costa and Kalteyer: Annals of Surgery, September, 1901.
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3. The amount of bloo'd lost by operative hemorrhage seems to

have little effect upon these changes.

4. Owing to the haemolysis following ausesthesia, the writers be-

lieve that no operation can be safely done when the haemoglobin is

below fifty per cent.

Fish ' has previously reached similar conclusions, while Mikulicz

puts the percentage at 30. Bloodgood ' details a case in which the

red cells fell from 3,076,000 before operation to 2,000,000 twenty-

four hours later, while the haemoglobin fell from 54 per cent to 30

per cent, despite the fact that there was practically no loss of blood

at the operation.

Despite all this important evidence, which goes to show the nar-

cosis m'ay be dangerous in anaemic patients, we must not forget that

it may be even more dangerous to postpone operation. Hence it

may be the surgeon's duty to operate under local anaesthesia or to

face the danger of general narcosis as the lesser of two evils.

The Leucocyte Count During and After Narcosis.

• The studies of Da Costa and Kalteyer (loc. cit.) and of Cabot,

Blake, and Hubbard ° have proved that the effect of etherization on

the leucocytes is pi'actically nil. They were unable to confirm the

results of Ghadburne.'

II. Post-Opskative Changes in the Blood.

In the studies of Cabot, Blake, and Hubbard counts were made
after full anaesthesia and again at the close of the operation in

36 cases. In 11 of these (30 per cent) there was a distinct leuco-

cytosis varying from 19,000 to 27,000, which appeared to be due
rather to the nature and extent of the operation than to the anaes-

thetic. King's " studies indicate that an increase of from 5,000 to

10,000 over the count before operation is a very common phenome-
non within the first forty-eight hours following operation and is of

no significance provided it is not sustained. The maximum is

reached within twelve hours after operation.

White ' found an average of nearly 21,000 per cubic millimetre

' Pish: Annals of Surg., 1899, vol. xxx., p. 79.

''Bloodgood: Prog. Med., December, 1900.

5 Cabot, Blake, and Hubbard: Annals of Surg., 1901, p. 361.

^Chadburne: Phil. Med. Jour., February 18th, 1899.

'King: American Jour. Med. Sciences, 1903, vol. cxxiv., p. 450.

'White: Univ. Med. Mag., May 13th, 1901.



APPENDICITIS. 255

after laparotomy with an absolute (and usually relative) increase of

polyuuclear cells and absence of eosinophiles.

The degree of lexicocytosis seemed to depend upon the severity

of the operation. The highest counts were found about five hours

after operation. From this time the number of leucocytes gradu-

ally diminished, reaching normal, on the average, in about five days.

If complications occur, the leucocyte count remains elevated, or

is slower in falling. Frazier and HoUoway ' who studied forty

cases and did not confine themselves to laparotomies, found that

three and one-half days was the average duration of post-operative

leucocytosis in uncomplicated cases. White found that in cases

sewed up tight the leucocytes returned to normal more rapidly than

in those drained. In the latter cases the slight infection along the

drainage tube probably accounted for the fact that the post-oper-

ative leucocytosis usually lasted more than five days. My own
observations tally very closely with the above and I shall not repeat

them in detail.

lodophilia.

The studies of E. A. Locke ^ in sixty-one cases of appendicitis are

so interesting that I have inserted his tables entire. The leucocyte

count and the iodine reaction were taken immediately before oper-

ation and their indications carefully compared with the pathologi-

cal conditions found at operation.

Table XXII.

—

Interval Appendicitis.

1
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Table XXIII.—Acute Appendicitis -without General Peritonitis ok

Local Abscess.

6
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Table XXV.

—

Appendicitis with General Peritonitis.

d
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With the free drainage of pus, the brown granulation in the

leucocytes rapidly diminishes, and is usually gone within forty-

eight hours. Persistence of the reaction indicates incomplete drain-

age. The iodine reaction, like the leucocyte reaction, means usu-

ally septicaemia, but not always pus. It is present in cases of

grave anaemia, and in a variety of toxic and infectious Conditions

(malaria, uraemia, grave anaemia, carbon monoxide poisoning, etc.),

some of which produce leucocytosis, while others do not. Its

value consists in the fact that it adds another to our list of clinical

indications of the.presence of toxaemia—such indications as pyrexia,

tachycardia, albumosuria, and leucocytosis. None of these is pres-

ent in every case and any of them may be present when toxaemia is

absent. Hence the addition of an independent indicator like iodo-

philia to our list strengthens our diagnostic resources considerably.

Occasionally we have infectious or suppurative processes with-

out pyrexia or tachycardia. Earely we have infectious or suppu-

rative processes without pyrexia, tachycardia, or leucocytosis.

Never (so far) have infectious or suppurative processes occurred

without pyrexia, tachycardia, leucocytosis, or iodophilia.

The diagnostic value of a negative reaction is therefore great,

foi' as Locke says

:

" Septic conditions of ail kinds, including septicaemia, abscesses

and local sepsis, except in the earliest stages, appendicitis accom-

panied by abscess formation or peritonitis, general peritonitis, em-
pyema, pneumonia, pyonephrosis, salpingitis with severe inflamma-

tion or abscess formation, tonsillitis, gonorrheal arthritis and hernia,

or acute intestinal obstruction where the bowel has become gangre-

nous, have invariably given a positive iodophilia, and by its absence

all these cases can be ruled out in diagnosis. In other words, no
septic condition of any severity can be present without a positive

reaction."

On the other hand, he has failed to get a positive reaction in

extra-uterine pregnancy, in dry and serous pleurisy (sixteen cases),

in uncomplicated tuberculosis, in bronchitis, and in articular rheu-

matism (twelve cases).

The further indications of the iodine reaction will be considered
in the sections on the different diseases investigated.
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Differential Diagnosis.

1. The presence of a marked leueocytosis excludes simple colic

with or without constipation.

2. Post-operative malaria, which may break out in patients who
are aware of no previous attacks or who have had none for months,

produces fever and chill like those due to pus-pocketing perito-

nitis, pylephlebitis, or other post-operative complications. The
discovery of the malarial parasite and the absence of any marked
leueocytosis serve to identify malaria, while in the other affections

leueocytosis is high and persistent.

3. Treves ' has reported several cases in which it was hard to

decide whether the diagnosis was typhoid or appendicitis. A blood

examination would probably have decided the matter, as it has in

three cases in the writer's experience. Most cases of appendicitis

of any severity show leueocytosis; typhoid almost never does if un-

complicated. Curtis ' reports a case of typhoid with a tumor and

tenderness in the right iliac region which closely simulated appen-

dicitis, but turned out to be a floating kidney. The blood count

would have decided the matter.

4. Between appendicitis and pus tube the blood gives no help, as

both affect it alike.

6. Ovarian or pelvic neuralgia (uncomplicated) never eanises

leueocytosis and may be excluded "hj its presence. The same is

true of floating kidney, which has been sometimes confounded with

appendicitis.

6. Gall-stone colic, and renal colic if uncomplicated by inflam-

matory disturbance, cause no leueocytosis, and can therefore be

distinguished from appendicitis in most cases. If cholangitis,

cholecystitis, pyelitis, or severe cystitis complicate the colic, the

examination of the blood will be no help to us.

7. Impaction offwees in the caecum will not cause any leueocy-

tosis and may be excluded when such is present. The count may

be of use, it seems to me, in deciding us whether an enema ought

to be given. It is sometimes desirable to give an enema in cases

simulating appendicitis, to help clear up the diagnosis; but some

physicians are afraid to do so for fear of causing a walled-off abscess

' Medico-Chirurgical Transactions, 1888, Ixxi., p. 165.

'Twentieth Century Practice of Medicine, vol. viii., p. 461.
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to break into tlie general peritoneal cavity. In such cases, if no

leucocytosis were present, we might go ahead with a clearer con-

science.

Mr. B entered the Massachusetts General Hospital, Septem-

ber 20th, 1893, with a diagnosis of appendicitis. For twenty days

he had been having pain and tenderness in the region of the append

dix, pain being controlled by morphine. The bowels had been

loose, he said. There were dulness, tenderness, and a distinct

tumor in the region of the appendix, with slight pyrexia. The

blood count showed only 8,000 leucocytes. He was given a com-

pound cathartic pill, had a large movement of the bowels, and all

symptoms and signs disappeared.

8. Extra-uterine pregnanqj and pelvic hsematocele may cause

leucocytosis like appendicitis, but do not increase fibrin unless peri-

tonitis is present, and are likely to show a marked diminution in red

corpuscles if the hemorrhage is severe. The red cells are normal in

appendicitis except in chronic cases with abscess.

9. Floating kidney has been already mentioned in Curtis' case,

in which in combination with typhoid it closely resembled appendi-

citis. Even without the presence of typhoid, the same difficulty of

diagnosis may arise between appendix and floating kidney. The

presence of leucocytosis could not be accounted for by the latter.

One of the next most common forms of abscess seen in medical

wards is pyosalpinx, which I shall call by the English name of

"pus tube." As this produces the same effect on the blood as ap-

pehdicitis or any other abscess I shall not repeat the general con-

siderations just discussed.

PUS TUBE, PELVIC ABSCESS, AND PELVIC PERITONITIS.

Almost all that has been said of appendicitis applies equally

well to these conditions.
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Table XXVI., A.—Pus Tube and Pelvic Abscess—Continued.

i
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Table XXVII., A.—Pus Tube and Pelvic Abscess {Continued).

40

43

35

50

46 20
47 26
48 31

62

67

38

Red cells.

33| F.

F.

4.656,000

3,698,000

4,310,000

3,008.000

4,700,000

3,910,000

4,756,000

4,240,000

3,800,000

7,000,000
4,125,000

472,000
5,840,000

15,600
18,200
15,600
15,500
4,500

15,400
21,600
15,300
14,975
12,600

14,800
14,700
14,700
11,200
9,000
9,000

13,853
13,500
13,000
10,000
26,800
15,000
11,000
6,000

14,800
15,000
12,500
12,200
12,200
12,300
12,000
13,000
11,850
13,750
11,300
11,000
10,800
10,600
11,000
11,500
10,400
10,200
14,130
10,000
10,000
17,000
13,400
9,900
9,800

20,900
14,000
9,200
9,000

9,200
8,900

8,200
8,200
8,200

7,900
7,500

13,200
14.300
9,400

10,300

7,600
7,200

S2.S

60
90

60
65

75
95

70

90
63

76
55
70

64
70

60

64

'85'

80

Remarks.

Pus tube. May 8th.

May 18tti, transferred.
Pus tube ; large amount of pus found.
December 31st, salpingitis.

January 2d.

May 6th, pus tube.
May 9th.

Pelvic peritonitis.

Pus tube. July :iltt, chills and delirium.
July 23d.
July 25th; operated.
Pus tube ; chlorosis.
Pus tube.
January 17tl), pus tube.
January 18th.

January 19tli.

January 20th.
Pus tube.
Pus tube.
Jan. I St,' pus tube.
Jan. 3d.
Jan. 8th.
Jan. 10th.
Jan. 14th.

Jan. 19th.

Jan. 25th.
Jan. 30th.
Pus tube (double); operated.
Pus tube ; slight.

Pus tube. June 2d
June 10th.
Pus tube.
Pus tube.
Pus tube. January 6th and 6tli.

Pus tube.
Pus tube. Not operated : yery slight.
Pus tube.
Chronic salpingitis. June 31st.
June 2.5th, better.
June 39th.
Pelvic peritonitis.
June 3d, pus tube.
June 24th.
Pelvic abscess (?)

.

Pelvic abscess. August 28th.
September 3d, temperature up.
September 6th, normal temperature.
Pus tube.
November 16th, Pus tube.
November 27th.
November 30th.
Pus tube.
Salpingitis, 9 a.m. ; Temp. 99.4°.
4:15 P.M.; Ave days in hospital.
Pus tube,
Pus tube.
Pus tube.
Pus tube.
August 4th.
August 5th.

August 6th.

August 7th.

August 9th.
August 11th.
Pus tubes (small, size of flnger).
Pus tube.
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Pus Tube, Pelvic Abscess, and Pelvic Peritonitis.

White Cells. Cases.

Between 7,000 and 10,000 11

10,000 " 12,000 9

13,000 " 14,000 8

14,000 " 16,000 9

16,000 " 18,000 3

18,000 " 20.000 10

20,000 " 23,000 3

23,000 " 24,000 6

34,000 " 26,000 4

26,000 " 28,000 4
28,000 " 34,000 5

34,000 or more 4

76

From these data, tbgetlier with two hundred and nineteen other

counts not here recorded, I conchide that increasing counts of leu-

cocytes usually point to the need of an operation; stationary leuco-

Dytosis to a well walled-off abscess. The size of the count is a

rough measure of the size of the abscess, and patients without leuco-

cytosis rarely need operation and usually recover under palliative

treatment, as also do many with leucocytosis.

Differential Diagnosis.

Pelvic pain and soreness may be as great in various non-suppura-

tive conditions (ovarian neuralgia, etc.) as when abscess is present;

but the leucocyte count is raised in none of the pelvic disorders of

women except in abscess, septicaemia (puerperal, after abortion, etc.),

and hemorrhage (menorrhagia, metrorrhagia, ruptured tubal preg-

nancy). Endometritis and cystitis usually cause no leucocytosis.

The application of these rules will not infrequently help in the

diagnosis of pelvic disease and in deciding how much importance

to attach to the complaints of pain, tenderness, etc., in a doubtful

case. The absence of leucocytosis makes us rightly confident that

no abscess of any considerable size exists.

OTITIS MEDIA.

Most cases, if purulent, show leucocytosis both before and after

paracentesis. If serous (see Table XXVIII., cases 9, 17, 18, 21,

23) the count is usually lower, and we can predict with moderate

certainty whether serum or pus will be found on puncturing the

drum. When the mastoid is involved \h& count runs higher. If
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the case drags on, the haemoglobin may get low, otherwise the red

cells are not affected.

Table XXVIII.—Otitis Media.
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OSTEOMYELITIS.

In five cases in -which no external opening -was present, the pa-
tient complaining only of pain in the bone, the counts of leucocytes
were 29,600, 25,600, 24,310, 23,400 and 18,000 ; in each the pre-
diction that pus would be found was verified at operation. Three
differential counts in chronic cases with sinuses showed nothing re-

markable, no increase of eosinophils and no myelocytes.
The diagnostic value of the blood in osteomyelitis seems to me

considerable, inasmuch as it is difficult by the symptoms alone to
feel sure enough of the existence of pus to be willing to operate.
"Rheumatic pains," "growing pains," and neuralgia can be ex-
cluded by the presence of leucocytosis.

Other Abscesses.

(1) Felon.—It is striking to see how small a collection of pus
can raise the leucocyte cbunt. Patients with felons containing less

than one-half drachm of pus may have a leucocytosis of 15,000 to

22,000. I have counted the blood in three such cases. The ele-

ment of septicaemia must be considerable. It seems to make no
difference whether or not the pus is under great tension. The leu-

cocyte count does not fall sharply after the felon is opened, but
gradually diminishes during the next seven to ten days. Even a

(2) Crum boil raised the white cells to 27,000 in one case. An
(3) Abscess oj the vulva showed 23,500 leucocytes per cubic mil-

limetre, and an

(4) Abscess of the vagina 12,800. Other varieties are:

(5) Parotid abscess, 46,500 leucocytes per cubic millimetre.

(6) Subpectoral abscess, 16,000 leucocytes per cubic millimetre.

(7) Abscess of the neck, 22,200 leucocytes per cubic millimetre

Carbuncle, 41,000 leucocytes per cubic millimetre.

(8) Peritonsillak Abscess—Six Cases.

Case.
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(9) Psoas abscess (infected), 60,000 leucocytes per cubic milli-

metre.

(10) Abscess of ovary, 26,000 leucocytes per cubic millimetre.

(11) Suppurating Cyst of Ovary— Multilocular {Gangrene).

Age, 62; white cells, 62,400; per cent, haemoglobiu, 70, December

22d; white cells, 89,500, December 24th. Differential count : poly-

nuclear, 94 per cent. ; lymphocytes, 6 per cent. ; eosinophiles, none.

Autopsy.

(12) One case of perinephritic abscess was watched for some

days while the patient was getting up strength for an operation.

It was an abscess of several months' standing, not increasing in size

during the last month, and the counts, as we should expect, did not

rise or fall considerably, but showed a steady, well-marked leucocy-

tosis.

July 29th, white cells, 21,400
« 30th, " " 21,200

August 8th, " " 22,400'

" 11th, " " 23,000
" 24th, « " 22,200. (Operation.)

A second case counted showed only 16,000. Both abscesses

contained over a quart of pus.

A third case, evidently tuberculous in origin and probably not

much infected with pyogenic cocci, showed only 10,000 white cells

per cubic millimetre.

(13) Two cases retropharyngeal abscess. Counts: Case I., 40,-

000; case II., 30,600.

(14) Alveolar abscess: Case I., 19,30U; case II., 7,600.

(15) Abscess of the Lung—Nine Cases.

Case.
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(16) Subphrenic Abscess—Four Cases.

267

Case.
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tion of these cells in the urethral discharge. Vorbach ' has care-

fully studied twenty cases with reference to this point and finds

the eosinophiles in the blood to vary from 0.5 to 11.5 per cent—

averaging 4.2 per cent—within normal limits Bettman' and Poz-

zoli ' found the eosinophiles usually increased, especially when the

posterior urethra was involved. In one case with epididymitis the

eosinophiles numbered 25 per cent.'

YELLOW FEVER.

Jones ' found coagulation slow, the red cells not much diminished,

but showing decided degenerative changes; hseuioglobin^mia is

common. He makes no observations as to the white corpuscles.

Pothier " of New Orleans, studying the epidemic of 1897, found the

following results in 164 cases : The red cells were never considera-

bly diminished; the leucocytes varied from 4,600 to 20,000

—

averaging about 9,000; haemoglobin usually diminished at the

height of the disease 60 to 75 per cent; normoblasts were noted

in a few specimens.

A case recently observed at the Massachusetts General Hospital

showed two days before death 7,800 leucocytes, 92 per cent of haemo-

globin, with an absence of the typhoid serum reaction. Through

the kindness of Dr. Pothier I have been able to study cover-slips

from twelve cases of yellow fever from the Charity Hospital of

New Orleans. The differential counts of leucocytes are as follows

:

Polymorphonuclear n e u t r o
pniles

Small lymphocytes.. ,..

Large lymphocytes
Eosmophiles
Myelocytes

I.
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TYPHUS FEVER.

Ewing ' in four cases found no leucocytosis.

leucocy tosis, as the following case shows

:

Tumas '' found no
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morphonuelear neutrophiles are entirely absent from the blood

and only lymphocytes to be found. Musser and Sailer report a

prolonged case with no important changes in the blood.

The serum reaction with the Bacillus melitensis was first ob-

served by Wright of Netley and has been uniformly coi\firmed by all

subsequent observers {e.g., Musser/ Curry'' in twenty-six cases,

Kretz," Aldridge," Pascual/ and Bassett Smith"). The technique

is described on page 538.

Bassett Smith considers the serum reaction valuable in prognosis

as well as in diagnosis. His studies indicate

:

(a) If the clumping power is low, and the symptom severe, the

outlook is bad.

(b) If the clumping power is high and sustained the outlook is

good.

(c) Cases with moderate symptoms and low clumping power are

subject to repeated relapses, grave anaemia and chronic invalidism.

{(T) Chronic relapsing cases with low hut gradually rising clump-

ing power ultimately regain full health.

GLANDERS.

Christol and Kiener ' reported leucocytosis in glanders. In a

fatal case of acute glanders with autopsy which was recently studied

at the Massachusetts General Hospital the following counts were
recorded

:

October 34th, 1897. Leucocytes, 13,600; hsemoglobin, 100 per cent.

October 31st, 1897. Leucocytes, 11,600.

November 4tli, 1897. Leucocytes, 13,000.

November 9th, 1897. Leucocytes, 12,000

November 13th, 1897. Leucocytes, 13,400.

Serum reaction absent ; fibrin increased
; pure culture of glanders bacilli

from abscesses ; 86 per cent of the leucocytes were polymorphonuclear ; eosino-

philes absent.

The bacilli of glanders can occasionally be cultivated from the

blood.

' Musser and Sailer: Phil. Med. Jour., 1898, p. 1408.

''Curry: Jour. Med. Research, July, 1901.

^Kretz: Lancet, 1898, vol. i., p. 321.

< Aldridge: Lancet, 1898, vol. i., p. 1394.

^Pascual: Rev. d. Cien. Med. d. Barcelona, 1903, No. 11.

* Bassett Smith : Loc. cit.

' Comptes Rendus de I'Acad. des Sciences, November 23d, 1868.
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THE BUBONIC PLAGUE.

In 1895 Aoyoma, a Japanese observer, studied the blood of this

disease.' He found the bacilli peculiar to the disease by cover-slip

preparations from the blood. Ewing ' found them by the culture in

90 per cent of cases near death, and in 60 per cent earlier in the

disease (fifty cases). Aoyoma found the red corpuscles not altered

except that their number per cubic millimetre was at times increased

(e.g., 7,600,000, 8,190,000). The cause of this I do not know, but it

accounts for part of the leucocytosis. The white corpuscles showed
a marked increase—20,000 to 200,000 (!) per cubic millimetre.

Eour cases showed couuts over 100,000 and the average of six ex-

amined was 96,600. This leucocytosis was made up almost wholly
of polymorphonuclear leucocytes; the eosinophiles were markedly
diminished, and the blood plates were increased. The Austrian

Plague Commission found o,nly a moderate leucocytosis in most
cases. Ewing (loc. cit.') found polynuclear leucocytosis in each of

fifty eases, but no figures like those of Aoyoma. Coagulation is

very slow (Alice Corthorn ^)

.

Curry * found the presence of a leucocytosis of practical value

in ruling out malaria, since the plague often begins with chills and

other symptoms suggestive of malaria.

ACTINOMYCOSIS.

Ewing (loc. cit.) reports leucocytosis (21,500 in a single case

affecting the lungs, and Schmidt gives the following

:

Date.
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In four eases of actinomycosis occurring at the Massachusetts

General Hospital the following counts were recorded

:

Case.
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White Cells. Haemoglobin.

Case I. June 21st, 1897 11,100 70 per cent.

June 23d, 1897 11,900

Case II 19,600
'• III October 31st 18,300 80 per cent.

The eosinopliiles do not decrease as in most fevers.

BERI-BERI.

In two afebrile cases seen at the Massachusetts General Hospital

the following is recorded : Case I , red cells, 3,896,000; white cells,

7,800; hsemoglobin, 48 per cent. Case II., leucocytes, 26,900,

March 6th; 10,600, March 7th; 14,000, March 16th. Differential

count, March 16th: Polynuclear, 74 50; small lymphocytes, 18.25;

large lymphocytes, 5.65; eosinophiles, 1.60.

The eosinophiles are said to be much increased in the acute

stages. Spencer ' states there is no leucocytosis. Ewing and Daub-

ler, each in three cases, found normal leucocyte counts with moder-

ate anaemia and no eosinophilia." Wright' records the following:

10
11
12
13
u
15
16
17
18

19
20
21
22
23
24'

25
28

of disease.

Lst week. .

,

1st week .

.

2d week . .

,

2d week . .

,

2d week...
2d week .

.

3d week . .

,

4tb week .

.

1st week..,
2d week . .

.

2d week . .

,

2d week . . -

3d week . .

,

3d week . .

,

4th week .

.

7th week .

.

2d month..
4th month

.

3d week . .

.

2d month..
8th month.
9th month.
10th month.
12th month.
13th month.
6 years ....

Type of disease.

Acute pernicious

.

Acute pernicious

.

Acute pernicious .

Acute pernicious

.

Acute pernicious

.

Acute pernicious

.

Acute pernicious ,

Acute pernicious .

Acute

.

Acute.
Acute

.

Acute

.

Acute

.

Acute.
Acute

.

Beri-beri, residual paralysis
Beri-beri, residual paralysis
Beri-beri, residual paralysis
Beri-beii, residual paralysis
Beri-beri, residual paralysis

Haemo-
globin.

87

76
83

83
95

91
81
93
86
92
81
92
87

Eed cells.

5,430,000
5,570,000
.5,100,000

4,962,000
6,103,000
5,600,000
4,676,000
4,820,000

5,020,000
5,418,000
4,780,000
4,600,000
5,000.000
4,680,000
5,280,000
5,180,000
6,120,000
5,360,000

5,280,000
4,770,000
5,176,000
4,900,000
5,670,000
4,960,000
4,970,000
4,896,000

White
cells.

7,000
7,200
7,300
7,100
7,300
6,850
7,100

7,060

7,450
7,400
7,000
8,900
7,200
6,820
7,080

7,600
7,500

7,200

7,150
6,980
6,900
7,600
6,800
6,720
6,900

Result.

Fatal.
Fatal.
Fatal.
Fatal.
Fatal.
Fatal.
Fatal.
Fatal.

Recovered.
Recovered.
Paralysis persistent.
Eecovered.
Recovered.
Recovered.
Paralysis persistent.
Eecovered.
Eecovered.
Eecovered.

Paralysis persistent.
Paralysis persistent.
Paralysis persistent.
Paralysis persistent.
Paralysis persistent.

' Lancet, January 2d, 1897.

^ Bushnell has found leucocytosis in two cases (34,000 and 31,000) but

with no increase in the percent, of polynuclears (Lancet, October 10, 1903).

8 "Wright :
" Studies from the Institute for Medical Research • Malay States,

"

vol. ii., No. 1., 1903.

18
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RELAPSING FEVER.

(See page 481.)

(a) Diagnosis. Leucocytosis is the rule. It is most marked

just after the crisis. la countries where this disease is common the

diflS-Culty in diagnosing cases between attacks (when the spirochsetes

are absent from the blood) is frequently met with. Lowenthal has

perfected a method by which iu most cases the diagnosis can be

made by means of the effect of the serum of suspected cases ou the

spirochsetes of other active cases. The organism cannot be culti-

vated as yet, so that a diagnosis of this kind is possible only during

epidemics when fresh blood containing the organism can be obtained.

A drop of blood from the suspected case is mixed with a drop from

a patient then undergoing a paroxysm, and the two are sealed with

wax between slide and cover-glass and left in the thermostat for

half an hour together with a mixture of normal blood and blood

containing spirochsetes as a control. At the end of that time, if

the case be one of relapsing fever, the organisms in contact with

the blood from that case cease their motion, while those in the con-

trol are lively. It is not a clump reaction but a direct bactericidal

effect, which persists in the serum nearly up to the time of the next

attack. The diagnosis so made by Lowenthal in forty cases was
verified in every case by the course of the disease. In this way
mild or abortive cases with few organisms in the blood can also be

identified.

(6) Prognosis. If the above bactericidal power lasts as late as

the seventh day from the last attack, and in sufficient intensity ^o

immobilize the spirochsetes in one hour or less, there will be no re-

lapse. If these conditions are not fulfilled, relapse is sure to fol-

low unless prevented by treatment. Lowenthal has verified this

prognostic use of the serum in over one hundred cases.



CHAPTEE V.

DISEASES AFFECTING THE SEROUS MEMBRANES.

TuBEECULOus affections of serous membranes have been dealt

with elsewhere (p. 301) ; but an exception was there made of pleu-

risy, for although there is reason to believe that the majority of

cases of serous pleurisy are due to tuberculosis, we rarely have proof

of it. Tuberculous cases have not always been distinguished from

non-tuberculous. Hence the two are necessarily considered together

here.

SEROUS PLEURISY.

Von Limbeck finds in non-tuberculous cases from 13,000 to

15,000 leucocytes per cubic millimetre. The red cells and hsemo-

globm are not much affected except in chronic cases.

Eieder finds in non-tuberculous cases during the stage of fever

moderate leucocytosis, 13,000 in one case in which the bacteriologi-

cal examination showed the presence of Fraenkel's diplococcus in

the exudation. After the fever has subsided the leucocytosis falls

to, or nearly to, normal, so that cases examined for the first time

some weeks after onset would show no increase at all. This he

thinks explains the results of Halla and others who found no leuco-

cytosis in serous pleurisy. According to Eieder the presence or ab-

sence of leucocytosis depends not so much on whether the product

is serum or pus as on whether the trouble is stationary or advancing.

In tuberculous pleurisy despite fever Eieder found but 4,600

white cells in one case, and Pick got similar results in two cases.

Hayem makes no clear distinction of tuberculous and non-tuber-

culous cases, and states that " acute inflammatory " pleurisy has

from 7,500 to 12,000 leucocytes per cubic millimetre. The fibrin

network is much less dense than in pneumonia; in most of the tu-

berculous cases it is not increased at all.

Morse reports 224 counts in 20 cases of serous pleurisy

—

9 of them tuberculous. No relation could be established between

the number of leucocytes and the presence, absence, or degree of
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fever, the presence of blood or microscopic pus in the fluid, the

amount of fluid or the duration of the illness. Increase or decrease

in the amount of fluid was not accojnpanied by any parallel change

in the circulating leucocytes

Only 10 of tlie 224 counts were over 11,000, and 9 of these 10

wore in a single case which was shown at autopsy to be complicated

by a secondary pneumococciis infection Morse concludes that

primary serous pleurisy does not show a leucocytosis. His figures

are as follows

:

)m 3,000
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Here tuberculous and non-tuberculous cases are not distin-

guished, and a majority of them were not seen till thetrouble had
been going on two or

three weeks. The pa-

tients did not seek ad-

vice until the effusion

was large enough to

cause dyspnoea. Of

the 242 cases all but

35 had no leucocytosis.

Most of the eases were

afebrile or nearly so.

Eight cases reacted to

injections of tubercu-

lin. None of these 8

had leucocytosis.

The cases with leu-

cocytosis were mostly

those seen in the fe-

brile stage, near the

beginning of the sick-

ness. No differential

counts were made.

In chronic cases the red cells are said to be considerably dimin-

ished, but this has not been the case in our series : no count of

under 4,000,000 was recorded, and the coloring matter was not

much diminished.
Summary.

1. Eed cells and haemoglobin show no important changes.

2. In adults the white cells are probably never steadily increased

as a result of simple uncomplicated serous pleurisy. Occasional

waves of leucocytosis occur in a small percentage of cases, but even

then the leucocyte count rarely reaches 14,000. Continuous leuco-

cytosis indicates some complication.

Diagyiostic Value.

The blood count may help a good deal in doubtful cases by ex-

cluding empyema, pneumonia, and malignant disease of the lung,

all of which are accompanied by high leucocyte counts. Compare

the average count in serous pleurisy, 6,130, with the average in

DAV3 OF
MONTH
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pneumonia, 24,000, or in empyema, 18,300. The few counts I

have seen of malignant disease of the lung have been still higher.

Hayem insists, rightly it seems to me, that clinicians could get

real help from blood examination in almost every case of doubtful

diagnosis in which the lung and pleura are in question. In chil-

dren the leucocytes are sometimes considerably increased by even a

serous inflammation, their blood reacting always more strongly than

that of adults to any morbid influence, and in them it may be im-

possible to distinguish serous from purulent pleurisy.

Dry Pleurisy.

d
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TaT.TiB XXX.—^EliLPYEMA (CoMl
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This clinical difEerence is parallel to the difference in the blood

condition. Any inflammation (non-tuberculous) of the peritoneum,

whether serous or purulent, calls very large numbers of leucocytes

into the peripheral blood. The only exceptions to this rule are

those cases in which the organism is so overwhelmed by the disease

that it oifers no resistance. We have seen that this same effect is

produced in the severest cases of pneumonia and diphtheria, and

presumably it is true of many other infectious diseases in which

the blood has been less carefully studied.

Almost all cases of general septic peritonitis show very marked

leucocytosis, and the spreading of a localized process is always indi-

cated by an increasing leucocytosis. But here and there it happens

that the patient cannot react against the disease at all, and then

the leucocytes are normal or diminished. This never occurs in em-

pyema, because the system is never so overwhelmed by a septic

process in the pleura. The fibrin network is increased in almost

all cases. The following counts, all in fatal cases, illustrate these

points

:

Table XXXI.—General Pbeitonitts.

No.
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Diagnostic Value.

1. When a diagnosis rests between peritonitis and (a) obstruc-

tion (non-malignant); (b) malignant disease; (c) hysteria, phan-

tom tumors, or malingering, the presence of marked leucocytosis

-with increase of the fibrin network speaks strongly in favor of

peritonitis.

Obstruction or malignant disease may increase the number of

leucocytes but rarely increases the amount of fibrin.

Hysterical or malingering patients have normal blood.

2. We cannot distinguish serous from purulent peritonitis in

septic cases, but tuberculous peritonitis can always be excluded if

leucocytosis is present

3 As to the " chronic granular peritonitis," non-tuberculous and

non-septic, I have seen no reference in hsematological literature and

have no first-hand knowledge.

4. In the worst cases leucocytosis may be absent, as in the most

virulent type of pneumonia.

PERICARDITIS (WITH EFFUSION).

As in most other inflammations of serous membranes, we can dis-

tinguish the tuberculous cases which have no leucocytosis from the

rheumatic or septic eases which always increase the white cells.

The tuberculous cases are discussed under tuberculosis (see page

288). The following counts illustrate the rheumatic form of the

disease

:

Table XXXII.
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MENINGITIS.

Leucocytosis is usually well marked. Von Limbeck considers

that tuberculous meningitis can be distinguished from purulent by

the absence of leucocytosis in tuberculous cases, but Osier ' states

that many cases of tuberculous meningitis do have leucocytosis

throughout tlieir course, and my own observations (see Table

XXXIII.) confirm this. Of Rieder's cases one had leucocytosis

and one did not. Zappert's case had 11,130 white cells, and

Ziemke had one with 17,500. It seems, therefore, that we some-

times have here an exception to the rule that tuberculous processes

do not produce leucocytosis. Certainly some cases do follow this

rule. But however this may be, it is certain that purulent menin-

gitis, whether secondary or of unknown origin, is characterized by

high leucocyte counts, and if in a case evidently of meningitis of

some kind leucocytosis is absent, the case is probably tuberculous in

origin.

Table XXXIII.

—

Meningitis—Of Various Types not Epidemic.

1
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Table XXXIII.—Meningitis—OpVamous Types not Epidemic {Continued).
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Table XXXIII
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millimetre). The epidemic studied by Williams and myself was

apparently due to the diplocoecus intracellularis of Weichselbaum.

Secondary meningitis (otitis media, etc.) seems to have similar

effects on the blood.

Diagnostic Value.

Meningitis is the only intracranial disease (except abscess and

apoplexy) which shows leucoeytosis, and this fact may be of great

help in excluding other causes of coma.

1. Brain tumor, hysteria, lead encephalopathy, and most cases

of narcotic or alcoholic intoxication do not cause leucoeytosis and

hence can be excluded by its presence.

2. Uraemia, apoplexy, sunstroke,' diabetic coma, and post-

epileptic coma may have leucoeytosis and camiot be distinguished

from meningitis when leucoeytosis is present; but the absence of

leucoeytosis excludes meningitis.

3. Some cases of typhoid, when seen for the first time and with-

out a history of the previous illness, may be dif&cult to distinguish

from meningitis, but typhoid never has leucoeytosis if uncomplicated

and meningitis always has.

4. From pneumonia we cannot distinguish meningitis by the

blood count.

' In a case of heat exhaustion (temperature 104°) without coma, a leucocyte

count of 27,300 is recorded at the Massachusetts General Hospital.



PART III.

CHRONIC INFECTIOUS DISEASES.

CHAPTER VI.

TUBERCULOSIS.

Agglutinative Eeaction.

Since Arloing and Courmont's communication in 1898 at least

nineteen otlier observers have studied the question whether tliere is an

agglutinative reaction between the blood of tuberculous patients and

tubercle bacilli dissociated in fish bouillon or other nutrient liquids.

Their results have been admirably summarized by L. M. Loeb.'

Thirteen of the nineteen observers (Russian, French, and German)

get results practically identical with those of Arloing and Courmont,

i 6., find agglutination in a considerable percentage of tuberculous

subjects and also infrom SO to 60per cent of those showing no clinical

evidence of tuberculosis. This last fact deprives the test of practical

value in the estimation of Loeb and of some others whose results

are the same as those of Arloing and Courmont.

At least six investigators, among whom are Beck, Koch, and

Fraeukel, fail altogether to confirm Arloing and (jourmont's results.

I have no personal experience with the test.

Eed Corpuscles and HiEMOGLOBiN.

(a) Quantitative Changes.

I. The striking fact is the absence of such anaemia as we should

expect, judging from the pallor of the patients and the nature of

the disease. It is common to find a normal or even increased num-

ber of red cells in pale, cachectic-looking consumptives. We cannot

help wondering whether our methods of examination are at fault,

' Loeb; Jour. Am. Med. Assn., May 23d, 1903 (literature).
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that is, whether the drop we examine is typical. (For discussion

of the subject see page 68.) However this may be, it is undoubt-

edly the fact that in naost cases of tuberculosis, even in advanced

stages, the count of red cells is often normal, or increased with cor-

respondingly high hcemogloMn.

II. In a smaller number of cases the hsemoglobiu is mjich di-

minished, although the count of red cells is normal—in other

words, we find the blood characteristic of a moderately severe sec-

ondary anaemia. The red cells are numerous enough, but only

because their numbers have been recruited by the influx of "half-

baked " or decrepit corpuscles, small-sized and pale, poor in albu-

min and haemoglobin.

The condition differs from that of chlorosis mainly in that some

of the red cells are normally developed and nourished, while in

chlorosis all, or nearly all, are feeble. Such blood occurs in the

severer and more cachectic sufferers from tuberculosis, just often

enough to make us wonder that it is not always to be found.

III. In a small percentage of cases both red cells and hsemo-

globin are considerably diminished, the latter usually suffering

more than do the actual-number of cells, that is, the color index is

usually below 1.

Von Limbeck ' has recorded a case in which in the course of a

tuberculous process (acute) the red cells fell as low as 700,000

(white cells, 6,000; specific gravity 1.032). But the account of the

blood is not sufficiently explicit in this case to enable us to exclude

a true perniciotis anaemia in the course of which the tuberculosis

may have been only the last incident. No other such case is on

record, so far as I am aware.

"In phthisis, as well as in other tuberculous processes, great

caution must be used in judging of the patient's improvement

from an increase in red cells or haemoglobin. The writer has seen

the haemoglobin and red cells increase while the patient was rapidly

losing flesh, the letions advancing, and the total quantity of blood

doubtless falling. In several of Bierfreund's cases the haemoglobin

steadily increased while the patient was developing general tuber-

culosis." (Ewing.)

IV. Fibrin is not increased unless extensive secondary infection

is present.
Xoc. cit., p. 564.

19
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(6) Qualitative Changes.

I There may be none whatever.

II There may be only a pallor of some of the individual corpus-

cles with slight changes in size and shape.

III In very severe cases the poikilocytosis may be extreme, but

this is much rarer than in many other cachexias of the same severity

(e.g , malignant disease)

IV" An important point is the usual absence of nucleated red

cells Even after hemorrhages it is rare to find any nucleated red

cells, and this is in marked contrast with cancer cases, in which

nucleated red cells are the rule.

V. The degenerative changes described by Maragliano are some-

times found in severe cases with mixed infection (vide infra).

As regards the influence of the different seats of tuberculous

disease (meningeal, pulmonary, genito-urinary, acute miliary, etc.)

upon the red corpuscles and heemoglobin the following are the

probabilities

:

Pure tuberculous disease itself, whatever its seat, has littl© or no

effect upon the blood Tlie widely different conditions of the blood

found in different cases depend probably on the presence or absence

of various other organisms (diplococcus lanceolatus, pyogenic cocci)

associated with the tubercle bacillus, and on whether there is some

drain on the body albuminoids (diarrhoea, peritoneal effusion, star-

vation, prolonged suppuration). When the infection is a mixed

one, the blood shows the ordinary effects of septicaemia (for then

the case is practically one of septicaemia) in lessening the number

and quality of the red cells. When there is drain on the fluids and

proteid constituents of the body, the red cells may not seem to be

diminished, owing to the concentration of the blood from loss of

fluid Under such circumstances they may even seem increased,

but the individual corpuscles are sure to be lacking in haemoglobin

and the other nitrogenous bodies of which they largely consist.

Fever may be present without there being any changes in the

red cells that we can detect. It is only septic fever, and not the

fever of pure tuberculosis, that drains the corpuscles of their vitality

and lowers their numbers.
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Leucocytes.

(<x) Quantitative Changes.

Here, as -with the red cells, the striking fact is the absence of

changes in pure tuberculosis. It makes no difference whether we

are dealing with tuberculosis of the bones, serous membranes, or

internal organs. So long as the infection remains unmixed the

white cells are not increased. In certain localities (lungs, kidneys)

the opportunities for a secondary infection and septicaemia are so

great that we frequently find evidence of it in the blood On the

other hand, psoas abscesses before they are opened often contain

only tubercle bacilli, and the blood of such cases shows no consider-

able changes.

