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INTRODUCTION.

SCOPE AND VALUE OF BLOOD EXAMINATION.

Hamaroroey 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 rhenmatism, fu-
runculosis, uremia, diabetes, but none has come.

On the other hand, who could have hoped that it would help ns
in the diagnosis of central pnemmonia, of deep-seated suppurations,
and of trichinosis, or in the prognosis of relapsing fever or of pneu-
monia?
~ There are probably not more than 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 pathognomonie 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 evidenee 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 ready-made diagnosis in a few diseases; (/)
side lights on a good many obscure conditions; and (¢) 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 incereased
the accuracy of blood examination, The most important facts
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METHODS OF CLINICAL EXAMINATION. |

blood in health 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 1.0565). In the fourteen normal cases studied the blood
mass varied from 2,830 to 4,550 gm. or 4 to {; the body weight,
but was never as large as had previously been estimated (4';).

In chlorosis, Smith found that the apparent diminution in heae-
moglobin was, in fact, due to the great increase in the plasma of
the blood (serous plethora), the total oxygen capacity or hemoglobin
remaining normal. In pernicious an®mia, on the other hand, the
amount of plasma is sometimes increased and sometimes dimin-
ished, but the oxygen capacity or heemoglobin is always low. These
observations will be referred to again later (see p. 131).

II. ExamiNaTioNn ofF THE FresH Broob.

() 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 1s to be avoided.

- Attempts to sterilize the skin or to cleanse it with aleohol and ether

are a waste of time. A small lancet or a bayonet-pointed surgical
needle may be used; a sewing needle gives more pain and draws less
blood from a given depth 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 sinee 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 Howing 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 punecture
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 presses the needle through the skin.
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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
fairly 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
nothing is so simple as or more effective
than soap and water. After several years' use of the method
of eleaning usually advised (viz., strong mineral acid, followed
by aleohol 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. Rub soap over every part of the
glass, wash it off with water, and polish it thoroughly with a clean
handkerchief (most towels are apt to leave a serap 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-
puseles 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 arve obtained if slide and cover are
warmed just before using, and it is well to have an assistant rub the
slide vigorously with a towel just before it is nsed.

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

Fii. l=—Proper Method of Hold-
ing a Cover-glass,

T am not unmindful of Ehrlich’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 sufli
cient, provided the polishing, which is the chief factor of success, is thorough.
Tissue paper is very useful for polishing cover-glasses.  After polishing. it is
well to pass them through a Bunsen or alcohol flame once or twice.
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is also the best way known for ascertaining the presence or absence
Lt

1. The Plasmodium malarize.

2. The Spirocheete of relapsing fever.

3. The Filaria sanguinis hominis.

4. Rouleanx formation among the red cells,

It 15 also a quick and convenient method of finding out with ap-
proximate accuracy :

(@) Whether the blood eontains an inereased amount of fibrin;

(4) Whether any considerable an®mia or lencocytosis' is present;

(¢) Whether or not the amount of h®moglobin in the red cells
is much decreased ;

(d) Whether the red corpuscles are deformed ;

(¢) Whether the “blood plates ” are increased or not. A prae-
tised observer can also make a diagnosis of leukamia by this method

~in most cases, but here mistakes may easily occur,

S0 mueh ean sometimes be learned from a speeimen 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
eells, 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 aetual experiment.

Some of the commoner sources of error will be referred to later.
Here 1 will mention only the Brownian movement in the protoplasm
of the eorpuseles, to be distinguished clearly both from the ameboid
movements of the leucocytes or of the malarial parasite and also
from the irregular contractions of the dying protoplasm, which give
rige to pseudo-ameeboid motions in the crenated points of normal
red cells or in the irregular projections of corpuscles deformed by
disease (vide infra).

For a more detailed. deseription of normal red éorpuseles, white
corpuscles, and blood plates the reader is referred to Part I1.

An account of the pathological changes to be observed in the

~fresh blood will be given in later chapters,

' More aceurately 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.






COUNTING THE CORPUSCLES. 13

JOUNTING THE RED CorPUscLES

(z) After puncturing the ear as above described, and as soon as
the blood is flowing freely, put the point of the *red eounter ” 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 « 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 in-
strument is perfectly clean and dry. The _
aim and intention, however, should always Fie.8.—Method of Resting Point
be to stop exactly at the mark 0.5, and with :{IL'I:::::':]“EI':‘:;"““'“" e
a little practice we can do it, exeept with
nervous or delirious patients, and those who carelessly move the
head just at the eritical 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.

(#) 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:

T e S R O S e e gr. 112
T T e e S R S 3V
Aq e . - B . 3 v

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 wiclet, 5B, ........ccomieicniiinnn.s 0,025 gm.
T ] T =t ininin < on ' wwim i m s v i 1.000 “
T L e R S el PR 1
NP RIYCREIN. - .« o cvcovvnss csnmassa 30,000 cm.

Aquedestill....... ..... s P A RS 160.000
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COUNTING THE CORPUSCLES. 15

little glass ball within the bulb helps this process materially, A
minute’s brisk rolling and shaking is as good as five minutes’, as [
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. :

(e) Adjusting a Drop of Difuted Blood in the Counting Chawiber,
—Remove the rubber tube from the pipette and blow out the por-
tion of diluting solution which fust entered the pipette, and which
consequently has not been thoroughly mixed with the blood in the
bulb. Five or six dreps should be blown out before any is nsed for
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

/B

e
S . B R E Fa

Fra. 4.—Thoma-Zeiss Counting Slide. A, Ruled dise; 1B, cover-glass; O, moat.

over it, the whole of the disc A is covered with the drop without any
being spilled into the “moat” (') around it. Just how large such
a drop should be, can be learned only by practice. It is not liter-
ally necessary that exactly the whole dise A should be covered,
provided nine-tenths of it is covered, but any Hl;illiug over into the
“moat” ( (') entails serious error.?

After the cover-glass has been let down upon the drop, we
should be able (provided the whole instrument s elean) to see con-
centrie rainbow rings between the cover-glass and the body of the
instrument. These are known as Newton’s rings. A little press-
ure with a needle on the cover-glass will often bring them out if
they do not at once appear, but they must vemain 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

'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.

f In accordance with Meissen's suggestion Zeiss now supplies thisapparatus
with a groove in the glass dise 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,






| 1 T
¥
u I .. L} . v} n LAYy ) %
T ! T 11 1 A . 5 -
G T 1, wviulla ¥ ¥ SATALIR T
7 Lk e SE 1 L
1 5 )
" 1 1 1 ATy 7 X T Ay et
T 1 { | | L1 &l b= I 1
s 1 i - 1 T (L TN |V ]
- ; ! oy ] o F
I | | i Bt i | r
! 1 111 |
I H i i | [ kA« 5 L
1 ] i ] L i1 § W
1 I i | ] | 1S, . 1]
- ¥
3 1 |

0 L0 T S
| I 1 I 1 i
a8 1 | £ 1 ML PEAITNY 1118 i
I : | | L TEA LA | LHlCRE s il o
(2] | |







COUNTING THE CORPUSCLRS. 19

omitted and the blood dries in the pipette, it may take several
hours’ work to get it clean. Further, if it is not thnruughl:,' elried
after cleaning, the mixing of the blood when it is used next eannot
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 aceuracy, but when once the blood 1s mixed in the
pipette it ean 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 18 not necessary, therefore, to carry a mieroscope 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 elosed with a rubber band, and
the blood carried home and counted at leisure. The pipette should
be kept approximately horizontal during the transit,

Cousting THE WHITE (ORPUSCLES.

To make a reasonably aceurate count of white corpuscles, using
the “red counter ” and the dilution of 1:100 or 1: 200, we need to
ecount 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 aceurate to use
the “white counter ™ or large-bore pipette with a diluting solution
which renders 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 following
exceptions:

1. The drop of blood needed is nearly three times as large as
that used in the * red counter ”; it is abont as big as can be made to
stay on the ear without rolling off, even if we draw blood only to
the mark 0.5. If we draw blood to the mark 1, as advised by Tirek,
we must make a deeper puncture and suck m the blood as it fows
without waiting for the formation of drops.

2. The bore of the tube being large, it fills and empties more
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COUNTING THE CORPUSCLES. 25

“ Having measured the diluting fluid, according to the eventual
dilution desired, the blood capillary is filled by touching the ex-
uding drop of blood and allowing it to completely fill itselt, The
blood may be obtained in the usual manner from the lobule of the
ear, the first drops being wiped away.

“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 off, and the tube is in-
serted into the mixer until the point is one-half to three-fourths of
an ineh above the level of the contained liguid.

“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 1s 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. The procedure is ex-
tremely simple and really requires no practice, given an operator
who is not possessed of * five thumbs.” 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 with-
- drawn and the pressure and rotation of the nipple are repeated.
This has to be repeated several times, and oceupies a few seconds
of time. It has been suggested that a certain amount of error is
introduced by measuring the diluting fluid in a pipette, the inner
surface of which retains some moisture; this is extremely small in
amount if the pipette is emptied slowly, and comparative readings
with the Thoma-Zeiss apparatus show that the error is negligible.

“To mix the blood and diluting fuid 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 sufficient size is then placed upon the counting
chamber, and the cover-slip is slipped on sideways in the usual
way. [ prefer the Thoma-Zeiss counting chamber.

“The advantages of this method ave:

%1, The ease and thoroughness with which the pipette can be

cleaned.
%9 The manifest advantage of the self-measurement of the

blood.
%3 The avoidance of the objectionable necessity of using the

mouth to suck fluids into the pipette.






CHAPTER III.

OLIVER'S HEMOCYTOMETER—CENTRIFUGALIZING THE BLOOD
—HAEMOGLOBIN ESTIMATION—SPECIFIC GRAVITY—
STAINED SPECIMENS—BACTERIOLOGICAL
EXAMINATION.

Oniver's HEMOCYTOMETER.

RecexTLY 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 actnal counting of
the corpuscles must be considered a necessity; not only since the
number of leucocytes is not without importance (e.y., in the diag-
nosis of enteric fever), but also since these cells may be so abundant
. that they may interfere with the use of optical methods, as in the

case of leukemia. Nevertheless the instrument is very aceurate
and useful in many eases.. Its prineiple 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 throngh the mixture, there 1s to be seen, when a certain degree of
dilution is veached, a bright Jiorizontal line on the glass. This line
is made up of a large number of minute images of the flame, pro-
duced by the longitudinal striation of the glass. If the quantity
and quality of blood used are in every instance the same, the degree
of opacity depends wholly on the amount of Hayem’s solution 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 solution which must

1Hydrargyri perchloridi. ........ooocivnniiennn 0.5 gm.
Sodii chloddl’.... ... ccniaiiiniiiinaiia e L0
& BIPhALIS .. orsiienceinirana i a i 50 ¢

Aque destillate. ........c.oooviiniiiaianiann, 200.0 c.c.



28 CLINICAL BLOOD EXAMINATION.

be added before the image of the flame appears. To colleet the
blood, Oliver uses a capillary pipette containing about 10 ¢.mm. (one
large drop), and used exactly in the same way as the v. Fleischl
capillary pipette (see Fig. 12).

One pipette full of normal blood is gradually diluted in the flat-
tened tube with Hayem’s solution until a bright horizontal line

Fig. 12, —0liver's Hemocviometer, A, Graduated mixing tube: P, capiilary ppetie; ,‘r:I".F
dropper. with rubber nozzie fiiting the capillary pipette.

caused by the image of candle flame becomes visible through the
mixture. The point to which the column of the mixtore then
reaches is marked 100, and the space between that point and the
bottom of the tube 1s divided into 100 egual parts. The ]_!()i.llt-
marked 100 is then equivalent to 5,000,000 red corpusecles; 90 =
4,500,000, 80 = 4,000,000, and so on, each degree on the scale
corresponding to a difference of 50,000 corpusecles (Fig., 12).