So much more is known of the numerical variations of the leuco-

cytes in tuberculosis than of the other blood constituents, that I

shall give a separate account of them in phthisis, in tuberculous

bone disease, in tuberculous meningitis, acute miliary tuberculosis,

genito-urinary tuberculosis, and tuberculous peritonitis,

I, PHTHISIS.

I In incipient phthisis the leucocytes are normal except after

haemoptysis,

II. After attacks of hcemoptysis, there is usually leucocytosis,

subject to wide variations according to the amount of the hemor-

rhage and the resisting power of the patient This follows the

laws of ordinary post-hemorrhagic leucocytosis (vide supra) and dis-

appears quickly when the hemorrhage ceases

III. Cavities. —Very constantly accompanied by leucocytosis.

Indeed the absence of leucocytosis in any case proves the absence of

any cavity of considerable size.

Ewing "has seen both lungs consolidated and riddled with small

cavities in a case lasting five weeks, yet the leucocytes were never

found above 12,000 The absence of leucocytosis in these cases of

acute phthisis, which resemble pneumonia, may often be of value

in diagnosis. Similarly, in a case of subacute empyema in which

the tubercle bacillus was largely concerned, the leucocytes were

found not to exceed 14,000 during an. acute febrile period." In

moderately advanced cases living in the open air with ample proteid
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diet, Galbraith ' finds " moderate leacocytosis, large absorptive lym-

phocytosis, and an almost constant eosinophilia."

IV. Extensive infiltration (" tuberculous pneumonia ") may
cause marked increase of white cells, sometimes as great as in

croupous pneumonia, but this is not invariable.

V. Fibroid Phthisis (chronic interstitial pneumonia).—As a rule

the leucocytes show no increase, but if, as sometimes occurs, we

have the combination of this condition with cavity formation, the

latter may increase the count of white cells.

VI. Fever.—When the temperature is normal, the leucocytes

are normal, but a febrile state may or may not be accompanied by

leucoeytosis (according, presumably, as the fever is or is not due to

pyogenic organisms).

VII. Tuhercidin Injections.—At the height of the reaction fever

the leucocytes almost always rise, the lymphocytes and eosinophiles

being relatively increased.

In a general way, the worse the case the higher the leucocyte

count, yet the signs may be advanced without causing any leuco-

eytosis if cavities are absent,

The following tables give some idea of the range of the counts

in average hospital cases of phthisis

:

Phthisis—Red Cells.

Between 3,000,000 and 3,000,000 = 1 case.

3,000,000 " 4,000,000 = 33 cases.

4,000,000 " 5,000,000 = 27 "

5,000,000 " 6,000,000 = 17 "

Total 67 "

Phthisis—Hemoglobin.

From 10 to 30 per cent = 1 case.

30
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Phthisis—White Cells.

Betwee'u 3,000 and 4,000 = 5 cases.

4,000
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ured in the cavities of his own lungs. In most cases associated

with leucocytosis they are absent.

6. Myelocytes were found by Holmes, W. E. May, and myself

in many cases of advanced phthisis. They averaged 0.3 per cent.

Other Changes.

Neusser and liis followers have advanced a theory that the occur-

rence of perinuclear basophilia ' during tuberculosis is a favorable

sign and marks a system capable of resisting the tuberculous infec-

tion The researches of Futcher and my own attempts to verify

Neusser's theory have not confirmed liis findings.

Holmes, of Denver, has studied the leucocytes in phthisis with

great care and considers that he finds therein means not only of

diagnosing tuberculosis by the blood alone, but of measuring the

degree of advancement of the process and the amount of resisting

power in the patient.

I have carefully followed out Holmes' procedures with stains

seen and approved by him. I can verify most of his statements of

fact, but some of the inferences which he draws therefrom are, I

think, wholly unwarranted The blood changes in pulmonary tu-

berculosis are mainly such as he describes, but they have no diag-

nostic value, as similar changes are found in a great variety of other

diseased conditions. The increase of polymorphonuclear forms in

advanced cases, the increased amount of "debris," the degenerating

forms, etc., are all characteristic not of tuberculosis alone, but of

any severe suppurative process The increase of " debris " is proba-

bly the same datum which Watkins interpreted as an increase in

blood plates and Goldberger and Weiss as " extracellular glycogen.

"

(With Holmes' "undeveloped nuclei" in the leucocytes, compare

page 102.)
'

II. BONE TUBERCULOSIS.

Brown" has studied seventy-two cases, Dane ' forty-one. Dane's
study of the blood in forty-one cases of hip disease and Pott's dis-

ease is a very careful one. Whenever abscesses appeared in con-

nection with the disease, cultures were taken when the abscess was
first opened and again later on, and the coincidence of low counts

' See Appendix.
^ TraDsactions of California Medical Society, 1897.
2 Boston Medical and Surgical Journal, May 38th, 1896.
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with absence of pyogenic cocci and with high counts of secondary

pyogenic infection is very notable. Dane's conclusions are as

follows.

1. " High leucocyte counts, especially in hip disease, point to

the probability that there is, or soon will be, abscess formation;

but low counts do not preclude the presence of abscess, especially

in long-standing cases.

2. " If abscess is present, a low count of white cells indicates

the absence of secondary pyogenic infection (proved by cultures).

3. " Gases of traumatic origin are generally accompanied by a

high leucocyte count.

4. " The lencocyte count bears no direct relation to the tempera-

ture; one case with 30,980 leucocytes (five-year-old girl) showed a

temperature of only 99.4° at the time of the count. In another

girl of three years whose temperature ranged between 101° and

104°, the leucocytes were only 7,224, or subnormal for that age

(vide infra, page 512)

.

5. " Cases where at the primary operation the pus proved sterile

show an increase in the leucocyte count when the wouud becomes

infected with pyogenic organisms" (as it always does).

6. " The red cells are rarely diminished, but the hsemoglobin is

usually relatively low (mild secondary anaemia in these cases)

.

This absence of a diminution in the red cells in these cases is the

more remarkable because they were almost all in young children

whose blood is much more sensitive to any deleterious influence than

that of adults,"

Brown dissents from several of Dane's conclusions. He thinks

that a case may go on to abscess formation without any increase in

the leucocyte count When an increase does take place, he thinks it

due either to a secondary infection or to an increased activity of the

tuberculous process itself without any secondary infection. The

latter process, however, in Brown's experience causes only a moder-

ate increase (2,000-3,000), while if a marked increase suddenly or

gradually occurs he thinks it " most significant of secondary infec-

tion." With Dane's fifth conclusion he wholly agrees and adds:

" After the infection (produced by the operation) the leucocytosis is

very high for a time, and if the sepsis is acute and threatens life, it

remains high until the crisis is passed." Otherwise it gradually

falls after the first few days, and if the patient progresses well, it

disappears. If the pyogenic matter overcomes the recuperative
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power, the leucocytes fall as in peracute pneumonia or peritonitis.

In such cases the anaemia increases as well.

Qualitative Changes.

(a) As in other forms of tuberculosis there may be none at all.

(p) The cell-changes in purely tuberculous cases are illustrated

well by Case 17 of Dane's series, a boy of seven whose blood on the

day of operation for hip disease with large abscess showed 8,932

leucocytes The differential count was as follows

:

Per cent.

Polymorphonuclear neutrophiles 40

Small lymphocytes 49

Large lymphocytes and transitional forms 8

Eosinophiles 3

Eight ounces of pus were evacuated, in which cultures showed

the absence of pyogenic organisms.

This case demonstrates that some cases of tuberculous suppura-

tion have no tendency to produce leucocytosis or to increase in the

neutrophiles, but influence the blood only by producing what might

be termed a functional debility of the blood through lack of nutri-

tive substances in the plasma. This condition is by no means pecul-

iar to tuberculosis, but occurs in a great variety of debilitated or

cachectic conditions, as already stated

(c) But when a septicaemia complicates the tuberculosis, cell

metamorphosis appears to be accelerated, and we get with the

quantitative increase of leucocytes such qualitative changes as the

following

:

Per cent.

Polymorphonuclear neutrophiles 84

Lymphocytes (small) 9

Lymphocytes (large and transitional) 6

Eosinophiles 1

This was a case (No. 33 of Dane's series) in which the abscess,

sterile when first opened, had become inoculated with the staphylo-

coccus aureus.

(d) Not every case with leucocytosis shows qualitative changes

as the above. One of Dane's cases (No. 22, a boy of seven) showed

a leucocytosis of 23,387, but only sixty per cent of these were poly-

morphonuclear and two per cent eosinophiles.

In a case recorded by Dane (No. 32), tuberculous osteomyelitis
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showed 6,083 -wihite cells (subnormal, as the child was only two

years old) with sixty-four per cent of polymorphonuclear cells.

The pus from the bone cavity showed no pyogenic organisms on cul-

ture. Ordinary septic osteomyelitis gives very different results (see

page 265). Dane's cases were almost exclusively hip and spinal

affections.

The following cases from the Massachusetts General Hospital

records illustrate tuberculosis of other bones

:

Table XXXV.

Case.
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isms were also present is not stated The leucocyte counts were

as follows

:

Table XXXVI.

Day.
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TABLE XXXVII.—Acute Miliaby TgBBRCULOSis {Conimued).
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IV. TUBERCULOSIS OF SEROUS MEMBRAl^ES.

1. TuBEKCULOUS PERITONITIS.

The blood condition is exactly as in other forms of tuberculosis,

except in so far as it is modified by the drain exerted on the blood

by diarrhoea or by transudation or exudation into the peritoneal

cavity. Such events concentrate the blood by withdrawing water

and albumin from it and may give us a normal number of red cells

per cubic millimetre, when in reality a considerable ansemia is pres-

ent. As a rule, the blood shows a mild secondary ansemia without

leucocytosis or with leucopenia. This is exemplified in the follow-

ing table from the Massachusetts General Hospital records

:

Tabl?: XXXVIII.



302 SPECIAL PATHOLOGY OF THE BLOOD.

Table XXXVIII. (Continued).

Sex. Red cells.
White
cells.

Per cent
lisemo-
Blobin.

EemarSs.

30
31

32
33
34,33
35
36
37
38
39
40
41

43
43
44
4.1

46
47
48
49 31

50 19
51

53
53

54
55

56

57

58

59
60

M.

F.

F.

4,616,000
4,050,000
3,880,000

3,960,000

4,368,000

4,904,000

4,300,000
3,400,000

4,600,000
5,300,000

4,'8i6,'000

3,555,000

4,'473,0do

4,576,000

7.400

7,400
6,800
7,400

7,900
8,000
8.000

8,000
8,300

8,500
8,600

8,700
7,600
9,800
9,800
10,000
10,000
10,800
11,300

11,300
11,500
11,600
13,400

14,300
14,500
11,600
14,600

16,000
14,000

16,100
14,300
11,000
16,900
18,300
18,000
31,900
18,500

33,900
18,300
18,600

50
50
52
47
70

45

75
60

58
30

50

65
65

50

80

76

53

45

60
85

April 26th.

May 5th.

May 10th.

May 30th.

Tuberculous tube.

First day.
Thirtieth day.

March 34th.

March 36th.

First day.
Sixth day.
Eighth day.
Pelvic abscess also.

Intestines perforated.

Ninth day, after two dry taps.

Thirteenth day, pus and faeces coming
through tap holes.

Seventy-eighth day. Autopsy.

I know of few differential counts of leucocytes in tuberculous

peritonitis.
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2. TuBBEcuLous Mexingitis.

Eemarkably few counts are ou record so far as I can ascertain.

Von Limbeck gives but a single case (with autopsy). Four counts,

the last on the day of death, showed the following:

May 22d, 1889 ; Leucocytes 8,000
' 23cl, 1889; "

8,000
" 24th, 1889, " 6,000
" 26th, 1889: " 7,500

Eieder records two cases, in one of which the leucocytes were
"normal or subnormal, in the other increased." In both diagnosis

was confirmed by autopsy. The counts in these cases were as fol-

lows :

Case I. —February 26th, 1891 • Leucocytes 7,800

March 2d, 1891 : Leucocytes 5,900

Case II.—May 30th, 1891 : Leucocytes 14,400

Ttirck studied three cases, all showing more or less leucocytosis

(9,600 with 90 per cent poljmuclears and no eosinophiles, 17,100

and 18,100 with S3 per cent polynuclears and no eosinophiles, 20,800

with 86 per cent polynuclears and no eosinophiles). Blood plates

and fibrin were not increased.

Pick saw two cases

:

Case I.—February 28th, 1890 : Leucocytes 6,500

March 5th, 1890 : Leucocytes 8,000

In the second case there was also no leucocytosis. Autopsy in

both. Sorenseu's ' two cases showed respectively 8,300 and 9,400

leucocytes. My own results in forty-three cases are as follows

:

Table XXXIX:.—Tuberculous Meningitis.

1
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Table XXXIX. —Tuberculous Meningitis (Contiimed).

Age. Red cells.
White
cells.

Per cent
bsemo-
globin.

Remarks.

9

10
Jl

13
13
14

15

16
17

18

19
20

31

33

23
24

3*

9 mos,
2

11

34
3

10 mos.
9 mos.
10 mos.

23

13

35
23

46
11

37 33

38,000
34,300
37,000
35,900
33,800

33,800
27,800
23,600
16,500
31,000
19,800
34,800
33,700
33,600
34,000
17,000

23,400

21,500
20,400
19,500
17,600

16,400
39,500
15,600
15,400
15,300
30,000
41,000

15,050
20,500
35,000
14,700

14,400
19,400
13,200

19,300
14.000
18,000
13,900

31,400
17,400
13,900
13,500

11,800
13,200
13,400
13,100
13,200

16,300

63

80

55
90

80
80

75

95

July 8th.

July 9th. Autopsy.

May 30th.

June 4th. Tuberculous peritonitis

also.

June 8th.

June 10th.

June 13th.

June 14th.

June 16th.

June 18th.

First day.
Third day.
Fifth day. Death.
August 28th.

August 30th.

Bronchopneumonia. Death.
Death.
Autopsy.

Temperature 103° F., first day.
Death, fifth day.

December 1st.

December 3d.

December 4th.

December 5th. Death.
February 9th.

February 31st.

February 33d. Death.
Pleurisy also.

January 35th.
January 30th.

February 3d.

February 6th. Autopsy.
First day.
Fifth day.
First day.
Fourth day, temperature 103° 1

.

Tenth day.
Death.
April 3d.

April 18th.

April 30th.

Death.

November 5th.

November 7th.
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of any increase in fibrin is, Tiirck thinks, of some diagnostic value

in excluding other types of meningitis.

It seems therefore that pure tuberculous meningitis differs mark-

edly from other pure tuberculous processes, in that it has a strong

tendency to raise the leucocyte count. Osier's results point to the

same conclusion. ' Ziemke " has recently reported a case with 17,500

leucocytes per cubic millimetre.

3. Tuberculous Pebicaeditis.

In one case in which tubercle bacilli were repeatedly demon-

strated in the fluid obtained by tapping the pericardial sac I found

no leucocytosis. The counts in two others are shown in- the accom-

panying table. I have not met with any other reports on the blood

in this condition.

Case
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Glandulab Ttjbbkculosis.

No.
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Tarlb XL. {Uontinued).

No.
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ment lowers it, although mercury has at first a beneficial effect on

the hsemoglobin as well as on the other constituents of the blood.

Konried ' goes further into detail. According to him, in the

first four to seven weeks after infection, the number of red cells

remains normal, but the haemoglobin begins to fall off, losing from

ten to twenty per cent in that time. Afterward it sinks steadily

until treatment is begun, the number of corpuscles also falling

slightly.

Newmann and Konried ' reporting in 1893 on two hundred cases,

say that up to the time of the secondary symptoms from twenty-five

to thirty per cent of haemoglobin is generally lost, without much

change in the red cells, which sink considerably in number after

the outbreak of secondary lesions. Lezius ' likewise finds no diminu-

tion in the number of red cells until the outbreak of secondary

lesions.

Ewing says :
" With the outbreak of secondary symptoms the

red cells begin to fall rapidly, reaching in untreated cases as low as

2,000,000 or less (Konried). In ten cases Wilbouchewiteh found

an average decrease of 229,000 cells daily. At the same time the

haemoglobin continues to diminish and may fall to 55-25 per cent

within a few weeks or months."

All these changes, like those about to be described, are apt to

be more marked in women than in men. In cases going on to the

secondary stage untreated, the haemoglobin may sink to as low as

twenty-five per cent. In the tertiary stages and in hereditary and

so-called " constitutional syphilis " the red corpuscles are much more

seriously affected, diminishing considerably in number as well as in

weight and color. The hereditary syphilis of infancy may indeed

produce fatal anaemia and very low counts are common, with large

immbers of nucleated red cells and great deformities in shape and

size.

The effect of mercurial treatment on the red cells is interesting.

Gaillard* found that the count of red cells increased during the first

fourteen days, and the haemoglobin during the first twenty-four

days of treatment. After that time, if mercury was still given, the

haemoglobin and later the number of corpuscles began to decline.

Konried (loc. cit.) found the haemoglobin to rise during the ad-

' International Dermatological Congress, 1892.
i* Wiener klin. Woch., 1893, No. 19.

8 Inaug. -Dissert., Dorpat, 1889. ^Gaz. des H6p., 1885, No. 74.
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ministratiori of the first twenty-five to thirty-five inunctions, after

which it began to go down. This was in cases in which treatment

was begun just after the onset of secondary symptoms. In the

worst cases it sank even as low as forty-five per cent despite treat-

ment, and this usually means a bad prognosis and severe tertiary

symptoms to come. In one of my own cases the haemoglobin was

only thirty-seven per cent, though the red cells were 4,988,000

(color index, 0.37).

Ewing says :
" In one the spleen was much enlarged and con-

tained gummata, while the blood showed the lesion of grave sec-

ondary anaemia, with a tendency toward the microcytic type and a

low haemoglobin index. In other cases the abundant jnegalocytes

with increased haemoglobin closely resembled those of pernicious

anaeniia."

Potassic iodide increases the red cells and haemoglobin, but has

no special effect on the leucocytes.

Cases often show spontaneous improvement in their anaemia as

well as in other symptoms.

Justus '' in five hundred cases claims to have observed, in sev-

enty to eighty per cent of all cases of syphilis, a peculiar reaction

of the hEemoglobin, which does not occur in any other disease and

which lie considers of much diagnostic value.

According to him, if in cases in which secondary symptoms
have not yet appeared, we test the haemoglobin and then give an

inunction or a subcutaneous injection of mercury, we find that with-

in twenty-four hours a very marked fall in haemoglobin has taken

place (ten to twenty per cent), owing to the action of the mercury

on the weakened corpuscles. This sudden fall is followed by a

gradual rise until within a few days the coloring matter is at a

point slightly higher than before the mercury was given. In dis-

eases other than syphilis this sudden drop does not occur. After

the advent of secondary symptoms the peculiar reaction to mercury
does not occur. My own experience with the test is small. In nine

cases of active syphilis I found it present. In three inactive

cases and in thirty-five control cases of various other diseases it was
absent. In a case of chlorosis the reaction was positive.

Brown and Dale " studied thirteen cases of syphilis, and con-

cluded that the test is unreliable and of little practical value. In

' Justus: Deut. Arcli. f, klin. Med., vol. 75.

^ Cincinnati Lancet-Clinic, March 34th, 1900.
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some of their cases the drop in hsemoglobin did not appear until

several inunctions had been giveij.

Jones' examined thirty-five syphilitics and eighteen control

cases. Of seventeen eases of active syphilis thirteen gave positive

results. Jones thinks the test of some value in diagnosis though

by no means pathognomonic.

Christian and Foerster {University Medical Magazine, Novem-
ber, 1900) studied twenty-nine cases and found the test quite un-

reliable. They obtained positive reactions in neurasthenia and two

cases o? chancroid. On the whole I agree with then- conclusions.

White Cells.

1. Here the changes are not characteristic. In the first stage

the leucocytes are either normal or slightly increased, but the per-

centage of polymorphonuclear forms is almost always notably low

and that of the Ijnnphooytes high. If mercury is given at this

stage, the polymorphonuclear forms begin to increase toward nor-

mal, and the lymphocytes proportionately to decrease. [Mercury

given to healthy persons has just the opposite effect, increasing

the lymphocytes at the expense of the polymorphonuclear forms.]

Iodide of potassium works exactly like mercury in this respect, in-

creasing the polj-morphonuclear leucocytes in syphilis, while it

diminishes them in healthy persons.

2. As the eruption breaks out leucocytosis (12,750 and 16,800

in two of my cases) sometimes appears, the proportion of lympho-

cytes usually being increased. Various writers have reported an

eosinophilia at one or another stage of the disease, but Peter, ^ who
has carefully studied this point, states that eosinophilia is never

produced by syphilis at any stage, though from various causes the

eosinophiles may be temporarily increased. Engel describes a

syphilitic child in whom the percentage of polymorphonuclear cells

steadily rose as the child got worse. In such cases Engel considers

these cells to be of prognostic importance. P. K. Brown has made
a similar observation in bone tuberculosis. Treatment with mer-

cury and potassium iodide tends to bring down the count of Ijuipho-

cytes, and to increase the polymorphonuclear forms, while it raises

the count of red cells.

In the tertlarij stages, with the severe anaemia which is often

' New York Med. Jour., April 7tb, 1900.

2 Peter: Dermat. Zeit., 1897, vol. iv., p. 669.
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present, there occur occasionally leucocytosis, not uncommonly with

small percentages of myelocytes, and a marked lymphocytosis.

Miiller' has described four cases of anaemia in syphilis so severe as

to simulate pernicious anaemia very closely. lu one the red cells

sank to 720,000. Laache" mentions a similar case.

There are no constant changes in the blood plates. They are

often increased in anaemic cases and are in all probability the bodies

described by Losdorfer as specific and characteristic of syphilis.

(See discussion by Vomer.') The specific gravity follows pretty

closely the haemoglobin percentage.

Diagnostic Value.

Justus' reaction of syphilitic blood to mercury, if true, would

be of great value in distinguishing early syphilis from various other

causes of debility, but it is in all probability useless.

The chief value of the blood examination in syphilis is not for

diagnosis' but as a measure of the stage and severity of the infec-

tion. Low haemoglobin and high percentages of the lymphocytes

are characteristic of severe types. Leucocytosis usually means that

the case has got beyond the primary stage, while in the tertiary

stage the presence of myelocytes with a marked anaemia is of serious

import.

Certain cases of this last type may closely resemble pernicious

anaemia, from which, however, they are to be distinguished by their

low color index, the frequent presence of leucocytosis, and the rel-

ative infrequency of megaloblasts as compared with the normo-

blasts, in case nucleated red cells are present.

Table XLI.—Syphilis.

No,
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Brown ' has watched sixteen cases. They find in young persons

with mild cases no clianges from the normal blood.

In severe cases, especially in old people, the anaemia may be

severe (2,290,000 red cells with 54 per cent of haemoglobin) and

even comparable to pernicious anaemia (1,989,000 red cells with

63 per cent of haemoglobin). In anaemic cases the color index is

apt to be high, in one case it was 1.7 (!). Such severe types

are associated with an increase of the average diameter of the red

cells, which explains the high color index. The haemoglobin was

relatively low in any case.

Leucocytes.

No increase was present in any case. Four cases were subnor-

mal. The percentage of lymphocytes, as in other debilitated con-

ditions, is often high (forty-iive to forty-seven per cent). Eosino-

philia has been recently noticed by Bensande,' by Achard and

Loeper' (five to eleven per cent), and by Sabrazes and Mathes,* the

latter only in nodular cases and not in those of the anaesthetic type.

Bacteriology of the Blood.

Brown has succeeded in demonstrating the leprosy bacillus in

the blood of one-half of his cases. The bacilli appear for the most

part within the leucocytes, and here they accumulate in large num-

bers. It is especially in the tubercular form of the disease that

Brown has found them. He was unable to cultivate the bacillus.

Streker '^ has likewise found the bacillus in the blood of four

cases.

' San Francisco County Medical Society, July IStli, 1897.

''Bensaude: Ref. in Presse med., 1898, p. 306.

^ Achard and Loeper: Ref. in Brown's article in Internal. Clinics, vol.. iv...

12th series.

* Sabrazes etMathes: (Jaz. Hebd., 1902, No, 2.

. ^sti-eker: Miinch. med. Woch., 1897, Nos. 39 and 40.



PART IV.

DISEASES OF SPECIAL ORGANS.

CHAPTEE VII.

DISEASES OF THE DIGESTIVE APPARATUS.

1. Mouth.

In a case of thrush complicating chronic nephritis the following

counts were recently recorded at the Massachusetss General Hospi-

tal.: Octobei- 16th—red cells, 6,000,000; white cells, 16,200;

hsemoglobin, 62 per cent. October 24th—white cells, 13,800; hae-

moglobin, 56 per cent.

2. (Esophagus (see Malignant Disease, page 439).

3. Stomach. Displacements of the organ (gastroptosis) have

no effect upon the blood.

The conditions existing in the stomach may influence the blood

profoundly in three ways

:

(a) They may be such as to prevent the normal absorption of

nitrogenous material on which the blood, like all tissues, is abso-

lutely dependent. Then the blood becomes starved. Tlie extreme

of this condition is the so-called "atrophy of the gastric tubules,"

which may produce fatal anaemia. In lesser degrees the same proc-

ess is at work in many forms of chronic dyspepsia, gastritis, or

chronic starvation.

(S) They may lead to severe and repeated hemorrhages.

(c) They may lead to an auto-intoxication which poisons the

blood as well as other tissues.

On the other hand, it is probably through the influence of an

altered blood serum on the duodenal mucous membranes that ulcer

of the duodenum is a sequel to severe burns of the surface of the

body.

For an account of the influence on the blood of digestion, inges-

tion of liquid, and starvation, see page 90.
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DISEASES OF THE STOMACH.

ANOREXIA NERVOSA.

From pure starvation the red cells may get as low as 900,000,

as in the case mentioned by Martin. In the early stages the blood

is normal. A recent hospital case showed 8,900 leucocytes with 87

per cent of haemoglobin.

GASTRIC CANCER.

(See Malignant Disease, page 433.)

GASTRIC ULCER.

Red Cells and Hcemoglobin.

A severe anaemia is common. Out of the 61 cases in Table

XLI1-, A, 42—80 per cent—had less than 60 per cent of haemo-

globin, and of the 61 in which the red cells were counted, 17 had

under 3,000,000 red cells per cubic millimetre. The average count

of red cells at the time when treatment began was 3,372,000.

There is no single disease, so far as I am aware, in which the red

cells are so apt to be so low, except pernicious anaemia. Even can-

cer, as a rule, does not fall so low. This is due mostly, I think,

to the frequency of hemorrhage from the ulcer; it is uncommon to

see marked anaemia in patients who nave never had a hemorrhage.

This anaemia is all the more striking when we remember that

the frequent vomiting from which most patients suffer tends to

concentrate the blood, increase the number of cells in a drop, and

so to make the blood seem less anaemic than it really is. This teu-

dency to concentration is probably effective in some of the cases

observed especially by Oppenheimer,' in which despite great pallor

he found normal counts of red cells and haemoglobin.

It is in such cases that the estimation of the dry residue of the blood serum
would be of real value could it be made short and simple enough for clinical

work. Grawitz, who is the prophet of this branch of blood examination,

gives an interesting case illustrating this point.

A girl of twenty -five, suffering with peptic ulcer, and exceedingly pale,

showed, on counting the corpuscles, 4,140,000 per cubic millimetre (no consid-

erable reduction), and 90 per cent of haemoglobin. A second count showed

iDeut. med. Woch., 1889, No. 43.
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4,340,000 corpuscles and 91 per cent . of hsemoglobin. But the dry residue

of the serum was reduced to three-fourths its normal amount. The serum

suffers in anaemia as much as the corpuscles do. Any influence which de-

prived the serum of one-fourth of its normal solids (oedeina being absent)

must hare really affected the corpuscles very much. Therefore the corpuscles

must actually have been reduced to about 3,800,000, the reduction being

masked by the concentration of the blood from vomiting. Lymph cannot

have run into the vessels and diluted the serum, for (owing to the vomiting)

tlve tide is all the other way. If then the serum is reduced to a quarter the

corpuscles must be so likewise. Unfortunately, to test the dry residue of the

blood serum requires more time, skill, and apparatus than clinicians are apt

to have. It is valuable whenever we wish to know whether or not an anemia

is being masked by concentration of the blood.

Ill severe cases the usual qualitative evidences of secondary anse-

mia (deformities, scanty normoblasts) are to be found.

Table XLII., A.

—

Gastric Ulcer with Hemorrhage.



318 SPECIAL PATHOLOGY OP THE BLOOD.

Table XLII. A.

—

Gastric Ulcer with Hemorrhage (Oontmu^d).

No. Age. Sex. Bed cells. WMte
cells.

Per cent
beemo-
Klobln.

Bemarks.

10

11
12

13
14
15
16

48

F.

17
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Table XLII. A.

—

Gastbic Ulcer with Hemokkhage {Ccntimied.)

No.
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Table XLII., B.—Gastric Ulcbr without Hemorrhage.

No.
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White Cells.

Leucocytosis is practically never seen except after hemorrliage

and during digestion. When patients who have been fed for some

time by the rectum are first given food by the mouth, the digestion

leucocytosis may be very great, as in a case of the above series, in

which the cells increased from 4,000 to 15,600! The presence of

a leucocytosis, when the influence of bleeding and digestion is ex-

cluded, is against the diagnosis of ulcer of the stomach.

Table XLIII.—Duodenal Ulcer

No.
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Table XLIIL—Duodenal Ulcer (Continued).

No.



ACUTE GASTRITIS AND DYSPEPSIA

Table XLIV., A —Acdte Gastroenteritis {Oo\

323
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Table XLIV., B.—Dyspepsia and Gastritis (Continued).
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The leucocytes average higher in these conditions than in chronic

gastritis or dyspepsia with normal or decreased secretions (see Table

XLV.). Otherwise the blood is not remarkable.

Tablb XLV.

—

Hyperacidity and Hypebseckbtion.

d
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Digestion leucocytosis is often absent, as in cancer or chi-onic

gastritis

CORROSIVE GASTRITIS.

The blood was examined in a case of this kind in 1895 at the

Massacliusetts General Hospital with the following result: Ked

cells, 3,792,000; white cells, 32,600; haemoglobin, 63 per cent.

DISEASES OF THE INTESTINE.

Influence of Saline Cathartics on the Blood.

Hay ' gives the following figures, showing the effect of sulphate

of sodium in concentrating the blood : Healthy man of thirty-three,

3:35 P.M. Eed corpuscles, 6,025,000; given 86 c.c. of a concen-

trated solution of sulphate of sodium in water; thirty-five minutes

later blood count showed red corpuscles, 6,640,000; sixty-five

minutes later blood count showed red corpuscles, 6,790,000; four

hours later blood count showed red corpuscles, 4,930,000. Evi-

dently much fluid was drawn out of the blood-vessels, and then

within four hours the tissues had supplied the loss and the blood

had returned to its normal density.

Hay also showed that dilute solutions of the same salt had far

less effect in concentrating the blood. Further he demonstrated

that if the blood is already concentrated when the saline is given, no

purgative effect follows.

Grawitz confirms these results; he found also that common salt

still further concentrates the blood (hence its production of thirst),

and considers that (as this concentration accelerates coagulation)

the household use of salt water as a remedy to stop hemorrhage is

well founded.

ACUTE DYSENTERY.

(Shiga's bacillus) (see page 539).

ACUTE ENTERITIS.

Practically the great majority of cases of acute enteritis are part

of a gastro-enteric attack, and in Table XLIV. (see page 322) the

two have been lumped together. What was said of that table (pege

'Hay; "The Action of Saline Cathartics." Journal of Anatomy and
Physiology, 1882, p. 430.
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323) need not be here repeated. Besides the slight leucocytosis

there meiationed, we may tiud in cases in which the stools are very

watery a temporary concentration of the blood with increased spe-

cific gravity and red corpuscles. In infants the lymphocytes are

apt to be increased at the expense of all the other varieties,' Eosino-

philes may be absent. Thus in a case of subacute colitis following

an attack of influenza pneumonia, Wochnert found ninety-seven per

cent of lymphocytes in a total count of 14,000 white cells. The

other three per cent were polynuclear.

"

Table XLVI.

—

Enteritis, Colitis, and Dysenteky.

o
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Table XLVI.

—

Enteritis, Colitis, and Dysbnteuy {Continued).
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lar conditions. The haemoglobin, however, usually suffers most,

and the color index is low.

Leucocytosis is rare, but does occasionally occur, possibly owing

to some complication or auto-intoxication.

Table XLVII.—Intestinal Obstrtjction.

Age. Sex. Red cells.
White
cells.

Per cent
hsemo-
globin.

Bjemarks.

10
11

12

13
14
15
16
17
18
19

1 mo.

53

65
Adult.

M.
3,130,000
5,568,000

47
50
35

21
56
57

Adult.
45
72
29
58

Adult.
.4.dult.

F.
M.

M.
F.

F.

M.

3,504,000

5,150,000
4,440,000
4,272,000
5,800,000

M. 4,850,000

4,480,000

5,200,000
5,540,000

34,200
22,100

21,700
20,800
18,860
18,800
15,400
14,666

12,400

4,100

13,300
12,200
13,000

13,000
12,000

11,000
6,800

6,600
6,000

6,000
5,800
4,000
4,000

75

53
75

60

90

Intussusception, died.

Twenty-flrst day, strangulated
hernia.

Twenty-second day, autopsy.
Cancer.
May 6tli, cancer.

May 17th, cancer.

No fseces three days.

No urine two days.

One day later, no faeces; urine

drawn by catheter.

Three days later, bowels moved six

times.

Cancer of uterus.

Chronic obstruction with hemor-
rhage.

Obstruction (by a band).

Cancer.
Cancer.

Double ovarian cyst.

Obstruction by band: operated.

Cancer.

Cholera is discussed on page 231.

For Appendicitis see Abscess, page 245.

INTESTINAL OBSTRUCTION.

Gushing ' in 1898 first noted the leucocytosis (presumably toxae-

mic) associated with intestinal obstruction.

Bloodgood's" conclusions are as follows:

Within a few hours of the occurrence of obstruction the leuco-

cytes rise rapidly. If obstruction is partial the counts are between

Cushing: J. Hopkins Bull., November, 1898.

''Bloodgood: Prog. Med., December, 1901.
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14,000 and 16,000; if complete usually 20,000 or more. The higher

the count and the shorter the duration the greater the probability of

gangrene. If there is a count of over 20,000 within the first twenty-

four hours, the chances are that gangrene is present. On the second

day the counts do not change much. Then if gangrene or peritonitis

occurs the count begins to fall, otherwise the count remains high until

the fourth or fifth day, when the leucocytes gradually fall whatever

the condition of the abdomen. If after three days of obstruction the

count is still over 20,000, the prognosis is good. If the count is be-

low 16,000, the probability is that gangrene, peritonitis, or fatal

autointoxication has occurred , Bloodgood thinks the leucocyte count

of great value on post-operative complication suggesting obstruction

DISEASES OF THE LIVER.

CATARRHAL JAUNDICE.

The serum is colored yellow or greenish-yellow and contains bile

pigments in solution. It has been asserted that jaundice can be

recognized here before it shows in the skin or urine. In mild cases,

i.e., when some bile goes to the intestine and the obstruction is not

of long standing, the blood is practically/ normal, as the cases in

Table XLVIII. show. Achard and Loeper ' studied twenty-four

cases of jaundice of various origins and found in the catarrhal

type at the beginning a slight polynuclear leucocytosis; at the

end a low percentage of polynuclears with slight eosinophilia.

Table XLVIII.

—

Catarrhal Jaundice.

Age.
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T4BLE XLVIII.

—

Catarrhal Jaukdice (^Continued).
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amount of blood being seventy-seven to eighty-one per cent (i.e.,

tliey take up seventy-seven to eigbty-oiie per cent of the room occu-

pied by the drop), while the normal is about forty-four per cent.'

Qualitative Changes.

Grawitz noted in severe cases that crenation took place much

more rapidly than usual in freshly drawn blood, and that the rou-

leaux formation did not take place. This latter point was also

noticed by Hofmeier " in icterus of the new-born. Silbermann " no-

ticed in the same disease great deformities in the size and shape of

the cells. In severe febrile icterus Weintraud noted in the red

cells the white spots and streaks with active (molecular) movements

described by Maragliano (see page 79) as endoglobular degenerative

changes.

Summary.

Occasionally there is slight leucocytosis at the onset, otherwise

normal blood, with some degenerative changes in severe cases.

Diagnostic Value.

The constant presence of leucocytosis excludes an uncomplicated

"catarrhal" jaundice, and points to the probability of malignant

disease or inflammation (cholangitis, abscess) Syphilis and cir-

rhosis of the liver might show the same condition of the blood-

From a severe cholsemia the absence of any marked aneemia and

leucocytosis distinguishes a purely catarrhal case. (For the changes

in cholsemia see page 339.)

CIRRHOSIS OF THE LIVER.

1. Ordinary (Atrophic) Cirrhosis Without Jaundice.

In the early stages (according to Hayem) neither the red cells

nor the haemoglobin fall considerably. Most other observers (per-

haps thinking chiefly of the later stages) report marked anaemia.

In Da Costa's 18 cases the red cells averaged 3,404,000 and the

haemoglobin 47 per cent. Wlajew* counted from 3,000,000 to

' Capps (Journ. Med. Research, December, 1903) finds no such change.
2 "Die Gelbsucht der Neugeborenen," Stuttgart, 1883.

^ " Die Gelbsucht der Neugeborenen." Arch. f. Kinderheilk. , 1887, p. 401.

^Ref. in Petersburger med. Woch., 1894, No. 43.
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4,000,000 red cells. The count may be increased after a tapping in

cases with ascites, owing to the concentration of the blood from the

rapid refilling of the belly with serum. Grawitz, on the other hand,

noticed precisely the opposite effect in a patient whose blood before

tapping had been concentrated by cyanosis, the heart's action being

embarrassed by the ascites. After tapping, when the heart's action

had become easier and stronger, the cyanosis disappeared and the

blood count fell from 4,700,000 to 4,300,000. In v Limbeck's

case it rose from 4,680,000 to 5,160,000. The moral is that we
should draw no inferences from the count of red cells soon after a

tapping.

The forty-tliree cases in Table XLIX. , A , were all advanced

and their red cells averaged only 3,580,000 + per cubic millimetre.

Tliey steadily decrease as the disease progresses, one case getting

as low as 1,300,000; but the anaemia may be concealed by cyanosis

and concentration.

Qualitative Changes.

Hayem noticed spontaneous agglutination of the erythrocytes, a

great tendency to adhere to each other. Von Limbeck looked for

it, but could never find it. Hayem and Maragliano noticed degeu.

erative endoglobular changes in the red cells i^' etat cribriforme").

Table XLIX., A.

—

Cikrhotic Livek without Jaundice.
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Table XLIX., A.

—

Cirrhotic Liver without Jaundice (Continued).
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White Cells.

Except during severe nervous manifestations of toxaemia and

after recent hemorrhage none of our cases showed any leucocytosis

and the average count was 7,240, some cases having notably low

hgures (2,400, 3,000, 4,600).

Hayem's and Da Costa's results agree with mine Von Lim-

beck makes no definite statement. Eosenstein and Wlajew found

leucocytosis, the latter 12,000 to 17,000. Possibly their cases in-

clude the forms of cirrhosis with jaundice in which (see Table

XL IX., B) the white cells are more often increased.

The forms of hypertrophic cirrhosis ivithout jaundice are here

classed with the atrophic cases whose blood has just been described.

Table XLIX., B.—Cirkhotic Liver with Jaundice.
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Table XLIX., B.—Cirrhotic Livbr with Jaundice (Continue

1
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WICiU Cells. ~

In Hanot's cirrhosis leucocytosis is apparently commoner than

in the other varieties. Hanot and Menuier found from 9,000 to 21,-

800 leucocytes per cubic millimetre in five" cases, and' an average of

6,600 in ordinary cirrhosis. Among the 29 jaundiced cases of cir-

rhosis in my series, 14 (about fifty per cent) showed leucocytosis,

due, I conjecture, to the relatively late toxaemic stage in which most

of these cases were at the time the blood was taken. The toxaemia

of fibrous hepatitis, like that of fibrous nephritis, is probably capa-

ble of producing leucocytosis. Similarly high counts were found

in some of the non-jaundiced cases while in the toxaemic state.

Diagnostic Value.