[se of Oliver's Hwemoeytometer,

The capillary pipette is first thoroughly cleaned and dried by
passing through it a needle and thread saturated with water and
then with aleohol and ether. It is then filled in the usual way,



~turn it upside down once

OLIVER'S H.EMOCYTOMETER. 20

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. 12), and blood washed into the test tube.
Speed 1s essential, else coagulation ocears. If the previous haemo-
globin estimation has shown ninety to one hundred per eent of color-
ing 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 correspond-
ingly 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 addi-
tion put the thummb over the
mouth of the tube and

———

or twice to mix the blood
thoroughly, wiping the
thumb each timé on the
edge of the tube so as to
put back what fluid has ad-
hered to it. At a eertain
point the image will sud-
denly become visible. It

iz seen soonest if we rotate

: . Fiiz. 18.—8howing the Method of Holding Oliver's
the tube on its ]Dllg ST Hiemooy loimeier.

as the image becomes visible
parliest at the sides of the tube, but dilution should be continued
drop by drop until the horizontal line of light is just visible across
the short diameter of the tube. The appearance of the incomplete
line at the sides is a constant forerunner of the complete transverse
line, and should put one on one’s gnard as very close watching is
needed to recognize it without overstepping the necessary dilution.
“The opacity remains uniform for many minutes. The whole process
should be carried on in a perfectly dark room, and the diffused light
of the eandle must be shut off from the eye. This is best done by
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CENTRIFUGALIZING THE BLOOD. 31

instrument was exactly corvect in each case. In many of these
cases I verified Dr. Scannell’s readings and counts.

Dr. G. W. Fitz finds that the degree of dilution necessary to make
the bright horizontal line appear corresponds with fifty-two corpus-
cles to every thirty-six squares of the Thoma-Zeiss counter. This
means that if a drop of the mixture be placed on the Thoma-Zeiss
counting chamber, just after the bright line appears, fifty-two cor-
puscles are to be found in thirty-six squares. If more or less are
found the dilution has been proportionally incorrect.

Tur Hx:matToCRIT.

The heematoerit of Hedin has undergone considerable modifica-
tion and improvement and as remodelled and improved by Judson
Daland has been used to some extent in this country. Its direct
and obvious object 1s simply to ascertain the relative volume or
mass of the corpuseles and of the plasma in a drop of blood; but
the hope of its advoeates 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 h@matocrit 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. 14) 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 and then, but not Hll then,
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. 14). A similar tube (empty) should be put
on the other arm of the erosspiece to make the balance true. The
handle of the instrument is then revolved at least seventy times a
minute for two minutes, at the end of which time (sometimes less)
the column of blood eells 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 seale on the tube 100,000 cells,
or a little more. Thus if the blood eolumn in the tube ends at
about the mark 50, we consider that the blood has rather more than
5,000,000 red corpuseles 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 seale is worth there is some variation
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HEMOGLOBIN ESTIMATION. 33

one hundred per cent. The seale was prepared by imitating in
water color the tint of the blood of ansmic 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 earried 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 mateh 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 percent arve possible,
but it is my belief that far greater errors than this are frequently
made with v. Fleisehl’s or Oliver's instrument in the hands of the
great majority of physicians, Tallqvist’s seale costs but 51.25,
and can be used by any one with sufficient aceuracy for practical
purposes, and with a celerity that makes hamoglobin estimation no
more of an undertaking than feeling the pulse. 1 have used the
mstrument in several hundred cases, and have never yet been mis-
led by it, nor found a greater ervor than ten per cent in comparison
with Oliver’s instrument.

1. Dave’s' Hemoglobinometer.

This excellent instrument is undoubtedly more aceurate than
Tallgvist’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 elean the parts.

As in Tallgvist’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 eirenlar dise of colored glass revolved by means of a thunb
serew so that different tints arve suecessively brought side by side
with the blood tint. Transmitted light from a candle is used for
illummation, and the observation is made through a telescoping
eamera tube exeuding all extraneous light. As we turn the screw
and bring different tints of the glass standard into comparison with

I Phila. Med. Jour., October, 1900,
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TII. Oliver's Hemoglobinowmeter.

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

1. It has no sliding scale of eolor, but compares the blood tint
successively with definite tints of glass, each of which is even.
The tints are worked out to eorrespond 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 Mood does not correspond to
that of gluss (which behaves in this respect like a liquidi. The
glass wedge of v. Fleischl’s instrument represents a single color
regularly diluted and does not correspond in its degrees to the
colors of blood diluted at a similar rate. The seale of Dr. Oliver's
mstrument is measured to correspond to the actual colors of the
blood’s dilution eurve, by means of the tintometer.

In other respects the principle of the instrument is like v.
Fleisehl’s, and the method of using the two is practically the same
except that in Oliver's reflected light is nsed instead of transmitted
light. Oliver's instrument consists of a series of twelve tinted glass
dises corresponding to the hemoglobin percentages from 10 to 120
and arranged in two rows (see Fig. 15, #). The intermediate degrees
are measured by means of “riders ™ of colored glass, which can be
laid on top of the primary color dises so as to deepen the tint
seen.
The eapillary pipette (Fig. 15, #) is somewhat stouter than v.
Fleischl’s, but is used in the same way to colleet 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. 15, ¢) and washed into a mixing eell (Fig. 15, ) 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 ecell 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 we can
usually get the troublesome shadow thrown by the bubble out
of the color field. The blood thus prepared is brought close
to the seale and there compared with the tint of the different
standard color dises. 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
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can be obtained so as to make it possible to read down to one per
cent. '
The standard is nsually arranged for candle-light, but another
set of dises can be obtained adjusted to daylight readings. The
latter ave less aceurate.  The same precantions as to the exelusion of
outer light by means of a “hydroscope” tube, resting the eye fre-
quently, ete., must be observed with this instrument as with v.
Fleischl's, [It can be obtained of J. H. Smith & Cie., Zurich

Friz. G —iliver's Hiemoglobinometer, o, Standard eclor discs; b, capillary pipette ; ¢ washing
tinkse ; o, mdxing cell. :

(Wollishoften), for 115 franes 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 dises 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 other on the lower.
Suppose we have decided that the blood eolor is between 60 and
70.  Put the rider on the 60 disc and compare again. If the blood
15 darker than the 60 dise plus the rider, the percentage is approxi-
mately 674 (since it is higher than 60 4 5 [the rider] and lower

S -




HAEMOGLOEBIN ESTIMATION. 37

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 2 degrees is obviously inevitable.

IV, Use of v. Fleisehl's Hemometer,

(a) Fill on one side of the metallic cell («, Fig. 17) 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

I

B =
Fig. 16.— A, Colored FIG. 17.—v. Fleischl's Hemometer., a, Partition into which blood
glass; I, capillary 18 put; a', partition into which water ks put; 7, mixing cell;
pipetia. K, K. colered glass slip (see Fig. 16, A): P, P, metal frame on

which =zcale iz marked: K, 5, retlector; T, serew which moves
the frame, P, I

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 metallie cell and rat-
tle it quickly back and forth, so that the water may be foreed in
first at one end and then at the other.

(#) After this the expulsion of the blood may be completed by
foreing 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 the cell
to the brim with distilled water, and adjust the compartment con-
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Necessary Errors.

A considerable error is absolutely necessary, inasmuch 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 tiwenty per cent
in eolor, 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. This diffieulty is somewhat
lessened by shutting off from view all but a
small section of both compartments with a bit of
black cardboard or metal in which a slit is eut
as in Fig. 19. The slit is put at right angles
to the partition which divides the cell so that  Fe. 19.—shield for Use
the blood tint is seen at b and the glass tint at . :‘::1'::“:'[':‘:“"“"']"" e

Many persons are not sensitive enough to
colors to attain any reasonable degree of accuracy with the instru-
ment, and there 18 moreover a very considerable difference be-
- tween different instruments in respect to the color of the glass
slip. !

All these diffieulties render the instrument an unsatisfactory one
in many ways. Its bulk and expense are also considerable and in
my opinion its use should be entirely abandoned in favor of Tall-
gvist’s or Dare’s instrument,

EsTiMATING THE SPECIFIC GRAVITY OF THE BLoobp,

The simplest and most available method for elinical use 1s that
of Hammerschlag,® a modification of Roy’s® method. Chloroform
15 heavier than blood; benzol is lighter. Mix in a urinometer glass
such guantities of the two that the specific gravity taken by an or-
dinary urinometer is about 1059, .., that of normal blood. Pune-
ture the ear, draw a drop of blood into the tube of a Thoma-Zeiss
pipette, a small medicine dropper, or any other eapillary 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

101d instruments read lower than those recently manufactured.
' Wien, klin. Wochensehrift, iii., 1018, 1890,
2 Proceedings of Physiologieal Society, 1884,
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1. In leuk®mia the specific gravity is relatively higher than the
h®emoglobin on account of the weight of the leucocytes.

2. In pernicious angemia with high color index (see blow) the
hemoglobin is about two per cent higher than we should gauge it
to be judging by the specific gravity.

To estimate the percentage of hmmoglobin from the specific
gravity, one of the following tables may be unsed, modified from
Schmaltz, “Pathologie des Blutes,” ete., 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 (1§ per cent). This table has been verified by the re-
search of Yarrow (University Med. Mag., 1899) through comparison
with a standard solution of 13.77 gm. of prepared hwemoglobin in
normal salt solution (up to 100 gm.). It appears to be very ac-
curate.

Bpee. Gruy. Hemuoziobin, Epene. Giray. Haemog 1ok,
130 = 20 percent. £ 1049 = 60 per cent. %
IR =g * ¢ o e e TR
1082 = 35 “ = 1052 = 70 “ “
141 = 40 "' " 1058.5 = 75 - =
104250 = 45 3 e 1066 = B8O by %
1045.5 = &0 = . 10557.5 = 40 " o
1048 = &6 L L] 1058 = 100 i =

Stupy oF THE FINER STRUCTURES 0F THE BLooD.

The study of dried and stained specimens with the help of the
aniline dyes gives us much of interest and importance in regard to
the blood. More can be told about a given case by the study of a
dried and stained cover-glass specimen than by any other single
method.

Prepavation of Cover-Glass Specimens.

(«) Covers carefully cleaned and polished are arranged at the
bedside in such position that we can quickly pick them up without
touching their surfaces (see Fig. 1)." The ear is punctured in the
usual way, and one of the cover-glasses touched to the summit of
the drop as soon as it emerges. This cover-glass is then let fall

T often poise them on corks so that their corners are readily accessible to
the fingers. The process of making blood tilms is far eagier if another person
prepages the drop for us so that we can stand ready with a cover-glass in each
hand to eateh the drop as soon as it emerges.
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eigarette paper is wide. Should ecigarette papers not be at hand,
ordinary note paper may be used, but it is not nearly so good.

*‘ In making the film the strip is held between the thumb and first
finger and is lowered till the under surface adjacent to the machine-
cut edge just touches the dropof blood as it rests on the skin, and
then by a slight lateral movement the drop is converted into a streak,
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as in the diagram. This end of the strip is at once laid blood down-
ward on one end of the cover-slip, the other end being still held,
and the blood having been allowed to spread out between the paper
and the cover-slip, the paper is slowly drawn along the slip toward
the other end. A fresh strip of paper should be used for each
film ”

Firing the Films.

These films have now to be jfixed, either by heat or by half an
hour’s immersion in absolute aleohol and ether (equal parts), or by
the same mixture (30 c.c. each) plus five drops of a saturated aleo-
holie solution of corrosive sublimate (five minutes’ immersion), by
chromic acid two per cent, or by exposure to the vapor of forty-five
per cent formaldehyde. I have used all these methods, but found
none of them to compare favorably with the method of heat fixation
when we wish to study the lencocytes or the nuclei of any cell.

When we wish to see chiefly the changes in the red cells (as in
studying the malarial organism, nucleated rved corpuscles, degener-
ative changes, ete.), the aleohol-and-ether method is good. But
when, as in the majority of cases, it is the white cells in which our
interest centres, the use of heat is very greatly to be preferred.
Heat serves not simply to fix the cells on the glass and to prevent
degenerative changes, but also to modify and greatly improve the
staining power of the cell when Ehrlich’s triacid stain is used.

The method of fixation by aleohol 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,






LT

1]







BACTERIOLOGICAL, EXAMINATION. 47

turning the screw of the mechanical stage, move the preparation
slowly past the eye until the wpper vight-hand corner is reached.
During this process as the cells appear in the field they are checked
off and put down under one or another heading. Then move the
stage so that the lens is just one field’s diameter nearver 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 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 apposite 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 appear-
ances in the red cells. Usually these move by in a monotonous
stream, one looking much like another, but in pathological blood we
must always be on the lookout for nucleated red cells, degenerative
changes, and wvariations in size and shape. In malarial cases of
course our scrutiny is dirvected chiefly upon the red cells.

If we 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 proc-
ess takes longer.

When lencocytosis is present, at least one thousand lencocytes
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 ExXAMINATION.

Blood obtained by the ordinary method of puneture 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 nsed for sterilization with boiled
water or boiled normal salt solution. Have an assistant 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

1 8ee Kiihnau's comparative experiments in Deut. med. Woeh., 1897, No. 25
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He further believes that the blood of pernicious anmmia may be
distinguished from specimens obtained in cases of secondary anmmia
by the fact that in pernicious anminia there is an incomplete for-
mation of serum.

In both these conditions the blood plates are greatly diminished.
He has found similar changes in some other cachectic conditions.

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-hemorrhagie stages of the disease.

For the estimation of eoagulation time the simple little instiu-
ment devised by Wright is sufficient. This consists simply of a set
of from six to twelve capillary tubes of about the same ealibre (.01
to .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 blow-
ing into one of the tubes. When coagulation ocenrs, the tubes are
found to be blocked with clot.

Normally coagulation oceurs in these tubes in about three min-
utes. In disease, especially in cases with biliary obstruetion, coag-
“ulation may not oceur until ten to fifteen minutes have elapsed.

Oruer MeTHOoDS oF Broon Examixarioxn,

TATRE

It is perhaps worth while briefly to mention some other methods
of blood examination of which no aceount will be given.

1. Determination of the alkalinity of the blood. No accurate
and elinically available method has yet been devised. Despite the
interesting work of Kraus, Caro, Liwy, Biernacki, v. Limbeck, and
others, T am still unable to get hold of any elinieally valuable in-
formation given by the determination of alkalinity.

2. Resistonce of the ved 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 destrue-
tion of red cells is from 0.44 to 0.48 per cent. Under certain path-
ologieal conditions it needs either more or less of the salt to keep the
eells intact, i.¢., they possess an increased or diminished power of
resistance against the destroying influences of distilled water. The

degree of concentration necessary to maintain red corpuseles intact
4
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PHYSIOLOGY OF THE BLOOD. 23

are described in detail later on. In pathological blood we may find
these as soon as the blood is drawn.

I, White Celis.

() Thewhite 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 ameeboid movements, or beeause they are not moved
by the plasma ecurrents, 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 spherieal shape
than in the dried and stained preparations, where it is vsually some-
what flattened. Their shape i1s very irregular and their edges often
look tattered.

In some leucoeytes the ameboid motions are entirely 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 ammboid cells.

The large ameboid lencoeytes 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 ecoarse granular eclls seen occasionally; staining shows these
large granules much more distinetly (= eosinophile —see below, p.
65) ; cells of this type are the most actively ameboid of all.

(#) The most important point in eonnection with the lencocytes
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 speeimens, and any considerable
increase of the white cells would he 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.

T Blood Plates.'

Unless the number of these elements is increased by some path-
ological influence, we seldom notice them at all in normal blood.
This may be because we do not work quickly enough in preparing
our specimen. Hayem recommends that the cover-glass be laid

1Tt 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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small-aperture diaphragm and very little light make them plainer.
Their only importance is that under certain pathological conditions
the fibrin network is very much increased and helps as in the diag-
nosis (Fig. 24). Hence it is of importance to be familiar with the

Fra. M. —Increased Thick ness of Fibrin Network.

ordinary closeness of the network in normal blood as a standard of
GO PATISON.
For an aceount of the conditions of its inerease see Chapter 1X.,
page 121.
Averace Diaverer oF Rep CeLis,

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 measuring, approximately aceurate, and casily applicable
in elinieal work is the following:

Using a camera lucida, trace on paper the divisions of a fine stage micro-
meter 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 acceurately one with another.  Care
must be taken that the paper is flat upon 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 ench of the lines in our drawing into
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NorMarL Numeer oF WHITE CELLS.

The figure usually given for adults is 7,500 per eubic millimetre.
This varies a good deal, according to the nutrition of the individual
(see page 95) and also at different times of the day, owing to influ-
ences not explained. The influence of digestion will be mentioned
later. In animals a slight shock ' is sufficient materially to affect
the count of leucoeytes; 5,000 to 10,500 may be called the normal
limits. Romberg tinds 9,058 as the average count in fifty-five
healthy young women. There 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 eauses of variation will be disenssed under Leucocytosis.

Broonp PraTes.

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 hamoglobin and show no signs of a nuelens. They
are the chief constituents of white thrombi. Wherever they are
_diminished (e.g., in hiemophilia, 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. |

(#) That whenever their number is much inereased, thrombosis
is likely to oceur. In chlorosis, for instance, their number is in-
ereased and thrombosis is relatively common, while in pernicious
an@mia 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 connection with the use of
gelatin injections to favor thrombosis in aneurisms.  An increased
rapidity of eoagulation ontside the body is no indication of suceess
in such cases. Blood plates are increased in lenk@mia and in many
cases of grave anmia. In the severer types of many infections
(typhus, erysipelas, malaria) they are diminished, and in malaria
they are sometimes wholly absent during the fever. In pnenmonia
and tubereulosis they are normal or inereased. In purpura and
hamophilia they are sometimes much diminished or absent.

| Lowit: “Studien z. Physiol. und Pathol. d. Blutes,” ete., Jena, 1892
Fischer.
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CHAPTER V.
FINER STRUCTURE OF THE BLOOD.
APPEARANCES OF DRIED AND STAINED SPECIMENS.

CovER-GLASS specimens prepared and stained as above directed
‘give us more information of interest and importance than can be
obtained from any other one method of blood examination. Ap-
proximate ideas of the quantity of red cells, of white cells, and of
hemoglobin ean be formed, parasites and baeteria can be seen, and
the whole mass of evidence based on the finer structure of the leu-
cocytes can be obtained only in this way. The appearances of a
specimen of normal blood prepared in this way are as follows:

Ren CELLS.

1. The h@moglobin stains with the orange G of the tricolor
mixture, and in a properly heated specimen the red cells are of a
brilliant yellow or pale orange tint. If overheated they have a
feebly stained, washed-out look, while if wnderheated they ave more
or less brown or gray.'

The degree of pallor of the centres corresponding to the amount
of haemoglobin in the corpusele can be ganged much more accurately
with this stain than in the fresh preparations. The color of the
edges 18 not much affected by pathological changes, the centres
being the test. But in cases with extreme poverty of h@moglobin
. the colored rim may be reduced to a mere shell and the rest may be
almost completely colorless. The power to estimate the amount of
coloring matter in this way can be easily acquired.

An approximate idea of the number of red eells may be formed
by any observer who has learned to use a uniform technique in each
ease and to spread the blood of a standard thickness.

2. Nothing is seen of the fibrin or blood plates as a rule. In

V'This isa 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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and of the cells as a whole, and in such cases T am unable to make
a division into “large” or “small,” though we may be able to say
in a general way which size predominates. The edges of the larger
forms are often frayed and jagged, and small bits may bud off and
circulate as free elements. This is especially frequent in lymphatic
leukmia.

The thenr}' that the * fﬂ-!'{ﬁ-’” mononuclear cells or ¥ large ]l}'ﬂ,li"&!
forms” (Kanthack) come from the spleen and the small mono-
nuclear from the lymph glands has been abandoned on all sides of
late years.

The protoplasm of all lymphoeytes, as has been said, is always
hard to stain with Ehrlich’s triple stain. Sometimes it has a faint
pinkish tinge, more frequently it is grayish or very light blue, and
in some cases it stands out brilliantly transparvent and colorless
against the faint purplish tinge of the suwrrounding plasma (see
Plate I.). When a blue after-stain is used an artificial retraction
ring of unstained protoplasm appears around the nuclens. Some-
times the protoplasm stains diffusely blue with basie stains and no
network can be made out.

I have described the lymphoeytes so far as “mononuclear,” but
it is not rare to find even very small ones (62 in diameter) whose
nucleus has a deep cat in one side or has divided into two parts. 1
believe it is commoner to find a divided nuclens in the small forms
than in the “large lymphoeytes.” The inapplicability of the term

-~ “small mononuelear cells” or “large mononuclear cells” to this

variety of corpuscle is evident. The distinguishing mark isnot the
single nueleus. (See also below under “ Mast cells.”)

Ehrlich separates sharply under the name of “ large mononuclear
lencocytes ™ a group of cells closely resembling the larger forms of
lymphoeytes. Taylor and other first-class anthorities agree with
him in this, but their deseriptions include so few differentiating
marks that I am unable to recognize them. As they make up but
one per cent of the white corpuscles and have no elinical signifi-
cance, I have grouped them in my counts with the large lymph-
ocytes. I have done the same with the so-called
o 3. Y Transitional forms” (Ehrlich), which are no bigger than
the larger type of lymphoeytes, from which they differ only in that

| they have an indentation in their nuclens—either a narrow eut or a

bay so wiide that a “horseshoe ” nueleus results. This is #he trans-

. itional form according to this nomenclature. There is no reason for

—T
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large, round, “eosinophile” granules (see below). The cells being
spherical the granules lie over and around the nucleus, not simply
at the side of 1t. In their interstices we sometimes seem to see a
pinkish background of cell substance. Tn normal blood these * neu-
trophilie” granules, which are so small
that exeept with very high powers they
look like a diffuse stain, very rarely oceur
except in cells whose nuelens has reached
the polymorphous stage. Oceasionally we
seem to see mononuclear neutrophiles, hav-
ing a round nnelens with neatrophilic
granules, but careful focussing wsually
shows that the appearance of a round or
rod-shaped nneleus is given by the tight
eoiling of the ribbon-like nuecleus round
one of its ends, or else that a horseshoe nuecleuns is seen from the
point of view indicated in Fig. 25. Thus if the eye be at the point
A the nuelens will appear of the shape indicated in B (Fig. 25).

b. The eosinophile or * coarse granular oxyphile” eell has, like

its predecessor, a polymorphous nueleus and granules; but the

nueleus is paler and more loosely connected to the granules, and the
latter are spherieal or oval, of nearly uniform size, and mueh larger
than any seen in the nentrophilic cell.  They have strong affinity for
acid coloring matters (eosin, acid-fuchsin, ete.), hence their name.
In specimens stained with eosin or eosin and methylene blue they
are very brightly colored pink. With the triacid mixture they are
of a copper or burnt-sienna color. Some individual granules stain
much darker than others in the same cell.