The blood of either form of cirrhosis has no diagnostic value, so

far as I know, except to exclude abscess and hj-datids, If no leuco-

cytosis is present, abscess and hydatid cyst can usually be excluded

HYDATID CYST OF THE LIVER.

The earlier observations which I have met with are those of

Hayem and Neusser. Hayem states that the blood shows leucocy-

tosis and increased fibrin. Neusser considers that the increase of

eosinophiles which he finds in hydatids serves to distinguish them

from hydronephrosis, dilated gall bladder, etc. Neusser's discovery

of eosinophilia in hydatid disease has been abundantly confirmed of

late. Memmi ' in 12 cases found 10 to 18 per cent of eosinophiles;

Dargaiir and Tribondeau '' add one similar case, and others are men-

tioned by Achard and Clerc ' (up to 40 per cent of eosinophiles)

by Laubry ' (10 per cent), and by Abbe ° (4 per cent). Tuffier and

Milian " give brief notes of 6 cases with 4 to 8 per cent of eosono-

philes out of 10,000 to 15,000 leucocytes. Lepine ' in hydatid of the

liver counted 28,000 leucocytes with 18 per cent eosinophiles (4,600

absolutely)

.

Seligman and Dudgeon" report the following observations in

hydatid of the liver

:

• Memmi: Ref. in La Sem. Med., November 13th, 1901.

" Darguin and Tribondeau : Presse Med., November 6th, 1901.

3 Achard and Clerc: Ref. in Arch. Gen. de Med., 1902, p. 743.

^Lauhiy:' Ibidem. 'Abbe: Ibidem.

« Tuffier and Milian: Soc. de Chirurg., February 25th, 1902

'Lepine: Soc. de Biol., March 8th, 1902.

8 Seligman and Dudgeon : Lancet, June 31st, 1902.

22
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Date.
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ACUTE YELLOW ATROPHY OF THE LIVER

Grawitz records a case with 5,150,000 red cells and 16,000

white cells.

A single case with autopsy was studied at the Massachusetts

General Hospital in 1894, the blood showing 5,520,000 red cells,

12,000 white cells, and 60 per cent of haemoglobin,

Ewing reports three cases with leucocytosis, 16,000 to 21,000.
" The absence of rouleaux and early crenation mentioned by Grawitz

were not noted."

PHOSPHORUS POISONING.

Taussig,' V. Jaksch,' Badt,° and v. Limbeck' note an iiKyrease

in the normal number of red cells per cubic millimetre. Taussig

found 8,650,000 per cubic millimetre; Badt, 6,400,000, 6,600,000,

and 6,800,000 in three successive cases; v. Limbeck, 6,500,000 and

7,900,000. That this increase is not due to concentration of the

blood through vomiting of liquid is proved by v- Limbeck's last

case^ in which no vomiting whatever took place.

The count usually falls to normal within a few days. All these

changes were verified in thirty-three cases at the Stockholm Hos-

pital in 1892 (see Stockholm reports for 1892).

The white cells in v. Lijnbeck's second case were increased to

12,500. In V. Jaksch's five cases the counts were 58,750, 48,000,

8,000, 4,070, and 3,400.

TOXEMIA IN HEPATIC DISEASE (' CHOL^MIA ").

When jaundice is intense and of long standing, as in complete

obstruction of the bile ducts by gall stones or tumors, the blood is

weakened very notably, and haemoglobin and the count of corpus-

cles fall steadily. Very little is to be learned upon the subject

from the literature, but the qualitative changes mentioned under

catarrhal jaundice are much more marked, and leucocytosis is apt

to be present. I have studied the blood in one case of fatal chronic

jaundice without fever and for which at autopsy no cause was

found. The leucocytes ranged between 12,000 and 14,000.

' Arch. f. experiment. Path, und Pharm., vol. xxx.

» Deut. med. Woeh., 1893, p. 10.

'Dissert., Berlin, 1891. * Lot. cit., p. 34.
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GALL STONES.

Netter ' and Sittmann ^ found pyogenic organisms in cultures

from the blood of patients with gall stones, as have Gilbert and

Girode' and others. The slow coagulation is of great surgical im-

portance. Da Costa in 38 cases .found that " gall stone does not

of itself excite leucocytosis " ; acute inflammatory complications

raised the count in about one-third of his cases. The maximum in

28 cases was 18,800, the average 1Q,100.

Of the 50 cases of this disease examined at the Massachusetts

General Hospital 2 were complicated with cholangitis (see Table

L., A) Excluding these 2, marked leucocytosis was present in

only 5 of 50 cases. The red cells were low in 2 cases (2,800,000

and 3,900,000).

The absence of leucocytosis helps us to distinguish the disease

from peritonitis and appendicitis, and to exclude suppurative cho-

langitis.

Table L., A.

—

Gall Stokes,
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Table L., A.

—

Gall Stones {GontinvM),

n
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Between 16,000 and 18,000 = 4 cases.

18,000 " 20,000 = 3 "

20,000 " 30,000 = 3 "

Total 73 "

Average number of white cells, 10,000 +
CHOLANGITIS AND CHOLECYSTITIS.

Here the leucocytosis is well marked whenever the inflammation

has got beyond the catarrhal stage (see Table L., B), and helps

us to exclude simple impacted gall stone, with or without colic.

Cancer may or may not produce leucocytosis, but does not usually

increase the fibrin network. It is said by Hayem that cholangitis

does not increase it.

Bioodgood {loo. cit.) concludes that "in acute cholecystitis the

leucocytes invariably rise to from 20,000 to 27,000." If no opera-

tion is done and the local symptoms abate, the count falls. In chronic

cholecystitis (8 cases) the leucocytes were from 6,000 to 12,000

{i.e., normal). "In cholecystitis with jaundice and stone in the

common duct" (8 cases) tlie leucocytes were normal (2,000 to 10,-

000), One patient observed from the beginning of an acute at-

tack showed a rising leucocytosis, which reached 24,000 and then

fell to 9,000 as the acute local symptoms subsided. Jaundice per-

sisted and at operation a stone was found in the common duct.

Table L., B.—Cholangitis.

No.
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Table L., C —Cholecystitis {Continued).

343

No.
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ill which the highest count was under 10,000. The highest leuco-

cytpsis of-all was, 53,000.

" Some observers hold that there is a great increase in the leuco-

cytes in .cases of. aoembic hepatic abscess and emphasize its impor-

tance ill the diagnosis of such cases. Few, however, give counts

supporting their statements. Although this series shows that the

average leucocyte count in the amoebic abscess cases is considerably

above that in the uncomplicated cases, yet it is doubtful whether

tlie leucocyte count is of any great value as a means of diagnosis.

For instance, in the forty-three uncomplicated dysentery cases there

were ten in which the leucocyte count was above the average in the

abscess cases. In two of these the counts were 40,000 and 47,000

respectively.

"The average differential count of the leucocytes showed a rela-

tive increase in the polymorphonuclears. Considering the rather

large number of eosinophiles seen in the stools in certain cases, it

was thought that there might be some change in the relative per-

centage of these cells in the blood. With the object of determining

whether there was such a change or not. Dr. McCrae made differen-

tial counts in a number of cases, but found the eosinophilic cells

present in practically normal percentages."

Table LI.

—

Abscbss of the Liver.
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Table LI.—Abscess of the Liver {Continued)

8
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Chronic Pancreatitis

Age.
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Bed Cells.

As in all forms of septicaemia marked anaemia rapidly develops,
more rapidly probably than in any other disease. The heemoglobin
loses about equally with the corpuscles, according to most observers
since blood destruction is so rapid.

Further evidence of rapid blood destruction is seen in the hamo-
globinaemia often present.

Eoscher {loc. cit.) records counts of 4,400,000 and 2,760,000,
both fatal cases.

White Corpuscles.

Eieder reports a single case showing these variations

:

Temperature. White cells.

January 2d, 1891 105° 17;000

3d, 1891 99° 13,700

8th, 1891 103° 15,500

10th, 1891 101.5° 18,000
" 12th, 1891 101.5° 21,300
" 18th, 1891 101° 18,800

22d, 1891 104.5° 13,000

February 11th, the patient died.

Pee found leucocytosis. Roscher in two cases found : Case I. :

8,800 leucocytes; the patient died in two days. Case IT. : 16,800

and 12,000. Krebs in one case found : October 27th, 15,500; Oc-

tober 28th, 44,200; the patient died the same day.

Twenty-six cases were studied at the Massachusetts General

Hospital with the following results

:

Table LII.—Ulcerative Endocarditis.

d
IS
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Table LII.—Ulcerative Endocarditis (Continued).
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Table LII.—Ulcebativb Endocakditis {Continued).

6
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Table LIII.—"Benign" 'K^docakditis (Continued).

Age. Sex. Bed cells.
White
cells.

Per cent
bseino-
globiu.

Remarks.

28

11 4,738,000

9

10

27

13

29
13 M.

11

12

13

54

17

34

14 26

3,768,000

24,800
11,700
24,500
17,700
14,000
15,100
10,800
10,100
24,000
16,000
13,600
22,500
15,200
21,400
18,400
29,400
21,320
20,600
17,900
18,700
16,800
21,200
27,400
22,700
24,200
21,900
26,100
26,800
17,400

28,700
21,200
21,300

20,200
24,400
19,800

19,200
19,700
12,900
11,000
10,500
7,200

14,500
19,300
14,200
18,300
14,400

10,200
24,000
35,300
12,000

55

65

55
34
80

80

85

62

90

50

52

Twenty-fourth.
Twenty-fifth.
First day.
Seventh day.
Fourteenth day.

First day.
Fourth day.
Fifth day.
January 28th.

February 1st.

February 4th.

February 8th.

February 21st.

Pregnancy four months.
May 26th. Temp. 102''-104°.

May 29th.

May 31st.

June 3d.

June 4th.

June 8th.

June 11th.

June 13th.

June 15th.

June 17th.

June 19th.

June 23d.

June 26th.

July 2d (outdoors).

July 4th. Left the hospital July
19th.

January 24t]i.

January 26th. Autopsy.
December 16th. Mitral insuffi-

ciency. Renal colic.

December 20th.

November 5th.

November 7th.

November 9th.

November 12th.

November 14th.

November 22d.

November 25th.

November 28th.

November 30th.

December 2d.

December 5th.

December 8th.

December 11th.

Salpingitis.
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Diagnostic Value,

(a) Blood cultures should never be omitted in cases of suspected

malignant endocarditis. When positive they are of great value.

(b) In excluding typhoid, malaria, and miliary tubercle the pres-

ence of leucocytosis is important. I saw within a few months a

case in which several consultants had made tlie diagnosis of typhoid,

but in which the presence of marked and persistent leucocytosis and

the absence of a typhoid sei-um reaction convinced me that the case

was one of ulcerative endocarditis. This has since been verified.

MYOCARDITIS.

Whenever stasis and disturbance of the circulation result from

weakness of the heart wall, blood changes identical with those de-

scribed under Valvular Heart Disease are present. Otherwise the

blood is normal. The ordinary findings are shown in the following

tables

:

Table LIV., A.

—

Myocabditis.

Age.
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VALVULAR HEART DISEASE.

Grawitz divides valvular heart disease into three stages with

corresponding blood conditions

:

1. Stage of full compensation : blood normal.

2. Stage of acute failure of compensation : blood diluted (Oer-

tel's "plethora serosa'').

3. Stage of chronic stasis and cyanosis : blood concentrated for

the most part; at times diluted as well.

1. A valvular lesion ^er se has no effect on the blood.

2. When compensation fails and blood pressure is lowered, we
find (especially in the venous Mood) that the fluid from the sur-

rounding lymph spaces has made its way into the vessels and diluted

the blood. The specific gravity falls, red cells and haemoglobin are

lower than before, while the white cells are unaltered, and the

plasma is shown to be more watery than before, as well as of in-

creased quantity per cubic millimetre. All these changes are less

marked in capillary blood, and hence are rarely observed.

3. If the heart adjust itself partially to the increased work it

has to do, and to the chronic passive congestion of the internal or-

gans and at the periphery, the blood is concentrated, probably in

part by transudations into serous cavities and lymph spaces, and

in part by the increased excretion of moisture by the lungs. The

specific gravity and the number of red cells are increased, especially

in the capillaries, and to a less extent in the venous blood (the con-

ditions being just the reverse of those in acute heart failure, stage

No. 2). This is tlie condition usually found in heart disease with

chronic venous stasis (passive congestion).

But this concentrated condition of the blood may be offset from

time to time by fresh weakening of the heart and lessening of blood

pressure, and the combination of the two conditions may result in a

normal blood count.

The condition of concentrated peripheral blood with the count

of red cells above normal is that most commonly seen in chronic

heart disease with stasis."

Von Limbeck finds that aortic lesions are more apt to show a

normal or diminished blood count, while mitral disease is more apt

to be accompanied by the temporary dilutions and long-standing

'Gibson (Brit. Med. Jour., January 17tli, 1903) has recorded some striking

cases illustrating this point.

23
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concentration above described. He does not explain the cause of

this, and it does not coincide with my cases. One of his patients

with double mitral lesion showed a decrease of 1,170,000 red cells

(from 7,500,000 to 6,330,000) after exertion. When the patient

was quiet, the lesion was compensated; on exertion compensation

temporarily failed, blood pressure was lowered and the blood

diluted.

Sadler ' found considerable anaemia in three out of four cases of

aortic disease, while only two of seven patients with mitral lesions

showed anaemia.

Schneider's ' results were similar in that he found the red cells

normal in the aortic cases and increased in the mitral ones.

Hayem found anaemia most common in aortic regurgitation, espe-

cially in young people.

In the Massachusetts General Hospital records there have been

a strikingly large number of cases of mitral disease associated with

severe anaemia (see cases 2, 10, 14, and 88 of Table LV.). The

counts of red cells in twenty cases average 3,400,000, and nucleated

red cells were found in three cases. These were all of them sup-

posed to be chronic cases without any active endocarditis, septic or

benign, and were for the most part afebrile. In view of the marked

anaemia and leucocytosis, however, I am in doubt whether the endo-

carditis was really as dormant as the temperature and the absence

of chills or embolism would suggest.

In cases of aortic disease due to arteriosclerosis, there was no

considerable anaemia or leucocytosis.

White Corpuscles.

Almost all writers whom I have consulted agree that the leuco-

cytes are normal unless some complication occurs. Yet in a large

number of the Massachusetts General Hospital cases the leucocytes

were steadily increased, while the red cells were diminished (see

Table LV.) This leucocytosis cannot be explained as the result of

stasis, since it is rare in aortic disease or in myocarditis, despite

stasis, and is found chiefly in mitral cases. That stasis plays a part

in the blood counts of congenital heart disease seems evident from

the cases next to be mentioned, in which the red cells are increased

only about forty per cent, while the white are often one hundred

per cent more numerous than normal.

' Loe. cit., p. 33. 'Inaug. -Dissert., Berlin, 1888.



VALVULAR HEART DISEASE. 355

The apparently normal count of red cells in some of our cases

may have been due to the covering up of an anaemic or diluted con-

dition of the blood by concentration, the resultant of the two forces

being an apparently normal count.

In the 91 cases of mitral disease tabulated on pages 356-358,

there are 51, or 56 per cent, showing leucocytosis of more than

11,000, and 32 with over 16,000 leucocytosis. In some of the

cases there was pulmonary infarction or nephritis as a complication,

and these lesions may have influenced the count.

The polynuclear cells are proportionately increased. In expla-

nation of the anaemia and leucocytosis of mitral disease and the lack

of these phenomena in aortic disease, I conjecture that mitral dis-

ease is rarely long dormant, and that the " failures of compensa-

tion," for which my cases sought the hospital, were associated with

or due to fresh vegetative or thrombotic processes on the valves.

(Edema and diuresis have in themselves little or no constant

effect upon the blood, as a recent observation of Petrowsky's has

demonstrated.

CONGENITAL HEART DISEASE.

Vierordt ' has collected the following table of cases of congeni-

tal heart disease showing extreme polycythaemia

:

Specific
gravity.

Red cells.
White
cells.

Per cent
haemo-
globin.

Age. Sex.

Toeniessen.i' 1889
Toeniessen,-' 1889
Krehl,3 1889
Moritz,'' 1893
Vaquey,= 1893
Bauholzer,« 1894
Carmichael,' 1894
Hayem/ 1895
Gibson,' 1895
J. Thompson '" (and Gibson).

.

1.071

1.081

I'.m

,830,000

,540,000

100,000
900,000
900,000
447,000
100,000
500,000
,470,000

700,000

1,800

16,000

9,900
13,000

13,000

150-170

160

lio

13
10
33
34
40
10

?

35
8

3

M.
P.

M.
F.
M.
M.

•>

M.
M.
M.

' Vierordt: Nothnagel's Specielle Pathologie und Therapie.

^Toeniessen: Dissertation, Erlangen, 1881.

^Krehl: Deutsch. Arch. f. klin. Med., 1889, p. 436.

•Moritz: Cited from Vierordt. =Vaquey: Soc. de Biol., May, 1893.

"Bauholzer: Cent. f. inner. Med., 1894, p. 531.

'Carmichael: Edin. Hosp, Rep., 1894, vol. ii.

8Hayem: Med. moderne, 1895, p. 897.

'Gibson: Lancet, 1895, vol. i., p. 34. '"Thompson: Cited by Gibson,
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Nouille,' 1896
Ruge,' 1897 .

,

Kovacs,^

Specific
gravity.
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TABIiE LV.—MiTKAL VaLVB DiSEASG AND ItS COMPLICATIONS
(
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Table LV.—^Mitral Valve Diseases and its Complications (CmiUnueS).

44
45
4B
47
48
49
50

51
52
53
54
55
56
57
68
59
60
61
63
63
64

65
66
67
68
69
70

71
72
73
74
75
76
77
78
79
80

8150
82 44

Bed cells

84

87

40

50

White
cells,

4,480,000
4,500,000

5,360,000

6,452,000
4,953,000

4,040,000

1,600,000

1,536,000

1,728,000
1,720,000

12,800
12,800
12,500
12,100
11,400
11,200
11,200

11,200
11,000
11,000
10,700
10,600
10,600
10,200
9,900
9,900
9,900
9,800
9,600
9,600
9,500

9,400
9,400
9,200
9,200
9,000
9,000

8,'9(lb'

8,800
8,800
8,600
8,500
8,400
8,200
8,000
7,900
7,900

7,800
7,500

7,300
7,000
6,800
6,600

6,000
6,000

4,200

10,400
5,000

60

65

1,840,000 5,200
6,000
5,800
4,900

55

10

10

lesioks.

Mitral.

M.
M.
M.
M.
M.
M.
M.

Double.
M.
M.
M.
M.
M.
M.
M.
M.
M.
M.
M.
M.
M.
M.

Double.
M.
M.
M.
M.
M.

M.
M.
M.
M.
M.
M.
M.
M.
M.
M.

Stenosis.
M.
M.

Double.
M.
M.
M.
M.

Double.
M.
M.

M.
M.
M.

Aortic.

A.
A.
A.

A.
A.

A.

A.

A.

A.

A.

A.

A.

A.

Remarks.

Temp., 98°.

With angina.

Temp., 98°.

Temp., 98°.

Astbma.
Broken compensation.
Temp, subnormal.
Temp., 98°.

Temp., 98°. Broken compensation.
Temp., 100°.

Broken compensation.
Broken compensation. '

December 14th.
December 21st.
Broken compensation. No autopsy.
Temp., 98°.

Fever. Gonorrhoea (?).
Temp., 97°.

Temp., 96°.

Temp., 98°.

Broken compensation. Temp., 97°.

Temp., 97°.

First day. Polynuclear, 61.6; lympho-
cytes, 38; eoslnophlles, 4; megalo-
blasts, 1 ; normoblasts, 8 ; reds pale,
large, deformed.

Seventh day. Polynuclear, 67; lym-
phocytes, 32; eoslnophlles,!; megal-
oblasts, 4; normoblasts, 7. Laree
oval forms.

Fifteenth day.
Twentieth day. Polynuclear, 71;
lymphocytes, 87; eoslnophlles, 2:
megaloblasts, 1.

Twenty-seventh day.

Temp., 98°.
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Mitral Valve Disease and Its Compijcations.

Summai-y.
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The most important practical deduction from these data is that

a blood count in a patient suffering from poorly compensated heart

disease has no value in determining whether or not anaemia is pres-

ent. The actual number of corpuscles in the body is not measured

by the number contained in a drop of peripheral blood, since anae-

mia may be effectually masked by concentration or simulated by

dilution.

This holds good equally for any condition involving general

stasis and cyanosis either from embarrassment of the heart's action

or otherwise (for instance, pneumonia in certain stage, emphysema,

displacement of the heart by serous effusions, or tumors), or local

stasis of the part from which blood is taken. Penzoldt ' noted that

in old hemiplegic cases the blood from the affected side contained

more corpuscles than that from the sound side, and the writer has

noticed the same thing in a variety of vasomotor affections involv-

ing local asphyxia.

ANEURISM.

As a rule I have found the blood entirely normal, but in the fol-

lowing case it might have thrown light on the diagnosis. A patient

was recently admitted to the Massachusetts General Hospital with

an acute affection of the chest, supposed to be pneumonia in spite

of the slightuess of the fever and the irregularity of the physical

signs. At autopsy a ruptured aortic aneurism was found. The
blood count had showed 3,324,000 red cells, 20,800 white, and 33

per cent haemoglobin. The low percentage of haemoglobin and red

cells was really inconsistent with an acute pneumonia in a man pre-

viously well, and might have hinted strongly toward the correct

diagnosis had attention been directed more carefully to the blood.

After gelatin injections, leucocytosis always appears.

DISEASES OP THE KIDNEYS.

Many factors other than the disease itself may influence the

blood of nephritic cases. For instance, in scarlatinal nephritis the

long-standing leucocytosis is probably due largely to the scarlatinal

poison, rather than to the nephritis. The occurrence of large quan-

tities of blood in the urine has the same influence as any other

hemorrhage upon the blood.

' Berliner Win. Woch., 1881, p. 457.
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(Edema as such has apparently very little effect upon the blood,

but the loss of albumin in the urine tells both on the corpuscles and

on the serum, thinning both with consequent lowering of the specific

gravity of the blood.

ACUTE NEPHRITIS.

1. Red Cells and Haemoglobin.

Whether largely from the loss of blood from the kidneys or from

other causes, the red cells are often much diminished, but the hae-

moglobin suifers still more.

Laache reports an average loss of nineteen per cent of the red

cells and twenty-six per cent of their coloring matter.

Hayem found no considerable loss of red cells unless the urine

was hemorrhagic. The following cases illustrate his results

:

Case I.—Acute nephritis, ending in recovery.

Bed cells.

March 17th, 1882 3,069,000

March 31st, 1883 3,759,000

April 7th, 1883 3,831,000

May 1st, 1883, albuminuria ceased.

May 17th, 1882 8,088,000

May 31st, 1882 3,689,000

Case II.—Acute (puerperal) nephritis; recovery.

Red cells.

April 6th, 1881 3,945,000

9th, 1881 2,976,000

" 12th, 1881, no albumin in urine.

" 18th, 1881 3,137,500

" 20th, 1888 3,310,000

Case III.—Nephritis (chronic?) with hsematuria.

Red cells 2,821,000

(It should be noted that Hayem's counts are low an the average,

and the instrument used by him was not very reliable.)

Grawitz in acute nephritis records 3,400,000 red cells at the be-

ginning of the third week and 3,100,000 ten days later.

Koblank' counted 6,168,700 iu a case of acute nephritis with

oedema.

Sadler (loc. cit. ) in six cases of acute nephritis found in two

'Inaug. -Dissert., Berlin, 1889.
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cases 3,690,000 and 2,262,000 red cells; in the-other four practically

normal counts.

Pieraccini ' found no appreciable anaemia.

Table LVII.—Acute Nephbitis.
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Table LVII.—Acute Nbphkitis (Gontimisd).
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nephritis is due either to complieatious, to loss of blood by the kid-

ney, or to uraemia. When these conditions have been absent I have

not found any leucocytosis. This agrees with Pieraccini's results.

CHRONIC DIFFUSE AND CHRONIC PARENCHYMATOUS
NEPHRITIS.

Red Cells.

In advanced stages the counts may run very low, but more often

it is chiefly the haemoglobin that suffers. Hayem gives the follow-

ing figures

:

Case I.—Chronic parenchymatous nephritis.

Red cells. Per cent Hb.

June 30th 4,309,000 43

July 4th 4,316,000 44

October 18th 3,945,000 34

Case II.—Same diagnosis.

Bed cells. Per cent Hb.

March 6th 3,619,500 36

8th 3,836,500 36

33d 3,464,500 37

Koblank {loo. oit.) in the same disease found 3,291,700 red cells

in a single case with much oedema.

Eeinert found 4,060,000 with 50 per cent of haemoglobin and

3,604,000 with 62 per cent of haemoglobin.

Sadler.

Red cells.

Casel 4,130,000

f 3,405,000—November 19th.
" 3 .^ 1,110,000—January 14th.

[1,500,000—January 17th.

" 3 4,300,000
" 4 4,300,000

f3,737,500—June 38th.
" 5 ^ 3,593,700—July 3d.

[3,187,500—August 15th.

f3,300,000— July 7th.
" 6

-i
3,357,000—July 33d.

[3,137,000—August 31st.

Grawitz in an acute exacerbation of a chronic parenchymatous

nephritis found 1,928,000 red cells. Da Costa in a series of 15
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cases found the red cells from 2,270,000 to 5,520,000—average

3,971,000; the haemoglobin from 30 to 82—average 57 per cent;

leucocytes from 4,000 to 16,000—average 8,600.

The Massachusetts General Hospital cases show a considerable

anaemia in forty-one out of the sixty-four, or two-thirds of the series.

Great concentration or cardiac weakness is probably the cause of

the verj' high cou^nts in certain cases. The majority of cases are

not far from normal so far'as the number of red cells goes, and the

haemoglobin is also very little diminished.

Chronic Nephritis.

Red cells. Cases.

Between 1,000,000 and 2,000,000 3

3,000,000 " 3,000,000 13

3,000,000 " 4,000,000 '.

.

36

4,000,000 " 5,000,000 14

5,000,000 " 6,000,000 6

6,000,000 " 7,000,000 3

Color index averages about 0.7.

White Cells.

64

Hayem records 25,000, 19,000, 13,000, 10,000, and 6,000, and

concludes that the counts vaiy much not only in different cases, but

in the same case at short intervals.

Koblank found 14,700 in a single case.

Sadler in one case found 6,300 in November and 16,000 in the

following January; 12,000 in another case; 8,800, 7,700, and 1,916

in others.

Table LVIII., A.

—

Counts in Chronic Nephritis with Uraemia.
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Table LVIII., A.—Counts in Chbonic Nephritis with Ur-«!mia

(Continued).

Age.

49
33
36

25
20
32
53

38
45
35
37
15
25
13

Sex.

F.

23
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Table LVIII., B.—Chronic Diffuse Nepheitis. No UitaiMiA.

Age.
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Table LIX.

—

Chkonic Dipfubb Nephritis; No Uk^mia (Continued).

Age. Sex. Red cells.
White
cells.

Per cent
b^eino-
globln.

Remarks.

24

16
35
42
19
28
47
21

43
55
24
26

36

6,092,000

5,740,000

8,834,000
4,268,000
8,734,000
3,164,000
4,338,000

3,776,000

4,560,000
4,450,000
4,080,000
3,416,000

4,360,000
4,800,000

1,468,000

1,186,000

1,752,000

2,348,000

2,540,000

3,393,000
3,580,000

5,060,000

13,700
13,700
11,400
13,600
11,300
10,600
10,100
10,000

10,000
9,800

8,600

7,000
6,300
5,700

3,800

5,800

55

45
50
65
56
45
50
70
55
50
65
23

19

33

30

48

60
65

75

From ear.

From finger.

Tertiary syphilis.

CEdema.
Cardiac hypertrophy.

Ascites.

Polynuclear, 70^; lymphocytes, 33^;
large lymphocytes,4.4% ; eosinophiles,

2.6^; reds, megaloblasts, 3; normo-
blasts, 2; microblasts, 1. Consider-
able variation in size; many oval
forms ; considerable poikilocytosis.

Polynuclears, 71. 8^ ; lymphocytes, 34. 2%;
large lymphocytes, 3. 3^; eosinophiles,
1.2^; myelocytes, 6; megaloblasts, 6;
normoblasts, 3. November 5th.

Polynuclears, 69.4^; lymphocytes,
25.3^; large lymphocytes, 3.8^; eo-
sinophiles, 1.6^; megaloblasts, 4;
normoblasts, 2. November 13th.

Polynuclears, 65.4^; lymphocytes, 28^;
large lymphocytes, '6%; eosinophiles,
3.4^; basophiles, 2; megaloblasts, 1;
normoblasts, 0. November 20th.

Polynuclears, 70.2^; lymphocytes, 23^;
large lymphocytes, 2. 6^; eosinophiles,
S.4%; basophiles, .8%. Red variation in
size and shape less marked. Megalo-
blasts, 1. November 37th.

December 6th.

Polynuclears, 79^; lymphocytes, 17.6^;
large lymphocytes, 1.8%; eosinophiles,
1.6^. Reds stain well ; slight poiki-
locytosis and variation in size; no
nucleated reds.

Hemorrhagic nephritis.

Chronic Diffuse Nephritis; No Uremia.
White cells.

Between 3,000 and
"

6,000 "

8,000 "

" 10,000 "

13,000 "

6,000 4
8,000 12
10,000 18
13,000 27
14,000 11
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Between 14,000 and 10,000 .... 9
16,000 " 18,000 5

20,000+ or more '.'.'.'.'.'.'.'.'.

6

Total gi
Average 11,600 +

CHRONIC INTERSTITIAL NEPHRITIS.

Hayem found the fibrin more increased in this form of nephritis

than in any other, and the anaemia less pronounced.

Grawitz distinguishes two stages

:

I. As long as the heart is strong enough to overcome the in-

creased resistance at the periphery and the disturbances of circula-

tion are not marked, tlie blood is normal.

II. When compensatory hypertrophy is no longer sufficient to

do the work of forcing the blood through the system, the usual

effects of failing compensation (see Heart Disease, page 363) appear

(dilution and subsequent coucentrKtion of the blood).

The white cells are normal.

Pieraccini (loc. cit.) has recently studied with care seventeen

cases of nephritis of various types, paying especial attention to the

differential count of leucocytes. He concludes (page 282) that:

"Toxaemia of renal origin, occurring in any variety of nephritis,

diminishes the number of circulating eosinophiles in proportion to the

degree of the toxaemia. In the severest cases the eosinophiles al-

together disappear from the circulation. . . . With the remission

of toxic symptoms the eosinophiles tend to return to normal or to

rise above normal." The disappearance of eosinophiles from the

blood of a case of nephritis is therefore, he says, a bad prognostic

sign. This is of special importance in the nephritis of pregnancy.

In conditions resembling those of uraemia

—

e.ff., hysterical, epi-

leptic, or syphilitic, convulsions, coma from alcoholism, apoplexy or

following epilepsy, cardiac asthma or cardiac oedema—Pieraccini

finds the eosinophilic cells undiminished. [He does not refer to the

tj'pe of convulsions occurring in dementia paralytica and other types

of insanity in some of which Capps and Burrows found marked dimi-

nution or absence of eosinophiles (see page 389), but it is very pos-

sible that these convulsions were also of toxic, if not of uraemic origin.]

Pieraccini considers the percentage of eosinophiles a valuable

datnm in the diagnosis between bronchial asthma and renal asthma.

In the latter there is a diminution, in the former an increase of eosin-

ophiles. Between a " cardio-renal " and a " reno-cardial " dropsy

24
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he considers the presence of eosinophiles in normal or increased per-

centage to mean that the heart and not the kidney is chiefly to blame.

The reappearance of eosinophiles, however, does not seem to him

to better the prognosis as much in uraemic states as it appears to in

infectious diseases (Tilrck). Especially in chronic uraemia the sys-

tem seems to become so adjusted to its burden that the eosinophiles

may reappear and remain in the circulation despite decided symp-

toms of systemic poisoning (loc. cit., p. 193).

In other respects Pieraccini finds no abnormalities in the blood

of cases of nephritis. The number and quality of erythrocytes, leu-

cocytes, and platelets are normal. Rouleaux formation, coagulation,

and the size and staining reaction of the corpuscles are also normal.

Table LX.—Chronic Intbkstitial Nbphbitis.

No.
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PYELONEPHRITIS.

Table LXI. speaks for itself. The ancemia is often severe and
leucocytosis is the rule ia my experience, but Pierac.cini reports

(loc. eit., p. 252) four cases of "open pyelonephritis" with or with-

out cystitis, none of which showed any leucocytosis nor any change
in the percentage of the different leucocytes.

Table LXI.

—

Ptelgnephritis.

1
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Table LXIII.—Stone ix the Kidney.



BRONCHITIS.

Table LXIV.—Floating Kidney {Continued).

373
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shall be forced to base my statements chiefly on the few counts re-

corded at the Massachusetts General Hospital.

ACUTE BRONCHITIS.

Aside from "capillary bronchitis," cases are not infrequently

seen in which the signs are simply those of general bronchitis of

the iiner tubes, yet the symptoms are much more like pneumonia.

Whatever may be the real conditions in the lungs of such pa-

tients, their blood is not infrequently exactly like that of pneumonia

and does not help at all in the differential diagnosis between the

two diseases (see Cases 1 and 2, Table LXVI.).

Table LXVI.

—

Acute Bronchitis.
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Table LXVI.—Acute Bronchitis (Continued).
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Table LXVII.—Chronic Bronchitis {Continued).

Age. Sex. Bed cells.
White
cells.

Per cent
haemo-
0obin.

Remarks.

6

7

8

9

10

11

13
13

14
15

16
17
18
19

30
31

33

33
34
35
36

43
34
68
35

48

04
62
65
68
43

60
36
74
37

61

30
18

36
45
29
30

M.

5,884,000

4,300,000

4,700,000

4,'i66,oob

17,100
16,600
16,400
15,400
15,000

15,000
14,300
13,900
13,400
11,000

10,500
10,100
8,900
8,800

8,000
7,935

7,793

6,700

6,700
5,500

5,063

70
70

80

85

80

78

68
78

70
63
61

With emphysema.

Chronic febrile, with laryngitis.

Recovery.
Temp. 98.6°.

Temp. 100° ; with asthma.
Fibrinous.

Temp. 98°
; chronic with empiiy-

Temp. 98°.

Constipation ; neurasthenia ; two
weeks afebrile.

Five months.

Keratitis, conjunctivitis.

symptoms.
Asthma.

Empyema of the antrum.
One month.

No

In the majority of acute cases, however, the blood shows no

changes unless concentration due to cyanosis be present.

In chronic cases (Table LXVII.) leucocytosis is uncommon;

more so, I think, than the table represents. If more counts were

added, nea-rly all, I think, would be normal.

The red cells and haemoglobin show no clianges to speak of in

either acute or chronic cases.

The blood has no diagnostic value so far as I know, except that

when pneumonia is in question a normal count of white cells speaks

against it and in favor of bronchitis. If emphysema is also present,

it sometimes produces a condition of the blood different from that

in simple bronchitis,

EMPHYSEMA AND ASTHMA.

G-rawitz reports an increase in the number of red cells in em-

physema, which he believes to be due to cyanosis, and this covers

up the really anaemic condition of the blood of many patients.

Practically the same conditions are present as in the cyanosis of
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heart disease (see page 353) and the coneentratiou of the blood is

brought about in the same way. Leichtenstern ' noticed a diminu-

tion in haemoglobin at the time when the heart first fails, due proba-

bly to the diminished blood pressure which allows the lymph from

neighboring tissues to flow into the vessels and dilute the blood.

In both asthma and emphysema it has been noted by Miiller,"

Gollasch/ Gabritsehewsky * and others that eosinophiles are very

numerous in the sputum, and Fink" also noted an increase of the

same cells in the blood, running as high as 14.6 per cent instead of

the normal one to two per cent. This increase is present only at

the time of the paroxysm and for a short time before and after it.

"Von Noorden found in one case 25 per cent of eosinophiles during

an attack, and a few days later could discover but one eosinophile

in twelve cover slips. In another case, after five attacks on suc-

cessive days, the eosinophiles were 33 per cent. Billings ^ reports

the following counts

:

January 26th. February 4th. February 11th.

Red cells

White cells

Haemoglobin
PolymorpLo nuclear

cells

Lymphocytes (small).

.

Lymphocytes (large).

.

Eosinophiles

3,911,000

8,300
68.0 per cent.

36.0 per cent.

5.0 per cent.

5.2 per cent.

53.6! per cent.

Few normoblasts

4,321,000
7,500

75 per cent.

38.2 per cent.

4,630,000
7,600

86 per cent.

38.9 per cent.

No nucleated red
cells.

Their presence in increased numbers before a paroxysm is said

to make it possible to predict its coming (v. Noorden, Schwer-

skewski). Coler reports a case of astlima with leucocytosis of 52,-

000, 25 per cent of which was made up of eosinophiles. The case

was complicated with extensive purpura, painful muscles, and ex-

treme cyanosis, but microscopic examination of the affected muscles

showed no trichinae.

Wolff ' followed a case for over a year and found the eosinophiles

' "Ileber das Hb-Gehalt des Blutes," etc., Leipsic, 1878.

^Eef. in Fink, "Beitrage z. Kennt. desEiters," Dissert., Bonn, 1890.

3 Fortschritte der Med , 1889.

^ Arch. f. exp. Path, und Pharm., 1890, p. 88.

5 New York Med. Journal, May 22d, 1897.

'Wolff: Ziegler's Beitrage, vol. xxviii.
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always over ten per cent, although during six months of this time

there were no paroxysms. He has noted similar conditions in two

cases of hay fever.

I have watched one subacute case without well-marked parox-

ysms or periods of perfect health. The blood was frequently ex-

amihed and showed always a slight leucocytosis with eleven to fif-

teen per cent of eosinophiles. As this applies only to pure bronchial

asthma and not to cases secondary to disease of the heart or kidney,

Schreiber states that we are enabled to distinguish bronchial from

cardiac or renal asthma by the increase of eosinophiles in the blood

and sputa in bronchial cases, which does not occur in asthma due to

cardiac and renal trouble. Pieraccini confirms this. Other records

are (Gabritschewsky)

:

Case I.—White cells 8,300

Eosinophiles 10.08 per cent.

Case II. -White cells 6,800

Eosinophiles 33.4 per cent.

Polynuclears , 35 "



SYPHILIS OF THE LUNG.

Table LXIX.—Asthma {Continiced).

379
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Table LXX.—Gangrene op Lung and Abscess.

No.



PART Y.

DISEASES OF THE NERVOUS SYSTEM, CON-
STITUTIONAL DISEASES, AND HEMOR-

RHAGIC DISEASES.

CHAPTER VIII.

DISEASES OF THE NERVOUS SYSTEM.

NEURITIS.

In cases of multiple neuritis, febrile and apparently of an infec-

tious nature, the following counts are found in the records of the

Massachusetts General Hospital

:
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But these changes occur also in alcoholic (afebrile) neuritis, as

the following counts show

:

d
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DISEASES OF THE BRAIN.

Meningitis (see Inflammation of Serous Membranes, page 284).

Zappert in one case of brain abscess found only 4,000 white cells.

In pa/;hymeningitis hcemorrhagica and cerebral syphilis (one case

of each) v. Jaksch found leucocytosis. My own experience has

been the same.

EPILEPSY.

Pieraccini (loc. cit.) records the following:

i
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Table LXXIII.—Cerebral Tumor {Continued).
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Table LXXIV.—Cbeebbal Hemobrhage.

o
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Table LXXIV.—Cerebral Hemokrhagb (Uontintied).

r



DISEASES OF THE SPINAL CORD,

Table LXXV.—Intermittent Claudication

387

Age.
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Table LXXVI.—Myelitis (Oontinued).

Age.
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4. At the time of convulsions the red cells and hsemoglobin are

apparently increased, due no doubt to the violent muscular con-

tractions which raise blood pressure and concentrate the blood, or to

cyanosis.

There is a sudden and pronounced increase in the leucocytes

during and after convulsions or apoplectiform attacks. That this is

not due to concentration of the blood or to stasis Gapps thinks is

shown by the fact that not only the number, but the differential

count of white cells shows changes, the " large mononuclear " cells

heing relatively increased, sometimes as high as 25 per cent. Mye-

locytes were seen in one case after the convulsions, and especially

just before death, when in a leucocytosis of 18,250 11 per cent were

myelocytes.'

HYSTERIA AND NEURASTHENIA: HYPOCHONDRIASIS.

A large number of cases have been counted at the Massachu-

setts General Hospital with a view of excluding other diseases.