The eosinophiles are the most aetively ameeboid of all the cor-
puseles, and it may be for this reason that the different parts of the
eell seem so loosely strung together.  Or, if the hypothesis of Kan-
thack and Hardy, recently supported by Stokes, be true, their loose
arrangement may serve to make them easily detached for bactericidal
purposes (see above, page 60). The granules may be all at one side
of the eell and the nuelens on the other, and in cover-glass specimens
we very frequently find actual separation of the two. Whether or
not the actual separation is brought about by the technique of
spreading the blood is unimportant, as we find such broken cells
much more often among the eosinophiles than among any other
variety —which argues a looser structure.
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I deseribe it here because it is peeuliar to no one disease and is
an oceasional visitor of the blood in various diseased conditions and
in conditions on the borderland between the pathological and the
physiological (starvation—various intoxications).

The myelocyte (see Plate 1.), like its descendant, the polymor-
phonuelear neutrophile, is recognizable only by Ehrlich’s staining
methods.  With Ehrlich’s triple stain it appears as a spherical cell
nearly filled by a large, pale-stained nucleus immersed in neuntro-
philic granules. One sees at once how little it differs from the
large lymphoeytes (simply in having granules) and from the poly-
morphonuclear nentrophile (only in the shape of its nuclens).
have called the granules neutrophilie, and this is tme of the great
majority of them in most cells. But as Ehrlich has recently
pointed out, there is a great deal of variation in the staining aftin-
ities of different granules, side by side, in the same cell.  In some
granules (according to Ehrlich the younger ones) *“there is promi-
nent a basophil portion which becomes less and less marked as the
cell grows older.” BSuch granules take with Hewes’ after-stain a
bluish tint. Others near them (older?) are violet, while others
again are nearly pink. In the polynuelear neutrophile these baso-
phile affinities are much less marked, but even in them considerable
differences may be made out between the tints of adjacent cells and
of adjacent granules in the same cell. In size and shape the mye-
loeyte granules are like those of the polynuclear cell (see Plate 1.).
The nueleus, by which we chiefly distinguish the myeloeyte, shows
none of the twists and turns characteristic of the polymorpho-
nuclear neutrophile, but is usually spherical or egg-shaped, and is
in elose contact with the cell wall for a comparatively large portion
of its extent-—i.e., if egg-shaped it is placed eccentrically.

Not infrequently the nuclens shows signs of old age (vacuoles)
or of mitosis, for oceasionally we find two nuelei 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 4 are not un-
common, but we also find them of every other size down to 10-11 »
diameter, that is, down to the size of a lymphoeyte. This holds
both for the myeloeytes in the cirenlating (leukaemic) blood and for
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under these eonditions we must modify nnnsi(]emhlr any inferences
made from examination of a single drop.

Such conditions, entailing a false polyeythsemia or apparent in-
crease in the number of corpuscles ave:

Any disease involving either («) general eyanosis or (4) eyanosis
of the part from which the drop of blood is drawn.

(a) General eyanosis results from ecardiac insufficiency (valvular
or parietal disease of the heart itself, blocking of the lung cireula-
tion by emphysema or thrombosis), from insuflicient aération of
the blood (pneumonia, congenital maltormation of the heart), inter-
ference with the heart’s action by pressure of tumors, effusions
(pericardial, pleural, peritoneal), or enlarged organs (liver, spleen),
or from vasomotor disturbances. It is evident that some of
these conditions (e.y., 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 inereased number of corpuseles in the drop.
Some observers have supposed that there is a real overproduction of
blood cells under these conditions; others suppose that the life of
the individual corpuscle being lengthened, reproduction of cells at
. the normal rate soon leads to the “ glut.” There seems to be no
reason to suppose that there is in these cases any unequal distribu-
tion of cells in favor of the periphery, such as is obviously the con-
dition in ordinary eyanosis with stasis. Whatever the explanation
may be, there is no doubt of the fact that general cyanosis from any
cause whatever produces an increase of cells in a drop such as we
usually examine.

The eases of cyanosis which I have classed under * vasomotor
(for want of a better explanation), cases in which, in the absence of
«isease in any organ, the skin and muncons membranes are persis-
tently and markedly bluish, are not very uncommon. T 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 moreé than dewlle the nor-
mal number (see below, page 75).

(h) Loeal Cyanosis.—The pressure of a tumor, or any other
hindrance to the eireulation 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 eyanotic patients the count of red cells may be
notably above normal, and we must make allowances.  Error 1s more
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GENERAL PATHOLOGY OF THE BLOOD. 5

skin, or a dilatation of individual venules and arterioles at the peri-
phery. BSuch a person may be markedly an@mic without any con-
siderable changes in the color of the face. The fact that people of
such complexion often end their lives with a ruptured cerebral
artery is due presumably to the cireumstance 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 polyeythemia
are as follows:

(a) In cases of severe anmzmia which recover, the blood regen-
eration may attain such vigor that the nummber of red cells shoots
temporarily up above normal, even as high as 7,700,000,

(#) The same condition can be temporarily produced by trans-
fusion of actual blood from one individual to another. It lasts but
a few days as a rule.

(¢) Some ecases oceur without any known canse. 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. The three cases of the following table are apparently of
_ this type.

The polyeythemia of the new-born, of high altitudes, and of
phosphoros poisoning will be discussed later.

TasLE [.—PoLyCYTHREMIA.

Age. | Bex. | Red cells. | 1:“?::* mﬂlﬁ: Remarks.
2 RARLO0 | 15,000 B | February 5. Polynuelear, #00; 1ympho-

.......... | eyles, 15.8 3 eosinophiles, 1,

B s e February 8. Polynuclear, 9.4 : Ivmpho-
cytes, 8: eosinophiles, 6; myelocytes, 1.
B | ... | O | 10000 £ First day.
480,000 | 50 0 Eighth day.
63 [ ... | 11352000 | 8500 i December 6,
830000 | ....cass 1085 December 7. After walking.
10060000 | ... 1100
1A a.e. | i....... December 11,
11500 p.e.

10,230,000 | 2,500 110 December 17, Polynuclear, 77,25 ; lympho-
evtes, 18,75 eosinophiles, 2.75; myelo-
evtes, 125 microblastis, 2; normoblasis,
= Few mast cells.

Conecentration of the Blood.

It is obvious that influences opposite to those producing tem-
porary full-bloodedness will produce temporary lack of fluid within
the vessels. So acute diarrhcea, purgation, deprivation of liguids
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GENERAL PATHOLOGY OF THE BLOOD. T

such a count that the body contained one-sixth more red corpuscles.
than usual. Here obviously it means only (if anwemia 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
measure the amount lost by this method. Long-standing causes of
drain on the plasma might at any time act as destroyers of red cor-
puscles as well, through the changes in the nutritive finids 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 ean measure
the amount of plasma lost by the amount of eppearent inerease 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 coneentration of the blood are
those already alluded to as temporarily sucking away its watery
constituents, namely:

() Watery diarrheea, especially in cholera and other acute dis-
eases accompanied by diarrhoea;

(#) Large and rapidly accumulating serous effusions (slow ae-
~cumulations would give time for the blood to take up water from
the tissues and make up for its loss);

(¢} Profuse sweats;

(¢) Persistent vomiting or starvation of liquids (see Table 11.);

(¢) Inereased blood pressure (exercise, massage, electricity).

Blood already lacking in red cells, if suddenly eoncentrated by
such a loss of fluid, might deceive us into supposing it normal, be-
canse the number of cells in a cubie millimetre might be normal.
I the presence, thevefore, of any such reason for concentration of the
blood, we should always wodify our ordincry wethods of inference
from the Mood count. For example, v. Limbeck records a case of
" hepatie cirrhosis with aseites, in which before tapping the ascites the
count of red cells was 3,280,000 per eunbic millimetre. Within
twenty-four hours after tapping there were 5,160,000 cells per cubie
millimetre, the reacemmulation of the aseitie flnid going on so fast
that the blood was unable to adjust itself and became overconcen-
trated. A careless observation might have inferred a great gain in
the corpuscular richness of the whole blood, when in faet not a cor-
pusele had been gained and those present had probably grown poorer
in albumin.
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A. K. Stone' and his assistants estimated the hmmoglobin of
189 female patients who looked an@mie, and found over 75 per cent
of hemoglobin in 89, or nearly one-half of them. For a woman a
hamoglobin percentage of 75 per cent or more means practically
normal blood.*

The most striking example of the fallacy of judging of anwmia
by the color of the skin and mueous membranes is in the so-called
" 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 ap-
pearance has usually received the title of “tropical anmmia.” It
turns out, however, from the careful studies of several different in-
vestigators, that the blood of such persons shows absolutely no
an@mia or other variation from the normal.® The appearance of
the skin is probably due to the action of the extreme climate on the
peripheral nerves and vessels. Tropical anemia is a condition not
of the blood, but of the skin and subeutaneous tissues.

Every one’s experience includes a few persons who are perfectly
well despite an almost bloodless condition of the skin.

On the other hand, anmmia may exist when there is a good

“tropival ananio.’

‘¢olor in the face.

We are to judge of anemia, then, solely by the blood examina-
tion, and this judgment can be accurately made on the basis of the
small fraction of a drop used for examination, provided always that
our technique is good, and provided we make allowances for a con-
siderable error whenever there is reason to suppose that any venous
and eapillary stasis is present, or that the blood is temporarily con-
centrated or diluted.

Distinetion between Primary ond Secondoary Anemio.

In one sense all anwemia is secondary. It is due to some cause,
a symptom in a chain of events. But in some cases we know the
canse and in some we do not.

() Primary anepin isthat in which the causal factors ave either
entirely unknmen or are appurently insufficient to prodiuce so severe a
disense. 'This division, like most of our statements about the blood,

' Boston Medical and Surgieal Journal, August 23d, 1864,
*When the hemoglobin is high the number of corpuscles is never consid-
erably diminished.

80 far as present methods of examination go,
(i
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Secondary Anwmin.

1. First .S}fflyﬂ.—]: defined angemia above as a diminution in cor-
pusele substance.  In the milder types of this condition the number
of red corpuseles is not diminished at all, but the individual cell is
small, pale, and of light weight, through loss of nitrogenous mat-
ter. This 1s appreciated:

(«) As a lack of coloring matter;

(#) As a lowering of the specific gravity.

In the mildest grades of secondary ansimia there are no further
changes. Such cases are those due to errors in hygiene—bad air,
poor food, lack of light or exercise—to small hemorrhages, and to
the earlier stages of the diseases next to be mentioned.

The lack of ecoloring matter is usually not present in every cell,
as is seen in the stained specimens. Some are very pale at the cen-
tre, while others are well stained.

IT. Second Stage.—Usnally the next changes to’appear are, like
those already mentioned, gualitative, 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
usually being commoner than the giant forms. These variations
in size and shape are sometimes termed *poililocytosis,” and the
dwarf and giant forms are called respectively microcytes and ma-
crocytes.

Maragliano' has included the above changes, together with others
about to be described, under the heading of

Neerobiosis in the ved corpuscles, attributing them to a patholog-
ical eondition of the serum.

The changes united under this heading may be divided for con-
- venience’ sake into

(@) Endoglobular changes.

(&) Poikilocytosis and crenation.

(¢) Changes in staining properties.

(d) Changes involving motility in the corpuscle as a whole, or
in parts of it.

() Decrease in the average diameter of corpuseles with loss of
the power to form rouleaux.

All these changes may be watched in normal blood outside the

1 XI. Cong. f. Inn. Med., Leipzig, 1802,
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‘motions are not to be confounded with the finer Brownian or “mo-
lecular” movement to be seen in any healthy cell. The small bits
broken off (Fig. 26, ¢) ave doubtless the dwarf eells seen in dried

and stained preparations. Curiously enough, these fragments tend
again to assume the biconcavity characteristic of normal ﬂe].ls, as a
drop of fat breaks into smaller but similar drops.