The blood count is always normal except that in a certain number

of the hysterical cases eosinophiles are relatively increased, and

that many of the neurasthenics show the increased percentage of

lymphocytes which I have alluded to above (page 106) as charac-

teristic of a variety of debilitated conditions.

Marked ancemia is seldom present, although the haemoglobin is

not infrequently as low as 65 per cent. Eeinert " found the hsemo-

globin under 60 per cent in only 4 out of 48 cases of hysteria, and

in none of 36 neurasthenics.

The value of the blood examination in such cases, like that of

the urine or the lungs in hysteria, is as negative evidence, and in

this respect it is important. When the discrepancy between com-

' Lbucocytosis has been repeatedly noticed in convulsions from various

causes. Probably the irritant which causes the motor discharge also acts on
the leucocytes by chemotaxis. For example, Barrows' study of eight cases of

insanity with convulsions include counts of : one, 43,000 leiicocytes with 92 per

cent of polynuclears ; two, 33,000 leucocytes with 83 per cent of polynuclears

;

three, 33,400 leucocytes with 85 per cent of polynuclears and 9 per cent of my-
elocytes ; four, 31, 500 leucocytes with 88 per cent of polynuclears. These counts

were made immediately after a series of convulsions. The leucocytosis lasted

for many hours and showed characteristics of ordinary infectious leucocytosis.

In convulsions from improper feeding in infancy I have seen the leuco-

cytes rise from 13,500 before the fit to 37,800 after it.

^Milnch. med. Woch., 1895, No. 14.
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plaints and signs is great, we want to be doubly sure that nothing

hidden escapes our notice, and the blood examination is one of the

most valuable adjuvants we have in the discovery of deep-seated in-

flammation or malignant disease, as well as in giving us a general

measure of the patient's degree of bodily health as distinguished

from nervous force. The former may be high when the latter is

low, or both may be low, and the distinction marks out two classes

of cases in which somewhat different treatment is appropriate.

There is no use in undertaking to make " blood and fat " when the

patient has already plenty of each, though it may be well to carry

out the same regime as a matter of suggestion.

MENTAL DISEASES.

The association of anaemia with insanity is too frequent to be a

mere coincidence, though it is hard to make either serve as a cause

for the other. Very possibly they should both be looked upon as

symptoms of a common underlying (unknown) cause.

This form of ansemia has been noticed by Houston ' in melan-

cholia and general paralysis, and by Smith" in various forms of

insanity.

Krypiakiewicz ' noticed an increase of eosinophiles in acute

forms of insanity, but not in the chronic forms. The leucocytosis

of acute delirium* is exemplified by the following case from the

Massachusetts General Hospital records

:

A girl of fifteen; acute delirium; leucocytes, 12,760; no food

for eight hours; red cells, 4,610,000; haemoglobin, 63 per cent.

Puerperal mania is to be distinguished from the delirium of

puerperal sepsis by the fact that the latter shows leucocytosis with

increased percentage of polymorphonuclear cells, while the former

has no leucocytosis (if uncomplicated) and the eosinophiles are apt

to be increased '^ (diminished in sepsis).

A case of puerperal mania seen by the writer showed : Eed cells,

6,210,000; white cells, 6,500; haemoglobin, 84 per cent; eosino-

philes, 8 per cent.

' Houston: Boston Med. and Surg. Journal, January 11th, 1894.
' Smith: Jour, of Ment. Science, October, 1890.

'Krypiakiewicz: Wien. med. Woch., 1893, No. 35.

•Ref. in Klein-Volkmanu's "Sammlung klin. VortrSge," December, 1893.

'Neusser: Loc. eit.
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As a result of 92 full and careful blood examinations in 5 cases

of depressive-maniacal insanitj-, Jessie Weston Fisher ' comes to

the following conclusions

:

"1. There are no pathognomonic blood changes in cases of

maniacal phases of manic-depressive insanity.

" 2. Anaemia is not a causative factor nor always an accompani-

ment of this psychosis.

"3. The haemoglobin and red cells are frequently, if not al-

ways, increased during an attack of excitement.

"4. A leucocytosis is an almost constant accompaniment and,

I believe, a result of psychomotor activity."

At the end' of three out of five cases the eosinophiles were in-

creased. Earlier in the disease they had been low or normal.

CONSTITUTIONAL DISEASES.

OBESITY.

Oertel distinguishes a plethoric and an anaemic form of obesity

not merely clinically, but by the evidence of post-mortem examina-

tions. He believes that there is a real overfilling of the vessels in

the first. The second form occurs most often in women.

Kisch examined (with v. Fleischl's instrument) the haemoglobin

of 100 obese patients; 79 showed over 100 per cent of haemoglobin,

1 reaching 120 per cent, while the other 21 were anaemic.

DIABETES.

There is nothing characteristic about the blood except the in-

creased amount of sugar to be detected (0.67 per cent as against

0.1 per cent normally) ; but this is not a clinically applicable test.

Two simple tests for diabetic blood have recently attracted at-

tention :

1. Bremer's test: Heat thick-spread blood films to 135° C;
cool and stain with one-per-cent aqueous solution of Congo red for

two minutes. The blood if diabetic looks yellow to the naked eye.

Normal blood similarly treated looks red. Staining with methyl

blue also shows a difference between normal blood and diabetic

blood. The normal is blue, the diabetic yellowish-green,

' Fisher: American Jour, of Insanity, 1903, vol. 59, No. 4.
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2. Williamson's test: Make a mixture of:

Blood 20 c.mm. (3 drops).

Aqueous methyl blue (1 : 6,000) 1 c.c.

Liquor potasses, 60 per cent (sp. gr., 1.058) 40 c.c.

Water 40 c.c.

Let the mixture stand three to four minutes in boiling water.

With diabetic blood the mixture turns yellow, with normal blood it

does not. Williamson has found this test positive in eleven dia-

betics and negative in cue hundred cases of other diseases. Bremer

claims that by his method cases of diabetes can be recognized before

sugar appears in the urine or after it has (temporarily) disappeared.

Le Goff confirms the value of the test. Eichner and Folkel find

Bremer's reaction to be as stated, but find similar color changes in

leukaemia, Hodgkin's disease, and Graves' disease, and changes

something like it in a variety of cachectic conditions. Badger has

studied the blood of diabetics, leuksemics, cases of Graves' disease,

and other cases at the Massachusetts General Hospital. Only in

Graves' disease did he find reactions like those of diabetic blood.

Table LXXVIL—Diabetes with Complioatioks.

No.
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Bed Cells.

Sugar in the blood draws water from the tissue into the vessels,

thereby diluting the blood ; but in a short time the blood frees itself

of the excess of sugar and fluid through increased diuresis so as to

concentrate the blood.

These two alternating influences serve to explain the widely dif-

ferent counts of different observers.

Toward the end of the disease a decided cachexia often devel-

ops, the anaemia of which may be temporarily covered up by the

concentration above noted, or accentuated by the dilution which

sometimes occurs. Accordingly we may find the corpuscles increased,

normal, or diminished in different cases or at different times with

the same case.

Grawitz counted 4,900,000 red cells in a patient in compara-

tively good health, and three weeks later, when the patient had

just been seized with the fatal coma, the count showed 6,400,000

per cubic millimetre. With the iodine gum-arabic mixture extra-

cellular brown stained-masses are often v-ery much more abundant

than in normal blood.

The white cells show no constant changes, except that v. Lim-

beck has noted in several cases that the digestion leucocytosis is

unusually large even without previous fasting. Von Jaksch found

leucocytosis in one of his eight cases, but on this point as on many

others his results are almost unique. The only similar observation

is that of Habershon,' who reports moderate leucocytosis, decreased

by strict diet. In thirteen cases I have never seen leucocytosis ex-

cept in the presence of complications (see table, page 392).

GOUT.

A few cubic centimetres of serum from gouty blood made acid

with acetic acid (six drops of a twenty-eight-per-cent solution to

every drachm of serum) deposit crystals of uric acid on a thread in

from eighteen to forty-eight hours; but this is not always to be

found, and is by no means peculiar to gout.'' Uric acid is to be

found in the blood in pneumonia, cirrhotic liver, nephritis, grave

' St. Bartholomew's Hosp. Report, 1890, p. 153.

^ It is important to evaporate the serum at a temperature not above 70° F.,

otherwise crystals will not form.
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anaemia, leukaemia, and gravel; also in health and after a meal of

calf's thymus or any food containing much nuclein.

The red corpuscles show no special changes except in severe

chronic cases, which are sometimes anaemic. The white cells are

increased according to Neusser, while v. Limbeck and Grawitz found

the blood wholly normal.

It is particularly in this disease that Neusser supposed the

" perinuclear basophilic granulations " to exist in the white cells,

which condition he believes to be characteristic of any " uric-acid

diathesis. " Eutcher has conclusively disproved this. Fibrin is in-

creased in acute cases.

Ewing states that he found "uniform but moderate anasmia in a

series of chronic cases examined at Roosevelt Hospital, the patients

all coming from the poorer classes. In the chronic cases leucocy-

tosis of moderate grade may be observed, but it is difficult to deter-

mine its relation to the gouty process, as many of these patients

suffer from other complaints." I have records of only two cases, one

a chronic case with huge tophi showed in an acute exacerbation

21,000 leucocytes with 70 per cent haeinoglobin. A severe subacute

ease showed 16,000 leucocytes. Da Costa records 14,000 in a

single case with polycythaemia (7,126,000).

Watson ' records the- following

:

Date.
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dried specimen, which showed a decided increase in the size of the

red corpuscles. He also noticed, before instituting the thyroid

treatment, the presence of nucleated red cells and an excess of the

polymorphonuclear form of leucocytes. Under treatment the nu-

cleated red cells disappeared and the lymphocytes rose to their nor-

mal per cent.

Putnam ' has watched a similar case in which the number of red

cells rose from 3,120,000 to 5,700,000 under thyroid treatment.

Murray ' has collected 23 cases with blood examinations. Of

these cases, 7 showed a normal blood count, 10 were anaemic, 4

showed leucocytosis, and 2 exhibited both ansemia and leuco-

cytosis.

Kraepelin " noticed (like Le Breton) a marked increase in the

average diameter of the corpuscles in three cases, even when the

count and the haemoglobin were normal. Traina ( Centrattl. f. allg.

Path., etc., April 15th, 1901) in cachexia struTnipriva found a leu-

cocytosis of 18,000 to 32,000 with 75 to 80 per cent of poly-

nuclear cells, lasting for one or two weeks after the operation,

and Mezinescu (ref. in Arch. gen. de Med., 1902, p. 743) in a

similar case counted 49,000 leucocytes with 84 per cent of polynu-

clear cells.

I have had an opportunity to examine the blood in ten cases of

this disease, but did not find anything remarkable in any one of

them.

No.
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the size of the corpuscles, such as Le Breton and Kraepelin saw,

was present in these cases. The count showed

:

Case.
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Case.
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ADDISON'S DISEASE.

Some, but not all, cases are accompanied by marked ansemia.

Neumann ' observed a case in which the symptoms came on acutely

and the red cells sank to 1,120,000 per cubic millimetre. During

the convalescence which followed, the cells ran up above normal,

reaching 7,700,000.

Tschirkoff ' reports two cases in which the red cells were re-

spectively 3,280,000 and 2,933,000 at the lowest, but whose haemo-

globin was extraordinarily high, over 100 per cent in one case.

This he found on spectroscopic examination to be due to a great in-

crease of reduced heemoglobin in the corpuscles. Methsemoglobin

was also noted.

Tlie white corpuscles showed no changes, quantitative or quali-

tative, except that they contained black pigment granules. Three

cases have been examined at the Massachusetts General Hospital.

The first, a woman of thirty, showed 6,240,000 red cells with 14,-

000 white, and 90 per cent of haemoglobin. The differential count

of 90 leucocytes showed the following figures : Polymorphonuclear

cells, 53.4 per cent; lymphocytes, 41 per cent; eosinophiles, 4.5

per cent; myelocytes, 0.9 per cent.

The eosinophiles were very large, some of them eosinophilic

myelocytes.

The second, a man of forty-two, was very ansemic and weak at

entrance and showed: Eed cells, 2,196,000; white cells, 7,500;

haemoglobin, 20 per cent. Differential count of 200 leucocytes

showed: Polymorphonuclear cells, 65 per cent; lymphocytes, 31.5

per cent; eosinophiles, 3.5 per cent; 5 normoblasts; marked poiki-

locytosis.

Under suprarenal extract his blood improved in a month till his

red cells numbered 4,700,000; white cells, 9,000; haemoglobin, 65

per cent.

The third, a man of fifty-two, showed : October 20th—red cells,

2,848,000; white cells, 4,800; haemoglobin, 45 per cent. Decem-

ber 10th—red cells, 2,624,000; white cells, 7,100; haemoglobin,

45 per cent. Differential count: Polynuclear, 74 per cent; small

lymphocytes, 22 per cent; large lymphocytes, 4 per cent; eosino-

philes, 0.4 per cent. No nucleated red cells.

'Neumann: Deut. med. Woch., 1894, p. 105.

'Zeit f. kiln. Med., 1891, vol. xix., Suppl.'-Heft 37.
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A fourth patient, kindly sent me by Dr. Rogers, of Dorchester,

showed: Eed cells, 2,864,000; white cells, 2,000; haemoglobin, 51

per cent. Differential count of 300 cells showed ; Polymorphonu-
clear cells, 63.3 per cent; lymphocytes, 33.3 per cent; eosinophiles,

2.3 per cent; basophiles, 0.3 per cent.

Brown ' mentions 2 cases with 4.4 per cent and 8 per cent of

eosinophiles (286 and 960 absolutely).

I have never seen melanin in the leucocytes as Tschirokff did in

his two cases.

Table LXXX.—Addison's Disease (Additional Cases).

Age.
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Table LXXXI.—Osteo-Aktheitis {Gontinued).

Age.
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Ewing says :
" Tlie usual condition of the blood in osteomalacia

appears to be that of moderate secondary anaemia. The leucocytes

have varied from subnormal to moderately increased numbers. The

lymphocytes are usually very numerous, an excessive proportion

(maximum 56 per cent) having been found by Tschistowitch. High

'normal proportions of eosins have been found by several observers,

but not by others."

RICKETS.

1. Anaemia is always present in severe cases and often in moder-

ate ones. This, together with the fact that many cases of rickets

are associated with an enlargement of the spleen, has led to the use

of the misleading term "splenic anaemia." There is no form of

anaemia found in rickets that may not be found in other conditions

(Morse).'

Hock and Schlesinger found an average of 2,500,000 red cells

in a considerable number of cases vpith and without enlarged spleen.

Von Jaksch describes a case in which the red cells sank from

1,600,000 to 760,000 within three months, and Luzet saw a simi-

larly rapid process, the cells falling from 2,110,000 to 1,596,000

within three weeks. On the other hand, in Morse's admirable

study of twenty well-marked cases the red cells averaged over

4,500,000 and not a case fell below 3,500,000.

2. The haemoglobin is always relatively low; it averaged 63

per cent in Morse's cases, a color index of about 0.7. Felsenthal

got similar results.

White Corpuscles.

It is often difficult to say whether or not the leucocytes are in-

creased, owiijg, to the occurrence of most cases in infants at an age

when leucocytes are always higher than in adults—how much higher

at any given age depends largely upon the degree of vigor and for-

wardness of development of the individual child.

In Morse's series, for example, the average age of the infants is

twelve months. And for this age none of the counts in his series

seems to me necessarily abnormal. They are all under 16,000 ex-

cept three, these three being 17,900, 18,800, and 22,000 respectively,

the latter in a nine months' infant. Many of the counts seem to

me subnormal for infancy (5,500, 7,200). Most observers find leu-

cocytosis present in many cases, but not in all.

' Morse. Boston City Hosp. Rep., 1897.

26
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Qualitative Changes.

Red Cells.

As in all anaemias of infants, the "degenerative" and "regener-

ative " changes are relatively common.

Polychromatophilic forms and nucleated corpuscles are fre-

quently to be found, the latter often in great numbers but with a

majority of the normoblast type.

White Cells.

Lymphocytosis is said to be marked, but, as with the question

of leucocytosis, we are never quite sure whether the numbers are

abnormal for that age, for lymphocytosis is the normal condition in

infants' blood.

When, however, as in a case mentioned by Rieder, we find 75

lymphocytes in every 100 leucocytes, the child being four years old,

we are surely dealing with a pathological condition. Another of

his cases, a seven-months' child, rachitic, with 57 per cent of lym-

phocytes, seems to fall within normal limits. Not so with Morse's

cases. The highest percentage of lymphocytes in his series was 69,

in an infant of two months. I have similar counts in health at that

age. The average of his twenty cases is 43 per cent, which is, if

anything, rather low for that age. The same difficulty arises with

regard to the reports of eosinophilia in rickets, since eosinophiles

are always relatively numerous in infancy. Morse's highest figure

was 7 per cent, his average 3 per cent. Hock and Schlesinger found

20 per cent in one subject, and Weiss 16 per cent in another.

They were highest in cases with splenic tumor. In Bieder's four

cases and in the three seen at the Massachusetts General Hospital,

BO eosinophilia was present. Myelocytes in small numbers (0.5-0.2

per cent) are not uncommon, and may be considerably more nu-

merous.



CHAPTEE IX.

HEMORRHAGIC DISEASES. HAEMOLYSIS AND BLOOD
POISONS.

PURPURA HEMORRHAGICA.

The blood is practically that of anaemia from hemorrhage (red

cells and haemoglobin reduced, white cells increased, occasional nu-

cleated red corpuscles or polychromatophilic forms). Agello ' has

found methsemoglobin in the blood, and hence concludes that the

disease is a poisoning of the corpuscles by ptomains absorbed from

the intestine.

The blood plates are much diminished and may be entirely ab-

sent in the worst stages.

Bacteria of various kinds have been reported in the disease, but

negative results are also common, and their presence is probably

not significant.

The red cells may fall as low as 2,500,000, but are much oftener

slightly or not at all diminished. In many mild cases there are no

demonstrable blood changes. On the other hand. Osier mentions a

case which sank to 1,800,000, and in Muir's case the count reached

800,000. with 11 per cent of haemoglobin. The loss of blood may
give rise to a fatal anaemia of the microcyte type (see page 146).

In a case of acute infectious puirpura {" typhus angeiohematique ")

Barjon and Cade (Soc. d. Biol., 1901, p. 246) found 86,000 leuco-

cytes (94 per cent polynuclears) at the outset, gradually falling to

normal within two weeks. The red cells fell to 2,027,000.

Bensaude '' has observed that in 16 cases characterized by large

hemorrhages (2 = acute "infectious," 2 with tuberculosis, 2 chronic,

10 = Werlhof's disease) the clot shows no retraction and no transu-

dation of the serum. Cases, with smaZZ hemorrhages {toyiic, rheu-

matic, cachectic, and nervous) do not show any such abnormal char-

acteristics. Hence he concludes that at the outset of a case of

' Riforma Med., Napoli, 1894, p. 103.

»La Semaine Med., 1897, p. 21.
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purpura, observation of the clotting process may enable us to fore-

tell -whether or not the case is to be of a severe or of a mild type.

He found the blood lesion above described to be greatest during the

hemorrhagic crises, slowly disappearing between them. Hayem
has confirmed these observations. He finds the fibrin network

almost invisible. Despite this and despite the absence of contrac-

tion in the clot, the actual rate of clotting is normal. Hayem has

seen similar failure of contraction when the blood plates are plenty.

It occasionally occurs in symptomatic purpura (e.gi., from phthisis).

SCURVY.

There are no characteristic blood changes known. When hemor-

rhage is severe the red cells may sink very low,—to 370,000 as in

Talley's ' case, to 557,875 in a case of Bouchut's; " Ouskow ' and

Hayem saw counts of 3,500,000 and 4,700,000. Talley has re-

cently collected from the literature several cases with less than

2,000,000 red cells per cubic millimetre, but the average of the counts

of seven observers (see Talley's bibliography) was between 3,000,000

and 4,000,000. The usual qualitative changes of secondary anaemia

are present in severe cases; the haemoglobin suffers as usual more

than the count of red cells and is slow in regeneration.

Leucocytes may be increased, whether from hemorrhage or from

some complicating inflammatory process, but in uncomplicated

cases they are usually reduced (e. g., 4,700 in Talley's case).

" The red cells vary in number and size according to the length

and severity of the disease. On account of the frequency of inflam-

matory complications and hemorrhages the leucocytes are usually

increased, Ouskow' finding them as high as 47,000, Henry 20,000
in two oases, and Stengel ' 40,000 (after hemorrhages) with lympho-
cytosis. Litten, however, observed no leucocytosis, and the writer

in two well-marked but uncomplicated cases found no increase"

(Ewing). In a single case I recorded: Red cells 3,600,000; white

cells, 3,600, haemoglobin 40 per cent.

'Talley: Jour. Am. Med. Assn., November 1st, 1902.

i^Bouchut: Gaz. dea H6p., 1878, p. 1137.

' Ouskow : Centralbl. f . inn. Med. 1878, No. 28.

^ Henry: Phil. Hosp. Rep., 1890, p. 135,

^Stengel: "Twentieth Cent. Pract," vol. vii.
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INFANTILE SCURVY (BARLOW'S DISEASE).

Da Costa in 7 cases found the haemoglobin ranging from 35 to

65 per cent (average 43 per cent), and the red cells from 2,960,000

to 6,100,000 (average 3,527,000). Only one case showed leucocy-

tosis, the average in 7 being 15,600. The lymphocytes in 4 of

the 7 were between 60 and 65 per cent. The eosinophiles were

normal or low, and myelocytes 1 to 6 percent (average 2.5 per cent).

Barlow's disease may lower the red cells as far as 976,000—as

in a case of Eeinert's—the haemoglobin being 17 per cent and the

white cells 12,000. This was the day before death. The blood

plates are not diminished, and the clot retracts normally

HEMOPHILIA.

The blood changes are practically those just described and show

nothing characteristic of the disease. Coagulation is slower than

normal and blood plates are sometimes very scanty. The white

cells are sometimes persistently diminished, as in the following

cases

:

I.
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III. Those that poison the blood by forming a chemical union

with the red cells (other than methsemoglobin) and so interfere

with their functions.

I. HjEmolttic Agents.

Among the agencies which produce haemolysis the most impor-

tant are

:

1. Infectious diseases, especially malaria and yellow fever; less

often severe sepsis, typhoid, scarlet fever, and Weil's disease.

2. In the course of exhausting diseases such as nephritis, cir-

rhosis, and those leading to chronic icterus, autohsemolytic sub-

stances are not infrequently formed in the system; so also in puer-

peral eclampsia (Hayem) in the new-born (Winckel's disease), and
after the absorption of peritoneal hemorrhage from extra-uterine

pregnancy.

3. Poisons of vegetable origin—such as those contained in many
species of mushrooms, aspidium, felix mas, saponin substances,

i.e., the glucocides contained in Quillaja saponaria, the Alpine

violet (Cyclamen Europseum), various species of solanum (night

shade, etc.), various arrow poisons. Probably akin to these are:

4. Snake poisons and scorpion poison and

5. Guiacol, and quinine under certain conditions.

6. Hfemolysis results from the transfusion of alien blood or of

saline solutions not isotonic, from inhaling AsHj and rarely from
severe hums.

7. Under conditions very little understood influences such as

cold, fatigue, or emotional strain produce in certain individuals sud-

den brief haemolysis to the results of which we give the name of

paroxymal hcemoglobinmrnia.

The process of haemolysis includes

:

1. Separation of the haemoglobin from the corpuscles so that it

-colors the serum.

2. Actual breaking to pieces of the red cells without separation

-of the haemoglobin.

If normal blood is drawn and left to stand, the serum which
separates from the corpuscles is not red-tinged or but very slightly

so, provided all shaking and jarring are avoided. A very slight

reddish tinge may appear in the serum even with most careful tech-

nique. In some conditions the haemoglobin, while not actually

separated from the corpuscles within the vessels, is so loosely con-
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nected to them that a considerable quantity separates post mortem

and colors the serum iu spite of the avoidance of any jar.

This condition is to be distinguished from true haemoglobinsemia,

in which the serum is actually colored before leaving the vessels,

although the two conditions really represent only different degrees

of vulnerability of the red cells.

We are surer of a diagnosis cff hsemoglobinsemia when we find

bits of broken-down cells in the fresh blood and the additional evi-

dence of hsemoglobinuria or jaundice.

The Blood in Paroxymal Hcemoglohincmiia.

Coagulation is very rapid, but the clot soon dissolves again

(Hayeni). The fresh blood occasionally shows deformities in the

corpuscles or bits of broken cells, and lack of rouleaux if examined

during a paroxysm. As a rule the corpuscles of the peripheral

blood look normal. Frazer has recently reported a case in which

he excited a paroxysm by a cold bath, and studied the blood with

great care.

Time.
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2. An immediate increase in the number of erythrocyties, in

severe but not fatal cases, of from 1,000,000 to 2,000,000 per

cubic millimetre takes place within a few hours; in fatal cases

there is an increase of from 2,500,000 to 4,000,000 per cubic

millimetre.

3. A rapidly increasing leucocytosis occurs in all cases; in those

ending in recovery the increase is often 30,000 or 40,000 per cubic

millimetre; in fatal cases usually above 50,000 per cubic milli-

metre.

4. Morphological changes in the erythrocytes are slight.

5. The percentage of neutrophiles is somewhat above the nor-

mal, but not so much as in the ordinary inflammatory leucocytosis.

6. A considerable destruction of the leucocytes takes place, espe-

cially in the very severe burns.

7. Myelocytes may be present in small numbers in severe

cases.

8. There is, as a rule, marked increase in the number of blood

plates.

The table on page 409 shows Locke's results in detail.

Ether Inhalation.

Da Costa and Fish (loc. cit.) have shown that in anaemic pa-

tients ether narcosis may produce a considerable diminution in the

red cells and heemoglobin presumably through haemolysis (see

above, page 253).

II. Poisons Peoducing METHJEMOGLOBiNiEMiA with and with-

out HAEMOLYSIS.

One of the most important is

:

1. Chlorate of Potash.—This destroys the corpuscles and pro-

duces haemoglobinsemia and the usual train of symptoms (jaundice,

dark urine, etc.) due to this.

Brandenburg ' examined the blood of a woman who had taken

two and one-half ounces of chlorate of potash in water the night

before. The blood showed marked leucocytosis and broken and dis-

torted red cells. In gross it was chocolate-colored and the serum

1 Berliner klin. Woch., 1895, No. 27.
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after separation of the clot was brown. The red cells progressively

decreased as follows

:

Red cells. White cells.

Firstday 4,300,000 20,000

Second day 2,500,000

-Fourth day 2,300,000

Fifth day 2,100,000

Sixth day 1,900,000

Seventh day 1,600,000 15,000 (death).

Jacob ' studied a similar case : Thirty hours after a dose of 25

gm. of KCIO3 the blood showed : Eed cells, 4,425,000; white cells,

80,000 (stained specimen resembles leukaemia). Next day, red

cells, 1,825,000 (broken and decolorized); white cells, 60,800

Fourth day, red cells, 2,225,000; white cells, 14,000.

2. Ehrlich and Lindenthal ' report the case of a patient who was

poisoned with nitrobenzol. Ten hours after the blood was choco-

late-colored and showed methsemoglobin bands. Under the micro-

scope there were no changes till the third day, when poikilocytosis

appeared.

Red cells.
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days after taking sixty grains of acetanilid showed the following

blood

:

Haemoglobln.i
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blasts. Every known anomaly of staining reaction was present.

T. E. Brown ' mentions an acute case with 12 per cent of eosino-

philes (3,600 absolute).

There may be no deiinite evidence of haemolysis or ansemia, and

the only symptoms may be cyanosis and general "weakness.. In a

chronic case which I have recently reported ' the red cells varied

between 5,000,000 and 6,090,000 with from 16,000 to 29,800 leuco-

cytes. Metheeuioglobin bands were present on spectroscopic exami-

nation and the blood in gross was chocolate-brown. The differential

count showed a simple polynuclear leucocytosis (83 to 92 per cent);

the eosinophiles: were 111ways diminished^, sometimes absent. The

red cells showed a good deal of basophilic stippling and very slight

poikilocytosis, but no other peculiarities. There was no demon-

strable hsemalysis.

4. Phenacetin poisoning (Kxowi^: Berl. klin. TFbcA., 1895) may
cause actual blood destruction with ansemia in case the patient sur-

vives the immediate effects of the deprivation of oxygen. Similar

accidents have occurred with phenocol and lactophenin (3 gm. per

day—Grawitz).

5. Workers in aniline dyes and nitroglycerin factories may be

severely poisoned by nitrobensol compounds inhaled and producing

methsemoglobinsemia.

6. Pyrogallic acid and pyrogallol as used in treatment of skin

diseases may lead to death through destruction of the red cells.

Chromic acid (for instance, as applied through the vagina) may have

a similar effect.

Many other less common substances work the same ill effects on

the blood.

III. Substances Injuring the Function of the Eed Cells
WITHOUT Producing Hemolysis or Meth^moglobinjemia.

The substances in this group, of which carbonic oxide gas

is the type, poison by combining chemically with the haemo-

globin and preventing its combination with the oxygen of the

air.

Illuminating gas is for our purposes the most important.

' T. R. Brown: Internat. Clinics, vol. iv., 12th series.

2 Cabot: Phil. Med. ,Tour., November 29th, 1902.
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The appearance of individual blood cells is not altered nor do

they break up, but the corpuscles are useless to breathe with, as

they cannot take up oxygen.

The color of the blood is very bright red, much brighter than

normal. Spectroscopic examination shows absorption bands of car-

bonyl-haemoglobin which are characteristic if not reduced by am-

monium sulphide. Their position in the spectrum is very close to

that of the oxyhsemoglobin bands and without the chemical test

mistakes may occur (Yarrow).'

Bed Cells.

Von Limbeck- found in two cases 6,630,000 and 5,700,000 re-

spectively. The volume of these corpuscles (estimated by Bleib-

treu's method) was greatly increased, amou.nting to 70.7 per cent

(normal, 41-48 per cent), so that apparently the size of the indi-

vidual cells is increased.

Miinzer and Palma ' found 5,700,000 red cells in one case.

In a chronic case reported by Yarrow (loc. cit.) there was anae-

mia (3,700,000 red cells) with a moderate leucocytosis and 8 per

cent of myelocytes. The other leucocytes were present in normal

percentages.

Ehrlich found numerous normoblasts in one case, though no

anaemia was present. The presence of normoblasts and myelocytes

under these conditions points to a stimulation of the bone marrow,

possibly to make up for some haemolysis of which we have no direct

evidence.

Leucocytes.

'- Eaton' reported four cases, in all of which the white cells

were increased, the counts ranging between 15,000 and 22,000

per cubic millimetre. Da Costa's ease had 32,000 leucocytes

with 92 jper cent polynuclears and 1.5 per cent myelocytes (480

absolute).

Miinzer and Palma {loc. cit.) found 13,300 in their case.

' Yarrow: American Med., August 30th, 1903.

'>Loe. cit., p. 234.

sZeit. f. Heilk., vol. xv., p. 1.

^ Boston Medical and Surgical Journal, March 14th, 1895.
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Twenty-eight such cases have been examined at the Massachusetts

General Hospital with the following results

:

Table LXXXIV.—Illuminating Gas Poisoning.
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GENERAL INTOXICATIONS.

I insert here some scattered data on the condition of the blood

hi general systemic or local corrosive poisoning not primarily or di-

rectly aifecting the blood itself.

Tansy Poisoning.—A single case examined at the Massaehn-

setts General Hospital showed: Eed cells, 4,600,000; white cells,

21,000; haemoglobin, 70 per cent.

Corrosive Poisoning (Ammonia Fumes).—A patient whose
throat was covered with a fibrinous pseudo-membrane in conse-

quence of inhaling ammonia fumes showed a leucocytosis of 25,800.

Eed cells and haemoglobin normal. Another with vomiting and

purging gave a count of 20,700 white cells.
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Chronic Poisoning.

No.
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Ptomdin Poisoning (Rotten Fish).—A motlier and her four chil-

dren were brought to the Massachusetts General Hospital suffering

from the effects of decayed fish eaten that day. ' The blood showed

the following: (1) Mother: leucocytes, 21,600, of which 95.3 per

cent were polymorphonuclear; (2) boy of seven years: leucocytes,

19,900; (3) boy -of three years: leucocytes, 56,800, of which 92

per cent were polymorphonuclear
; (4) girl of five years : leucocytes,

32,600; (5) girl of thirteen months: leucocytes, 65,400. The red

cells and haemoglobin were normal. All the patients made prompt

recoveries.

Table LXXXVIII.—Gokkosive Poisoning.

Carbolic. Acid.
i

d
S5
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It has been shown experimentally that in animals made drunk

with alcohol, there is an invasion of the blood and tissues by micro-

organisms from the intestine. It may be that some of the counts

here recorded are thus to be explained.

Table LXXXIX.—Acute Alcoholism.



BASOPHILIC GRANULATION OF RED CELLS
IN LEAD POISONING.

Stained with Wright's Modification of Leischmann's Stain.

(MicropliotogTaphs by Lewis A. Brown, Clinico-Pathological Laboratory,

Mass, General Hospital.)
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PLUMBISM.

Table XO.—Chronic Alcoholism.
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Age. Sex. Red cells.
White
cells.

Per cent
haemo-
globin.

Remarks.

44
30
37
28
46
60
24
32

2,668,000

15,500
14,200
9,000
9,000
8,100
8,000
T,200
7,000

80
75
100
60
80
80
80
95

MERCURIAL POISONING.

Aehard and Loeper (loc. cit.) in 2 cases (one with symptoms

chiefly digestive, the other cutaneous) found leucocytosis with ter-

minal eosinophilia (8 to 12 per cent). Of 3 cases of chronic mer-

curial poisoning, 2 showed leucopenia with diminished polynuclears,

while in the third the conditions were reversed. In an erythema

due to calomel Bezanqon {ArcJi. gen. de Med., 1902, p. 743) noted

eosinophilia (8 to 14 per cent) (see below, page 508),

PLUMBISM.

Among the deleterious effects produced by lead in the human

body, anaemia is one of the most serious. It is of the type of or-

dinary symptomatic anaemias except in one particiilar, to which at-

tention has recently been called by Grawitz, viz., spotting or stip-

pling of the red cells with fine basophilic granules, which can be

well seen in smears stained by Wright's method {vide supra, page

41), or any basic dyes. These basophilic granules are often seen

in various forms of very severe anaemia, but in plumbism they ap-

pear even when the ancemia and other symptoms are of a mild type

or are absent altogether.

The following table exemplifies the degree of anaemia and leu-

cocytosis ordinarily seen

:

Table XCI.—Lead Poisoning.

Age.

29
30

Sex. Red cells.

4,500,000
3,800,000

White
cells.

23,400
22,800
16,800

Per cent
bsemo-
globin.

50
48

Remarks.

Lead colic and headache.

Eighth day.
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Table XCI.—Lead Poisosing (Continued).
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During the colic various writers {e.g., Becker') have uoted leu-

cocytosds—19,000 or more.

SUNSTROKE AND HEAT EXHAUSTION.
The leucocyte count may be either high or normal, according to'

conditions not well understood.

Table XCII.—Sunstroke.

Age. Red cells.
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Table XCIII.—Hkat Exhaustion (Oontin

6



PART VI.

MALIGNANT DISEASE, BLOOD PARASITES,
AND INTESTINAL PARASITES.

CHAPTER X.

MALIGNANT DISEASE.

The BiiOOD as a Whole

1. The specific gravity is reduced in most cases, running roughly

parallel with the haemoglobin.

2. Coagulation is normal or slower than normal in uncompli-

cated cases. When sloughing and inflammation are present it may
be rapid.

3. Fibrin is usuallj' normal; an increase means inflammation in

or around the tumor 6r an inflammatory complication.

4. Occasionally the resistance of the led cells is extraordinarily

low. In one of my cases the ordinary manipulations of preparing

specimens (either fresh or film) for examination invariably mangled

the red cells beyond recogilition, no matter how quickly and care-

fully the technique was carried out. In the fresh specimen the

red cells seemed to fuse into each other in clumps, their biconcavity

lost. The plasma became turbid with haemoglobin despite every

precaution.

This was a case of cancer of the kidney with multiple hemor-

rhage from various surfaces. I have never seen another case like

this one, but in literature several such are mentioned.

CANCER.

Sed Corpuscles.

As in tuberculosis, we are frequently surprised to find but little

diminution in the number of red cells. In all but very advanced

cases this is the rule. It is a change of the individual red cells
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(pallor, loss of size, of weight, degenerative changes), rather than a

reduction of numbers.

Nevertheless in thfe later cachectic stages of most cases of malig-

nant disease, we do find a quantitative anaemia, the counts often

running as low as 2,600,000 and occasionally sinking as low as in

pernicious anaemia. Thus v. Limbeck records a case (complicated

by repeated hemorrhages) with only 960,000 red cells per cubic

millimetre, and Frese ' cases with 800,000 and 681,000 respectively.

The lowest count in my own cases was 1,457,000.

There seems to be no considerable difference between cancer and

sarcoma as regards their effects on the red cells.

The count of red cells is sometimes above normal, doubtless due

to concentration of the blood from some cause. Probably the same

influence is at work in other cases, and many of those showing nor-

mal counts have really fewer red cells than they should. Such ab-

normally high counts are not rare, as the following examples show

:

Author.



CANCER. 425

The highest counts in the Massachusetts General Hospital series

are in simple gastric cancer without any stenosis at either end of

the organs, and the lowest count (1,632,000) was in a similar case

just before death.

Hcemoglobin.

Bierfreuud,' who has examined 72 cases with regard to their

percentage of coloring matter, found that in relatively slow and
long-standing cases it averaged 68.5 per cent, and in the worst

cases 57.5 per cent. In cases of mammary cancer after operation

the haemoglobin is of course lower owing to hemorrhage, and Bier-

freuud noticed that as, a rule' the haemoglobin began to rise toward

normal much later than after operations for non-malignant condi-

tions—a week later on the average

—

and that it never reached the

point at which it was before the 02}eration.' .

The following table from Bierfreund is of interest as illustrating

these points. Cases were examined before and after operation, and

the examinations were continued daily after the operation until the

haemoglobin began to rise again. This occurred very late as com-

pared with other operations.

Diagnosis.
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It is very important that these results of Bierfreuad's should be

tested. In Mikulicz's surgical clinic at Breslau all patients have

their haemoglobin tested regularly. Osier and McCrae in 52 cases

of gastric cancer record an average of 49.9 per cent of hBemoglobin

—a color index of 0.63. Their readings were:

Cases.

80 per cent or more 3

70 to 80 7

60 " 70 6

.50 " 60 5

40 to 50 8

30 " 40 14

30 " 30 7

Below 20

Eeinbach ' examined 16 cases and found the haemoglobin range

between 18 to 70 per cent, with an average of 60 per ceut.

Rieder's'' cases average 63 per cent (sarcoma much lower—see

below)

,

Laker ^ noticed the low haemoglobin percentage in malignant

tumors and thought it a help in excluding benign tumors or tuber-

culosis, in which the haemoglobin is much less, diminished.

In the 87 cases of malignant tumors in which I have notes of

the haemoglobin (see tables) the average is 58 per cent. Comparing

this with the average count of red cells (4,140,000), we get a color

index of 6.6, distinctly higher than the average of chlorotic cases,

of which, however, the figures distinctly remind us. The highest

cases of this series had 100 per cent and 90 per cent of haemoglobin

respectively, and the lowest 20 per cent and 22 per cent; in these

last two cases the color indexes were 0.36 and 0.58 respectively, not

excessively low. As pointed out by Taylor {loc. cit.), cases of ma-
lignant disease can be divided into three groups with reference to

their blood

1. Those with approximately normal blood.

2 Those with a low haemoglobin but a nearly normal number of

cells

3. Those with great diminution both in cells and coloring matter.

Among our own cases at the Massachusetts General Hospital

about one-half fall under the second group, one-quarter under the

first, and one-quarter under the third.

As the disease progresses, the red cells and haemoglobin steadily

go down (except in cancer (Jf the gullet), and at the time of death

' Langenbeck's Archiv, 1893, p. 486.

'"Beitrage z. Kenntniss d. Leucocytosis," Leipzig, 1892 (Vogel).

sWien, med. Woch., 1886, Nos.lS and 19.
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1,000,000 cells per cubic millimetre is not rare. It is very rare to

find the red cells reduced below 1,000,000, much rarer than in per-

nicious anaemia. Improvement under treatment is rare in cancer,

common in pernicious anaemia. This is important in diagnosis.