() Oval shape.—A great many cases of pernicious anemia and

FiG. 27.—Elongated or Oval Corpugeles in a Case of Pernicious Anmemia.

some other diseases (see Epidemic Dropsy, page 256) show a
marked tendenecy to oval shapes in corpuscles not otherwise consid-

‘erably deformed. Even in normal blood I think there are a small

number of oval forms, and in an@mia this number may be greatly
inereased till, as in Fig. 27, 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.

() Changes in Staining Properties.—Normal red corpuseles have

' affinity chiefly for acid stains. The same degenerative changes
- that lead to the alterations in shape and size above described alter
.,ﬂw staining properties of the cell as well, so that it takes up two or

«ﬁhraa colors (according to the number present in the stain), either
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mals by poisons has been found (Mya and Sanavelli, Areh. ital. di
Biolog., xvii., 1892) to inerease the susceptibility to infectious
diseases.

ITI. Third Stage.—Here the number as well as the guality of
the red cells begins to suffer. So far I have mentioned only the
qualitative changes in secondary anwemia and have purposely made
these changes more prominent than the actual diminution in the
count of red cells, because it is only comparatively ravely and in
very marked ecases that the diminution in red ecorpuscles is con-
siderable. The blood characteristic of most cases of secondary
angemia is one in which the number of red cells is approximately
normal.

The important exeeptions to this rule are: 1. The anmmias of
infancy and early childhood. 2. Large hemorrhages (soon after
their oecurrence). 3. Malaria. 4. Acute septiceemia.

The direet and rapid destruction of the eorpuscles by the mala-
rial organism or hemorrhage account for this. Of sepsis and the
aniemias of infaney I shall speak later.

IV. Fourth Stage.—The blood of secondary angemia shows often
evidence not only of degeneration and destruction of the cells but
~also of regenerative changes, namely:

Nucleated Red Cells.

These are usually divided into three groups
(@) Normoblasts,
(%) Megaloblasts.
() Microblasts.

Normoblasts.

(@) The first are normally present in moderate number in the
bone marrow of healthy persons, and in great numbers in the mar-
row after hemorrhage. They are generally considered to be a
younger stage in the life of the corpusele than the non-nuecleated
forms seen in the eireulating blood. Henee the appearance in the
peripheral eirculation of this form of nucleated cell is considered to
mean that, in the comparatively plentiful reproduetion of red cells
called forth in the marrow by the an@mia, a certain number of red
cells leave the nursery (the marrow) before they are grown up and
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and eirculating blood of grave forms of ansmia it is to be found,
usually in company with a certain number of normoblasts.

Ehrlich described megaloblasts as the sign or produet of a differ-
ent type of blood formation, namely, the fetal type, and considered
those an@mias in which it occurs as tending to a return of the blood
to the feetal state. [This has been recently confirmed by the re-
searches of Pappenheim, though Ehrlich’s detailed theory of two
methods of blood formation is now generally diseredited. All nu-
cleated red cells lose their nuclei by “absorption ”; none by extru-
sion. ] Ehrlich regarded the presence of megaloblasts as a bad
prognostic sign, and believed that a pernicious or fatal anmmia was
characterized by an excess of these cells over the normoblasts. He
vecognized that they might be found in varions milder forms of anse-
mia; but herve the peevailing type is the normoblast, and regeneration
may be more active than degeneration. Inhis general eonception of
the prognostic import of megaloblasts Ehrlich has been supported by
the weight of later clinical observation, although it has been shown
that the anmmia due to intestinal parasites can be eured, despite the
presence of the megaloblasts as the prevailing type of nucleated red

cells. So far as 1 know this i1s the only exception to Ehrlich’s
rule.

The typical megaloblust is an abnormally large cell (11 to 20 » in
diameter, frequently showing marks of degeneration (polychromato-
philia) in its protoplasm, which is therefore brownish or purplish
with the Ehrlich-Biondi stain. Its nucleus is very large, filling
most of the cell, and contrasts with the normoblast nueleus not only
by its greater size but by the pale, even stain which it takes up.
The commonest eolor of the nucleus with the Ehrlich-Biondi stain
is pale green or robin’s-egg color. It is not stained evenly but
dotted over with purplish granules arranged in a fine mesh like the
knots in a fish-net (see Plate IV.).

Outside the nnclens there is usually a retraction band of clear
white, apparently an empty space, separating the nueleus from the
encireling protoplasm. The protoplasm eclose round this colorless
ring is usually stained more deeply than the rest of the cell.
Cracks and “flaws” are sometimes to be seen in the protoplasm,
giving evidence, as its purplish stain does, of the necrobiotic changes
deseribed by Maragliano.

The outline of the whole may be quite cireular: oftener it is oval
or somewhat irregular, but rarely much deformed.
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Examination of the Blood.

Normal red cells

..., Normoblasts

*

= I !_"‘! . —- Microblaat

x
- . _____ Cells in karyo-

kinesis

Varieties of Nucleated Red Celis.

m. m. m. m = Typical megaloblasis. D. D. D, D. = Cells with dividing nuclei.
0.0 0 0.0 0 0 = Other (unnamed) varieties of nucleated red corpuscles.

% v o
Seale of

‘ Polychromatophilis cells

Cells deformed in slze or shape,

B. C, Cabet fee. _ Lith, Anst. v, B. A, Funka, Leipzig.
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while most * normoblasts ¥ are old, as shown by their small, dark,
coarse-skeined nuecleus, so that in the majority of cases Ehrlich’s
criteria for the two varieties are sufficiently correct for diagnostie
purposes. Pappenheim of course wishes to abandon the terms
“megaloblast” and “normoblast™ altogether, but since size still
remains the most easily recognized eriterion of “megaloblasts ” and
“normoblasts ¥ I shall eontinue to use the terms. On the chances,
then, any nucleated red cell over 10 p diameter should be classed as a
megaloblast whatever the appearance of its nuelews, and any noeleated
red cell wnder 10 o diameter is probably « normoblost whatever the ap-
pearance of its nucleus. Wieroblosts simply represent degenerating
forms (usually normoblasts) whose protoplasm is falling away.
The elinieal significance of the two varieties is just such as Ehrlich
supposed. [These points will be made clearer by reference to Plate
IV. and the remarks intended to explain it. |

In most cases of severe secondary ansmia we find a few normo-
blasts. In very severe forms, whatever the cause, we may or may
not find an oecasional megaloblast. But these are much rarer than
the normoblasts, even in the severest types of secondary anmmia.
~ The only exceptions to this rule are the ansmias due to intestinal
parasites, in which, though seeondary and eurable, the megaloblasts
in some cases predominate over the normoblasts.

Summing up the changes characteristic of secondary ansmia,
which ineludes almost all the important pathological appearances
oceurring in red cells, we have:

() Lack of hamoglobin.
I. { (4) Lowered specifie % Characteristic of mild cases.
‘E gravity.
II. The above and necrobiotic !L Characteristic of moderate

changes of Maragliano, cases.
(¢) Lack of red cells. ]
I11. (#) Presence of  normo- | Characteristic of severe
blasts and the above | cases.
(I. and II.). |
IV. Megaloblasts and the above Characteristic of wvery se-
(I., II., and III.). VEre cases.

The changes in the white cells will be diseussed in the next
chapter.

Among the eommonest causes of secondary anemia are: 1. In-
fective and febrile diseases, acute or chronic. 1I. Malignant dis-
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same. (2) When lencoeytosis lasts for months, as is often the case
in long-standing suppurations and malignant neoplasmns, there is no
doubt that leucocytes are formed and turned into the eireulation
more rapidly than under normal eonditions. The total number of
lencocytes in the body is then greatly inereased. In such cases the
marrow is found to be hyperplastic whether the lencoeytosis is due
to bacterial toxins (Ribbert) or to long-continued experimental in-
jections of albumoses (Taylor). Chronie leucocytosis, then, is a
funetion of the marrow.

(#) 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 eubic millimetre. For such
an individual ten thounsand eells 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.

(¢) Further we must lay stress upon the varieties of lencocytes
whose increase constitutes leucocytosis in distinetion from either
variety of leuksemia (myeloid, or lymphatic).

For instance, given a count of eighty thousand lencoeytes per
cubie millimetre, we cannot tell without knowing the varieties of
eells present whether the case is a genuine leukiemia or merely a
lencocytosis symptomatic of pnenmonia, suppuration, malignant
disease, or other conditions.

(¢ ) Thus defined leuncocytosis is of two kinds. 1. That in
which the relative proportions of the different varieties to each
other is unchanged. 2. That in which the increase is made up
solely or largely by a gain in the polymorphonuelear leucocytes.

The latter includes nearly all long-standing and pathological
leucocytoses, the former being confined chiefly to the transient
physiological lencoeytoses next to be deseribed.

(e) 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, ete. Thus the normal for adults is usually set
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PrysionoGicarn LEUCOCYTOSES.

1. Leucoeytosis of the new-born.

2. Leucocytosis of digestion.

3. Lencocytosis of pregnancy.

4. Leucocytosis post partum.

5. Leucoeytosis after violent exercise, massage, and cold baths.
6. Leucocytosis of the moribund state.

The Lﬂtrﬂm_giﬁmﬁ'x as Apfected by _.".h:r:;rfm‘.fn-m

(a) Total abstinence from food lowers the lencocyte count. In
the blood of the professional faster Sucei, 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).' The polymorphonuclear cells and
eosinophiles are said by Tauszk to be inereased in chronie 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 that the number of lencocytes depends
~ (within eertain limits) on the individual’s assimilation of food. In
cancer of the gullet we find similar low figures.

(4) After a meal rich in proteids the leucoeyte count rises about
thirty-three per cent in most 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. Digestion lencocytosis is always relative to the
count of the individual’s blood when fusting. This is to be ob-
tained preferably before breakfast, as during the day the leucocyto-
sis cansed by one meal may not be gone before the influence of the
next meal begins. Examples of digestion lencocytosis in diseases
other than gastric are seen in the following table :

P — E—

Case, THagnosis, Cw;:i:i"ff"m E""J_".f:{.“ =3
1 R e T 10,000 | 18,900
L Poeumonia.. ... B e LA 103, 400 21,700
Tt Meurasthenia. ... .ccoiaee wnas 7,500 13, 5040
L P Adhesions around gall-bladder. 5,450 H, 650

1% Das Hungern,” German translation by O. Frinkel. Hamburg, 15390,
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2. As suggested above, we can form some idea of a person’s
general vigor, nutrition, and capacity to assimilate food by the
number of lencocytes and the proportion of mononuclear cells, as
compared with the average figures for that age and locality. Per-
sons debilitated from any reason are apt to show it in their blood
by the changes above mentioned, the element of hysteria being
sometimes recognizable by other signs (see below * Eosinophilia,”
page 115).

+. Slowness of digestion is indicated by a late appearance of the
digestion lencocytosis. The inferences to be drawn from the blood
in diseases of the gastro-intestinal tract will be discussed later (page
2987,

4. Perhaps the chief importance of digestion leucocytosis is as a
possible cause of false inferences, through being taken for a patho-
logical inerease. Bearing this in mind, we must always examine
the blood as near a meal as possible, or better still before breakfast.

Leucocitosis of the New-Born.

The following table is compiled from the best authorities on the
-subject (Schiff, Gundobin, Bayer, Hayem, and others) :

Age. ERed cells. Leucocytes.

S T — 5, 900, 000 17, 000 to 21,000 (26, -
000 to 36, 000 after
first feeding).

End of firetday.............. 7,000, 000 to 8,800, 000 24, 000

“ gecondday........... Generally increased. 30, 000
“ fourthday........... 6, 000, 000 20, 000
“ peventhday.......... 5, 000, 000 15, 000

il T e ] e S 10, 000 to 14,000

Twelfth to eighteenth day ... a8 R o R 12,000

B Y o s hivs| . eesasrsseies 12,000

Sixth year and upward ...... e s 7, 500

The increase is explained by Lepine, v. Limbeck, and others as
a combination of blood concentration with large digestion leucocy-
tosis. Gundobin and others are opposed to this theory. Certainly
t]_le influence of digestion on infants’ blood is much greater than in
adults. After a meal 30,000 lencocytes is never a very high count
_in infants under two years.

A fuller discussion of the subject will be found in the chapter
on the blood in infancy.
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Schultz (Deut. Aveh. f. klin. Med., 1893, page 234) found the
deucocytosis of exercise amount to about the same as that of diges-
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tion, 11,000 to 13,000. He also noted that in dogs merely opening
the peritonenm aseptically or breaking a leg cansed lencocytosis.’

! Blake (Annals of Surgery, 1901) reports on the blood of runners in a

" recent * Marathon race " as follows : The leucocytes rose from 7,000 to 10,000

L Rte i bl Wuboas o o

before the race to 18,000 to 21,000 after it. The polynuclear cells were in-
creased and eosinophiles absent.  After fractures Blake and Hubbard found
no increase in leucocytes.
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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
lencoeytes per cubie millimetre. Next day he was perfectly well,
On the contrary, short hot baths decrease and prolonged ones in-
erease the number of lencocytes.

Local arm baths have a similar effect, raising the count of leu-
cocytes in the blood of the immersed arm if cold and short, and
lowering it if hot and short, while prolonged immersion has an op-
posite effect. In the other arm the counts go up when those of the
immersed arm go down, and vice versa (Rovighi)." Mitehell * found
that the lencoeytes showed distinet increase (as well as the red cells
and haemoglobin) after one hour’s general massage.

All these forms of lencocytosis are usually explained by changes
in blood pressure, and vasomotor changes affecting the calibre of the
peripheral vessels and consequently their contents.

Terminal Lewcocytosis,

The lencocytosis of the moribund state, though by no means in-
_ variable, oceurs in many cases, whether from the influence of a ter-
minal infeetion or from stasis. When death is sudden or rapid it
does not oceur. It seems to be analogous to the terminal rise of
temperature seen at the close of many chronie non-febrile affections.
The longer the patient is moribund the higher the count reaches.
In pernicious anzmia the increase may be so great as to simulate
lympharic leukiemia. Such a case ocewrred in the writer’s own ex-
perience. The patient had presented the signs and symptoms of
pernicious angmia, and the blood was typical of the disease in all
respects except for the lack of nueleated red cells!

Slides taken on the day of death showed a ratio of one white to
fifteen red cells, the small lymphoeytes greatly predominating, but
the autopsy revealed simply the lesions of pernicious anemia. The
differential count of one thousand leucoeytes on the day of death
showed : Lymphoeytes, 91.7 per cent; polymorphonuelear cells, 7.7
per cent; eosinophiles, 0.5 per cent. Four megaloblasts were seen
while counting these. The total lencocyte count was unfortunately
not made.

In ordinary cases the differential count shows an inerease in the

VArch. Ital. d. Clin, Med., xxxii., 3, 1503,
# American Journal of the Medical Sciences, May, 1804,
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geems to depend rather on the resultant of two forees, viz., the
severity of the infection and the resisting power of the individual.
These factors may interact in varions ways:

1. Infection mild: resistance good = amall leucocytosis,

2, = less mild : 0 less good = moderate lencoeytosis.

a5 2 severe: 5 good = very marked lencoeytosis,
4. e o i poor = no leucocytosis,

This will be illustrated later under “ Pneumonia” and under
* Bepsis.” Experiments on animals show that whereas moderate-
sized doses of septic enltures, not sufficient to kill the animal, are
followed by lencocytosis, larger doses after which death follows
speedily, do not raise the lencoeyte count at all. Animals wealk-
ened by any cause show less leucoeytosis to a moderate dose than
strong animals.

If the individual reaets from the shoek his leucoeytes are in-
creased again and rise above normal. If reaction fails the leuco-
eytes do not rise.

II. Inflammatory leucocytoses differ from physiological leucocy-
- toses—

(2) In being usually of larger extent and greater duration.

(#) In being almost always accompanied by a relative and abso-
lute inerease in the percentage of polymorphonuclear cells.

ITI. The course of the lencoeytosis as regards both amount and
duration shows, like the temperature chart, certain more or less
characteristic differences in different diseases.

IV. In some cases in which the absolute number of lencocytes
18 not increased, we see a relative increase in the polymorphonu-
clear cells, pointing to the fact that influences are at work similar
to those which produce an whsolute increase.

V. That the amount of exudation is not of itself a measure of
the amount of leucoeytosis is shown by the faet that erysipelas or
searlet 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 usnally means a severer infection.

VI. No direct eonnection exists between leucoeytosis and fever,
many febrile affections running their course with a normal leucoeyte
count. When both leucocytosis and fever are due to the same
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LEUCOCYTOSIS. 107

(%) Acute pancreatitis.

(/) Endometritis, cystitis (some acute cases),

(m) Gonorrheea.

3. Local inflammatory processes :

() Abscesses of all kinds and situations, such as

Felon.

Carbuncle, furunculosis.

Tonsillar and retropharyngeal abscess.

Appendicitis, phlebitis (some cases).

Pyonephrosis, perinephritic abscess, and pyelonephritis.

Osteomyelitis, empyema.

Psoas and hip abseess when not simply tubereulous.

Abscess of lung, liver, spleen, ovary, prostate.

Salpingitis and pelvie peritonitis, epididymitis.

(b)) Inflammations of the serows membrones ineluding :

Pericarditis, peritonitis, arthritis (serous or purulent, non-tuber-
culous), conjunctivitis.

(¢} 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, ete.

3. Towie Leucocytosis.

Under this heading I have grouped most of the conditions not
obviously to be explained as infections 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 leu-

eoCytOsis :

(@) Leucoeytosis of illuminating-gas poisoning.

h) £ “ quinine poisoning.

() 5 “ rickets (many cases).

() = “ the uric-acid diathesis, gout.

() " “ acute yellow atrophy of the liver. '

() " % advanced cirrhosis of the liver (some cases),
especially with jaundice.

(9) Cf “ acute gastro-intestinal disorders (pto-

mains?).
%) i “ chronic nephritis, usually in uremic cases,
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LEUCOCYTOSIS. 109

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 cecurrence will be discussed later (page 370).

. Lcm‘m-'ytuxfs e to T fnuwpf:rrﬁf'- and  Frperimental  Influences,

Pohl® found that most of the so-called tonies and stomachies
produce a slight increase in the white cells in animals, particularly
the vegetable tonics like tineture of gentian, and oil of anise seed,
while bismuth, bicarbonate of soda, and iron had no such effect.
Quinine, caffeine, and ethyl aleohol gave likewise negative results,
Von Limbeck found lencocytosis in men after oil of peppermint and
oil of anise seed.

Binz® got the same results with ecamphor. In all these experi-
ments the substances were given by the mouth.

Using subeutaneous or intravenous injections, Lowit experi-
mented on animals with hemialbumose, peptone, pepsin, nucleinic
acid, nuelein, extract of blood-leech, pyoeyanin, tuberculin, curare,
uriec acid, urate of sodiwm, and urea. All but the last of these
produce temporary decrease followed by inerease of lencoeytes.

Goldschneider and Jacob® used extracts of various organs.  Ex-
tract of spleen, marrow, and thymus produced lencocytosis pre-
ceded, as in Lowit’s experiments, by a brief diminution in the num-
ber of lencocytes, while extract of pancreas, thyroid, kidney, and
liver had no effect.

Winternitz' injected a large variety of substances subentaneously
and found that the degree of lencocytosis was parallel to the degree
of local reaction exeited.

For example, neutral salts and weak acids or alkalies produced
slight local inflammation and a lencocytosis of from forty to seventy-
five per cent of the original count. But irritants like turpentine,
eroton oil, nitrate of silver, sulphate of copper, mercury, antimony,
digitoxin, ete., produced local suppuration (aseptic) and much
greater leucoeytosis (two hundred to three hundred per cent).

Pilocarpine and antipyrin have been found by von Jakseh and
others to produce marked increase in the number of leucocytes when

1 Arch. f. exp. Path. u. Pharm., 1899, vol. xv.

? Arch. f. exp. Path. u. Pharm., vol. v., p. 122,

* Arch. f. Anat. u. Physiol., 1898, p. 567.

4 Arch. f. exp. Path. uv. Pharm., vol. xxxv., p. 7.
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LEUCOCYTOSIS. 111

lymphoeyte) shows a greater or less approximation to the appearance
of myelocyte protoplasm, i.e., a diffuse violet or purple color ex-
actly as in the myelocyte but non-granular. Engel makes a separate
variety of this cell, giving it the useless name of “mononnelear
cell.” Weil calls it the *“ non-granular myelocyte.” Tiirck considers

Fie, 3 —Atypleal Lenecocytes seen in Lencocytosis. 1, Leucoeytes with polar arrangement of
nuclel (mitogis ¥); 2 and &, lewcocytes with nuclel resembling those of myeloeytes ; 4, leu.
cocyte containing two kinds of granules.

its presence in the circulating blood to indicate a stimulation of the

marrow by the toxins of disease, resulting in the passage 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 nuelei,
ete. (see Fig. 28), require further study.

Changes like the above militate against the idea that lencoeyto-
sis 18 simply a matter of the distribution of fully formed lencocytes
in the peripheral or internal vessels.

For an aceount of iodophilia or the iodine reaction in the poly-
nuclear lencocytes during suppurations see p. 239,

Absence of Leucocyfosis.

It is of fully as great a practical assistance to us to know that in
eertain infective diseases lencocytosis is regularly absent as to know
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General Hospital in which a lymphatic lenksemia was terminated by
septiceemia from glandular suppuration, the white cells fell grad-
ually from 40,000 three weeks before death to 419 per enbie milli-
metre on the day of death. I have never heard of a lower count
than this. The differential count was unchanged (lymphoeytes =
ninety-eight per cent).

4. In pernicious anemia the count is usually very low and may
fall below 1,000 cells per cubie millimetre. Other severe types of
angemia (rachitie, syphilitic, post-hemorrhagic) may produce the
same result.

5. Splenic ansemia or the splenic form of Hodgkin’s disease is
often associated with marked lencopenia.

]4‘1’_\'[ PHOCYTOSIS.

Lympliocytosis is an absolute and velative inerease in the cireu-
lating lymphocytes. The increase is relative to the number of
lymphoeytes normal for the individual. When lymphocytosis and
an increase of the total leucoeyte count are present we cannot
distinguish the blood from that of lymphatic lenkeemia, and the
distinetion must depend upon the course and symptoms of the
Case.

1. Such a condition (relative to the adult) occurs in healthy in-
Jants' blood and in many diseases of infaney, the blood seeming to
have a tendency to return to the infantile type. This is especially
true of cholera infantum, rickets, and any intestinal trouble. Any-
thing that retards the infant’s normal gain in weight or general de-
velopment retards its blood development as well.  Thus a child of
three, convalescent from a summer diarrhoea, may have fifty to sixty
per cent of lymphoeytes, which would be normal for an infant of a
few weeks, but for three years old is very high.

2. Pertussis, as Meunier has recently shown, is accompanied by
a very marked lymphoeytosis, the lymphoeytes being quadrupled
while the polynuelear cells arve doubled. The inerease is absolute
as well as relative (see below, page 218).

Variola also shows lymphoeytosis according to Weil.