The color index usually remains below 1. Compared to most
other varieties of secondary anaemia {e.g., those in tuberculosis or

nephritis), a quantitative anaemia—that is, a loss of red cells as

well as of haemoglobin—is relatively more frequent. In general

the degree of anaemia is parallel to the amount of cachexia, except

when hemorrhage increases it (as in tumors of the stomach or

uteiais).

How far the anaemia may be due to actual destruction of cells

by toxic (?) products of the tumors is doubtful, Grawitz found

that the injection of extracts of cancerous tissues caused in rabbits

a temporary dilution of the blood, so that the cells per cubic milli-

metre were diminished, and it may be that this plays some part in

the causation of the low blood counts.

Qualitative Changes.

(a) The average diameter of the red cells is often diminished

either as in chlorosis by a diminution in the size of nearly every

corpuscle, or by a less general shrinkage, many cells being of nor-

mal size. The very large forms seen in pernicious anaemia are rare

in the anaemia of malignant disease, and never, I think, reach the

size of the giant forms seeu in the former condition. Very small

cells, on the other hand, are as common in advanced cases as in any

other form of anaemia, except chlorosis. Deformities and degenera-

tive changes are very common in well-marked cases, often as great

as in pernicious anaemia, though they may be slight or absent.

According to Strauer, the deformities found in malignant disease

are greater than those found in any form of tuberculosis, and this

fact he thinks of value in diagnosis. This observation has been

confirmed by Taylor.

Degenerative changes are sometinles well marked, but seldom, if

ever, reach so extreme a condition as occurs in many cases of per-

nicious anaemia.

(U) Nucleated red corpuscles are the rule in all advanced cases,

and in some others. Taylor found them in one-half of the twenty-

two cases examined by him. Malignant disease differs in this re-
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spect from tuberculosis and most other conditions involving second-

ary anaemia, in that the nucleated red cells are much more common

in cancer and may appear even when there is no considerable loss

of red cells (numerically) or even when the haemoglobin is also

normal (Schreiber). I have found them in four-fifths of all severe

cases examined.

As a rule the nucleated corpuscles are of the normoblast types

(including small forms with dividing nuclei), but in very cachectic

cases we may find megaloblasts as well—always, so far as I know,

fewer in number than the normoblasts. Osier and McGrae found

no typical megaloblasts in their 69 cases. The megaloblasts, when

present, are in the minority as compared with the normoblasts,

^or example

:

C^«« I-
j ?L7ee°meTatobfasts. [

^een while counting 400 leucocytes.

Case II.
j ^rm^grbtfs' } ^een wLile counting 500 cells.

Case III.
{ ^rn^rgrbtt [ Seen while counting 300 cells.

Cases could easily be multiplied.

The characteristics of the blood changes in malignant disease,

then, so far as concerns the red cells, are those of secondary anae-

mia, which at times attains the severest type—but only when ca-

chexia is marked or when hemorrhage complicates the disease.

The specific gravity follows in a general way the haemoglobin

percentage.

On the white corpuscles in malignant disease a great deal of in-

terest has centred, and very conflicting reports have been published.

As the effects of cancer and sarcoma seem to be somewhat different,

we will consider them separately.

The Leucocytes in Cancee.

Quantitative Changes.

We should expect great differences in the blood of different cases

if we consider what a wide range is included between the small,

hard, slow-growing, curable cancer of the lip which may produce
little or no impairment of the general health, and the " fulminat-

ing," rapidly growing cases with numerous metastases and profound
prostration.
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The former class of cases may show a blood normal in all re-

spects, while in the latter the blood may be so profoundly altered

as to be confused with that of pernicious anaemia or of leukaemia

Da Costa found leucocytosis in forty-five per cent of cancer cases

and sixty-five per cent of sarcoma cases.

In a general way it may be said that the more " malignant " the

cases the greater the changes in the blood.

The effect upon the leucocytes depends upon the following con-

ditions :

1. The position of the tumor.

2. Its size, rapidity of growth, and the number, size, and posi-

tion of its metastases.

3. The resisting power of the individual.

1. Position.— (a) Tumors of the gullet involving stricture but

not extending to other tissues are often accompanied by a diminu-

tion of the leucocyte count, owiug to the starvation which they pro-

duce. This is not true of all cases, as is shown in the accompany-

ing tables, but when the leucocj-tes are increased there is usually an

involvement of other organs as well.

(5) Cancers of the uterus and some of those of the stomach, by

reason of the hemorrhage which they produce, are apt to be associ-

ated with a very high leucocyte count.

(c) Tumors of the thyroid and of the pancreas are said by some

writers to cause a specially great leucocytosis. In my own experi-

ence, tumors of the kidney have shown very marked increase of

white cells.

2. Size.—Other things being equal, the larger and more rapidly

growuig tumors show in most cases a greater leucocytosis than

small, slow-growing ones.

Thus the cancers of the lip and of the pylorus, scirrhus of the

breast or of the penis, show smaller counts than tumors of the liver,

omentum, and kidney, which are apt to grow more rapidly. Metas-

tases in the bone marrow are thought by some observers to give

peculiar qualitative blood changes (see below).

In general, metastases, being a method of rapid growth, simply

add to the leucocyte count.

These distinctions eliminate some of the apparent contradictions

between the findings of different individuals who were simply de-

scribing cancers of different types. But even within a single type,

there are very marked differences in different cases. For instance,
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Alexander ' found the leucocyte count in cases of seiiThus of the

breast to vary between 2,360 and 21,700. Similar differences have

been reported in cancers of the stomach {e.g., Schneider'' finding

leucocytosis in all of twelve cases, while Osterspey " in another

series of twelve cases found leucocytosis in only two).

3. Resisting Power.—Possibly a part of these differences is to

be explained by differences in the resisting power of the individual.

But if this is so, we cannot measure the endurance of a given pa-

tient by his general health. As in the Civil War the pale, city-

bred men outlasted the healthy farmers, so here the tumor's rapidity

of growth seems often to be greatest in the most vigorous young in-

dividuals, while dried-up old women will resist its advance for a

longer period.

We come now to the conditions to be found in particular types

of cancerous growth.

Surprisingly little work has been done on the blood in malignant

disease, such cases usually being under the charge of surgeons who
rarely value such investigations. Except for scattered counts here

and there, all our knowledge of the corpuscles rests on the work of

Hayem and Alexander in France, and Eieder, v. Limbeck, Pee,

Sadler, Eeinbach, Osterspey, Grawitz, Strauer, Sehneyer, and

Schneider in Germany, Cunliffe in England, Da Costa, Taylor, and

myself in this country.

Cunliffe's thorough study of seventy-eight cases of cancer {Medi-

cal Chronicle, September, 1903) is summarized in the table on the

opposite page. I regret that it came to me too late to be more fully

utilized in this edition.

Da Costa summarizes his results in the following table

:

Seat of Growth.
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CANCER OF THE BREAST.

ilosi of our data came from Hayem ' and Ms pupil Alexander.'

1. Scirrhus Growths.—'S^xm\lev of cases, 14. Average leuco-

cyte count, 11,400. Highest count, 21,700; lowest, 2,360—the

last is somewhat doubtful as to diagnosis; except for this case,

which ^vas -in a very old, dried-up woman, the lowest count was

7,400.

In. 10 out of the 14 cases, the count was over 10,000. In the 3

cases seen by the writer 2 showed no leucocytosis, 1 a considerable

leucocytosis.

2. Medullary (Encephaloid) Growths.—Three cases, all over

10,000—average 11,300.

Houston (Brit. Med. Journ., November 14th, 1903) reports a

case of cancer of the breast complicated by many hemorrhages from

mucous membranes and under the skin. Repeated blood examina-

tions showed figures like the following: Eed cells, 1,600,000;

haemoglobin, 33 per cent (color index, 1.03); leucocytes, 6,000.

Differential count of 500 leucocytes showed: Polynuclears,

J56.4 per cent; lymphocytes, 38.3; large mononuclears, 5.2; eosin-

ophiles, 0.

Twenty-seven megaloblasts and thirteen normoblasts were found

during this count. At autopsy metastatic cancerous nodes were

found in the marrow. The blood, as will be seen, is that of per-

nicious anaemia.

Effects of Operation.

The following figures from Hayem are also of interest

:

Case I.—Scirrhus of the Breast.

Before operation 31,700

Five weeks after operation (wound not

quite healed) 10,000

Wound completely healed 6,200

Seven months after operation 8,990 (beginning to rise again).

The growth recurred some months later and leucocytosis was again present.

'Hayem: "Du Sang," Paris, 1889, p. 947.

' G Alexander
:

" De la Leucocytosis dans les Cancers, " Paris Thesis, 1887.
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Case II.—Scirrhus of the Breast.

433

First

count.

Before operation 11,500

After operation 8,500

Case III.— Scirrhus of the Breast.

First

count.

Second

count.

11,450

6,200

Second

count.

13,400Before operation 11,000

After operation 8,400

Case IV.—Scirrhus of the Breast.

Before operation 7,400

After operation 1,300

Case V.—Medullary Cancer of the Breast.

Before operation 10,000

After operation 9,000

Hayem considers that by watching the leucocyte count we can

predict the coming of a recurrence before any physical signs are

present. This he did in Case I. of the series just given.

I have seen no confirmation or refutation of this statement. It

is one of the many points to which the attention of surgeons should

be directed.

CANCER OF THE STOMACH.

Taking all the cases of cancer in my series together, the average

of the 129 at the time when treatment began was 4,018,000 red cells

per cubic m,illimetre.

In Osier and McCrae's 59 cases the average red count was

3,712,186 per cubic millimetre. Their counts ranged:

Over 6,000,000 3 cases.

5,000,000to 6,000,000 7

4,000,000 " 6,000,000 17

3,000,000 " 4,000,000 16

2,000,000 " 3,000,000 8

1,000,000 " 2,000,000 8

Table XCIV.—Gastric Cancek at the Massachitsbtts Hospital.

Red cells.

Between 1,000,000 and 2,000,000 6 cases.

2,000,000 " 3,000,000 20 "

28
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Bed cells.

Between 3,000,000 and 4,000,000 44 cases

" 4,000,000 " 5,000,000 33 "

5,000,000 " 6,000,000 23 "

Over 6,000,000 4 "

Average, 4,000,000 — 139 cases.

Nucleated red cells present in 11 cases out of 114 examined. Normoblasts

always in majority. A few megaloblasts in 3 cases.

Table XCV.—Gastric Cancer. *

Leucocytes per cubic millimetre.

4,000 3 cases

5,000 13 "

6,000 36 "

7,000 36 "

8,000 19 "

9,000 20 •

10,000 26 "

13,000 84 "

15,000 37 "

20,000 28 "

30,000 9 "

40,000 5 "

Total, 873 counts in 335 cases.'

Average, 10,600 +

Hayem'-' in 12 cases found leucocytosis present in 6, absent

in 7.

Schneider' in 12 cases found leucocytosis in 12 (all).

Schneyer " in 18 cases found leucocytosis in 4, and these 4 all

under 11,000.

Osterspey ° in 12 cases found leucocytosis in 6.

Eieder ' in 6 cases found leucocytosis in 3.

Sadler ° in 13 cases found leucocytosis in 2, and in both there

were complications (abscess of liver, perforation of gullet with gan-

grene) to which the leucocytosis might be due.

' Where several counts were made in one case they are here averaged and
counted as one case.

" "Du Sang," Paris, 1889, p. 948. ' Inaug. -Dissert., Berlin, 1888.

*Inaug.-Dissert., Berlin, 1893. ' Loe. cit.

* " Original-Mittheilungen aus der Klinik v. Jaksoh," 1891.

Between 8,000 and



CANCEK OP THE STOMACH. 435

Reinbach ' in 4 cases found leucocytosis in 2.

Eeinert ' in 2 cases found leucocytosis in 2.

Laache " in 5 cases found leucocytosis in none.'

Despite these facts we have the record of a certain number of

single cases in which tlie leucocytosis has been enormous . For in-

stance, Welch in Pepper's "System of Medicine" mentioned a
case in which the ratio of white to red cells was 1 : 25 (normally

1:750±).

Eisenlohr's " case showed 1 white to 60 red, and Potain's " ease

showed 1 white to 48 red cells.

The Massachusetts General Hospital series of 235 cases showed
leucocytosis in 69 cases and none in 176 (see Table XCV.) Out
of those showing leucocytosis 27 were under 15,000, that is, the

leucocytes were but slightly increased, leaving only 42 out of 235
(or 18 per cent) in which the leucocytosis was very marked. Among
these 20, the highest counts were 40,000 and 39,000, and the

highest ratio 1 : 62.

From this series I have excluded all cases in which there was evi-

dence of metastasis in other organs; this means excluding 19 cases,

11 of which showed leucocytosis, and helps to account for the low

average leucocyte count in the other 235 cases.

In over three-fourths of these cases the diagnosis was made cer-

tain either by operation or by autopsy; a,ll the others showed either

a palpable tumor in old cachectic patients with pain and vomiting,

or other equally clear evidence for the diagnosis. Doubtful cases

have been excluded; As will be seen by the table, in some of the

cases the counts were verified by repeated examinations, while in

others only a single count—that made when the patient entered the

hospital—was recorded.

As a rule, the high leucocyte counts were in the more caeheetie

cases; but this does not always hold. Three cases in Table XCIV.
were very cachectic but showed no leucocytosis

The position of the tumor in one or another part of the stomach

seemed to have no connection with the number of leucocytes. Osier

' Langenbeck's Archlv, 1893, p. 486. ^ Loe. cit.

'"Die Anamie," Christiania, 1883.

* Apparently, since he draws attention to the fact that there is leucocytosis

in a case of cancer of the uterus.

'Deut. Arch. f. Win. Med., 1877, vol. xx.

6Gaz. desH6p., 1888, No. 57.
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and McCrae ' found no leueocytosis in 29 cases out of 62. Theii

counts showed

:

Leucocytes.

Below 5,000 14 cases.

5,000 to 8,000 : 15 "

8,000 •' 12,000 15 "

12,000 " 20,000 15 "

30,000 " 30,000 3 "

62 cases.

Their highest count, 28,000, was in a case with extensive hepatic

metastasis. The number seemed to bear no fixed relation to the

situation of the growth, nor to the amount of ulceration, of metasta-

sis, or of fever.

On the whole we get, I think, very little information of any diag-

nostic value from blood counts in gastric cancer. Leueocytosis is rela-

tively infrequent in cancer of the stomach, occurring in only about

one-fifth of the -early cases. As the disease progresses we may get

a leueocytosis,.particularly in case its growth is rapid a.Ti6. metastastes

are frequent and numerous; but some cases, particularly those in

which the tumor is small and grows slowly, may run their entire

course without any leueocytosis being present In this respect they

are like the majority of small, slow-growing cancers in other parts

of the body (see below).

Hemorrhage or perforation is of course accompanied by an in-

crease in the number of white cells—in fact the highest count in

the present series (105,600) occurred in a case in which a cancer of

the stomach with metastases in the liver perforated into the perito-

neal cavity and started a virulent, quickly fatal peritonitis.

DIGESTION LEUCOCYTOSIS IN CANCER OF THE STOMACH.

A considerable body of statistics has accumulated to show that

in the great majority of cases of gastric cancer the leueocytosis of

digestion (see page 91) does not occur. E. Mtiller ' noticed this

fact in 5 cases of cancer of the stomach. Schneyer " in 18 cases

found it invariably absent, while in 3 cases of benign stenosis of

the pylorus a considerable digestion leueocytosis appeared, as was

' Osier and McCrae: N. Y. Med. Jour., May 19th, 1900.

^Prag. med. Woch., 1890, No. 17.

sZeit. f. klin. Med., 1895, p. 475.



• LEUCOCYTOSIS IN CANCER OF THE STOMACH. 437

also the case iu 7 out of 8 cases of ulcer of the stomach, the excep-

tion being a fatal case.

He found both incipient and advanced cases to be similarly

affected. In 5 of his cases and in some of Mtiller's HCl was pres-

ent in the gastric contents, so that the absence of digestion leucocy-

tosis was not due to absence of HCl.

Hartung ' in a series of 10 cases (mostly advanced) found no di-

gestion leucocytosis, whereas a marked increase occurred in cases of

malignant disease of other organs. Osier and McCrae found no di-

gestion leucocytosis in. 12 out of 22 cases.

Capps ' in 17 cases examined at the Massachusetts General Hos-

pital found a digestion leucocytosis in 2, the increase being respec-

tively 3,270 and 3,850 cells over the count before the beginning of

digestion. In the other 15 cases there was no increase after a large

proteid meal. Since Dr. Capps' article 20 more cases have been

investigated at the hospital, in 19 of which the digestion leucocyto-

sis was absent. Thus iu a total of S7 cases only S, or 8 per cent,

showed any digestion leucocytosis. In 5 out of 10 cases of chronic

gastric catarrh the digestion leucocytosis was present; it was also

present in a case of benign stricture of the pylorus in a man of

forty-niue on whom an operation was successfully performed later.

The digestion leucocytosis may, however, be absent in various gas-

tric diseases and in simple debility and has been shown by Renki

'

and others to be subjected to the normal function of the pylorus

and of the bowels. Out of 144 cases tabulated from various authors

by Da Costa, 119, or 82 per cent, had no digestion leucocytosis.

On the whole subject of the blood in gastric cancer I agree in the

main with the conclusions of Osier and McCrae (loc. cit.) :

" 1. In a doubtful case a blood count below 1,000,000 red cells

per cubic millimetre is strongly in favor of pernicious anaemia.

" 2. While nucleated red corpuscles occur in all very severe anae-

mias, megaloblasts rarely if ever appear in cancer of the stomach.

" 3. Neither an increase in the leucocytes nor special variation in

the different forms appears to be of any moment in the diagnosis of

gastric cancer.

" 4. The presence or absence of digestion leucocytosis is too un-

certain to be of much assistajice in diagnosis."

' Wiener klin. Woch., p. 697, 1895.

.' Boston Med. and Surg. Journal, November 4tli, 1897.

'Renkl: Arch. f. Verdauungskr. , 1901, vol. vii.



438 SPECIAL PATHOLOGY OF THE BLOOD.

CANCER OF THE STOMACH WITH METASTASES.

Most writers have not separated the cases with metastasis from

those without it. A glance at the nineteen cases of Table XCVI.

shows that with four exceptions leucocytosis was present throughout

most of the disease.

Table XCVI.

—

Cancer op the Stomach with Metastases.
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The variations in the following case are of interest

:

"^Table XCVII.—Cancer op Stomach with many Metastases.
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Table XCVIIL—Cancer of the Gullet {Gontinu-ed).

i
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be noted in the Table XCIX. The condition both of red and white

cells is doubtless due to the rapid growth of tumors of the liver as

compared, e.g., with those of the stomach or lip (see below).

Table XCIX.

—

Cancer of the Ltver.
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Table XCIX.—Cancer of the Liveb (Continued).

6
z
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Table XCIX.—Cancer of the Liveb (Continued).
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Table C.—Cancer of the Intestine.

c
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CANCER OP OMEJSTUM AND ABDOMINAL ORGANS
GENERALLY.

The twenty-three cases seen at the Massachusetts General Hos-

pital in which cancerous tissue was pretty generally distributed

through the abdominal organs, all showed leucocytosis with eight

exceptions (see Table CI.)

Table CI.

—

Cancer of Omentum and Abdominal Organs Generally.
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Table CI.

—

Cascbr op Omentum and Abdominal Organs Generallt
(^Continuecl).
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Table CII.—Cancer (ou Saucoma) op Kidney (Continued).
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Table CIII.—Cancer ob the Uterus (Continued).

i
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Cancer of the Keck.

449

1
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Skull.

•f
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This rule holds for perhaps three-fourths of the cases ; but there

are many exceptions to it. For instance, Taylor ' reports 27,840
leucocytes with 65.6 per cent polymorphonuclear cells, 14,800 leu-

cocytes with 66.2 per cent polymorphonuclear cells, 25,000 leuco-

cytes with 58.2 per cent polymorphonuclear cells, 45,000 leucocytes

with 43.7 per cent polymorphonuclear cells, the last a marked lym-

phocytosis. On the other hand, he found 88 7 per cent of poly-

morphonuclear cells in a total leucocyte count of 3,000. My own
experience and Cunliffe' s is similar

—

i. e. , 88 per cent of polymorpho-

nuclear cells with a total count of 7,800 leucocytes, though I have

never seen so marked a lymphocytosis as was present in Taylor's

cases. He also noted a relative increase in the large lymphocytes

which my counts and those of CiinlifEe have not shown. Osier and
McCrae found an average of 81 per cent of polymorphonuclear cells

in 22 eases, the higher percentages being in the cases with highest

total leucocyte count. These writers confirm the observation of

Taylor that the large mononuclear and transitional leucocytes are

often relatively increased in cancerous disease. Taylor found in 15

cases with leucoeytosis an average of 19.3 per cent of these cells

and in 6 cases without leucoeytosis 26 per cent. Eight of these

cases were cancer of the stomach—the remainder cancer of other

organs. All were cachectic. Osier and McCrae in 22 cases of gas-

tric cancer record an average of 8.5 per cent of large mononuclear

and transitional varieties. They do not agree with Taylor in be-

lieving the excess of these cells is sufficient to be of diagnostic value.

Eeinbach found in 8 cases with leucoeytosis 89 per cent in 2

cases and 87, 86, 83, 81, 80, and 77 per cent in others. Cunliffe

(loG. cit.) in 86 cases found an average of 73.4 per cent polynu-

elear. Tliere was marked lymphocytosis in 3 cases. In the Massa-

chusetts General Hospital series the following percentages occurred

:

When no leucoeytosis was present, 88.7, 88, 86, 79, 66, 62.5, 62,

60,. 67 per cent, etc. With leucoeytosis, 96, 98, 92, 90, 90, 88,

87, 86, 84, 83, 74 per cent, etc. (see Tables XCVI., XCIX., CI.,

cm.).
2. Eosinophiles are not always notably decreased (as they are in

many other leucocytoses), nor are they regularly increased. In

Reinbach's 16 cases the average percentage was 2 -f- per cent. In

Osier's 22 cases it was 1.1 per cent. In Cunliffe's 86 cases 1.06

per cent, although 6 cases showed eosinophiles, and the highest (9.8

'Taylor: Internat. Med. Mag., July, 1897.
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per cent) in cancer uteri In the Massachusetts General Hospital

cases the average was 1 2 per cent, but in 7 of the 38 cases in which

diiferential counts were made no eosinophiles were seen. Chris-

tian (Ain. Med., January 24th, 1902) reports a case of enormous

cancerous growth in the liver (thirty-three pounds weight). The

following counts were recorded nine months before death, and show

marked eosinophilia.

November 8th, 1900.
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Sadler' in 3 cases found 2,710,000, 3,637,000, and 4,600,000.

Rieder'-' in 3 cases (all osteosarcomata) found 1,846,160, 3,700,-

000, and 3,995,000.

Da Costa in 14 cases found the red cells ranging from 5,400,000

to 2,510,000 with an average of 3,900,000. The haemoglobin from

83 to 42 per cent, averaging 63 per cent, and the white cells from

7,000 to 40,000, averaging 13,276. Only 3 of his 14 cases had over

15,000 leucocytes. Cunliffe, in 19 cases affecting various organs,

found the highest count 5,150,000, the lowest 2,240,000, the aver-

age 4,260,000. The haemoglobin averaged 62 per cent, color index

0.73. Normoblasts were seen in 2 cases. The leucocytes ranged

from 5,400 to 32,000, averaging 14,960. The polynuclears were

relatively increased in 18 out of 19 cases. Eosinophiles increased

in 2 cases (6 and 9.4 per cent).

The Massachusetts General Hospital blood counts include 22

cases in which the red cells were counted (see Tables CV. and

CVI.), the average being 4,500,000, not nearly so low as that re-

corded by other observers; still low counts occurred (2,706,000,

2,637,000, 3,842,000).

The qualitative changes in the red cells consist (as in cancer) of

the " degenerative " changes (deformities in size and shape, englo-

bular changes) present in marked cases, and the presence of nu-

cleated corpuscles, when cachexia is marked.

Table CV.

—

Sakcoma with Lbucocytosib.

Age. Sex. Red cells.
White
cells.
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Table CV.—Sakcoma with Leucocytosis {Continved).

Age Sex. Bed cells.

White
cells.

Per cent
haemo-
glohin.

10
11

13

13
14
15
16

60
adit,

36
35

M.

30
21

33
33
34

35
36
37

38
39
30
31

32

5,480,000

4,560,000

46

48

28

4,700,000

6,300,000

4,353,000

4,'i8d,boo

4,713,000

21,800
19,980
18,400
21,600
16,600
18,300

18,000
17,300
17,000

23,900
38,400
37,900
41,200
33,000
36,000
40,300
55,400
16,000
19,000
16,000
Marked
increase.

15,200
Great

Increase.

14,100
14,000
Great

increase.

13,600
13,200
13,000
16,350
15,180
13,000
11,000
10,900

10,200
9,800

75

'35'

'46'

80

55
65

80

80

47

95
85
60
70
73

Testicles. Autopsy.
Neck. Autopsy.
December 3d. Adrenal.
December 5tli.

December 16tl).

Rib.
Sarcoma of abdominal organs.
Lung. Autopsy.
Melanotic sai'coma of all the ab-

dominal organs (bone metasta-
sis?), November 30tli, 1895.

Dili, count, 600 cells: Polynu-
clear, 71 per cent; small lympho-
cytes, 11 ; large lymphocytes,
5.2; eosinopliiles, 13.4 (!); mye-
locytes, 4.

December 7tb.

December 13th.

December 19th.

December 33d.
December 26th.

January I4tli.

January 38th.

Sarcoma of abdominal organs.
Three days later. Autopsy.
Sarcomatosis.
Diflf. count, 700 cells : Polynuclear,

70 per cent; lymphocytes, 33;
eosinophile, 1 ; myelocytes, 7.

Sarcomatosis.
Sarcoma of intestines.

Osteosarcoma (thigh). DifiE. count,
500 cells; Polynuclear, 74 per
cent; small lymphocytes, 19;
large lymphocytes, 6; eosino-
philes, 1.

Csecum.
Right pubic bone.
Sarcoma of abdominal organs.

Diff. count, 800 cells: Polynu-
clear, 84 percent; lymphocytes,
15.5; eosinophiles, 1.3.

Sarcoma of kidney.
Sarcoma of abdominal wall.

Melanotic sarcoma of abdominal
organs.

One week later

Adrenal.
Uterus.
Left kidney.
Abdominal wall.

Kidney operated.
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Small tumors are often without any effect on the blood (see

Table CVI.). According to v. Limbeck' this is oftener true than

in cancer.

Taosle CVI.

—

Sarcoma without Leucocxtosis.
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No.
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Table CVII.—Multiple Myeloma.

457
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age continuing over 40 for several weeks.' Autopsy showed sar-

comatous nodules in the bone marrow. In another case, a tumor

of the abdomen, the eosinophiles were 10.5 per cent, and in two

others 8 per cent.

A case of apparent sarcoma of the abdominal organs (no autop-

sy) at the Massachusetts General Hospital in January, 1896, had

12.4 per cent of eosinophiles.

Such cases should certainly make us think of bone metastases,

and Neusser speaks of osteosarcomata as being accompanied by

eosinophilia, but the evidence is as yet fragmentary.

3. Myelocytes.—Reinbach's case just described had a low per-

centage of myelocytes.

The following cases illustrate the same point

:

Case I. is a case of sarcomatosis in a man in whom sarcomatous

nodules were distributed all over the internal organs and in the skin.

A differential count of 700 white cells showed in his case

:

Per cent.

Typical myelocytes (over 15 /i) 3

Small myelocytes (under 15 m) 5

Lymphocytes 33

Polynuclear neutropliiles 70

' Eosinophiles 1

The autopsy showed no special lesions in the spleen, glands, or

bone marrow, except those due to the sarcomatous nodules.

' Tlie full counts are as follows

:

April 4th, 1893.
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Case II.—Sarcoma of the abdominal wall. A differential count

of 800 cells showed

:

Per cent.

Polynuclear neutrophiles 84.

Lymphocytes 10.5

Large lymphocytes 5.

Eosinophlles 2

Myelocytes 3

Case III. No. 5, Table CV.—Six hundred cells contained

:

Per cent.

Polynuclear neutrophiles 71.

Lymphocytes 16.2

Eosinophlles 13.4

Myelocytes 4

Summary of Blood Changes in Malignant Disease.

1. Small, slow-growing tumors and the early stages of all tu-

mors may have no effect on the blood appreciable by our present

methods of examination.

2. In advanced cases the red corpuscles often become thin, light,

and pale, and finally their number may be greatly decreased, the

counts running sometimes as low as in pernicious anaemia. In this

respect, as in others, sarcomata seem to injure the blood more than

cancers.
.

3. The color index is always below 1, but is rarely as low as we
find it in severe chlorosis.

4. Normoblasts and megaloblasts (the latter being in the mi-

nority) may occur, the former even in the absence of severe anaemia.

Deformities in size and shape are common.

5. Leucocytosis is present in the cachectic end-stages of many
cases, but is frequently absent in small tumors of slow growth and

without metastases. The polymorphonuclear cells are often rela-

tively increased.

6. Fibrin is not increased.

Diagnostic Value.

1. When we are dealing with an obscure, deep-seated disease,

if hemorrhage is excluded, the presence of persistent leucocytosis

suggests suppuration or malignant disease (rather than tuberculosis

or syphilis, for example), and excludes any simply functional or

hysterical affection. The aiisence of leucocytosis, however, does not
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exclude malignant disease, though it makes suppuration very un-

likely.

2. Between malignant disease and suppuration—if the other

signs and symptoms do not decide—there may be nothing in the

blood to decide. In decided pyaemia we may get pyogenic cocci

from the blood by culture, but a negative result would not exclude

the suppurating focus.

The absence of any increase of fibrin in the blood speaks against

suppuration, and therefore in favor of malignant disease; but the

presence of increased fibrin network is not decisive either way, as it

may be met with in connection with neoplasms, though more com-

mon in suppuration.

3. Between malignant disease and hemorrhage a marked anse-

mia favors the latter, provided the case is a recent one; for the

anaemia of malignant disease is comparatively slow to develop. The

leucocytes give no help.

4. Between cancer and ulcer of the stomach, if there has been

no recent hemorrhage, leueocytosis favors cancer; but its absence

is of no weight either way.

The haemoglobin is said to decrease steadily in cancer, while in

ulcer it tends to return toward normal after the cessation of hemor-

rhage.

The presence and persistence of digestion leueocytosis speak

against cancer, and its absence in favor of cancer. It must be

remembered, however, that any variety of catarrh or dilatation

(should such be present) can also prevent digestion leueocytosis,

and that the latter is not invariably present even in health.

5. Between cancer of the liver or bile ducts on the one hand and

simple gall-stone colic or gall-stone obstruction on the other, the

presence of leueocytosis favors cancer. As usual, however, its ab-

sence does not exclude cancer, and we must bear in mind that gall

stones with cholangitis may raise the leucocyte count as much as

cancer. Simple cysts or echinococcus cysts cause no leueocytosis,

nor does syphilis of the liver.

6. The appearance in the blood of large numbers of eosinophiles,

myelocytes, and nucleated corpuscles during the course of a malig-

nant disease suggests a bone metastasis.

7. When a leueocytosis which has disappeared after removal of

a neoplasm reappears, we may expect recurrence of the growth

shortly.



SARCOMA. 461

8. A steadily increasing leueocytosis in a case of malignant dis-

ease points to a rapidly growing tumor or to the occurrence of

metastasis.

9. Between malignant disease and pernicious anaemia, the diag-

nosis rests on the following points

:

(a) Color index and volume index low in malignant, apt to be

high in pernicious anaemia.

(b) Leucocytes often increased in malignant, diminished in

pernicious anaemia.

(c) Lymphocytes often relatively decreased in malignant, in-

creased in pernicious anaemia.

(d) Average size of red cells often decreased in malignant, and

often increased in pernicious anaemia.

(e) If nucleated red corpuscles are present the normoblasts are

in a majority in malignant disease, and in a minority in pernicious

anaemia.

10. The presence of leueocytosis is against the benignness of

any tumor.

11. When no actual increase of leucocytes is present, an in-

creased percentage of the polymorphonuclear variety among those

present may have the same significance as a leueocytosis.



CHAPTER XI.

BLOOD PARASITES.

EXAMINATION FOR THE MALARIAL PARASITE AND ITS

PRODUCTS.

I. Time fob Examination.

It is often stated that the organism is most easily found during

the chill. But this is not the writer's experience. During a chill

it is often difficult aud sometimes impossible to find the organisms.

Eight hours before or after a chill is the most favorable time

(Thayer), although parasites have been found as late as forty-eight

hours after the last chill. During the chill many organisms retire

to the internal organs.

The number of organisms varies a great deal. In some cases

they are present in every field of a one-twelfth iminersion lens,

while in others we may find only one after an hoiir or more of pa-

tient search. In some cases of coma Ewiiig had to search one and

two hours before finding a single parasite. In the majority of the

cases occurring near Boston, it needs but a few minutes' search to

find parasites if the blood be taken within twelve hours before or

after a chill, and provided no quinine has been lately given. Occa-

sionally in mild cases the organisms are very scanty; and it may be

almost impossible to find any. I agree with Theobald Smith and

Ewing that when the parasites are scarce, especially when they are

of the small unpigmented form, a prolonged search through fresh

blood frequently proves negative, although a few minutes suffices

for the discovery of one or more minute parasites in the stained

specimen.

II. Method of Examination.

(«) Fresh Blood.

A slide of fresh blood is prepared as described on pages 6-8

and examined with a one-twelfth immersion lens.' Lower powers

' In cold weather both slide and cover should be warmed before using. In-

deed this is always well, as it makes the corpuscles spread better.



PARASITES OF TERTIAN FEVER.
(WRIGHT'S Modification of Leischmann's Stain.)

Photographs by Wright & Brown, CliDico-Pathologlcal

Laboratory, Mass, General Hospital.

PLATE V,

Fig. 1.—The spotted cell on the right is an erythrocyte containing a young tertian organism
and overlapped at its margin by a blood-plate. The dark mass overlying the cell at the ex-
treme left is also a blood-plat«.

KiG. 3.—Two red cells showing granular degeneration. That on the right contains one, that

on the left two, young tertian parasites. The chromatin bodies appear as rounded black
spots.

Fig. 3.—Young Tertian Parasite. Fig. 4.—Above, a tertian parasite about
six hours old. Below, a blood-plate
oyerlying a red cell.

Fig. 5.—Tertian Parasite about ten hours old.

In this and in the next figure the granular de-
generation of the red cell is very marked.

Fig. 6.—Red Cell considerably enlarged,
and containing two young tertian para-
sites.





TERTIAN PARASITES ABOUT HALF GROWN
And Occupying Enlarged and Degenerated Erythrocytes.

(Stained as in Plate V.) In No. 2 Two Blood-Plate

Appear Amonq the Cells.

Photographs by Wright & Brown, from the CI iiiico-Pathological
Laiaboratory, Mobb. Greoeral Hospital.

r

FlO. 1.

FIG. 3.

PLATE VL

V

Fio. 3.
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should not be used, nlthough in skilful hands they are often suffi-

cient. Portions of the slide in which the corpuscles do not overlie

each other should be chosen for examination. As we pass the slide

along beneath the lens it is well to be on the lookout for any spe-

cially large or specially pale corpuscle. Such a one will catch the eye

if we are on the watch for it, even though the slide is being passed

along very rapidly, and all such should be carefully examined.

Another thing to watch f(n' is anything black or dark brown. If

the slide is not perfectly clean, or if the cover glass has touched the

skin in collecting the blood, there will often be black spots which

make us pull up short and examine, only to find that they are bits

of dirt. This loses time, and hence, as above noted, the importance

of care and cleanliness in the earlier stages of the process.

Besides any strikingly pale or swollen corpuscle or any black

dots, we should be on the lookout for any moiiements in the field

The movements of Miiller's " blood-dust " (see page 58) are often

mistaken bj' beginners for those of the malarial organism Their

greatly smaller size and extracorpuscular position serve to distin-

guish them in most cases. I have sometimes thought I saw pig-

ment in these bodies. If, as Stokes believes, the "blood-dust" is

derived from the leucocytes, it is possible that they might carry out

with them some pigment ingested by the leucocyte.

Flagellate bodies may be studied in fresh specimens, if possible,

on a warm stage. Usually they appear only after the lapse of from

ten to twenty minutes from the larger tertian or ovoid sestivo-autum-

nal organisms. The addition of a little water or salt solution may
facilitate the escape of the parasite from the red cell and the forma-

tion of flagella.

Ewing finds that a moist chamber may be secured in a Petri

dish with tightly fitting vaselined cover. Wet blotting-paper placed

in the dish furnishes the necessary moisture. Specimens spread on

slides or covers may be kept moist for ten to twenty minutes in

such dishes, and flagellation proceeds with moderate rapidity.

A simple method is as follows : Cut an opening one-half by one

inch in a piece of thick blotting-paper and moisten the paper in

hot water. Spread two glass slides rather thickly with fresh blood,

lay the blotting-paper on one slide, cover the cut opening \>y the

other, specimen side down, and slip a rubber band about both.

After fifteen or twenty minutes the slides and paper may be sepa-

rated and the two specimens dried.
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The Malarial Organism.—It practically is never to be seen out-

side the corpuscle. Most malarial organisms are to be found within

the corpuscle, and only there.
'

For those who have not examined many specimens of malarial

blood it is a very difficult thing to find the organism- in the early

stages of its growth, and the number of mistakes in diagnosis is

very large. I always look with great suspicion on any report of

malarial blood as containing only " hyaline forms " in fresh speci-

mens.

In the later stages, when the organism has become well pig-

mented, there is nothing that at all resembles it, and those who

have seen and watched it a few times can hardly mistake anything

else for it. Not so with the so-called " hyaline " or youngest form

of the organism. Personally I think the name " hyaline bodies "

is responsible for a part of the mistakes. We are led to expect

something more shiny and refractile than the organism really is,

and so are misled by the brilliant white circles to be found at the

centre of many normal corpuscles under certain conditions of light

and partial drying up. Time and again I have been asked to look

at malarial organisms (always the "hyaline" forms), and found

nothing more than one of these effects of light which can be found

in any normal blood, if the conditions are right.

As soon as the organism gets any pigment (and there are very

few times in the cycle of a malarial case when there are not some

pigmented organisms present), the active rapid motion of the black

pigment dots is unlike anything else seen in the blood, and when

once recognized can never be forgotten or mistaken. It is only

when the pigment has ceased moving (owing to the death of the

organism) that the differentiation between dirt and malarial pig-

ment becomes difficult.

Almost all stages of the growth of the plasmodium which we
can watch in the blood drawn from the peripheral circulation take

place within the corpuscle. It is true that as the pigmented organ-

ism gets toward its full growth, and before the granules have be-

gun to gather at the centre, we may find it very difficult to see any

trace of corpuscle substance around the margin of the plasmodium.

Sometimes we see a ring of non-pigmented glistening white sub-

stance outside the moving black dots (see Fig. 2, 7, Plate I.) stand-

' Except degenerate forms, free flagellse, and spores at the moment of seg-

mentation (rarely to be seen). Crescents and ovoid bodies are intracellular.





PLATE C.

The numbers correspond approximately with the stages of development.

In Nos. S to 15 the chromatin is divided more and more and the amount of

blackish pigment increases.

No. i. shows the pink stippling often seen in infected erythrocytes ; above

No. <? is a blue-stippled erythrocyte of the type seen in various anaemias.

In No. 14. (presegmenting stage) the new multiple nuclei of the future

segments are seen.

No. IB, a segmenting body^ shows no sign of the red cell. One segment
was fixed at some distance from the main group as if on the way to attack

another red corpuscle.
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ing out light against the darker plasma. This I suppose to be the

remaius of the corpuscle. It is not described or pictured in the

standard works on the subject.

Occasionally we do find pigmented bodies wholly outside the

corpuscle, either partly or fully grown. In the intracorpuseular

forms the distinction between plasmodium and corpuscle substance

Fig. 32.—Flagellate Malarial Organisms. (After Thayer.)

is not, I think, so sharp and clear as one would be led to expect

from the plates in standard works. With average eyes and lenses

the outline of the organism, as distinguished both from its pigment

granules and the surrounding corpuscle, is not easy to see.

But all these difficulties as well as those about recognizing the

" hyaline forms " on which I expatiated in earlier editions of this

book, have now been abolished for me, and should be for all stu-

dents of malarial blood, by the introduction of a simple, quick, and

reliable method of getting the Eomanowsky stain. I refer to Leisli-

man's stain as modified by Wright (see page 41). For diagnos-

tic purposes I never use the fresh blood now, and I am convinced

that by using the stained film specimen in every case I recognize

cases of malaria that used to escape me before. For purposes of

study the fresh blood is important— but not, in my opinion, for

diagnosis. The method of staining is precisely that used for ordi-

nary differential leucocyte counts and has been already described.