3. Heveditary syphilis is perhaps the best known cause of rela-
tive lymphoeytosis in children.  Sewrey may produce the same re-

“sult. Dividing the anmemias of children into two groups, those that

do and those that do not produce leucoeytosis, it appears that the
8
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Since reading Meunier’s account of the enormous lymphoeytosis
of whooping-cough 1 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 pnewmonia.

Dingnostic Value of Lymphocyfosis.

1. T have already suggested that the degree of health in persons
not organically diseased might perhaps prove to vary directly with
the percentage of polymorphonuelear cells in the blood.

2. Inchildren the same percentage is to a certain extent a meas-
ure of the child's degree of development—causes of leuncocytosis
being excluded, and the percentage normal for a child of the pa-
tient’s age being taken as the standard.

3. The diagnosis of obscure syphilitie disease may be supported
by the coineidence of lymphoeytosis with eosinophilia.

4. Absolute lymphocytosis in the presence of glandular tumors
is our mainstay in the diagnosis of lymphatie leuksemia, but whoop-
ing-cough must always be remembered as a source of error.

EosINOPHILIA.

Definition.—An increase in the number of eosinophiles in the
cireulating blood.

Plysiological Kosinophilio.

1. In the majority of infunts the eosinophiles are much more
numerous than in adults. Taylor has noted as many as 2,200 per
cubie millimetre in healthy babies.

2. A temporary increase oceurs during menstruation (eight per
cent, Zappert).

Among the causes of pathological cosinophilin are:

1. Bronechial Asthma and Fibrinous Bronchitis.—During par-
oxysms 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 below, p. 340) there were 53
per cent of eosinophiles in a leucocyte count of 3,300, Gabrit-
schewsky reports 22.4 per cent in asthma.

2. Aeute and Chronie Skin Diseases. —The most marked cases
are those reported by Lazarus (60 per cent of eosinophiles in witi-
carie (widely distributed), Zappert (33 per eent, or 4,800 eosino-
philes per cubic millimetre in pemphigus), and by Canon (17 per
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EOSINOPHILIA. 117

6. Compensatory FEosinophilin.—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 oceurs.

7. Medicinal FKosinophilic.—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 caunse eosino-
philia, and Taylor refers to nuclein and pilocarpine as possessed of
similar properties.

8. Myelogenous Leukwmin (see below, p. 168).

9. Eosinophilic in Hewmotoma, Hemorvhogic Erudations, and
Purpura.—Klein (Centralll. f. inn. Med., January 28th, 1899) re-
ports 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 eirculating eosinophiles:

White Per cent | Percent | Percent | Per cent
Case. Date, Red cells, calls Temo- poly- eEii - Iy mphin-
R globin. | nuclears, | ophiles, eyies,
1........| March 29 | 3,800,000 | 11.800 45 7T 12.5 15.8
Aprld | ........ 65, 200 = a5 37,5 6.
aprdlll | i 8,150 44 40, 16.
: (1563)
A 1T L TS [ BN 69,1 6.5 4.3
Kt 81 9,189 65.1 16.1 18,7
(1504)

Perhaps of a similar type is the eosinophilia exemplified in the
following report from a ease of simple purpura in a girl of eight.
White cells, 18,000; eosinophiles, 17.5 per cent; polynuclears, 44
per cent; lymphoeytes, 39 per cent.

Dimixvriox 18 EosINOPHILES.

1. During digestion and severe muscular exertion.

2. After castration (Neusser).

8. In febrile stages of pnemmonia, grippe, typhoid, diphtheria,
sepsis, and most infeetious diseases accompanied by leucoeytosis.
That this is not due simply to the presence of fever is shown by
the fact that in malaria and scarlet fever, despite high fever, eosino-
philes may be increased.

4. In the moribund state eosinophiles are diminished or absent.

5. Malignant disease, hemorrhage, and most of other causes of
leucocytosis also diminish the eosinophiles.
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tosis or by severe an@mia of any type, myeloeytes in small numbers
may frequently be found. Thus I have found them in most cases
of pernicious angmia and of malignant disease with lencocytosis.
Turck finds them in most acute infections, even in typhoid with
subnormal leucoeyte count. Engel has noted their frequent pres-
ence in diphtheria, while Neusser’ has noted them in various toxie
conditions such as puerperal mania, osteomalacia, uremia, carbonic-
acid poisoning, Basedow’s disease, diabetic coma. Others have
recorded their oceurrence in rickets, syphilis, phthisis, general
paralysis, ete.

_ The common elements in these various diseases are anmmia and
lencoeytosis.  Accordingly it seems to me reasonable to class them
as signifying a marrow stimulation, and as mueh akin to Tirek’s
“stimulation forms ” (see above, pages 110 and 111).

The most curious example of their oceurrence known to me is
the following:

Mrs. W—— had been starving herself more or less for six
months from motives of economy. Two weeks before I first saw
her she began to suffer with eystitis. From both these troubles
she made a rapid recovery, which has persisted now eighteen
months. There was at the first count a lencocytosis of 15,100
partly due to eyanosis, as she had just been having a chill. The
red cells were 7,300,000. Hamoglobin, eighty-seven per cent.
Differential counts were as follows:

Date. May 2d Ma&ymﬁt.h May Vth| May Eth Mn%;)%—'ith
Kumber of cells counted. B0, 100K, Ak, G0, 1,1H0H0,

A Per cent. | Per cent. | Per cent. | Perr cent. | Per cent.
o Pulgguﬁlm neutrophiles”. .. ng ?ﬁé,ﬂ HI: fi EH} 2 gﬁg

Lymphocyles......ocrennzes-- ’ .5 .4 1.8 5.

I.grge mu{mnuclear .......... 8.2 15 | 20 6.0 5.2
Myelocytes .........ccou0ieen. b 85 | 4.0 2.5 .6
Eosinophiles.......... e 0 .8 | 1.0 0 Ril

In a general way their presence seems to have about the same
significance as that of normoblasts, but they oeeur much more fre-
quently. As a rule I think they indicate an acceleration of the
marrow funetions by which red corpuscles and granular leucocytes
are furnished to the blood. Such an acceleration may be supposed
to take place in leuncoeytosis, lenkmmia, and severe anmmia, which
are the chief conditions in which myeloeytes appear in the blood.

1Cited in Klein: Volkmann's “Samml. klin. Vortriige,” December, 1803,
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nection with changes in the count of red cells, and so far as they
have not already been mentioned will come in under the various
special diseases.

Frerix.

The fibrin network to be seen in normal blood during eoagulation
(see page 54) is inereased in a considerable number of conditions.
Hayem has studied these minutely, and deseribed several varieties
of arrangement of fibrin fibres as characteristic of special diseases,
that is, he studied fibrin qualitatively as well as quantitatively, 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 lencoeytes or blood
plates, at least not in all cases (malignant diseases, seurvy).

In a general way we expect increased fibrin in infections and
inflammatory diseases, but there are notable exceptions to this.
The greater the exudation and the freer it is (in a cavity or on the
surface) the thicker the fibrin network, while so-called interstitial
inflammations or such conditions as parenchymatous nephritis show
little increase in fibrin. The seat of the lesions has no considerable
influence, except as it modifies the nature of the lesion. An absecess
in one place has the same effect as an abscess elsewhere, provided it
is equally free or equally confined, and of the same contents.

Tubereulosis does not inerease fibrin if uncomplicated. Leuco-
cytosis and fibrin behave alike in many respects, especially in rela-
tion to the vigor of resistance which the individual opposes to a
given infection. When the individual 1s 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 inereased both fibrin and leucocytes.
But neoplasms raise the count of lencoeytes 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 pnewmonia, acute
articular rhenmatism, suppurative diseases, and in seurvy. In
erysipelas it follows the leucoeytes (inereased in severe, not in mild
cases). In the early days of grippe it is inereased.

The fever of hysteria or chlorosis shows no inerease of fibrin, and
post-hemorrhagic angmia with or without fever shows none.
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generation of parasites. The same condition has been observed in
relapsing fever and in persons suffering from melanotie 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 Tschirkoft ' observed pigment in the leuco-
cytes.

HeMorrHAGE.

_Women can stand a greater hemorrhage than men. Children,
on the other hand, sueenmb to comparatively slight hemorrhages
(¢ Blood in Infancy, page 445). Individual differences make a
great difference in the ability to survive hemorrhage, and no exact
amount of blood ean be stated as the maximum that any one can
lose and yet survive,

Changes in the Blood Resulting from Hemorrhage.

The red eells and hemoglobin of course suffer proportionally at
first; later the hmmoglobin in the newly formed cells is always
deficient (see below).

The striking point in the blood after hemorrhage is the evidenece
it gives us that even before the hemorrhage has ceased the other
tissues begin to contribute fuid to make up the volume upon which
life depends. The serum is markedly diluted by this Huid, but still
serves to give the heart something to contract on and so prevents
blood pressure from falling as fast as it otherwise would do.  Were
it not for such contributions from neighboring tissues the organism
eould sustain but slight hemorrhage without suceumbing at once.
We have then after hemorrhage a diluted or hydreemic blood, even
though we do not assist the efforts of nature by contributing fluid
by intravenous or rectal injection. Behier reports a case due to
tranma in which the count was only 688,000 per cubic millimetre.

Coagulation increases in rapidity the more blood is lost, so that
after severe hemorrhage it takes place almost instantly.

Broonp REGENERATION.

The regeneration of the blood after hemorrhage may be taken as
typical of the same process in an@emia from other causes.

LZeit. . Klin. Med,, vol. xix., 1801,
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2. White Cells.—Immediately after a loss of blood we can
usually find a decided lewcocytosis despite the dilution of the blood
(see above, Post-hemorrhagie Leucocytosis).

This lencoeytosis 18 in no way different trom those ocenrring
from other canses. The percentage of polymorphonuclear cells is
usually increased, and the eosinophiles often disappear.  As pointed
out by Stengel we may have a lymphocytosis after hemorrhage,
either from the start or following a polynuelear lencocytosis. In
his case the percentages were: Polynuclears, 43.5; lymphocytes,
43.5; transitionals, 10; eosinophiles, 2.8. A ease of an@mia from
bleeding piles, in which the red eells were 2,723,000 and the hemo-
globin 385 per cent, showed in a total leucocyte count of 4,200, 69
per cent of small lymphoeytes and only 28 per cent of polymorpho-
nuclear cells. Leucoeytosis if present is rarely very high, seldom
reaching over 30,000, It is not invariably present, or if present
sometimes is of very short duration. Thus in a patient whose red
cells were redaced 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 erushed 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 cevelwral lhemor-
rhage which is not large enough considerably to affect the red
cells in most cases. Ten apoplectie cases (with autopsy) ob-
served at the Massachusetts Generai Hospital showed such counts
as the following:

1. Red cells 5,512,000, white cells 25,000, Hb. 85 per cent.

2. Red cells 5,560,000, white cells 15,600, Hb. 90 per cent.

Whether the leucocytes are here affected by any influence other
than that of hemorrhage I do not know,

The effect of transfusion (intravenous saline solution) is appar-
ently at first to inerease the lencoeytosis.

D——, a patient with traumatic rupture of the urethra, had had
severe hemorrhage for forty-eight hours before it was checked at 1
P.M., November 1st, 1895. At 4 r.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 intra-
venous injection under the strictest asepsis. Ten minutes after
the transfusion the leucoeytes numbered 32,400, One hour later,
they were 24,700, and the red ecells 3,632,000. Four hours later,
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THE PRIMARY ANJEMIAS. 135

apparently restored to health and goes to work with a langh at the
doctor. I have followed one ease through five such relapses in a
period of three years before the fatal issue came. Frequently the
patient feels so well 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.”

i The accompanying charts' show the three types usually met
~ with; No. IL being, of course, only a fragment of a case similar to
: No. L., 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 tendeney 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 oceur without the red cells sinking
below 1,000,000. It seems as if some self-applying mechanism
tended to arrest the destruction of corpuscles at or near this point.