(J))
Appearance of Stained Sxiecimens.

For the main points the reader is referred to Plates I and C,

and the descriptions accompanying them; some additional details

are here added.

The youngest form of the tertian parasite seen in the red cell is

identical in appearance with the spore of the parent rosette. It is

a compact spheroidal, or slightly oval, or irregular body, about 2 ix

in diameter. It shows an outer rim of basophilic protoplasm en-
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closing a single large nuclear body, which is achromic to methylene

blue, but stains readily in haematoxylou or by Nocht's method, and

which is usually enclosed or accompanied by a clear achromatic sub-

stance, termed by Gautier "the milky zone."

In the fresh condition these bodies are noticeably refractive,

especially the nucleus, change their ])csition but rarely their shape,

and are never pigmented.

The youngest tertian ring : Within a few hours after the chill

the parasite is usually found to have assumed a somewhat charac-

teristic ring shape. These bodies measure from 3-4 /j. in diameter,

and there is not much increase in bulk for six or eight hours. The

tertian ring is rarely as geometrical or delicate as the aestivo-autum-

nal signet ring. The nuclear body of the tertian ring is its most

characteristic feature, appearing as a rather large, achromatic,

highly refractive body, after methylene blue, but staining intensely

crimson with Leishman's stain.

Comparison of the Tertian and ^stivo-autumnal Rings.

I abstract here Ewing's admirable description:

1. The shape and contour of the tertian ring is usually coarse and

irregular, but the gestivo-autumnal ring is geometrically circular,

more delicate, with extremely fine bow, and usually with a typical

signet-like swelling.

2. One or two grains of pigment are almost invariably found in

the early tertian ring, but are with nearly equal constancy absent

from the eestivo-autumnal signet ring.

3. The tertian ring is usually pigmented before the chromatin

becomes subdivided, while the chromatin of the aestivo-autumnal

ring is always subdivided before the appearance of pigment.

4. The infected cell is usually swollen from the moment of

infection by the tertian spore, and commonly shrunken when har-

boring the sestivo-autumnal ring.

The Tertian Parasite—Later Stages.

Large tertian rings : After a period of six to eight hours the

ring is usually found to have developed an outgrowth which is

actively amoeboid in the fresh condition and appears in stained

specimens as a tongue-like protrusion or turban-shaped mass at-

tached to one segment of the ring. The nuclear body meanwhile



STAINED AS IN PLATES V. AND VI.

?hs by Wright & Brown, Clinico-Path(
^^aboratory, M&bb. General Hospital.

PLATE VII.

fhotDgraphs by Wright & Brown, Clinico- Pathological

Fig. 1.—Above, on Right, a Half-grown Ter-
tian Parasite. On left two blood-plates, one
overlying a red cell.

Fig. 2.—Tertian Parasite, about forty
hours old. The chromatin, in the form
of fine granules, is within the open space
in the upper left corner of the parasite.

Fig. 3.—Same as Fig. 2. Fig. 4. — Well-developed Tertian
Parasite. The chromatin appears
as an irregular-shaped dark mass
containing open spaces.

Fig. 5.—Same as Hg. i. Fig. 6.—Tertian Parasite just before Seg-
mentation. The chromatin (dark oval
masses) is distributed throughout the
parasite. The pigment (smaller dark
points) is collected just to the left of the
centre.
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increases slightly in size, projecting into the ring, and the chromatin
divides into several large granules.

At this period occurs the greatest amoeboid activity of the para-

site, and in some severe infections the organism may be found fixed

in the height of its amoeboid excursions. There the ring persists,

but the body of the parasite is strung out into a number of slender

threads with nodal thickenings.

Tertian spheroidal bodies : During the second quarter of the

cycle, the body and nucleus of the parasite develop rapidly in size,

amoeboid motion and figures gradually diminish, and pigment is

abundantly deposited in the form of dark brown or yellowish grains,

showing in the fresh state active vibratory motion. The cell in-

creases in size and its haemoglobin diminishes. Toward the end of

twenty-fou.r hours or possibly somewhat later, the parasite occupies

three-fourths of the swollen cell, in the form of a spheroidal or

elliptical, homogeneous body, the outer portion of which contains

most of the pigment.

Full-grown tertian i^arasite : The third quarter of the cycle is

occupied by the continued growth of the parasite in the form of a

large homogeneous, richly pigmented body, which finally occupies

at least four-fifths of the swollen cell.

Presegmentinfj bodies usually begin to appear in the blood eight

to ten hours before the chill. The pigment is gathered in a reduced

number of coarse grains or spindles which lie in the body of the

parasite, in a position determined by that of the new multiple

nuclei (crimson stained).

Tertian rosettes are usually seen iu the circulation three or four

hours before the chill, most abundantly just before the chill, rapidly

disappearing after the chill.

Tlie ^Estioo-aiituninal Parasite.

The earliest form of the a3stivo-autumnal parasite is usually to

be distinguished from the tertian by the shrinkage of the cell, and

by its low refractive index; it is never pigmented.

The oEstivo-autumnal signet ring is a very characteristic shape as-

sumed by the parasite at a very early period. It is noted that in some

cases the rings fail to exhibit this thickening but remain of a uni-

f but very fine calibre throughout. Multiple infection with the

rings is very common; three j)arasites are often found in the

same red cell, and occasionally four. The signet-ring forms fre-
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quently reach a diameter of 4 ,a ; beyond this size, when persisting

in the peripheral blood, the growth of the parasite produces an

irregular body in which the outline of the ring becomes more or less

obscure. The full development of the large signet rings appears to

require about twenty-four hours. In the majority of cases the ring

forms seen in the peripheral blood fail to show any trace of pigment.

The later forms of the cBstivo-autumnal parasite are rather rarely

seen in the peripheral circulation.

The crescentio bodies : On the fourth to sixth days of any but ini-

tial paroxysms of the sestivo-autumnal infection the peripheral blood

may contain red cells infected by spheroidal, oval, elliptical, or

small cresceutic bodies which represent the early forms of the sexual

cycle of the parasite. The relation of these forms to the young

amoeba is not clear. A remnant of haemoglobin surrounds the cres-

cent. The membrane or thickened outer border of the red cell is

closely applied about the convex side of the blue-stained crescent,

while across the concavity it stretches loosely like a halter.

In tlie centre of the crescent is a sharply marked, light-blue

staining or achromatic area of variable size, containing the pink-

stained chromatin, and usually also the pigment.

The long persistence of crescents in the blood and their resist-

ance to quinine are matters of common clinical observation.

The Quartan Parasite.

I have never seen a live parasite of this type. The accompany-

ing drawings (see Plate D) are from a case of triple quartan infec-

tion, the specimen being kindly loaned me by Dr. Futcher of Balti-

more. I shall attempt no description beyond that accompanying

the plate.

Dr. J. H. Wright has kindly permitted the use of the accompa-

nying photographs of the malarial parasites (see Plates V., VI.,

VII., VIII., and IX.).

Flagellate bodies : When blood containing crescents is allowed

to stand in the air or under a cover glass for a few moments some
of the crescents slowly assume the spheroidal form, active vibratory

oscillations of pigment granules begin, and soon, from one or more
points, pseudopodia shoot out with active lashing movements.
These flagella continue their movements for some time, changing

their position actively, their shape slowly, while some may be seen

to break off from the body and swim off through the plasma.



>€STIVO-AUTUMNAL PARASITES.
(WRIGHT'S Modification of Leischmann's Stain.)

Photogjaphs by Wright & Brown, Clinico-Pathological
Laboratory, Maes. General Hospital.

PLATE VIM.

#
Fig. 1.—On the left a single young sestivo-autumnal parasite. On the right two within

single cell. Chromatin appears in small, dark, rounded masses.

Fig. 3.—Two sestivo-autumnal parasites in one cell. In one the chromatin Is divided.

Fig. 3.—jEstivo-autumnal parasite, somewhat more developed than in the preceding flgure.

^

Fig. 4.—Above, a Wood-plate. Below, on the right, a young aestivo-autumnal parasite. On
the left a "crescent."
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Tertian flagellate bodies de-

velop from the full-grown ter-

tian parasites in much the same
way as from the crescents.

Quartan parasites develop fla-

gellate bodies very similar in

appearance to those of the

sestivo-autumnal type. The
fiagellsB are about two or three

times as long as a red corpuscle

and one-sixth or one-eighth as

wide. Sometimes there is pig-

ment dotted along the flagellum

itself, and then we can make it

out more easily. Its distal end

is especially apt to be pig-

mented, and by the help of this

pigment we make out that it is

bulbous, while similar swell-

ings can sometimes be seen at

other points along the flagellum

(see Fig. 33). As the pig-

mented end is sometimes all

that we can see of it, this gives

rise to the appearance of a very

small, actively locomotive pig-

mented body free among the

corpuscles, and its course may

be followed through several

fields.

When the flagella have

ceased moving, their presence

is generally detected, if at all,

by an irregular line of pigment

dots about 20 ij.
long, which will

be shown by careful focussing

to be contained within a nearly

transparent membrane.

Very often we find a leuco-

cyte in process of closing round
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the flagellated parasite. Manson has lately succeeded in staining the

flagellae, and the accompanying photographs are from his stained

specimens.

Pigmented leucocytes, containing the whole or part of malarial

organisms or simply blocks or granules of black pigment, are usu-

ally to be found in the blood near the time of the chill. The pig-

ment is to be carefully distinguished from the granules present in

most leucocytes, which in certain lights look quite dark even if un-

stained, dark enough to be mistaken for pigment by the untrained

eye. Careful focussing and changing the light will easily deter-

mine which we are dealing with, provided we are familiar with the

appearances of leucocytes in the fresh unstained blood. In certain

forms of the disease in which the organisms themselves retire to

the internal organs, the presence of pigmented leucocytes may be

the only evidence of the disease to be found in the peripheral blood

and is therefore of the greatest importance.

How long after a chill the organisms may still be found in the

peripheral blood is difficult to decide, but certainly they can be

found any time within twenty-four hours after the last chill, unless

quinine has been given, and sometimes even if it has been given.

I have not attempted to discuss the interpretation of the differ-

ent forms now believed to be sexual, or of the so-called "conjugat-

ing cycle " of the tertian parasite. T have also excluded all descrip-

tion of the life of malarial parasites in the mosquito and of their

transmission by this insect to human beings. These tempting sub-

jects are necessarily excluded by the plan of this book as a clinical

treatise for diagnostic purposes.

Other Changes in the Blood.

Hed Corpuscles.—The following is from Thayer's monograph:

"A reduction in red corpuscles follows each paroxysm; these

Tcductions are more marked after the early paroxysms than after

those occurring later. When a certain degree of anaemia has been

reached the losses per paroxysm are much less. When the number

of corpuscles is reduced to 2,000,000 or 1,000,000 there is little

tendency toward a further fall; sometimes there may be slight jrises

in the curve between the paroxysms; often, however, the number
of corpuscles remains stationary for weeks. In pernicious cases

the number of corpuscles may fall between paroxysms." Kelsch

has seen the count decrease to as small number as 683,000 per cubic





PLATE D.

Fig. 1.—The Quartan Parasite.

a, a, a, etc., Youngest forms.

b, b and c, c, Maturer forms.

d, d, Presegmenting forms.

e. Segmenting parasite (note the small number of segments com-

pared with the corresponding stage of the tertian parasite).

Pigment and chromatin are more scattered than in the other forms of ma-
larial parasite. The infected red cell is not enlarged.

Fig. 2.—The ^stivo-Autumnal Parasite.

1, 2, S, 4, Early ring forms.

5, 6, S, Maturer forms.

7, Elongated form (transition to crescent?).

9, 11, Crescents.

10, 12, 13, U, 15, Ovoids.

These are the only forms found in peripheral blood. Segmenting bodies

occur in internal organs.
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MaryW Rowley, del

Tig 2. The Parasite of Aestivo —Autumnal Malaria
(^AtightB modificanoTi of Leishrimr^ stain.)
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millimetre. The diminution is greater theionger the disease lasts

and the more intense its manifestations are.

During the paroxysms, particularly the earlier ones, the red cells

tend to increase in number. In tertian and quartan fevers there is

a rapid and almost complete restitution of the corpuscles dviring the

afebrile period.

In Ewing's Montauk series, there were "no less than nineteen

cases in which the changes of the progressive pernicious type had
been established in a period not longer than ten weeks. . . .

There can be no doubt that the tendency of the eestivo-autumnal

parasite is to be massed in the bone marrow. The excessive de-

mands on red-cell production render pernicious malaria an extremely

favorable condition for this disturbance of the marrow and specific

megaloblastic changes.

"

In sestivo-autumnal fevers the number of red cells is in inverse

relation to the number of young parasites, but crescentic bodies

seem to have no influence on the number of red cells.

Bignami and Dionisi distinguish three types of post-malarial

anaemia

:

1. Ordinary secondary anaemia, with leucopenia; such cases usu-

ally end in recovery.

2. Anaemia practically identical with pernicious anaemia, megalo-

blasts being present, and ending fatally.

3. Anaemias which are jjrogressive, because the bone marrow

cannot compensate for the losses of corpuscles.

The rapidity of the diminution in red cells may be very great.

Kelsch's count of 583,000 cells per cubic millimetre, mentioned

above, was after thirty days' illness. Grawitz has seen a loss of

4,000,000 cells in six days.

Qualitative changes are those of severe secondary anaemia, anom-

alies of staining reaction, deformities in size and shape, normo-

blasts, occasional megaloblasts in the worst cases, motility in the

"pale, ghostly" cells.

Hcemoglobin.—The loss of haemoglobin bears usually a direct re-

lation to the number of parasites in the blood. As a rule, the cor-

puscles and haemoglobin are diminished proportionally (color index

= 1), but sometimes the haemoglobin is reduced disproportionately.

On the other hand Delaney ' has often found the color index above

normal.

'Delaney: Brit. Med. Jour., March 28th, 1903.
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In convalescence the restitution of haemoglobin is often incom-

plete; persons living in malarial districts have often a slightly-

sinaller percentage of hsemoglobin than those living elsewhere.

The rapid diminution in the red cells is a valuable point in dif-

ferential diagnosis between malaria and typhoid or pneumonia.

White Cells.—^The number of leucocytes is usually subnormal,

but a slight increase is shown at the beginning of the paroxysm.

Following this increase there is a rapid decrease continuing through-

out the paroxysm. The smallest number of leucocytes is to be seen

at the end of the paroxysm when the temperature is subnormal.

From this time it shows a gradual increase until the beginning of

the next attack (Billings).

In a general way the white cells follow the same course as do

the red.

The differential count shows a relative lymphocytosis whenever

the white cells are subnormal, the larger forms of lymphdeytes being

especially numerous, while the polymorphonuclear cells and eosino-

philes are scanty. Great stress has lately been laid by several

English observers upon an increase in the percentage of large mono-

nuclear cells (large lymphocytes) in malaria as a point of differen-

tial diagnostic value between malaria and other fevers—especially

typhoid. Stephens and Christdpher, ' Tiirck,^ Rogers,^ Melland,*

Delaney," and others have substantially agreed in their findings.

They state that:

1. In malaria (between paroxysms) the leucocytes are often be-

low 2,000; in typhoid rarely so.

2. In malaria the large mononuclear forms are frequently be-

tween 12 and 30 per cent. In typhoid between 2 and 6 per cent.

3. In malaria the small lymphocytes are not increased, while in

typhoid they are often 40 per cent or more.

4. In malaria myelocytes and stimulation forms are often present

(1 to 5 per cent) ; in typhoid rarely. (These conclusions refer to and
hold good for the blood of adults only.)

In the severer sestivo-autumnal paroxysms Kelsch found that

the increase in the total count of leucocytes was often due to a

' Stephens and Christopher : Malaria Commission of Royal Society, 5th re-

port, 1901.

^^Turck: Loa. eit. = Rogers: Brit. Med. Jour., April 5th, 1903.

^Melland: Ibidem, September 37th, 1903.

"Delany: Brit. Med. Jour., March 38th, 1903,



TERTIAN ORGANISMS.
(After Wright & Brown.) Stained with eosin and methylene blue.

PLATE IX.

RHBH^I^BRSa!^

Fig. 2.—At the left, a younfr, pigrmented
tertian parasite. On the right, an adult
tertian parasite. Rod - shaped pigment.
The chromatin not stained.

Fig. 3.—Two picrmented ter-

tian parasites in one cor-
puscle.

Fig. 4.—An adult tertian parasite with central vacuole
and rod-shaped pigment in a distorted red blood
corpuscle at the left of the figure. At the right of
the figure an adult parasite with its pigment gathered
together In clumps. This is a tertian parasite in the
early stage of segmentation. The dark spots at the
periphery of the parasite represent the remains of the
red blood corpuscle which it has invaded.

Fig. 5.—An adult tertian parasite in the
same stage as the one last mentioned,
with its pigment collected in a more com-
pact manner at its central part. The irreg-
ular dark zoiie at its periphery is the re-
mains of the red blood corpuscle in which
the parasite has developed.

Fig. 6.~Completed segmentation of a tertian
parasite. Each of the dark rounded bodies
represents a young parasite. The pigment
of the parasite from which they are derived
is shown, as well as the faint outlines of the
red blood corpuscle in which they are con-
tained.





PLATE X.

Fig. T.—a young tertian
parasite and an adult
parasite with a vacuole, in
one red blood eoi"puscle.

Fig. 8.-Same as Fig.

I

Fig. 9.—Crescentic form of the aestiyo-autumnal parasite in
a red blood corpuscle, which is much distorted by it. The
pigment is seen in the centre of the parasite in the form of
rods.

Fig. 10.—Same as Fig.

Fig. 11.—Ovoid form of the
EBStlvo - autumnal para-
site distending a red
blood corpuscle. A por-
tion of the corpuscle pro-
jects above the parasite,
and Is much distorted.
The dark line around the
parasite also represents
the remnants of the cor-
puscle.

Fig. 12.—In the right of the figure Is a crescentic parasite.
In this photograph the blue-stained parasite is made to
appear darker than the eosin-stained red blood corpus-
cles, by changing the character of the light used for
the illumination of the specimen. The deeper staining of
the poles of the parasite Is shown. In the left of the
figure a tertian parasite In a red blood corpuscle Is

shown. There was, therefore, a double Infection in this
case.
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marked lymphocytosis; this was also observed by Ewing. The ex-
tent of the leucocytosis varies between 10,000 and 35,000 cells, the
latter having been observed by Kelsch shortly before death in a
comatose patient. In similar cases, often comatose, Delaney (loc.

cit.) has seen leucocytosis of 38,000 and 14,300, and Manson records

30,000 in some " pernicious " cases.

Ziemann (DeMt. med. Woch., November 22d, 1900) has recently

made the interesting observation that in cases of malarial infection

occurring in negroes with spontaneous recovery, a marked leucocy-

tosis may occur. In the summer of 1902 two cases presenting ex-

actly these conditions came under my observation; the fever was
of the tertian type with abundant and characteristic parasites, the

leucocytes ranged between 19,000 and 26,000 for twenty-four hours.

No other disease could be found to account for it. No quinine was
given and spontaneous recovery followed.

In post-malarial anaemia Billings, Thayer, and Da Costa have

found quite marked leucocytosis.

Grawitz and others have noticed an increase of eosinophiles in

post-malarial anaemia. I have frequently found small percentages

of myelocytes, three per cent being the highest in my experience.

MALARIAL HJEMOGLOBINiEMIA.

During the paroxysms of this form of the disease, the number of

the red cells is much diminished, rouleaux are not formed, marked

poikilocytosis with nucleated forms is observed. The leucocytes

are increased. The regeneration is very swift, from twenty-four to

forty-eight hours being usually sufiBcient to re-establish normal con-

ditions.

Typhoid Fever and Malaria.

"After the first week when the typhoid fever has become fully

established, active sporulatiou of malarial parasites is extremely

rare" (Ewing).



CHAPTER XII.

DISEASES DUE TO ANIMAL PARASITES.

FILARIASIS.

Although most commonly found in tropical countries, one spe-

cies of tlie filaria sanguinis hominis is not very uncommonly found

in various parts of the United States. Any case of chylous urine,

lymph scrotum, tumor of the groin, or elephantiasis should lead

us to make a careful examination of the blood for the filaria. There

are at least six species of lilaria, one of which is present in the

Fig. 34.—The Filaria Sanguinis Homlnls. The head, curled up, is seen at the right of the out,

the tail at the left. Instantaneous photomicrograph. Four hundred diameters magniflcation.

blood chiefly at night, another chiefly during the daytime, and

anotli^r continuously. In Uganda and parts of India a majority of

all natives carry the filariae as "commensals " or messmates; we can

hardly call tliem parasites since both filaria and native usually re-

main in good health. Only ^e, filaria nocturna has thus far been

seen in America (Fig. 34).

In examining for the filaria a slide of the fresh blood is prepared

in the usual way, hut after 8:S0 o'clock in the evening,^ and examined

at once. Lcthrop and Pratt '' counted hourly the number of em-

bryos per cubic centimetre by drawing blood to the mark 1 in a

' In persons who sleep in the daytime and work at night the habits of the

filaria are said to become reversed, so that it appears in the peripheral circula-

tion chiefly in the daytime, and is to be looked for then.
'^ Lothrop and Pratt; American Jour, of Med. Sc, November, 1900.
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Thoma-Zeiss pipette, blowing it out on a cover slip and counting the

number of embryos in this drop (whose size could be estimated). By
this means they obtained the accompanying chart, showing the in-

crease and decrease of filaria in the peripheral blood. One slide

made at midnight contained twenty-five filariae—the equivalent of

Roon 2
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tions of its structure cannot be made till it is paralyzed by approach-

ing death (Fig. 37).

Posteriorly it tapers for one-fifth its length down to a very sharp

point. The extreme end of the tail often looks as if articulated, for

it does not harmonize with the general curve of the body, but lies

bent at an angle. Toward the head it tapers very slightly, and when

alive a " pouting " movement as if of breathing can be seeu at its very

extremity. About the middle of the body a granular aggregation

Fig. 36.—Tall of Filaria, showing Prolongation of tbe Sheath beyond the End of the Embryo
Itself. Magnified 800 diameters.

can be made out along the central axis of the animal. Except for

this granular portion the parasite is so translucent that it is not easy

to make it out at first. The distinction of body and sheath men-

tioned above appears as a "clear space" at each end of the body

(vide "Fig. 36). After the motions have ceased it becomes darker

and traces of transverse striation may be seen (Fig. 38).

It has no locomotive power and confines itself to wriggling in

the same spot. Saussure ' says he has watched them " fighting with

each other for hours."

'' Philadelphia Medical News, June 28th, 1890, where he reports twenty

cases seen in Charleston, S. C.
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The head of the lilaria is said by some authorities to be supplied

with feelers or flagella, and Manson describes what he calls a " ceph-

alic armature" or fang (.Fig. 39).

The same organism can sometimes be found in the chylous urine,

but not every case of chyluria is due to the filaria sanguinis hominis.

In a considerable portion of cases no such organism is to be found.

Fig. 37 —The Movement o[ a Single Filaria during Four Successive Exposures of One-fllth of a

Second Each, the Entire Series Occupying less than Five Seconds. Magnifled 800 diameters.

Henry ' succeeded in staining the parasites intra vitam by giving

the patient considerable doses of methylene blue internally for some

weeks. Only a faint bluish tinge was imparted, however, to the

organism by this method.

For finding the parasite it is best to use a low power, not an im-

mersion lens, and the whole of several slides should be looked over.

Specimens can be dried and preserved for staining provided we

do not heat them over a lamp or pass them through a flame. Fixa-

tion in alcohol and ether and staining with thionin work well.

Manson " stains with eosin and mounts in " glycerin jelly."

' Med. News, May 2d, 1896.

'"'The Filaria Sanguinis Hominis,'' by Patrick Manson, M.D., Amoy,

China, 1883.
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Fig. 38.—Head o( Fllaria. Shows structure and beginning granular degeneration. Magnified

1,500 diameters.'

-Head of Fllaria Magnified 1,500 Diameters. The blur In front of the head may be due
to the motion of flagella.

'
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Several other species have been observed in England in negroes

from- the Congo River, but not hitherto in America.

Fis. 40.—Head of Filaria Overlapping a Red Coipusele. The appearance might he mistaken for

the cephalic end of a sheath.

Considerable interest has lately been aroused in the morphology

of the blood in filariasis

:
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In the preceding table I have arranged some of the briefer

records. The best studied cases are those of Calvert ' which are

exhibited in the following table.

Table CIX- Calvert. Case I.



SPIROCH^gRTE OF RELAPSING FEVER.

Table CX.—Calvert. Case II. (^Continued)

481

Date.
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to seem much larger than they actually are, and sometimes a large

" nest " of them may look like a leucocyte, except for the fine wavy

threads which can be seen in motion at the periphery of the mass.

Fio. 41.—Spfroehaetes of Eelapsinff Fever in Human Blood.

The number present in the blood is very much smaller at the be-

ginning of a paroxysm than after the second day. During the first

FIG. 42.—SplrochsBtes of Relapsing Fever in Human Blood.

few hours of a febrile period Mocyntkowsky could find only one
spirochsete in ten or twenty microscopic fields, while .later on he



f

SPIROCHETE OF RELAPSING FEVER. 483

^-

'^^

"^m^t--
-~^' x-

FIG. 43.

/-

(

s>" .'

'

^. ;:< H:)0 ^3:^'^
TjO (^

Fig. 44.—Splrochsetes of Relapsing Fever.



484 SPECIAL PATHOLOGY OF THE BLOOD.

saw twenty or thirty of them in a single field. There are usually

more parasites with each successive paroxysm.

Blood taken from different parts of the body often shows a great

.difference in the number of organisms to be found. The life history

^^m .^1
°^ ^ single parasite seems to be very^m ...^^m^^,^
gj^^j.^^ ^^^^ ^jjgy multiply with the

^™^ _ . greatest rapidity. Albrecht has seen

them so increase within six hours that

whereas at first he saw only a few in

the whole slide he later found many
in each field. As the spirochaete

dies, its movements get languid, and

finally it breaks up into small gran-

ular bits (spores?).

Between paroxysms the spiro-

chsetes are not found, but there are*

to be seen peculiar highly refractile

globules compared by v. Jaksch to a

diplococcus. The latter author be-

lieves that he has seen these develop

into the spirochaete at the beginning

of a paroxysm and hence believes

them to be spores.

This spirochaete is found in all

cases of relapsing fever and in no

other known disease, so that like the

plasraodiiim malarise it is pathogno-

monic and of the highest importance.

Anaemia and leucocytosis (during

the paroxysm) are among the sec-

ondary results of the presence of this

parasite in the blood.

Boeckman reported that the red

cells sink during, and for one to two

days after, the attack, increasing

somewhat in the afebrile periods.

Laptschinsky, Heidenreich, and

Boeckmann all noted considerable leucocytosis. Laptschinsky

mentioned the presence of a very large number of coarsely granular

leucocytes.

-Leucocytes Containing

Spirochsetes.
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A certain resemblance has been noted between the spirochsete

and a free flagellum broken off from a malarial parasite, but the

clinical history and the presence or absence of other evidence of

malaria in the blood would easily decide the question of diagnosis.

Technique of Examination.—As in looking for the malarial or-

ganism, it is best to examine the blood fresh between a slide and

cover-glass {vide page 7) and to use an oil-immersion lens. In

dried specimens the organism can be stained with fuchsin, but

it is much more difficult to recognize than in the fresh blood. The
spirilla stain well with aniline dyes, and Karlinski succeeded in

demonstrating flagella with some individuals. Concentrated, solu-

tion of methylene blue stains all spirilla in from two to five minutes.

Phagocytosis (see Fig, 46) can easily be watched in the peripheral

blood.

SPOTTED FEVER (TICK FEVER) OF THE ROCKY MOUNTAINS.

The parasite of this newly described disease was first discovered

by Drs. L. B. Wilson and W. M. Chowning ' of the University of

Minnesota, whose services were engaged in the spring of 1902, by

the Montana State Board of Health, to investigate an epidemic then

prevailing in the Bitter Root Valley. Their report was published

July 19th, 1902. Their findings were confirmed by Surgeon J. O.

Cobb," by Prof. F. F. VVesbrook,' of the University of Minnesota,

and by Passed Assistant Surgeon John F. Anderson ' of the United

States Hygienic Laboratory at Washington. Altogether seventeen

cases have been examined with positive findings in all. The para-

site most resembles that of Texas cattle fever as described by Theo-

bald Smith {pyrosoma bigemium).

It is found chiefly in the red cells but occasionally outside; is

non-pigmented and shows amoeboid movements. Three forms are

described :
" The most common is a single ovoid body, highly re-

fractile and usually situated near the edge of the cell." While the

slide is warm the parasite projects pseudopodia rapidly and slightly

changes its position. It is 1.5 to 2 /jt long and half as wide and

'Wilson and Chowning: Report of Montana Board of Health, 1901-02;

Journ. American Med. Assn., July 19th, 1902.

''Cobb: Public Health Reports, August 15th, 1902.

' Wesbrook : Report of Minnesota Board of Health, 1901-02.

* Anderson : Hygienic Laboratory, Bulletin No. 14, July, 1903 (Washing-

ton, D. C).
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resembles the youngest parasite of sestivo-autumnal malaria.

"Another form, less common, is larger, especially at one end where

a dark granular spot appears." A third form, distinctly pyriform,

is arranged in pairs, with the smaller ends approaching and some-

times joined by a minute thread. In this no motion is seen.

The parasite is best stained by some method giving the Roma-

nowsky stain. It stains bine against the pink of the red corpuscles,

but it is always difficult to bring it out clearly. The parasite takes

the stain more deeply at one end. Sometimes it has a central

stained spot surrounded by a clear unstained space.

In specimens stained by some one of the Eomanowsky stains

(Nocht's, .Tenner's, Wright's) the parasite sometimes shows a red

or violet chromatin body, while the rest of the body stains blue

against the pink of the corpuscles. It is usually necessary to search

several fields before finding a parasite, but rarely as many as eleven

occur on a single field. Aside from the presence of these parasites

the blood shows only an anaemia. Throughout the course of the

disease there is " a steady but never very rapid d.ecrease in the per-

centage of haemoglobin, one case going as low as fi.fty per cent." The

erythrocytes are sometimes moderately diminished. The leucocytes

are not increased or diminished. In the two differential counts on

record thus far a slight increase in the large mononuclear forms was

noticed.

DISTOMUM H^MATOBIUM (BILHARZIA DISEASE).

Eosinophilia has recently been reported. The following figures

exemplify it

:

Red cells.
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FRAMBCESIA.

Glogner ' in eight cases found an increase of lymphocytes, slight

or marked.

TRYPANOSOMIASIS.

The first discovery of a trypanosoma in human blood was made

in Gambia, in 1901, by Button," of Liverpool, who found it in two

persons, one a child without symptoms, the other an adult English-

man with chronic fever, wasting, splenic enlargement, and circum-

scribed, fugitive oedema. Laveran, referring to these cases, dubs the

FIG. 46.-Trypanosoma in Human Bloodj (By permission of Dr. J. Everett Dutton and the

London Lancet.)

parasite Trypanosoma Gambiensis,' and states that it is conveyed

to man as to other animals by the fly Glossina palpalis.

An expedition sent to Gambia in 1902 by the Liverpool School

of Tropical Medicine' found 5 cases among 221 examined; the

number of parasites was from 1 to 23 per cover slip (see Fig. 46).

These observations have been confirmed by Forde,' Daniels,'

' Glogner: Virchow's Arch., vol. 168.

'Dutton: Brit. Med. Jour., September 20th, 1902.

a Laveran: Bull, de I'Acad. de Med., May 37tli, 1902.

* Referred to in Brit. Med. Jour., February 7th, 1903.

'Forde: Jour, of Tropical Med., September, 1902.

* Daniels: Ibidem, November, 1902.
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Max-well Adams,' Manson,* Leishman/ Baker' (three cases), and

others. Some anaemia results iu chronic cases. About twelve cases

in all are now on record.

Manson ° describes the human trypanosome as seen in the fresh

blood as " a minute, colorless, transparent and very active vermicule

tapering toward its extremities, one of which ends in a long flagel-

lum continuous with the undulating membrane attached to nearly

the entire length of one side of the body." Near the end opposite

that bearing the flagellum is " a refringent speck—the centrosome.

The organism is always free in the plasma, never intracorpuscular.

"

Stained by any of the Eomanowsky stains {e.g., Wright's) the

body of the parasite is blue, the flagellum and the free edge of the

undulating membrane are pink, the centrosome is deep red, while a

nucleus, also pink staining, appears about the centre of the body.

The length of the parasite is from two to three times that of a

red cell; its width about one-fourth of that of a red cell. When in

activity it rotates with a screw-like motion upon its long axis. The

number of parasites found in the cases thus far observed has

been scanty—three to eight in a three-fourth inch cover-slip prep-

aration.

This trypanosome has also been found by Castellani, Bruce, and

others, in the blood and cerebro-spinal fluid of cases of sleeping-

sickness, and is believed by Manson to be the cause of this disease.

ANEMIA DUE TO INTESTINAL PARASITES.

The bothriocephalus latus, uneinaria duodenale, and a few other

parasites are capable of producing by their presence in the in-

testine a very severe anaemia, which may be indistinguishable from

pernicious anaemia. Bothriocephalus anaemia has been studied by
Schaumann in a monograph (Berlin, 1894, Hirschwald) which is the

very acme of careful, conscientious work and eclipses entirely the

fragmentary observations of earlier writers. Uncinariasis has been

thoroughly studied by B. K. Ashford of the United States army in

Porto B,ieo, by Boycott and Haldane," Sandwith, and others.'

' Maxwell and Adams. Brit. Med. Jour., IMarch 28th, 1903.

^ Manson : Brit. Med. Jour., May 30th, 1903.

^Leishman: Brit. Med. Jour., May 30th, 1903.

^ Baker: Ibidem. » Manson "Tropical Diseases," 1903.

' Boycott and Haldane: Journ. of Hygiene, Jan , 1903. < See p. 490.
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BOTHRIOCEPHALUS ANEMIA.

The presence of the bothriocephalus latus in the intestine of

man is usually accompanied by ausemia. In certain eases, however,

under conditions not at all clear at present, there is produced an

anaemia of the severest type, differing from ordinary pernicious

anaemia only in its curability through the Expulsion of the worm.
Schaumann's magnificent study of the blood of thirty-eight cases

resulted in the following data

:

1. Red cells at time of first examination

:

3,000,000 to 3,500,000 in 1 case (3,150,000).

1,500,000 " 2,000,000 " 9 cases.

1,000,000 •' 1,600,000 " 17 "

500,000 " 1,000,000 " 10 "

Under 500,000 " 1 case (395,000).

38 cases

Average of all, 1,390,000.

2. Hcemoglobm (first test) :

30 to 40 per cent in 7 cases.

30 " 30 " " 18 "

10 " 20 " " 18 "

38 cases

Average, 85 per cent.

3. Color index: Less than 1 in 8 cases (0.9 to 0.99), more than

1 in 30 cases. Average, 1.09.

4. Average diameter of red cells, 7.4 /i (slightly above normal).

6. Poikilocytosis marked, but its degree is not parallel with the

degree of ansemia.

6. Rouleaux formation always defective or altogether absent.

7. Polychromatophilia and stippled red cells are common.

8. Nucleated red cells present in all cases examined for them—
26—but without parallelism with the degree of ansemia.

Megaloblasts predominated in over half the cases. In 5 cases

megaloblasts only appeared; in one case normoblasts only, In the

other 20 cases both types were present. Mitoses were found in 2

cases.

Leucocytes were usually normal or subnormal in number.

Differential count practically as in pernicious ansemia.

The eosinophiles are noted as " very scanty " in 25 cases and
" apparently somewhat increased " in one ease. [This is in sharp con-
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ti-ast with the eosiiiophilia usually present in ankylostomiasis (vide

page 116.)] A few nayelocytes were noted in two cases with leuco-

cytosis

Blood plates diminished.

So far the figures refer to untreated eases at the worst stage of

the disease. Five-sixths of the cases were entirely and apparently

permanently cured in about two months by the expulsion of tlie

worms. Blood counts at the time of leaving the hospital showed:

In 3 cases
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In 1894 Bucklers ' reported the following counts

:

491

Red cells

White cells : .

.

Haemoglobin
Eosinophiles
Polynuclear
Lymphocytes and transi

tionals

Case I.
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poikilocytosis was present in but few cases and never extreme; a

few showed variations in size beyond the normal. In one case (with

1,500,000 red cells) the cells showed polychromasia with five normo-

blasts, two questionable megaloblasts, and abundant megalocytes;

two other cases showed one or two normoblasts.

This epidemic was a comparatively mild one, which probably

accounts for the difference between these blood changes and those

reports by Ashford, among which 16 out of 50 showed less than

2,000,000 red cells per cubic millimetre. Of a former series of 19

cases,' 11 fell below 1,000,000, 14 had normoblasts, and 6 of them

showed megaloblasts. In Ashford's series, as in that of Boycott

and Haldane, megaloblasts never predominated. Poikilocytosis

was present in all Ashford's cases. In Capps' ^ case the count sank

in two months from 2,576,000 to 748,000; the haemoglobin was al-

ways relatively low (color index 0.38 to 0.88) with scanty normo-

blasts and no megaloblasts. At autopsy the marrow was yellow,

i.e., showed no compensatory regeneration.

In the case reported by Evans," the red cells averaged 2,500,000,

in Yates' * case they sank within a week from 2,500,000 to 800,000.

In Ashford's second series ° of 77 cases, 130 examinations were

made (excluding those when only the hsemoglobin was tested).

The color index was always low, but the count of red cells fell only

twice below 1,000,000.

Sandwith " studied in Egypt 173 cases. Of these only 3 ex-

ceeded 4,000,000 red cells per cubic millimetre; 23 per cent were
found to have between 3,000,000 and 4,000,000; 46.8 per cent lay

between 2,000,000 and 3,000,000, and 28.3 per cent had less than

2,000,000. His minimum count was 930,000, and his average

count of hospital cases was 1,290,000 per cubic millimetre. The
average of all cases is 2,420,000; the hsemoglobin, 26 per cent; the

average color index 0.54 per cent.

In many of the recorded cases the abrupt rise and fall in the

red cells is astonishing.

In view of all the evidence it appears that the contradictions be-

' Ashford: New York Med. Jour., 1900, p. 552.

^Capps: Jour. Am. Med. Assn., January 3d, 1903.

'Evans: Ibidem, April 11th, 1903.

* Yates: Johns Hopkins Bull., December, 1901.
' Ashford: Amer. Med., 1903, p. 391.

'Sandwith: Eleventh Internat. Med. Cong., Rome, 1894.
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tween the statements of such writers as Boycott and Haldane, who
assert that the blood resembles chlorosis, and the reports of many
other writers that it resembles pernicious anaemia, depend in part

upon the great variations in the severity of different epidemics. In

the milder cases or in the earlier stages of any case we get counts

like those of chlorosis or any other secondary anaemia of moderate

grade. In severe cases, however, the count may fall as low as in

average cases of pernicious anaemia. The volume index (Capps),

determined by comparing the length of the packed-down column in

the hsematocrit with the count of red cells, may be high, as in per-

nicious anaemia (1.17 to 1.22 in Capps' case); but the color index is

loiv in practically all the recorded cases, whether mild or severe

(Ashford, 0.51 iu 61 cases, Sandwith 0.54).

LeuGOGytes.

In Boycott and Haldane's series the range was from 3,800 to

66,000; but in 16 of the severer (anaemic) cases the average was

13,600. They found that the maximum leucocytosis occurred early

in the disease before the anaemia was severe. The highest counts

(56,000, 44,000, 24,000, and 20,000) were all in young men with a

history of from six weeks to six months' illness and with relatively

slight symptoms. The lowest counts (3,800, 6,200, 6,700, and

6,800) were in cases of from two to four years' standing. In all but

one of Ashford's cases (presumably more chronic), the leucocytes

were normal or subnormal.

Differential Count.

The main feature, agreed upon by all observers, is the marked

eosinophilia, absolute and relative. According to Boycott and Hal-

dane the eosinophilia varies with the total leucocyte count, that it

is highest in fresh, early eases occurring in young men, and less

marked in the long-standing cases. It bears no close or direct rela-

tion to the degree of anaemia. The averages in sixteen anaemic cases

were:

Eosmophiles 33 per cent or 3,059 absolutely
Polynuclears 48.7 " " 6,477
Small lymphocytes 14.4 " " 1,915
Large mononuclears 5.9 " " 785 "

iDtermediate forms 7.4 " " 984 "

Mast cells 6 " " 80 "

In one case the mast cells were 2.5 per cent, but iu 6 out of 58

cases none was found.
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The detailed results of this admirable study are exhibited in the

tables on page 494.
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Regarding the eosinophiles, Asliford's conclusions from 77 cases

studied in Porto Itico agree in tlie main witlr those of Boycott and
Haldaue: i.,-., lie finds the highest percentages in recent cases and
the lowest iu chronic cases. " After treatment in chronic cases and
in those in the later stages of the disease a rise in eosinophiles may-

be expected and is of good prognostic import When, however,

there is a fall in eosinophiles and no improvement in physical signs,

death may often be the result." Four out of five cases that died

from the anaemia had relatively low counts of eosinophiles. After

the patient is cured there is a final return to the normal percentage

within from three to six months.

Table CXI.—Schedule op Blood Examinations in Nineteen Cases at

Ponce, Porto Eico, by Ashfoed.

Date.
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Table CXI.—Schedule op Blood Examinations in Nineteen Cases at

Ponce, Porto Rico, by Ashpoiid (Continued).
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that of a boy, gained in one month seven pounds in weight and

2,208,000 red cells per cubic millimetre. Ten patients gained over

2,000,000, one of them 2,542,000. His average gain of all eases

in haemoglobin was from 22 to 32 per cent.

Agnoli' reports a case in which there was a gain of 2,168,000

red cells per cubic millimetre and of twenty-six pounds in weight

in thirty-five days. Eighty-five of Ashford's one hundred cases

completely recovered.

TRICHINIASIS.

In March, 1896, a case of trichiniasis entered Professor Osier's

wards at the Johns Hopkins Hospital. The study of the blood of

this case by Thomas R. Brown was the means of calling the atten-

tion of the profession for the first time to the value of blood exam-

ination in the diagnosis of trichiniasis. The blood was examined

daily for over two months. The total leucocyte count gradually

rose from 17,000 at entrance to 35,700 forty-four days later.

Thence it declined until, on the sixty-eighth day, it was 11,000.

The eosinophiles were 37 per cent (6,300 absolute) at entrance, and

rose with the total count iintil a percentage of 54 (19,500 absolute)

was reached on the forty-fourth day (when the total leucocytes

were 35,700). The highest percentage (68.2) was reached on the

forty-ninth day, when the leucocytes were 17,700 (eosinophiles

11,070 absolute). On the sixty-eighth day (the date of discharge)

the eosinophiles were 68 per cent (1,860 absolute).

A year later Brown studied a second case. His examinations

showed as before a very marked eosinophilia (see table CXII.).

Table CXII.

—

Case II.—Blood Chart.
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Table CXII.—Case II. -Blood Chabt {Continued).
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The count made on July 10th, 1898, was

:

Leucocytes (per cubic millimetre. ) 7,000

Polymorphonuclear neutrophlles 68 per cent.

Small mononuclears 33 "

Large mononuclear and transitional forms 6 "

Eosinophiles 3 "

A fourth case was reported by the same writer in January, 1899

(Medical Mews). The counts were as follows

:

Date, 1898.
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Name.
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Grwyn ' reports a similar case in which the eosinophiles ranged

from 33 to 65.9 per cent during a period of six weeks. The leuco-

cytes were at one time 17,000 per cubic millimetre

Stump " found 52 per cent of eosinophiles in his case.

W. W. Kerr ^ puts the following figures on record

:
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18,000 leucocytes, with 10 per cent of eosinophiles; on February

12th, 1900, 44 per cent of eosinophiles; thence a steady increase

up to 83 per cent, followed by a decline, until on March 14th 15

per cent of eosinophiles was present. Many of the granules were

smaller than those of normal eosinophiles, but there was no evidence

of forms transitional between eosinophiles and neutrophiles.'

F. P. Kinnicutf reported a similar case, and H. C. Gordiuier'

mentions two, one presenting 77 per cent, the other 29.9 per cent

of eosinophiles.

In one of my cases, when the symptoms disappeared, the eosino-

philes gradually returned to normal. Two years later a relapse

occurred—not a reinfection— and the eosinophiles became increased

as before—later decreasing again as the patient recovered from this

recrudescence of the disease.

', SuTivmary.
i

In active cases eosinophilia is the rule. It probably occurs dur-

ing some part of the course of all infections, but in those of long

standing or quiescent it may disappear. With a recrudescence of

the disease the eosinophilia may reappear, its duration depending

probably on the degree of activity of the reactive process in the

muscles.

Diagnostic Value.

The characteristic blood lesions change trichiniasis from the posi-

tion of a disease very dif&cult and uncertain of diagnosis (without

excision of a bit of muscle) to one whose recognition is usually easy.

Oases formerly diagnosed as typhoid, muscular rheumatism, or neu-

ritis now find their true interpretation.

STRONGYLOIDES INTESTINALIS.

Teissier ' reports fiudiug the embryos of this nematode in the

blood of a patient in Guiana whose stools swarmed with the same

organism. Bucklers has recorded the following data:

' Many additional cases supporting these have been reported in 1901 and

1902. Drake (Journal Med. Research, 1902) and Da Costa {Loc. cit., p. 435)

have shown that it is possible, though exceedingly rare, to have trichiniasis

without eosinophilia. Very possibly it may be true that in long-standing

cases the eosinophilic reaction dies out as it does in uncinariasis.

'^Practitioners' Soc, February 2d, 1900.

2 Medical Record, October 20th, 1900.

'' Teissier: Comp. rend. d. I'Acad. des Sciences, 1895, No. 3.
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Stbonqyloides Intestinalis.
Per Cent.

Eosinophiles 13.5

Polynuclears 38.5

Lymphocytes and transitional 48

Stronqtloides Intestinalis with Uncinaeia.

Eosinophiles 15
Polynuclears 58
Lymphocytes and transitionals 27

P. K. Brown ' in a ease of stroiigyloides intestinalis with au-

topsy reports
: (a) Red cells, 3,882,000; white cells, 9,400; hemo-

globin, 65 percent; polynuclears, 71.3 per cent; lymphocytes, 22.3

per cent; eosinophiles, 6.3 per cent, (b) Strongyloides with un-

cinaria and tricocephalus : Leucocytes, 7,000; eosinophiles, 5 per

cent, (c) Strongyloides with uncinaria and tricocephalus : Leuco-

cytes, 7,600; eosinophiles, 10 percent.

The following data are from Biiklers

:

Eosinophiles
,

Polynuclears
Lymphocytes and tran

sitionals

Ca^I.

OxjTiris and
ascarldes.

19 per ct.

53 "

38 "

Case II.

Oxyuria.

16 per ct.

63 "

31 "

Case III.

Oxyuris with
ascarides and
trichocephalus.

8 per ct.

69 "

33 "

Case IV.

Oxyurls wltli
ascarides, tricti-

ocepbalus and
Taenia saKinata

5.7 per ct.

63.3 "

31.0 "

Table CXIV.—Ascabides (alone).

Eosinophiles
Polynuclears
Lymphocytes and tran-

sitionals

Case I.

7.4 per ct.

55.0 "

37.6 "

Case II.

8.5 per ct.

55.0 "

36.5 "

Case III.

9.8 per ct.

50.0 "

40.3 «

Case IV.

1.8 per ct.

Longridge (Brit. Med. Jour., November 8th, 1902), in a ease

of tuberculous peritonitis with ascaris lumbricoides, records : Red

cells, 4,800,000; leucocytes, 12,400; eosinophiles, 6 8 per cent.

The report of the Jenner Hospital at Berne (1890) includes the

account of a case in which ascaris was present in large numbers.

The blood showed but 2,480,000 red cells before the expulsion

of the parasite by santonin; two weeks later the red cells were

4,200,000.

•Brown: Boston Med. and Surg. Jour., May 38th, 1903.
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Table CXV.—T^nia (Bucklers).

Case I.

Taenia
Solium.

Case II.

Taenia
Saginata.

Case III.

Taenia
Nana.

Case IV.

Taenia
Saglnaia.

CaseV.

Taenia
Saginata,

Eosjnophiles
Polynuclears
lj3-mphocytes and

transitionals

8.3 p. ct.

49.4 "

42.4 "

5.5 p. ct.

65.0 "

29.5 "

7.0 p. ct.

42.0 "

51.0 "

5.0 p. ct. 10.0 p. ct.

In a case of infection of the skin, with taenia solium ("La-

drerie ") Achard and Loeper ' found eleven per cent of eosinophiles

(649 absolutely). Marie and Guillain " in a similar case found nor-

mal blood.

In ordinary intestinal infections with tapeworm, many of which
I have examined, eosinophilia is not usually to be found at the time

when the patients present themselves for treatment.

T^NIA INERMIS.

Launois " and Emile-Weil found eosinophilia throughout the

of infection.

AMCEBIC DYSENTERY.

Amberg ' noted in five cases the presence of eosinophilia with
leucocytosis and anaemia. Futcher' found the average leucocyte
count in 43 cases to be 10,600 with no increase of eosinophiles in
" a number " of cases examined with reference to this point.

TRICOCEPHALUS DISPAR.

P. K. Brown {loc. cit.) reports that in twelve cases in which this

parasite was the only one found in the stools the eosinophiles rarely
fell below five per cent.

Ostrovsky " has recorded a case of fatal anaemia apparently due
to this parasite.

' Achard and Loeper: Soc. Med. d. H6p., 1900, p. 867.
' Marie and Guillain : Ibidem, November 8th, 1901.

'Launois: Sem. Med., November 12th, 1902.

* Amberg: Johns Hopkins Bull., December, 1901.

'Futcher: Journ. Am. Med. Assn., August 22d, 1903.

« Ostrovsky: Ref. in N. Y. Med. Jour., 1900, vol. 72, p. 826.



CHAPTER XIII.

DISEASES OF THE SKIN.

DERMATITIS HERPETIFORMIS.

According to Leredde, who has written exteusively on the con-

dition of the blood in this disease, the following terms are in use to

designate the same actual set of facts: Dermatitis herpetiformis;

Diihring's dermatosis; Polymorphous prurigiuous dermatitis; Hy-
droa (Unna); Pemphigus vegetans (Neumann); Hallopeau's infec-

tious dermatosis; Herpes gestationis.

In all of this he finds marked constant eosinophilia, averaging

16 per cent. At times the percentage may reach 25 or 30.

My own experience includes three cases, one diagnosed as der-

matitis herpetiformis, the others as hydroa sestivale. The counts

were as follows

:

Dermatitis berpe-
tlformls.

Case II.

Hydroa sestivale.

Case III.

Hydroa aestivale.

Polynuclear neutrophiles
Small lymphocytes
Large lymphocytes. ,

Eosinophiles
Myelocytes

47 per cent
25 " "

8 " "

19 " "
1 U t(

40.0 per cent
42.4 " "

8.6 " "

8.2 " "

34 per cent
43 " "

8 " "

15 " "

Brown ' reports the following figures in a case of dermatitis her-

petiformis (twenty-seven years' duration)

:
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Table CXVI.—Erythema Multiforme.



PSORIASIS. 507

ACUTE ECZEMA.

i
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PEMPHIGUS.

Reporter.
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eosinophiles (3,600 absolute), though without eruption, probably

belongs in this class, as does that of von Noorden, previously men-

tioned (^inde supra, page 109).

In hullous dminatitis following vaccination Bowen ' records

:

Case.



CHAPTER XIV.

THE BLOOD IN PREMATURE INFANTS.

Engel ("Leitfaden z. klin, Untersuch. des Blutes," Berlin,

1902) studied the blood of an embryo 23 cm. long, the heart still

beating. He found: Eed cells, 3,300,000; white cells, 12,500;

haemoglobin, 80 per cent (i.e., notably high). There were 27,500

nucleated red cells per cubic millimetre, mostly normoblasts, with

polychromatophilic protoplasm. Great variations in size and stain-

ing reactions were also present in the non-nucleated red cells.

Among the leucocytes were many myelocytes and mononuclear

eosinophiles, Fischl (Zeitsch. f. Heilk., 1892) believes that the

eosinophiles do not enter the blood until after the seventh month of

pregnancy.

THE BLOOD IN INFANCY.

I. All the signs by which sickness is shown in the hlood of adults

are exaggerated in children. Their blood is apparently more sensi-

tive to the action of any morbid influence. Causes leading to but

slight anaemia or leucocytosis in the adult produce grave anaemia

and very marked leucocytosis in children. Into the i-easons for this

I shall not attempt to enter. The increased toxicity of their serum

compared to that of adults, and the relatively recent establishment

of the functions for producing and destroying blood have been sug-

gested as explanation.

Comparatively slight hemorrhages, gastro-intestinal or respira-

tory disorders, which would not impoverish an adult's blood may
produce considerable anaemia in a young child.

II. All forms of anaemia in infancy are apt to be associated with

enlarged spleen.

III. I have already alluded to the polycythaemia and leucocy-

tosis of the new-born, and the gradual fading out of these relative

abnormalities as the child grows up. Carstanjen's ' fine studies

'Oarstanjen: Yahrb. f. Kinderh., vol. 53, 1900.
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lead him to the following conclusions : At the moment of birth and

for the next twenty-four hours, the infant's blood contains about

seventy-five polynuclear cells in every one hundred leucocytes.

After the first day the per cent of polynuclear cells rapidly sinks,

while the lymphocytes increase, until by the sixth or ninth day of

life the two forms are about equally numerous. By the twelfth day

the blood has taken on the picture which it retains for the first ten

mouths of life

—

i.e. : Polynuclears, 36 per cent; lymphocytes, 45;

large mononuclears, 1; transitional forms, 18; eosinophiles 1 to 3

Mast cells and myelocytes, very scanty.

From this time on the polynuclear cells gradually rise and the

lymphocytes fall until the fifth year. During the first five years

Carstanjen's averages are as in the following table.

'

Tear.
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pends not simply on its age but on the backwardness or forward-

ness' of its development. As with the fontanels, the growth of the

blood toward adult conditions may be retarded by congenital weak-

ness (infantile atrophy, marasmus) or inherited disease (tubercu-

losis, syphilis) as well as by acquired sickness (rickets).

Under the influence of any of these drawbacks a sick child's

blood may be no further developed at three years than that of a

healthy child of eighteen months.

IV. When we remember that in early infancj' the leucocytes

differ from those of adults not only in number but in that the lym-

phocytes are relatively more numerous (" lymphocytosis of infancy ")

we shall understand that any influence like rickets or syphilis, which

retards development, will show lymphocytosis together with the

increased leucocyte count. Qualitatively as well as quantitatively

the blood reverts to a more infantile condition.

Under pathological conditions the red cells revert to the earlier

type just described, and deformed or nu.c]eated corpuscles are plen-

tiful. Tliis is more marked than in anaemia of the same grade

occurring in adults. An anaemia that shows but tliirty ivucleated

erythrocytes per cubic millimetre in an adult might show ten times

that number in a child.

V. As I said before, all blood changes are exaggerated in in-

fancy. This includes such physiological changes as the digestion

leucocytosis or that following cold bathing, and changes in the de-

gree of dilution or concentration of the blood seem to be similarly

exaggerated, as is seen, e.g., in the pliysiological variations in the

specific gravity of the serum (Hock and Schlesinger '). According

to Head ° disease such as typhoid meningitis, pneumonia, or appen-

dicitis, affect the blood of children (after the- second year) exactly

as they do the blood of adults.

VI. The hcBvioglohin, though relatively high at birth and for

the first few weeks, is lower than that of adults during the rest of

childhood. The high percentages of the earliest weeks are not due

to a polycythsemia, but to a genuine increase of haemoglobin in the

individvial cells (Schiff ^), color indexes being often over 1.

It is indispenable, therefore, that we should know the age and

degree of development of a child before we can draw accurate infer-

' Hock and Schlesinger: Centralbl. f. kiln. Med., 1891.

' Head : Pediatrics, February, 1900.

^Schlff: Zeit. f. Heilk., vol. xl., 1890.
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enees from its blood. In many of the cases reported in literature

we are unable to judge whether the blood condition is pathological

or not, because the age of the child is not given. For example, v.

Limbeck ' notes a case of acute gastritis reported by Fischl " as hav-

ing an unusually high percentage of lymphocytes (59.4 per cent).

But this is physiological in the first days of life, and may have

been so in this case, the age not being given.

Observations of this sort should always represent a comparison

between the conditions present before, and during sickness in ques-

tion.

Bearing these general considerations in mind, we shall be better

able to find our way among the complications and perplexities of

the blood conditions in infancy.

THE SUMMER DIARRHCEAS OF INFANCY.

Japha {loc. cit.) in gastro-intestinal catarrh (foul mucous stools

and fever) found an increase in the polynuclear cells (47 to 55 per

cent, normal = 42 per cent) which raised the total count to a vary-

ing extent—once to 36,000.

In follicular enteritis (blood and mucous stools with wasting and

with or without fever) practically the same conditions obtain (poly-

nuclears average 60 per cent; lymphocytes, 35 per cent; total count,

15,000 to 38,000).

In cholera infantum a higher leucocyte count occurred—51,000

to 54,000—with polynuclear 65 per cent and lymphocytes 25 per

cent on the average.

Knox and Warfield' found practically similar results. They

note also that eosinophiles are often diminished or absent in each of

these groups of cases. The degree of leucocytosis seems to be of

no diagnostic or prognostic value.

THE ANEMIAS OF INFANCY.

As above mentioned, anaemic infants are apt to have enlarged

spleens This may be due either to the anaemia or to some disease

accompanying or underlying the anaemia {e.g. , rickets, syphilis). It

seems more probable that the hypertrophy is not directly or exclu-

sively dependent on the anaemia, inasmuch as similar blood changes

• V. Limbeck. Loc. cit., p 373.

« Fischl : Zeit. f. Heilkunde, 1892.

3 Knox and Warfleld: Johns Hopkins Bull., July, 1902.

33
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are found without splenic enlargement. By far the greater number

of reported cases of severe infantile anaemia are accompanied or

caused by such diseases as rickets and hereditary syphilis, both of

which may cause splenic hyperplasia even when no anaemia is pres-

ent. It seems probable that the anajmia and the enlargement of

the spleen are alike symptomatic of an underlying disorder.

It does not seem to me that we can recognize in the blood of in-

fants any of the well-defined types of anaemia which we have learned

to correlate in adults with a definite set of symptoms and a definite

prognosis. All such distinctions as pernicious anaemia, secondary

anaemia, splenic anaemia, or chlorosis are blurred in infancy. A
blood which in adult life would mean pernicious anaemia, and so

death in ninty-nine per cent of the cases, is compatible with a speedy

and permanent recovery in infancy.

In the midst of this confusion we may note the following praise-

worthy efforts to secure order.

1. Some writers {e.g., Luzet ') divide the anaemias of infancy

into two classes : those with splenic enlargement and those without

it. Luzet considers that the former class is severer than the latter

and more apt to show large numbers of nucleated red corpuscles

than those with normal-sized spleens. This classification, however,

does not always hold. We may have very severe anaemia without

splenic enlargement and splenic enlargement with slight anaemia,

and the presence or absence of numerous nucleated red corpuscles is

governed by conditions other than the size of the spleen.

2. Another classification of children's anaemias was proposed in

1892 by Monti and Berggriin (" Die chronische Anamie im Kindes-

alter," Leipsic, 1892). They divided the cases into the mild bcoA

the grave, each group being subdivided into those with leucocytosis

and those without it.

f j^jjj J _ ( With leucocytosis.

Secondary anaemia of infancy = \ w-l^i''* ^^""""fy}"^^-
Grave = ^!") leucocytosis.

t ( Witnout leucocytosis.

They rightly discard the term "splenic anaemia," corresponding

as it does to no single set of blood changes. The above classifica-

tion puts pernicious anaemia, leukaemia, and anaemia infantum pseu-

doleukasmica (v. Jaksch) in a different category.

(a) Mild cases of secondary anaemia show no deformities in the

"Luzet; Diss., Paris, 1891.
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shape or size of the red cells. The color index may or may not be

low. The cases with leucocytosis are much more numerous than

those without it and more apt to have a low color index; in other

words, the loss of corpuscle substance is greater and the cases are

approaching the imaginary boundary between "mild" and "grave."

(b) The grave cases have poikilocytosis, and of course a greater

reduction of corpuscle substance.

"Chlorotic" conditions, and most but not all those with enlarged

spleen, come under this heading; also most of those due to heredi-

tary syphilis, prolonged diarrhoea, and rickets.

In 1894 Monti ' gave the following classified lists of the com-

monest antecedents of secondary anaemia in infancy

:

due to...
I Malaria, etc.

2. Acquired . ,

1. Hemorrhage.

2. Other causes. -

In the mother during pregnancy.

From navel.

After circumcision.
Scurvy, purpura, haemophilia, Werlhof8

disease, melaena.
' Inanition.

Bad hygiene (lack of light, air, etc.).

Post-febrile.

Nephritis, diarrhoea, serous eflEusions.

Syphilis.

Rickets.
Suppuration.
Diseases of liver, spleen, bone, or lymph

l^
glands.

He points out that cases with leucocytosis are usually graver than

those without it and may develop into pernicious anaemia; also

that the presence of leucocytosis does not point to malignant disease,

suppuration, or any of the causes which usually account for it in

adults.

Grave cases with leucocytosis in infants under twelve months are

apt to develop into the anaemia infantum pseudoleukaemica, or into

true leukaemia or pernicious anaemia.

On the whole, the division of Monti and Berggriin seems much

better than that according to the particular causes, e.ff., "rachitic

anaemia," "syphilitic anaemia," etc, for there is no particular set

of blood changes that follows rickets, syphilis, or any other disease.

In connection with various diseases of infancy, and particularly

I Wiener mcd. Woch., 1894.
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with those last named, we may have anaemia of any grade of severi-

ty, from tliat reducing the red cells to 4,000,000 down to cases with

only 600,000 red cells per cubic millimetre or even less. The worse

the case is the more likely is it to be accompanied by leucocytosis

and the more numerous will be the nucleated red corpuscles, always

more numerous here than in anaemia of adults.

In syphilis, hereditary or acquired, the red cells may fall below

1,000,000 and the leucocytes may rise as high as 58,000 (Loos).

The haemoglobin may be proportionally diminished, or may be even

lower than the percentage of red cells, so that a " chlorotic " condi-

tion obtains

,

Such cases have been called chlorosis, but it seems better to con-

fine this term to anaemia of unknown origin and favorable course

occurring in women soon after puberty, since obviously secondary

cases may have similar blood.

Rickets in a case observed by v. Jaksch caused a fall of the red

•cells to 750,000, and Luzet counted 1,590,000 in a similar case.

The haemoglobin is usually low, but Hock and Schlesinger found

60 per cent with 2,300,000 red cells, a color index of 1.2-|-.

Leucocytosis may occur even when no anaemia is present. Hock

and Schlesinger found 45,000 leucocytes in a rachitic child of six-

teen months, sound in other respects and not anaemic. Acute gas-

tritis causes at first only leucocytosis (with increased percentage of

lymphocytes) . If it becomes chronic the reduction of red cells is

severe. Hayem found only 685,000 red cells per cubic millimetre

in an infant of two months, though recovery eventually took place.

In tuberculosis of the kings and peritoneum in a child of seven,

Monti and Berggriln counted 3,230,000 red and 17,200 white cells

with 52 per cent of haemoglobin.

Qualitative Changes.

The exaggeration characteristic of all blood changes in infancy

extends to the presence of nucleated red corpuscles, which in all

forms of infant's anaemia are very numerous. What has been

described on page 85 as the typical megaloblast, a large pale-

stained nucleus in a very large cell (see Plate IV.), is relatively

rare in infancy. The nuclei are almost always stained whatever

their size, and apt to be small. Dividing nuclei are very common,

both by karyolysis and karyokinesis. These changes are most often
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found in the anaemias of the severest type and those which resemble

leukaemia (see page 525), but may occur in any marked secondary

anaemia. Polychromatophilic and " degenerative " changes are very

common in severe cases.

The increased leucocyte count, so frequently found, is often made
up of a majority of lymphocytes. This change, as above said, is

not characteristic of rickets, syphilis, or any other cause of anaemia,

but it is to be regarded as a mark of the arrest of development or

reversion to an earlier type of tissues brought about by various dis-

eases in early infancy. Sometimes the large lymphocytes and some-

times the small are in excess, and for a time the blood may simu-

late closely that of lymphatic leukaemia, as the following cases

illustrate.

§
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Table CXVII.—Anemia in Infants.

I
n

a § £
Ci

vS
aOS2"

«333

26

11

Febraary28th..
March 22d
April 27th
May 26th
June 16th

February 11th..
February 23d. .

.

March 2d
March 10th
April 4th
February 17th. .

.

February 25th..,
March 1st

March 9th
September 25th.
October 2d
June 30th
November 26th.

,

December 1st

December 13th..
December 29th.,
March 3d
August 8th
November Uth .

.

January 8th
February 13th...
March 24th
June 24tb

March 27th...
January 15th.

May 30th..
June 16th.

1,146,000
1,540,000
1,903,000
1,535,000

2,075,000
2,300,000
2,380,000
1,166,000
2,040,000
2,930,000
2,060,000
2,800,000
2,640,000
3,100,000
3,180,000
2,600,000
2,600,000
3,900,000
2,.T00,000

3,537,000
4,000,000
3,aTO,000
4,300,000
4,940,000
3,800,000
3,350,000
4,800,000
4,216,000
3,880,000
3,510,000
2,370,000
3,100,000
4,800,000

3,452,000
3,800,000
3,960,000
3,410,000
4,000,000
4,000,000
4,100,000
4,160,000
4,900,000
4,940,000
5,020,000

30

27

35

8,600
8,900
8,125
10,900
5,900

12,000
14,000
32,500
25,700
23,300
18,400
45,000
35,200
37,700
20,000
22,900
22,600
21,600
40,000
16,300
21,800
21,800
17,500
12,600
9,800
12,600
10,100
9,800

11,000
6,300
5,800

17,000
10,100
23,900
35,200
27,000
19,600
19,600
12,000
12,800
11,880
10,500
10,266
15,300

0.8 1 to 131
1 to 175
lto238
1 to 140
1 to 351
1 to 183
ItolSJ
Ito 51
Ito 79
Ito 125
Ito 144
Ito 62
Ito 75
Ito 114
1 to 159
Ito 112
1 to 115
Ito 134
Ito 62
Ito 216
1 to 181
1 to 166
Ito 240
Ito 383
Ito 286
Ito 290
Ito 406
Ito 430
Ito 352
Ito 557
Ito 408
Ito 182
Ito 475
Ito 144
Ito 108
Ito 146
Ito 174
Ito 200
Ito 333
Ito 320
Ito 330
Ito 446
Ito 490
Ito 330

Average

50.0
59.6
57.0
59.6
69.0

66.0

49.0

61.5

63.0

69.0
67.3

64.0

56.0

52.0

58.0
70.2
65.0
56.0

52.6
47.2
63.0

51.2
38.0
38.3
65.0
.58.8

54.6
56.0
61.0
61.2
55.8
62.8

57.0

46.2

34.8
37.0
28.7

28.0
31.4
28.8

49.0

32.5

34.0

26.3

30.4
33.0

35.0

37.2

37.0
25.5
30.6
42.4

42.4
51.0

35.8
48.0
.59.0

.59.0

30.0

38.0
44.2
34.0

36.5
36.3
43.8
35.4
40.0

59.1 36.9

2.2

4.6

5.8

10.0
2.2

1.0

.4

1.6

3.0

3.0

4.0

2.0

3.0

2.0

2.4

1.0

3.5

4.0

.6

1,376
567

1,100
544
371
576
175

2,313

1,300

1,600

2,770
790
720

1,533

1,090

Few
466
540
126

337
150

1,700
40

1,300
905
964

1,460
138

1,340
20
512
30
20

013

A further qualitative change already alluded to (see page

111) is the occurrence of myelocytes. We have seen that small

percentages of these cells are not uncommonly seen in the anaemias

of adults. Now this, like all other blood changes, is exaggerated

in infancy. Myelocytes are more apt to appear and in greater num-
bers. Their presence is not characteristic of any one disease, but

they are commonest in the severer types of secondary anaemia, such

as those following syphilis and rickets. Their significance is about
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the same as that of normoblasts." At times, however, they are so

numerous as to make us hesitate somewhat before we exclude splenic-

niyelogenous leuksemia.

This brings us naturally to the discussion of the difficulty of dis-

tinguishing the different blood diseases in infancy, which naturally

centres in the question of the existence and nature of the so-called

"ANEMIA INFANTUM PSEUDOLEUK^MICA."

Von Jaksch's ° description of this disease (which he was the first

to recognize) includes the following elements

:

1. Grave anaemia

—

e.g., 820,000 red cells per cubic millimetre

in one case.

2. Extensive leucocytosis

—

e.g., 54,660 white cells per cubic mil-

limetre, in the same case.

3. Great variations in the form, size, and staining of the white

cells.

4. Deformed, degenerated, and nucleated red cells.

This description was given by v. Jaksch " in 1889. He stated

the relation of white to red corpuscles as 1 : 12, 1 : 17, and 1 : 20 in

the cases seen by him. Later he reported three cases in one of

which the white cells numbered 114,150 and the red 1,380,000.

The differential counts are not carefully given.

Almost at the same time Hayem ^ reported a similar case, and

noted the abundance of nucleated red corpuscles many of which

were undergoing mitosis. This was verified by Luzet,' who re-

ported two cases in May, 1891 {Arch. gen. de Med.); but although

Luzet continues to use the name suggested by v. Jaksch, he de-

scribes the disease so differently that it is difficult to see why the

same title should be given to it. He agrees with v. Jaksch in

thinking that it is not simply a severe secondary anaemia due to

syphilis, rickets, tuberculosis, or infectious disease.

Somewhat similar cases had already been described by various

'Weil and Clerc (Rev. Mens. d. Mai. a I'Enfance, No. xxi., 1902) have

put together a number of cases from their own and others' experience, show-

ing that splenic enlargement and myelocytes in the blood are of frequent

occurrence in the anaemias of infancy. They attempt quite unsuccessfully to

build up from these data a new clinical entity.

s Von Jaksch: Wien. klin. Woch., 1889, Nos. 23, 23.

3 Hayem : Gaz, des Hopitaux, 1889, No. 30.

i Luzet: Diss., Paris, 1891.



520 SPECIAL PATHOLOGY OF THE BLOOD.

Italian writers {e.g., Fede) under the title of "Infective Splenic

Ancemia ofInfants." Baginsky,' Senator," Fischl/ Audeoud/ Monti

and Berggriin/ Felsenthal," Raudnitz,' Epstein,' Alt and Weiss/

Hock and Schlesinger,'" Crocq," and Rotoh," have written upon the

subject, and hardly any two have described the same set of facts or

agreed as to the meaning of the term.

The chief importance of the heterogeneous group of cases which

liave received the name of ancemia infantum pseudoleukaem^ica seems

to me to be as a proof of the dififtculty of distinguishing the various

blood diseases in infancy. Among the cases reported under this

name are some which might be any one of the following list : Per-

nicious anaemia, secondary anaemia with leucocytosis, Hodgkin's

disease, lymphatic leukaemia, and probably splenic-myelogenous

leukaemia.

(a) Rotch and Ladd '' have reported a case occurring in an in-

fant ten months old in which the blood had all the characteristics of

pernicious anaemia as seen in adults, except that the color index was

never high. I examined the blood and predicted the baby would

die. It rapidly recovered and has now been well for two years. I

know of no case precisely similar. Jlost of the few reported cases

of pernicious anaemia in infancy have shown moderate leucocytosis

(as compared with adult blood), a fact which deprives us of one of

tlie means of distinguishing the disease from secondary anaemia.

Tlie reports as to nucleated corpuscles very rarely separate normo-

blasts from niegaloblasts, and we have no way, therefore, of being

sure on this important point. The high color index and large di-

ameter of the red cells are occasionally seen in other anaemias of

infancy and are not always present in pernicious cases. The great

fatality of all kinds of anaemia in infancy prevents our calling a

"case pernicious because of a fatal termination. Enlargements of the

'Baginsky: Arch. f. Kinderheilk., 1892, vol. xiii.

!= Senator: Berlin, klin. Wocli., 1893. sFischl: Loc. eit.

* Andeoud: Rev. med. de la Suisse rom., 1894, p. 507.

* Monti and Berggrttn : Loc. eit. ^ Felsenthal : Loc. cit.

'Rudnitz: Prag. med. Woch., 1894, p. 6.

8 Epstein: Prag. med. Woch., 1894, p. 6.

' Alt and Weiss : Centralbl. f . med. Wiasenschaft, 1892.

'"Hock and Schlesinger: Loc. cit.

" Crocq: "fitude sur I'Adenie," etc., Brussels, 1819 (Lamartin).

"Rotch: PiEdiatrics, 1895, p. 361.

"Rotch and Ladd: PEediatrics, September, 1901.
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liver and spleen occur in many cases of each type of infantile anae-

mia, and occasionally in pernicious anaemia of adults. They do not,

therefore, exclude pernicious anaemia in infancy.

Bearing these facts in mind, it is evident that some of Luzet's

cases of " anaemia infantum pseudoleuksemica " may have been per-

nicious anaemia. Von Jaksch's own cases may have been either (a)

Hodgkin's disease with leucocytosis, (b) grave secondary anaemia

with leucocytosis (Monti and Berggriin), or (c) leukaemia.

(F) Hodgkin's disease, which v. Limbeck finds to be very com-

mon in infancy, may affect the liver and spleen and not the exter-

nal lymph glands, and may be accompanied by anaemia and leuco-

cytosis such as V. Jaksch describes. Epstein considers that this is

the case,. and hence denies the existence of any such disease as the

anaemia infantum pseudoleukaemica.

(c) As any anaemia secondary to rickets or syphilis may or may
not have enlarged spleen and liver and marked leucocytosis, we can-

not tell from v. Jaksch's description that we are not dealing in his

cases with secondary anaemia. The table on pages 622 and 623

from Morse ' gives a fair sample of cases of anaemia in infancy of

various degrees of severity, and shows the lack of any interdepend-

ence between splenic tumor, the number of leucocytes of erythro-

cytes or of megaloblasts, and the prognosis.

(d) Since v. Jaksch does not give any accurate differential count

of the leucocytes, there may have been large numbers of myelocytes

in his cases for all we know, or an overwhelming percentage of lym-

phocytes, i.e., either type of leukaemia.

One of the cases reported by Eotch as " anaemia infantum pseu-

doleukaemica " had 80 per cent of lymphocytes in a leucocyte count

of 116,500, the ratio of white to red cells being 1: 11, and the nu-

cleated corpuscles abundant. The external lymph glands as well

as the liver and spleen were enlarged. How such a case is to be

distinguished from lymphatic leukaemia without autopsy I cannot

see. Large numbers of nucleated corpuscles with mitoses (present

in this case) are to be found in any anaemia of infancy in which the

red cells, as in this case, have sunk as low as 1,311,600, and there-

fore do not exclude leukaemia.

Von Jaksch protests that his cases are not secondary to rickets

or any other disease, but Fischl ' in a careful study of all the pub-

' Morse: Boston Med. and Surg. Jour.. May 38th, 1903.

' Fischl: Zeit. f. Heilkunde, 1893.
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lished cases finds that out of a total of eighteen cases sixteen had

severe rickets and two hereditary syphilis.

The writings of Kaudnitz, Ebstein, Felsenthal, Fischl, and v.

Limbeck, which deny the separate existence of the anaemia infan-

tum pseudoleuksemica, are convincing to me, and are reinforced by

the few cases of bad anaemia in children which I have seen. We
must try to distribute the cases of anaemia with leucocytosis and

large spleen under pernicious anaemia, secondary anaemia, and leu-

kaemia. But our problem is not yet nearly solved. All we have

gained is the belief that v. Jaksch's new disease does not help us

to classify these doubtful cases. The difficulty is still very great.

The following cases, reported by Dr. Vickery in the Medical News

for December, 1897, illustrate this

:

Case I.—A male child of sixteen months with symptoms of

grave anaemia, greatly enlarged spleen and slightly enlarged liver,

showed the following figures : Red cells, 2,500,000; white cells,

22,000. Differential count of 500 cells showed : Lymphocytes, 53.8

per cent (46.2 of the smaller type); polymorphonuclear cells, 29.4
per cent; eosinophiles, 6.2 per cent; myelocytes, 10 per cent.

While counting these, 147 nucleated red corpuscles were seen,

of which 21 were normoblasts, 50 megaloblasts, and 47 microblasts;

6 showed mitosis in their nuclei.

The child died shortly after without any complication or inter-

current disease. No autopsy. No evidence of rickets or syphilis

or other previous disease.

Case IT.—Young infant with enlarged external lymph glands
and very large spleen. July 14th, 1897—Red cells, 4,300,000;
white cells, 31,000; hasmoglobin, 60 per cent; polymorphonuclear
neutrophiles, 57.5 per cent; small lymphocytes, 26 per cent; large

lymphocytes, 15 per cent; eosinophiles, 0.5 per cent; myelocytes,
1 per cent.

One or two nucleated red corpuscles in every field. Out of 100
of them 89 were large and 11 small. Many showed mitosis. Poly-
chroniatophilic forms numerous. July 19th—Seventen megalo-
blasts seen while counting 1,000 white cells. Blood is otherwise
about the same. The case was lost sight of and not traced.

Now I see no reason for supposing these cases to represent a

new type of disease, and yet I cannot feel perfectly safe in classify-

ing them as primary anaemia, secondary anaemia, or leukaemia.

(a) Primary or pernicious anaemia should have a lower count of

red cells. The percentage of myelocytes in the first case (10 per

cent) is higher than in any other case of pernicious anaemia on
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record, though in one adult case with autopsy I found 9.2 per cent

with a leucocytosis of 12,500, or 1,150 myelocytes per cubic milli-

metre, against 2,200 per cubic millimetre in this case.

(b) It is hard to call an ansemia secondary which kills with no
complications and when there is no evidence of any disease of which
it can be secondary.

(c) For splenic myelogenous leukaemia the total leucocyte count

and the percentage of myelocytes are very small in either case.

Still the leucocyte count may drop very low in leukaemia even with-

out any inflammatory complication. Such a case is reported by
Osier, in which the leucocytes fell to 7,500, of which only 300, or

four per cent, were myelocytes.

Hayem (loe. cit., p. 864) in a ten-months-old child counted

2,712,500 red and 33,000 white cells, almost the same figures as in

the case just quoted.. [Hayem unfortunately gives no differential

count, but apparently considers the case leuksemic because of the

enormous number of nucleated red cells, many with mitoses.]

Morse's case of leukaemia in infancy had 2,900,000 red and 48,000
white cells. Twenty-one and four-tenths per cent of the leuco-

cytes, or about 10,000, were myelocytes. The same abundance

of nucleated red cells (some with mitoses) were here present as in

Hayem' s case, so that there is evidently nothing peculiar in their

presence in the disease described by v. Jaksch, as Luzet supposed.

These cases show that leukaemia may at certain periods present

just such a blood picture as was present in the above-quoted case,

and that the number of leucocytes in the leukaemia of infants may
be no greater than that in any anaemia with the leucocytosis so com-

mon in children. It seems to me the most natural conclusion to be

deduced from these facts is that we meet with cases in infancy

which are apparently intermediate between leukcemia aiid pernicious

anaemia. I have pointed out elsewhere that there are many points

of resemblance between the two diseases. The case of leukaemia

reported by Osier showed at one period—the period of remission—

a fall in the number of leucocytes and in the percentage of myelo-

cytes till the blood was practically that of pernicious anaemia.

Dr. Rotch's case (above quoted) is another in which the diagno-

sis seems to lie somewhere intermediate between the two diseases,

anaemia and leukaemia. The case which I have quoted above seems

to me on the whole nearer to the tj'pe of pernicious anaemia than of

leukaemia, and Dr. Rotch's nearer to the latter than to the former;
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but each is really intermediate, so far as the blood goes, between the

two diseases. I have no intention of suggesting that the organic

lesions in these cases are intermediate between leukaemia and per-

nicious anaemia. It is simply the blood that is so.

Engel's case, reported in Virchow's Archiv, vol. 135, suggests

the same thing. He calls the case one of "pseudo-pernicious ance-

mia." Myelocytes were abundant.

Polymorphous Condition.

This illustrates that "polymorphous" condition of the blood

which V. Jaksch supposed to be characteristic of the anaemia infan-

tum pseudoleukaemica. The same thing was very marked in all the

bad cases of anaemia which I have seen, including the case above

mentioned, and a case of true leukaemia in a girl of eight. The im-

pression one gets from the field of a stained specimen is that no two

white corpuscles are alike. Every species is subdivided into several

sub-varieties and all stages of degeneration are to be seen in each

variety. But this is characteristic of any very severe infantile anae-

mia and not of any single type.

LEUKEMIA.

In Morse's careful article of August, 1894 {Boston Med. and

Surg. Journal), twenty cases of leukaemia in infancy are collected.

As he rightly says, probably most of these cases were not genuine.

Only one of them includes a differential count, and this is in a lym-

phatic case. Morse's ease was at that time the only one of the

splenic-myelogenous type on record in which the diagnosis is made
reasonably certain by a color analysis. Fischl in 1892 said that

there was no case on record with a differential count.

A case was seen in 1890 by Dr. F. C. Shattuck, which was ap-

parently acute, the symptoms appearing only six weeks before

death. Cover-glass preparations examined by W. S. Thayer showed
a ratio of about 1 white to 20 red cells. The differential count

'

showed: Small lymphocytes, 97.9 per cent; large lymphocytes,

0.7 per cent; polynuclear cells, 1.4 per cent; eosinophiles, 0.08 per

cent.

The other case reported by Morse has been mentioned above.

Charon and Giratea' have recently reported a case in a child of

' Reported by Thayer in the Boston Medical and Surgical Journal, 1893,

vol. cxxvlii., p. 183.

2 Bull. d. Soc. Roy. d. Sciences Med., etc., Bruxelles, 1897, No. -7.
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eight with 880,000 red cells, 305,000 white cells, and 39 per cent

of haemoglobin. It was apparently of the myelocyte type. E.

Miiller thinks that there are about five other (German) cases on

record, all of acute leukaemia and all with a similar blood count,

though in some the large lymphocytes (without neutrophilic gran-

ules) have been described as "myelocytes."

MtlUer ' has reported with great care three cases of leukaemia,

all of them in boys four years old—all apparently acute and of the

gastro-intestinal type

—

i.e., the glands and follicles throughout the

whole length of the alimentary tract being the chief seats of infil-

tration, though the liver and spleen were also enlarged. The counts

were as follows

:



PART YII.

EXAMINATION OF THE SERUM.

CHAPTER XV.

In a summary of recent literature on serum reactions—a sum-

mary which is a model of concise and lucid statement—Sailer

'

has distinguished fourteen types of serum reaction, under each of

which numerous sub-types can be recognized. Sailer's list is as

follows

:

1. Reactions between the

m i c r o-organisms producing

infection and the serum of

the infected subject {e.g., be-

tween typhoid bacilli and

typhoid serum).

3. Reactions between the

red corpuscles of some ani-

mal and the serum of an

animal protected specifically

against them (naturally or

artificially).

3. Reactions between the
1

normal serum of various ani- i

mals and different species of I

micro-organisms. J

4. Reactions between the

normal or •pathological serum

of some animal and the red

corpuscles of the same or some
other animal.

1. Agglutination (Widal's reaction).

3. Solution or lysis (Pfeiffer's phenomenon).

3. Formation of long skeins of tangled ba-

cilli.

4. Formation of a precipitate in germ-free,

filtered cultures on addition of the cor-

responding serum.

5. Agglutination (clumping).

6. Solution (haemolysis).

7. Formation of a precipitate when the sera

of the two animals (the attacking and

the attacked) are mixed.

8. Agglutination (clumping).

9. Solution (lysis).

10. Solution (autolysis, isolysis, and hetero-

lysis).

11. Agglutination (rouleaux formation is

probably a variety of auto-agglutina-

tion).

Sailer: Univ. of Penn. Med. Bull., August to September, 1903.
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5. Reactions between some

species of body cell (liver

cells, leucocytes, spermato-

zoa, etc.) and the sera of

animals immunized against

that cell.

6. Reactions between red

cells and bacterial cultures.

12. Agglutination.

. 13. Solution (hepatolysis, leucolysis, sperma-

tolysis, etc.).

!» Solution.

To these might be added the reactions between cellular prod-

ucts, such as milk or egg albumen, and the serum of an animal

"immunized" against them (i.e., previously injected with milk or

egg albumen)

.

Any attempt to discuss these topics (which are I think the most

vitally interesting and important in medicine to-day) would lead far

beyond the limits of this book, Bu.t it is well, I think, to note that

the particular types of serum reaction which we use in diagnosis

to-day (the first two of the above list) have their place among a

number of other types of serum reactions, any of which may in the

near future become of value in clinical diagnosis.

THE WIDAL REACTION IN TYPHOID FEVER.

General Description.

Although the phenomenon of agglutination is to be obtained in

various infections, natural as well as experimental, and with vari-

ous cells and body fluids, I shall describe as a typical case of it the

reaction which may take place when the serum of a patient ill with

typhoid fever is added in certain proportions (vide infra) to a young

bouillon culture of well-certified and virulent typhoid bacilli. In a

drop of such a mixture, examined between slide and cover glass

'

with a magnification of 300 diameters or more, we notice at once or

within thirty minutes a marked slowing of the progressive move-

ments of the bacilli or an unequal distribution of them in the differ-

ent parts of the preparation. Whichever of these changes occur

first, the slowing of locomotion or the tendency to grouping, the

other soon follows, and then both processes go on together, as ad-

mirably described by Biggs and Park :

"

' Hanging-drop preparations are often recommended, but a simple slide

and cover glass are as good for the purposes of this reaction.

'American Join-nal of the Medical Sciences, March, 1897.

34
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" Some of the bacilli soon cease all progressive movement, and

it will be seen that they are gathering together in small groups of

two or more, the individual bacilli being still somewhat separated

from each other Gradually they close up the spaces between them

and clumps are formed According to the completeness of the re-

action, either all the bacilli may finally become clumped and im-

FiG. 48.— Partial Reaction. Fig. 49.—Typical Clumping.

mobolized or only a small portion of them, the rest remaining

freely motile, and even those clumped ipiay appear to be struggling

for freedom. With blood containing a large amount of the aggluti-

nating substances all gradations in the iptensity of the reaction may
be observed, from those shown in a marked and immediate reaction

to those appearing in a late and indefinite one, by simply varying

the proportion of blood added to the culture fluid " (see Figs. 47, 48,

and 49).
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The groups or clumps above described constitute the important
part of the reaction for diagnostic purposes Of the loss of motility

more will be said later.

Technique of the Clump Reaction in Typhoid Fevee.

Our account of the methods of obtaining the clump reaction may-

be divided into the following parts

:

1. The body fluids to be used and the methods of obtaining

them.

2. The cultures.

3. Dilution and the tiine limit.

1. The Body Fluids to be Used.

Experiments have proved that the reaction can be obtained with

the following fluids

:

(a) The whole blood, fluid or dried.

(b) The plasma and serum, fluid or dried.

(c) Also blister fluid, the fluid contents of normal serous cavi-

ties, breast milk, pus, tears, and other body fluids.

Of all these fluids, the blood, or the serum, fresh or dried blis-

ters are the ouly ones used in clinical work.

1. Use of the Whole Bloods-Fluid.

The advantages of this method are (a) its quickness, and (b)

the small amount of blood (one drop) sufficient for the test.

I have used this method in most of my cases and always found

it satisfactory and convenient.

Procedure.—Suck up some water with a medicine-dropper and

expel ten drops of it into a watch glass. Then empty and dry the

dropper, draw up from the watch glass the ten drops just expelled,

and mark with a file on the side of the dropper the point up to

which the ten-drop column extends. Mark also the point to which

one drop (expelled and then sucked up again as before) will rise.

Ten drops of the bouillon culture of the bacilli to be used are

then expelled into each of several small test tubes, and one of these

tubes is carried to the bedside. After pricking the ear as if for

blood examination' (see page 7), put the end of the medicine-drop-

' Squeezing and milking the ear are of no liarm in Oiis procedure and enable

us to get on with a trifling and painless puncture.
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per into the blood drop, and carefully draw back the rubber bulb

(which has been previously pushed down over the glass part of the

dropper) until the blood rises to the mark for one drop. Wipe from

the outside of the dropper any blood that may adhere there and

then expel the drop into one of the little test tubes containing the

ten drops of bouillon culture. In this way blood can be taken for

examination from a dozen patients in as many minutes.

2. Whole Blood—Dried.

The advantages of the method are (a) the ease and quickness

with which the blood can be obtained, (p) the convenience for trans-

portation by mail, and (c) that it does not deteriorate or become

contaminated by bacterial growth, as specimens of fluid blood or

serum are so apt to do. Its clumping power is fully equal to that

of the serum iyi most cases.^

Procedure.—The blood should be dried either upon a glass slide

or on a piece of glazed paper or card. Any absorbent substance is

less available. Glass is easier to sterilize than paper. Several

large drops should be placed in different parts of the glass or paper

and thoroughly dried.

If paper has been used, we cut out the dried blood drop with a

pair of scissors, keeping close to the blood all round, and drop it

into a test tube containing one or two drops of water, in which

with some sharp-pointed instrument we mix the dried blood, free-

ing it as well as possible from the paper.

To the liquid so obtained add eight or nine drops of the bouil-

lon culture of bacilli and proceed in the ordinary way. Or we may
drop the fragment of paper holding the blood directly into ten drops

of bouillon culture—using the bouillon itself to soak off the blood

from the paper.'

' Widal and Delepine think the fluid serum is slightly more powerful than

the dried blood. Johnson admits that in one-tenth of the cases the serum is

the more powerful. I have obtained reactions with the dried blood in only

seven-eighths of the cases in which I got them with the fluid serum.
•^ Some observers gather the blood on a bit of tinfoil and later crack it off,

and after weighing it can make exact dilutions. Or we may soak blood into

bits of filter paper of standard size and porosity and thus acquire a known
amount as a basis for exact dilutions.
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The Fluid Serum.

The ear is pricked in the ordinary way and about twenty drops

are forced out by strong squeezing. The blood is received in a

small (preferably two-inch) test tube.

The blood when collected may be at once centrifugalized, and

the plasma used for the test, or we may wait till clotting occurs and

use the serum. When blood is collected in test tubes, it is conve-

nient to free the edges of the clot from the tube all round with some

sharp instrument, so that the serum may not be pinned down under-

neath the clot, as it often is. If this is done, a drop of serum can

be had within two or three minutes, and is then mixed with ten

drops of bouillon culture, as above described, and examined at once

between slide and cover glass.

(Dried serum can be used in the same way as dried blood, but

has no special advantages and has not been frequently employed by

any observer.)

2. The Cultures op Typhoid Bacilli to be Used,

1. The stock cultures grow best on agar at room temperature.

2. Ordinary peptone bouillon, free from sediment, is the best

medium for the test culture. It should be just on the verge of lit-

mus acidity, giving no blue to the red paper and requiring 3 5 per

cent of normal alkali to render it neutral to phenolphthalein.

3. The cultures should be young—that is, the transplantation to

bouillon should have taken place not more than from twelve to

twenty-four hours before the culture is used.

4. The virulence and motility of the culture are very important.

Most observers agree tliat the more virulent the culture the more

readily and characteristically it is clumped by typhoid serum.

Biggs and Park noticed that one culture of peculiarly great virulence

recently received from Ffeiffer of Berlin worked much better in

their cases than any other of the cultures used.

Cultures fresh from an autopsy usually sho-w furious motility,

the bacilli darting about like a swarm of insects, but after repeated

transplantations and long sojourn in the thermostat a good deal of

this motility is gradually lost. Cultures kept at room temperature

preserve their motility for -much longer periods.

For those who have no opportunity to test the virulence of or-

ganisms on animals, the motility is the best guide to virulence, and
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the rule should be : Among the available cultures select that having

the most rapid inotiliti/.

4. Certain cultures contain small clumps of bacilli before any

serum has been added to them. This is a very important point and

has doubtless misled many. In consequence of this possibility

every culture must be examined each time that a test is made.

It is hardly necessary to say that the cultures used must have

been submitted to all the regular tests for the recognition of the

typhoid bacillus, and that the greatest care must be used to avoid

their contamination.

The Use of Suspensions or Emulsions of the Bacilli instead of

Cultures.

A fevif observers—particularly Durham and Grtiber—have pre-

ferred to use a mixture of small bits of solid agar culture and bouil-

lon instead of bouillon cultures. The majority of vi^riters prefer

cultures.

The Use of Attenuated Cultures.

Johnson found that vrith his methods of technique (dried blood

and no definite dilution) pseudo-reactions were not uncommon with

the blood of healthy people.

He avoids this by using attenuated cultures

—

i.e., old stock agar

cultures kept at room temperature and not transplanted more than

once a month, from which he planted his bouillon cultures. This

gives a bacillus of reduced virulence and slow, gliding motion, which

is clumped far less readily than the virulent varieties. Bouillon

cultures of this kind from twelve to twenty-four hours old he found

to react in fifteen minutes with all typhoid sera and not with other

sera even after forty-eight hours' waiting.

3. Dilution and the Time Limit.

1. Dilution.

I have mentioned without explanation in various parts of this

chapter that the blood serum or other fluids used must be diluted

with at least ten times their volume of bouillon culture before any

observation is made as to their action on the bacilli of typhoid fever.

The reasons for this dilution and for the proportions 1: 10 are

the following

:
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It has been found, as mentioned above, that the mere formation

of clumps in bouillon cultures of Eberth's bacilli is not a power ex-

clusively possessed by typhoid serum. The serum of persons suffer-

ing from other diseases and even of liealthy persons will form
clumps exactly like those formed by typhoid bacilli, provided it is

not diluted. The only known peculiarity of the typhoid serum is

that its clumping power is greater than that of other diseases, and
persists in spite of dilution, while the sera of diseases other than

typhoid lose their power to clump typhoid bacilli when diluted ten

times or more.

2. Time Limit.

But even this statement must be further limited. The sera of

various other diseases, and of healthy persons, will sometimes

clump typhoid bacilli even in a 1 : 10 dilution, provided we give them

time enough. We must therefore limit the period within which a

serum must "come up to the scratch" and do its work, if it is to be

considered a typhoid serum.

Following Griiber and Durham, a time limit of one-half hour

has been adopted by Grtlnbaum, Block, Haedke, Park, and others,

but later research convinces me that a fifteen-minute time limit is

safer.

All that these more or less arbitrary figures stand for is this

:

that hitherto no one has reported any considerable number of cases in

which the serum of any disease or of healthy persons has clumped ty-

phoid bacilli within fifteen minutes, when diluted 1 : 10 and used with

unimpeachable technique.

Microscopical Examination.

An artificial light is preferable. The use of hanging-drop prepa-

rations is unnecessary, as a simple slide with a cover glass is satis-

factory. A hanging-drop cell may be extemporized by cementing

with marine glue a small brass curtain ring to a slide, and inverting

the cover glass within it, as advised by Stokes..

I have collected over 8,000 cases of supposed typhoid fever in

which the clump reaction was tested as above described either with

the fluid or dried blood. Of these, 95 per cent showed a serum re-

action at some time in their course; 2,500 odd controls showed

about 2 per cent of positive results in cases other than typhoid.

Altogether then about 10,600 cases have been tested. If we leave
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out the reports of those whose experience covers less thaii 100 cases,

we have left 4,339 cases observed by 18 physicians in which the

percentage of error is 2 per cent only.

AC. Abbott' reports on 11,825 cases with if not over five per

cent between the laboratory and the clinical diagnosis. He uses

dried blood.

How early does the reaction appear ? Few of the many observ-

ers who have written on this point have discussed how the begin-

ning of the disease is settled and what they mean, e.g., by the

"fifth day of the disease." It might be dated from the first day

of malaise and indisposition, from the nose-bleed or the beginning

of headache, or from the time of going to bed.

Allowing for such serious uncertainties as this, we find that

while the majority of observers record the sixth to eighth day as

the earliest on which the reaction appears, there are quite a number

of cases mentioned in which it was seen on the fourth or fifth day;

a few record reactions present on the third day, and two or three

on the second day.

How late in the disease does the reaction last? The majority of

observations agree that in mild cases the reaction may die out even

before the end of the fever. On the other hand, the reaction usu-

ally lasts .several months, and Widal found it still present after

one year in three out of twenty-two cases in which he tried it.

These three subjects had had very severe cases of typhoid three,

seven, and nine years previously. It has been reported present

twenty and even thirty years after the fever.

The reaction almost always persists in relapses, even to a second

or third relapse, and occasionally it is present only in relapse and

not in the original attack at all. Biggs and Park record a case in

which the diagnosis was proved during the original attack by punc-

ture of the spleen, which showed a pure culture of Eberth's bacilli,

yet no serum reaction was present until the second day of the re-

lapse. I have observed several similar cases, and quite frequently

not found the reaction until convalescence. The failure to follow

up such cases as these accounts for many negative reports.

The Intensity of Reaction.

Widal and Sicard record clumping with a dilution of 1: 12,000

and 1 : 1,800 and consider that in the active stages of the disease

' Abbott: Phil. Health Board Rep., 1899, 1900, 1901.
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a dilution of 1 : 60 or 1 : 80 does not usually present the reaction,

while in convalescence the power of the serum falls off gradually
and is not always present even at 1 : 10.

Biggs and Park find one-half their typhoid cases furnish serum
with the power to clump in 1 : 40 dilution by the end of the first

week, and have occasionally noted the reaction even with a dilution

of 1 : 200.

Control Cases.

Out of over three thousand cases of various diseases Hot typhoid,

not over a dozen have been proved to clump typhoid bacilli with
proper technique. It is quite possible that further improvements
in technique may enable us to prevent even this very small error.

Summary of Clinical Evidence on the Sero-Diagnosis of Typhoid

Fever.

The blood of over ninety-five per cent of all cases of typhoid

shows a clumping power in some part of their course, but in at least

half the cases this does not appear until the second week of the dis-

ease, while ill a small number of cases it first appears in relapse or

convalescence. The clumping power may disappear before the de-

fervescence and may be present only eight days in all; as a rule it

persists from the sixth or eighth day until convalescence is estab-

lished.

In diseases other than typhoid a clump reaction is very rarely

to be obtained, provided a dilution of at least 1 : 10 is used with a

time limit of one-half hour. There is no one disease in which

clumping is especially apt to occur.

Clinically the reaction is of considerable value, especially when
the diagnosis is in doubt after the first week of the disease.

Seeo-Diagnosis of Diseases Other thajj Typhoid.

1. Cholera.

Griiber and Durham first showed that human cholera serum

would clump cholera vibrios, following the researches of Pfeiffer in

vivo by demonstrating a similar reaction in vitro.

Achard and Bensaude have applied this to the actual diagnosis

of cholera in man with considerable success. In fourteen cases,

thirteen clumped readily; two of these were on the first day of the
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disease. Thirty control cases were negative. The presence of the

pellicle renders it unsafe to use bouillon cultures except such as

have no pellicle, for bits of it are much like true clumps. Suspen-

sions of twenty-hour gelatin cultures are more convenient. The

dilution and time limit are the same as in typhoid. Some cases

will react even in 1: 120 dilution. The reaction can be performed

with dried blood and persists into convalescence (seven months or

more).

2. Malta Fever.

Wright and Smith tested the serum of fifteen cases of Malta fever

with the micrococcus melitensis of Bruce, and found a strong clump

reaction to occur (1 : 60 in most cases). On the typhoid bacillus the

serum of these cases had no action. Sixteen cases of typhoid

showed no reaction with Bruce's organism. The evidence in favor

of this organism as the cause of Malta fever is strengthened by

tliese facts. Wright's observations have been confirmed by Neusser

and others in this country.

Curry ' reports his experience in twenty-six cases. He used sus-

pension of dead cocci from seven-day agar cultures in normal salt

solution. One drop of the suspected blood was mixed with thirty of

normal salt solution, and this mixtitre was combined with an equal

bulk of the suspension of cocci and left to stand in tubes 7.5 cm.

long and 3 or 4 mm. in diameter, the lower end being drawn out

to a fine point. Sedimentation occurs in positive cases within

twenty-four hours. The negative cases remain turbid for days.

3- The Bubonic Plague.

Zabolotny '' studied forty cases at Bombay in April, 1897, and

found the reaction absent in the first week, present in 1 : 10 dilution

in the second week, and in 1 : 60 dilution in the third or fourth week.

He noted that the action of the infected serum seemed to deprive

"the bacilli of their capsules. In an editorial in the Arch. Unsses de

Pathologie, May 31st, 1897, it is stated that the reaction increases

in intensity until the fourth week of the disease and then declines;

also that it is most marked in the severest eases. Feindel (loe. cit.)

states that in the acute pneumonic cases the reaction is absent.

' Jour, of Med. Research, July, 1901.

3 Deut. med. Woeh., 1897, p. 393.
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The serum reaction is not often of practical value in the diagno-

sis of plague, because it is rather late in appearing, and because the

diagnosis can usually be made earlier by the microscopical and cul-

tural tests of blood withdrawn dried from a bulb.

TUBERCULOSIS.

(See above, page 288.)

DYSENTERY.

The bacillus originally discovered by Shiga, though identical in

most respects with that isolated at Manilla by Flexner, is not the

same in its agglutinative reactions, and neither of these strains

agrees with the organism obtained by Bassett and Duval ' in respect

to this reaction. Further than this Park " has shown that normal

serum is capable of agglutinating both the " Manilla " and the

"Shiga" strains in considerable dilution, while, on the other hand,

Park has isolated a bacillus morphologically close to the colon group,

but with agglutinative reactions like those of the "Shiga" strain.

A good deal more work will have to be done before the agglutination

test for the organism or organisms of acute dysentery are put upon

a satisfactory basis for general clinical work.

' Bassett and Duval: Am. Med., 1903, vol. iv., p. 417.

"Park: Am. Assn. of Pathol., Washington, May 13th, 1903.
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It has seemed to me best to give a list only of the books which

I have found most useful, since the general bibliography of the

subject is now large enough to form a volume by itself. Most of

the larger works here described contain extensive bibliographies—

especially that by Ewing.

Text-Books.

1. Ewing: "Clinical Pathology of tlie Blood," Phila , 2d edition, 1903,

8vo, 495 pp. (Lea Bros.). This is the newest book on the blood and the fullest

discussion of the theoretical points connected with diseases of the blood. The
bibliography and resume of the work of other observers contained in each

section are admirable. The original observations of the writer are contained

chiefly in the chapters on malaria and diphtheria. The tone of the book is ad-

mirably sane and judicial throughout. The illustrations are poor.

2. Ehrlich, Lazarus, Pinkus, and v. Noorden in vol. viii. of Nothnagel's

"SpecleUe Pathologic und Therapie,'' issued between 1898 and 1901 (Wien,

Holder & Co.) have written a series of articles on anaemia, leukaemia, and

chlorosis, which together amount to many pages 8vo. The clinical aspects

and therapeutics of the diseases are included. The hsematology of the book is

on the whole inferior to Ewing's, although parts of it, especially v. Noorden's

study of chlorosis, are masterly. The articles on anaemia are interesting as

they contain Ehrlich's latest utterances. The work is out of date in some re-

spects owing to its characteristically Teutonic ignorance of important work

done in England and America, but it is undoubtedly the standard German
work on the subject.

3. DaCosta: "Clinical Hsematology." Phila., 1901, 8vo, 474 pages Con-

veniently arranged, well illustrated, not especially original.

4. Hayem: "Du Sang," Paris, 1889, 8vo, 1035 pages (French) This val-

uable book is the largest that I know of on the subject, and contains a mine of

information on the morphology of the blood in health and disease, mostly

from the author's own experience, Uterature being but little referred to. It

contains a comparative anatomy of the blood and a long account of blood de-

velopment. Unfortunately, it is dominated throughout by a theory of blood

formation which has never gained acceptance by any other authority. It is

very full on the subject of fibrin formation and of chlorosis. The illustrations

are excellent. In a later work, "Legons sur les Maladies du Sang," Paris,

1900, 8vo, 700 pages (Masson et Cie.), Hayem has brought his previous book

in a measure up to date, but the "Legons " are very diffuse and wordy and
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contain but a small fraction of the original work for which Hayem's first book

was so notable.

5. V. Limbeck: " Grundriss ein. klin. Pathologie des Blutes," Jena, 1896,

8vo, 383 pages (Fischer). The second edition of this book, which appeared

in February, 1896, is more than twice the size of the first edition (1892)—

a

fact illustrating the rapidity of the subject's growth. It is on the whole the

best general text-book known to me, being equally full on all parts of the

subject, including, for example, technique (which Grawitz omits) and of the

chemistry of the blood, which is at present the author's special interest and on

which Hayem is meagre. The illustrations are poor and the type is trying to

the eyes. The writer shows little personal experience with the morphology

and micro-chemistry of the blood, and this is the weakest side of the book. A
large part of the book is concerned with the physiology of the blood.

6. Grawitz: "Klinische Pathologie des Blutes," Berlin, 1895, 8vo, 333

pages (Enslin). Issued in April, 1896. This book is largely devoted to. the

matter indicated by the title and contains no account of blood technique, and

only thirty pages on the normal anatomy and physiology of the blood, while

two hundred and seventy concern the blood in disease. The arrangement of

the book is very clear and helpfiil. The author's main interests are in the

estimation of the dried residue of the blood in various diseased conditions and

in the bacteriology of the blood, so that the book is specially full on these

topics. The illustrations are poor. Type and paper are excellent.

7. Coles: "The Blood: How to Examine It," etc., London, 1898 (J. and A.

Churchill), 8vo. A clear and fairly complete account of the work of others

upon the subject. Especially full on technique.

These are the best text-books known to me on the whole subject.

Taylor's masterly monograph, entitled " Studies in Leukaemia " and

forming part of the volume of " Contributions from the William

Pepper Laboratory of Clinical Medicine" (Philadelphia, 1900),

contains within its one hundred and seventy-eight quarto pages not

merely an unrivalled account of leukaemia but a great deal of im-

portant matter on leucocytosis, anaemia, and most other haemato-

logical topics. It is by far the best study of leukaemia known to

me in any language.

Treatises on Special Portions of the Subject.

1. Reinert's " Die Zahlung der BlutkOrperchen, " Leipzig, 1891 (Vogel), 246

pages, is an admirable account of the avoidable and unavoidable errors in

blood examination, and the best methods of reducing error to a minimum. A
number of careful examinations of the blood in health and in various diseases

are also given ; and an outline of the scope of blood diagnosis closes the book.

2. Turk's monograph on the " Condition of the Blood in Acute Infectious

Disease " is an admirable resume of German and French literature on the sub-

ject, together with a detailed study of fifty-two cases. Published at Wien
and Leipzig, 1898 (Braumtlller), 347 pages, 8vo.
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3. Rieder's "BeitrSge zur Kenntniss der Leukocytosis," Leipzig, 1893

(Vogel), 330 pages, is an admirable worlc in all respects, although now consid-

erably out of date. It shows, as very few of the foregoing treatises do, a
practical acquaintance, on the author's part, with the details of blood mor-
phology and microchemistry. A very large number of blood counts in many
diseases are recorded.

4. Lowitt's " Studien zur Physiol, und Pathol, des Blutes u. der Lymphe "

(Jena, 1893 [Fisher], 8vo, 138 pages) is mostly concerned with experiments on
animals and intended to throw light on the theory of leucocytosis. The con-

clusions of the booli have not been generally adopted, though its facts have
been mostly verified.

5. Thayer and Hewetsou's booli, on the "Malarial Fevers of Baltimore,"

leaves nothing more to be desired in that direction. It is two hundred and

fifteen pages long, published by the Johns Hopljins press of Baltimore in 1895.

It contains a summary of the literature of the subject, an analysis of six hun-

dred and sixteen new cases, and some admirable colored plates. It is a model

of its kind in every respect, and an ideal for others to aim for. Essentially

the same material is reorganized in Thayer's " Lectures on the Malarial Fevers,"

New Yorlc, 1899, Appleton.

6. Ehrlich's " Farbenanalytische Untersuchungen " (Berlin, 1891 [Hirsch-

wald], 137 pages) contains nine short essays by Ehrlich and three by his pu-

pils. Considering the reputation of the writer they are at the present day

rather disappointing reading, and contain little that is not better expressed

elsewhere.

7. Weiss's "Hffimatologische Untersuchungen" (Wien, 1896 [Prochaska]

113 pages, 8vo) contains many valuable studies on various points.
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Abscess, 204, 245, 256, 360-367
diagnostic value of blood in, 349
felon, 365
gum boil, 365
of liver, 343
of lung, 266
of neck, 365
of ovary, 365
of parotid, 365
of vulva, 265
pelvic, 360
perinepliritic, 365
psoas, 365
subpectoral, 365
subphrenic, 367
vaginal, 365

Actinom3'cosis, 271
Acute yellow atrophy of liver, 339
Addison's disease, 898
Adenitis, 172, 306
Alcoholism, 417
Alkalinity of blood, 47
Altitude, effects on blood, 74
Amceboid movements, 51

Anaamia, 76
aplastic, 146
infantum pseudoleuksemica, 519
of infancy, 513
pernicious, 123
primary, 76
secondary or symptomatic, 78, 86
splenic, 183
tropical, 76
v^ith dilated stomach, 325
with ulcer of stomach, 317

Anesthesia. 353, 408
Aneurism, 360
Ankylostomiasis, 490
Antitoxin (diphtheria), 310, 212

Appendicitis, 345
diagnosis of, 348, 352, 259

Arthritis, 399
Asthma, 375

Bacteriology of the blood, 45

in pneumonia, 187

Basedow's disease, 396

Beri-beri, 373

35

Bilharzia disease, 486
Bleeders, 8
Blood destruction, 405
Bone, diseases of, 399
Brain, diseases of, 383
Bronchitis, 304, 373

acute, 374
chronic, 375

Bronchopneumonia, 195, 204, 231
Brownian movement, 11, 58, 79
Bubonic plague, 371, 538
Burns, influence on blood, 407

Caisson disease, 386
Cancer, 433-453

eosinophiles in, 451
generalized, 445
leucocytes in, 434-453
myelocytes in, 453
nucleated red cells in, 437
of abdominal organs, 445
of breast, 480, 433, 448
of gullet, 431, 439
of intestine, 443
of kidney, 446
of lip, 448
of liver, 345, 440
of mediastinum, 449
of neck, 449
of omentum, 446
of ovary, 448
of pancreas, 449
of prostate, 448
of skull, 450
of stomach, 430, 433
of stomach, digestion leucocyte-

sis in, 436
of uterus, 430, 447
of vertebrse, 449
position of tumor and its influ-

ence, 429
qualitative changes in blood, 427
qualitative changes in leucocytes,
450

regeneration of blood in, 425
Cathartics, influence on blood, 336
Cerebral hemorrhage, 385
Cerebral tumor, 383
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Charcot-Leyden crystals, 165
Chlorosis, 147

blood plates in, 153
deformities in, 151
diagnosis of, 153
eosinophiles in, 153
lymphocytes in, 153
myelocytes in, 153
neutrophiles in, 153
red cells in, 148
specific gravity, 151
volume of blood in, 148
white cells in, 153

Cholsemia, 339
Cholangitis, 343
Cholecystitis, 304, 343
Cholelithiasis, 340
Cholera, 331

acidity of blood in, 331
serum reaction in, 537

Chorea 887
Cirrhosis of liver, 333
Coagulation in jaundice, 46

in pernicious anremia, 46
in purpura, 46
of blood, 57

Cold, effects of, 94
Concentration of blood, 68, 71
Conjunctivitis, 304
Constitutional diseases, 391
Convulsions, effect of, 389
Corpuscles, biconcavity, 50

crenation, 50
number of, 54
red, effects of fatigue on, 56
resistance, 47
white, 56, 60

Counting corpuscles, 13-34
corpuscles (differential), 44

Cretinism, 396
Cyanosis, 190
Cysticercus, 443
Cystitis, 305

Degeneration of corpuscles, 50, 189
Dengue. 373
Diabetes, 391
Diarrhoea, 9, 838, 513
Digestion leucocytosis in cancer, 486
Digestive organs, diseases of, 315
Diphtheria, 310
Distomum haematobium, 486
Distribution of blood, 68
Dunham's haemocytometer, 33
Duodenal ulcer, 331
Dysentery, 309. 337, 504, 539
Dyspepsia, 333

EcHiNococcus cyst, 337
Eczema, 507

Electric shock, 433
Electricity, effect on blood, 47
Emphysema, 376
Empyema, 378
Endocarditis, 346
Endoglobular changes, 79
Enteritis, 337
Eosinophiles, 61, 107, 187, 191, 305
Eosinophilia after tuljerculin, 393

compensatory, 109
diagnostic value of. 111
in acute and chronic skin diseases,

108, 505
in ankylostomiasis, 108, 480, 495
in asthma, 377
in cancer, 109, 451
in fibrinous pneumonia, 187
in hsematoma, 109
in helminthiasis, 108, 486-504
in purpura, 109
in scarlatina, 317
in trichinosis, 108, 496
medicinal, 109
physiological, 108
post-febrile, 108

Epilepsy, 383
Erysipelas, 333
Erythema nodosum, 309, 506
Ether, 353

Fever, influence of, 186, 197
Fibrin, 53, 114, 188
Filariasis, 474
Fractures, 400
Framboesia, 487
Furunculosis, 303

Gall-stone colic, 359, 341
Gall stones, 840
Gas poisoning, 413
Gastric ulcer, 316
Gastritis, acute and chronic, 833-334

corrosive, 836
digestion leucocytosis in, 334
in infancy, 513
with hyperacidity, 835

Gastroenteritis, 333
General paralysis, 388
Glanders, 370
Gonorrhoea, 367
Gout, 393
Gowers' solution, 13
Graves' disease, 896
Grippe, 336

H^EMATOCRIT, 38
Haemoglobin, 30, 113
Haemoglobinaemia, 406, 473
Hsemoglobinometers, 30-35
Haemolysis, 405
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Haemophilia, 405
Hayera's solution, 25
Heart, congenital disease of, 355

diseases of, 346-360
Heat exhaustion, 431
Hemorrhage, 116, 301

blood regeneration after, 116
chronic, 119

Herpes zoster, 506
Hodgkin's disease, 175, 531
Hydatid, 337
Hydraemia, 86
Hydronephrosis, 373
Hydrophobia, 272
Hypochondriasis, 389
Hysteria, 389

Illuminating gas, poisoning by, 413
Infancy, anaemias of, 513

blood in, 510-537
chlorosis in, 514
hereditary syphilis in, 515
leucocytosis in, 514
leukaemia in, 526
Ij'mphocytosis in, 513
polycythaemia in, 513
rickets in, 515

Influenza, 336
Intestinal parasites, 488, 502
Intestine, disease of, 336

obstruction of, 329
lodophilia, 43, 355
Isotonic coefficient, 47

Jaundice, catarrhal, 330
coagulation in, 331

Justus reaction in syphilis, 310

Kidneys, diseases of, 360
pyonephrosis, 373
uraemia, 369

Lead poisoning, 419
Leprosy, 313
Leucocytes, 60, 391

degenerated, 66
eosinophilic (see Eosinophiles), 61
in abscess, 345
in smallpox, 331
iodine reaction in, 43, 355
mononuclear neutrophilic, 46, 65
normal percentages of, 63
origin of, 63
polymorphonuclear, 60
"stimulation forms," 66
transitional neutrophlles, 66

I,cucocytosls, absence of, 104

after exercise, massage, and
baths, 94

cell changes in, 103

Leucocytosis, definition, 88
diagnostic value of, 97
diurnal, 90
experimental, 101
inflammatory, 97
in malignant disease, 100
in new-born infants, 93
in pneumonia, 189
in pregnancy, 93
pathological, 96
physiological, 90
post-hemorrhaglc, 96
post-partum, 93
terminal, 96
therapeutic, 101
toxic, 100

Leucopenia, 104
Leukajmia, 155-174, 536

in Infancy, 536
remissions in, 166, 173

Lipaemia, 115
Liver abscess, 343

cirrhosis of, 333
Lung, diseases of, 373
Lymphaemla, 166
Lymphatic leukaemia, 166
Lymphocytes, 61
Lymphocytosis, 105

in hereditary syphilis, 106
in Infancy, 512
in pertussis, 106, 231
in splenic tumors, 106
in thyroldism, 106

Macbocytes, 85, 129
Malaria, 463-473

and typhoid, 308, 472
parasites of, 463
pigmented parasites, 464
segmenting parasites, 467

Malta fever, 369, 538
Mast cells, 63, 165
Measles, 318
Megaloblasts, 83, 133, 134
Melansemia, 116
Meningitis, 309, 384, 303

tuberculous, 303
Mental diseases, 390
Methaemoglobinaemia, 408
Mlcroblasts, 83
Microcytes, 79
Miiller's blood dust, 58
Mumps, 320
Myelocytes, 64, 111, 161, 189, 333, 453
M3'elold leukaemia, 156
Myxredema, 394

Nakcosis, effect on blood, 253
Necrobiosis of red cells, 78
Nephritis, 361
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Kephrolitbiasis, 371
Nervous system, diseases of, 381-391
Neurastiienia, 389
Neuritis, 381

Newton's riugs, 15

Normoblasts, 83, 157, 189
Nucleated red cells, 83, 189, 427

Obesity, 391
Obstructiciii (intestinal), 329
Oliver's instruments, 35, 33

Osteomalacia, 400
Osteomyelitis, 265
Otitis media, 263

Paxoieas, diseases of, 345
Parasites," animal, diseases due to,

474, 502
filarial, 474
intestinal, 488, 502
malarial, 462

Parotitis, 220, 204
Paroxysmal Iwemoglobinoemia, 407
Parturition, blood on and after, 98
Pericarditis, 204, 282

tuberculous, 306
Periostitis, 304
Peritonitis, 280

pelvic, 260
tuberculous, 301

Pernicious ana;mia, 123
anaemia, diagnosis of, 140
ansemia, gross appearance of

blood, 133
anfemia, liEemoglobin in, 138
ansemia in infancy, 520
ansemia, nucleated red cells in,

133
antemia, prognosis in, 143
ansemia, red cells in, 124-135
anaemia, remissions in, 138
aniemia, white cells in, 135
malaria (see Malaria)

Pertussis, 106, 230
Phosphorus poisoning, 339
Phthisis, 391
Pipettes, use and care of, 13
Plague, bubonic. 371, 538
Platelets, 51, 57
Plethora, 70
Pleurisy, purulent, 378

serous, 275
tuberculous, 306

Plumbism, 419
Pneumonia, 187, 204

bacteriology of blood, 187
broncho-, 195

Poikilocytosis, 78
Poisoning, by antipyretics, 410-413

by arsenic, 417

Poisoning, by belladonna, 416

bj' carbolic acid, 417

by carbonic oxide, 413
by chloral, 416
by corrosive sublimate, 416
by ether, 253, 408
by illuminating gas, 412
by lead, 419
by mercury, 417

by opium, 415
by phosphorus, 339
b3- potassium chlorate, 408
by ptomains, 417
by pyrogallic acid, 412

by snake venom, 400
by tansy, 415

Polychromatophilia, 80
Polycythsemia. 70
Pregnancy, 92
Puerperium, leucocytes in, 93
Purpura, 403
Pus tube, 260
Pyelonephritis, 371

Rabies. 372
Regeneration of blood, 117
Relapsing fever, 374. 481
Rheumatism, 224
Rickets. 401
ROtheln, 219
Rouleaux formation, 49

Saecoma, 452
Scarlatina, 215
Scurvy, 404
Septicoemia, 237
Serous membranes, diseases of, 375
Serum diagnosis, 538

diagnosis of bubonic plague, 538
diagnosis of cholera, 537
diagnosis of dysentery, 539
diagnosis of Malta fever, 538
diagnosis of typhoid, 539

Skin, diseases of, 503-509
Slides, preparation of, 9, 41
Smallpox, 331
Snake poison, 406
Solids of the blood, 48
Specific gravity of blood, 37
Splenectomy, 181

Splenic ansemia, 183
extract, 174
myeloid leukaemia (see Leukae-

mia)
Spotted fever, 485
Staining blood films, 41-44
Strongyloides intestinalis, 503
Suffocation by smoke, 416
Sunstroke, 431
Surgical diseases, blood in, 258
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Surgical, kidney, 371
Sypliilis, 308, 379

T^NiA, 504
Tetanus, 272
Tetany, 387
Thoma-Zeiss' instruments, 13, 15

Thrombosis, 203
Thyroid extract, effects of, 394
Toisson's solution, 13
Tonsillitis, 334
Toxicity of blood, 188
Trichinosis, 497
Tricocephalus, 504
Trypanosomiasis, 487
Tuberculosis, 388-3C9

acute miliary, 297
fibrin in, 389
glandular, 306
leucocytes in, 291
of bone, 294
of meninges, 303

Tuberculosis, of pericardium, 306
of peritoneum, 301

Typhoid fever, 196
fever, serum reaction in, 529

Typhus, 369

Uncinariasis, 490
UrEemia, 369
Urethritis, 304, 267
Uric acid in blood, 393

Vaccination, 221
Vaccinia, 331
Varicella, 333
Variola, 221

WHOOPING-COtIGH, 106, 230

Yellow fever, 368

Zappert's counting-chamber, 31