In counting the red ecells some difficulty and error may result
from the very small size of some of the cells. It is especially in-
portant that the diluting solution should be clean and freshly madz,
else without the aid of a stain it may be hard to distinguish the
 dwarf cells or microcytes from bits of extraneous substance,

QUANTITATIVE CHANGES,

White Corpuscles (see Table I.).—The rule is a very consider-
able diminution in the number of leucocytes. Thus of 110 cases
which I have examined T1 were under 5,000, the average of all
~ being 3,800.

{ [I have excluded from this series counts made immediately after
~ hemorrhages and counts in infants. The latter are very apt to show
~ a lencocytosis in connection with any form of anemia.]

As the disease progresses the leucocytes fall even more rapidly
~ than the red cells, and counts as low as 500 white cells per cubic
! ;;ﬁlhmetr:a are not uncommon.

5 ~ Leucocytosis 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 di-

1 The number of perpendicular lines represents the number of weeks.
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should expect that the hamoglobin would be relatively high, and in a
larger percentage of cases than the v, Fleischl instrument indicated.

An increased eolor 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 whaose eolor index is low and in which the average diameter of
the red cells is normal are apt to be 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 the hmemoglobin
and red cells were both tested was 1.04, the average percentage of
hemoglobin being 26 and of corpuseles 24 (= 1,200,000).

QuariTaTive CHANGES.

1. Red Corpuseles.

We must distingnish here between

I. The active stages of the disease and

II. The remissions.

- In the active stages we find:

(@) 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 oceur.

The average diameter may rise as high as 11 to 13, 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 pernicions anmmia
found the following percentages of oversized red cells: 71, T1, 66,
63, 60, 58, 57, 56,

Out of one hundred and ten cases in which T have looked for this
point, eighty-nine showed the increase, as far as could be judged
without measuring any large number of cells. This does not mean
that every cell is larger than normal, but that those larger than
normal outnumber those undersized; the “maerocytes” are more
numerous than the “microcytes.” Oeccasionally we see cells over

20 p in diameter, some with nuclei, some without.

(b) Deformities in Shape.—The eye soon gets used to the shapes

assumed by the necrobiotic corpuseles and learns to distinguish them
- from the distortions due to technique or to crenation. Most of them
fall under one or another of the types shownin Plate IV. The very
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that such cases have any better or worse prognosis than others. I
have never seen cases whose red cells were all wndersized, 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,

(¢) Staining FProperties of the Red Cells.—The white spots or
streaks deseribed by Maragliano, Hayem, and others are very often
seen in the red cells of pernicious anemia despite good technique.
Some corpuscles are so pale in the centre that we see only the
narrow ring of stained protoplasm at the periphery, a mere shell.
Others are swollen up so as to show no sign of central biconcavity,
and stain deeply and evenly all over.

More common than in any other form of angemia are the polychro-
matophilic red cells (see Plate 1V.) which with the Ehrlich-Biondi
mixture stain brownish, purple, or gray, either as a whole or in parts.
In cover-slips stained with thionin the spotted appearance of the pro-
toplasm deseribed by Ehrlich and Grawitz is usnally marked. In the
nucleated red cells the protoplasm is very apt to show these changes.
In some cases it is difficult to distinguish normoblasts from lympho-
eytes. In diffieult cases we have sometimes to fall back upon the ap-
pearances of the periphery, which in most red corpuscles shows
some thin place or erinkle characteristic of a fat cell, while the lym-
phoeyte gives us the more solid-looking outline of the spherical cell.

All these mierochemical changes can be better brought out with
h@matoxylon-eosin or eosin-methyl-blue stains, but all that is
needed for elinical purposes can be made out with the ordinary
Ehrlich-Biondi mixture.

2. Nucleated BRed Corpuseles,

Nothing further needs to be said in description of these forms
(see above, pages 89-93). We have no eraet method of estimating
the number of nucleated cells either in relation to the whole number
of red eells or in a cubie 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 corpusecles, we can caleulate 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,%13 white) and we have seen two nucleated red corpuseles 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
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THE PRIMARY ANJEMIAS, 145

that for a time a moderate lencocytosis may be present. This in-
crease 1s made up very largely of polymorphonuelear nentrophiles,
and is due, no doubt, to the increased activity of the marrow
throngh which both red corpuseles and granular leucocytes are mul-
tiplied. The eosinophiles may also be inereased as in the following
case of Ehrlich: Red cells, 4,115,000; white cells, 18,300,  Differ-
ential ecount of 400 cells showed: Polynueclears, 78.2 per cent;
lymphoeytes, 12; large mononuclear, 0; eosinophiles, 9.5 per cent.
In another similar case he found 11 per cent of eosinophiles.

As the percentage of polymorphonuelear neutrophiles incereases
the percentage of lymphoeytes deereases, and the myelocytes, which
are usually present in small percentages during the active stages of
the disease, disappear. The number of megaloblasts steadily de-
ereases, 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, appar-
ently in splendid health and spirits. His skin and mucous mem-
branes were ruddy red, his heemoglobin 90 per cent, yet to my
great surprise I found only 2,500,000 red cells to the eubie milli-
metre. The stained specimens showed the largest red cells which
1 have ever seen, for the most part perfectly well shaped and natural
looking, but averaging 12 » in diameter. This stage is, however, a
comparatively short one, and the size of the red corpuseles soon be-
comes normal or subnormal. The abnormal staining reactions and
the oval formns disappear. As a rule, the count of corpuscles does
not remain long above 4,000,000, but ranges in the neighborhood of
3,000,000 during the greater part of the remission,

3. Tue Rep Ceris. Usually the proportion of large forms
diminishes as in Ehrlich’s case: («) Active stage; red cells 1,540,-
(00, large forms 66 per cent. () 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 “pessary shaped” cells (pale centres) appear, giving the
blood the appearance of secondary anmmia. Polychromatophilie
and spotted cells grow less numerous, but Ehrlich maintains that

the latter may remain even when the blood has otherwise regained
10
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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 ane-
mia. 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 symptoms of chlorosis are due to lack of hemoglobin per cor-
pusele (for the corpuseles 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 anemia contrast strongly with
this.

The white cells are about the same in both diseases, though
usually fewer in pernicious an@mia. Lymphocytosis is common to
both diseases. Myeloeytes are occasionally found in chlorosis, hut
much less eommonly than in pernicious ansemia.

2. Pernicious Anemia and the Anwmiv of Malignont Disease, —
Not long ago I examined the blood of a gentleman who had grad-
nally and without assignable eause acquired a **lemon-yellow ™ pal-
lor, without loss of flesh, vomiting, pain, or any loecalizing sign or
symptom. The diagnosis of pernicious anwemia had been made.
To my great surprise I found over 4,000,000 red cells, with only 38
per cent of heemoglobin, and 18,780 white cells, 8G per cent of
which were polymorphonuclear nentrophiles. One normoblast was
seen. Fibrin was not increased. The anmmia was evidently sec-
ondary, and the autopsy ten months later showed cancer of the
stomach.

Osler and MeCrae record a case in which the symptoms and signs
(except the blood) were so suggestive of pernicious an@emia that Osler
made that diagnosis. Six months later a nodular mass was felt in
the region of the stomach and the patient soon after died. TIn this
case the red cells varied between 2,840,000 and 3,048,000. The
leucoeytes numbered 11,500; there were no nueleated red cells and
but slight poikilocytosis. Heaemoglobin was 25 per cent, i.e., the
blood of secondary anemia. I have since had four similar cases.

Malignant disease may bring down the count of red cells to
1,000,000 or lower, but in siweh cases lencocytosis is often present.
As will be seen in the chapter on malignant disease, lencocytosis is
by 1o means invariable in the ansemia of cancerous growth, but in
those eases which canse such an anmia as to resemble the connts
of pernicions anemia, leucoeytosis is the rule. This in itself is
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THE PRIMARY ANEMIAS. 149

eter and color index in the red cells) serves to make the diag-
nosis clear.' _

4. Pernicions Anemia and Lewkowdin. —Oceasionally in infants
these two diseases seem to approach very near each other and are
difficult to distinguish. In infaney, as is well known, any an@mia
(primary or secondary) is apt to be accompanied by leuncocytosis
and an enlarged spleen. Further leuksmia, which in adults usu-
ally causes a relatively slight anmmia, affects the red cells much
more strongly in infaney, and may reduee them to a number de-
cidedly suggestive of pernicious an@mia. Therefore in both dis-
eases we may have enlarged spleen, great anwemia, and lencocytosis,

The one characteristic point of leuksmiec bloodi—the abundance
of myeloeytes—usually enables us to distinguish the two diseases,
for although present in both diseases the myeloeyte is much more
plentiful in lenkemia. Unfortunately we have no way of fixing
just Aow numerous myelocytes must be in order to constitute leukae-
mia. It is only in infaney and very rarvely then that this difficulty
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 clinical resemblances
eannot here be discussed. (For further comment on this point see

page 454).
PRUGH(HT]{? T-ALUE NF THE HI.HHD IN ]’EHNIUHH'& :’iK.TEMIA.

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).

(@) Extreme progressive an- («) Remissions.
M. () Normal or low color index.

(#) High color index. (¢) Normal-sized or small cells.
(¢) Increase in size of red cells. () No degenerative change.
(d) Degenerative changes. (¢) Numerous normobiasts.
{e) Numerous megaloblasts. () Few megaloblasts.
(f) Few or no normoblasts. () Normal percentage of poly-
() Lymphoeytosis. morphonuelear cells.

It has been thought by some observers that the absence or great

! Another point of difference emphasized by Grawitz is that the plasma of
pernicious anemia has a relatively larger amount of solids than that of ane-
mia secondary to the above diseases. This is hardly a clinically applicable
test, but is said to be a valuable one. :






Magnified 850 diameters. Note the relatively large size and
wellstained centres of the cells,

3 of two of these diseases and of normal blood, all on precisely the

- Fi6. 31— Pernicious Anemia,
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3. THE BLOOD IN CHLOROSIS,

This has been already deseribed for the most part under the
heading of Secondary An@mia. In many cases the two arve 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, ac-
cording to the severity of the case. Leucocytosis is ravely if ever
present in uncomplicated chlorosis, but is often absent in secondary
an@emia. Normoblasts may be present in both. The chief points
of distinetion are:

() The red cells are more apt to be uniformly under-sized and
under-colored in chlorosis, while in secondary an@mia we more often
find normal cells among the diseased ones.

(#) The color index may be lower in chlorosis than is common
in secondary anmmia, and this lowering is more constant in chlorosis,

(¢) Absolute diminution in the number of polynuelear lencoeytes
which is very common in chlorosis, is not so common in secondary
anEmia.

(d) Nueleated corpuscles are less common in chlorosis than in
an@mia secondary to malignant disease.

(#) Coagulation is rapid, in contrast with the very slow clotting
of pernicious anemia and of many secondary angmias.  Yet fibrin
is not increased. The inereased rate of eoagulation seems to be
connected with the marked increase in blood plates, which is almost
always present.

Polwme and Orygen Capueity of the Blood.

The blood volume is greatly increased. In 21 cases with hemo-
globin below 30 per cent Smith found the average volume 4,883 c.c.,
or over one-half greater than the normal average (3,240). The vol-
ume is inereased in proportion to the severity of the disease. Some
eases showed 6,400 c.e. of blood, or I:I'E:H.-I‘].Ij' double the average. At
the same time the total oxygen capacity (or total hwemoglobin) is
approximately normal, averaging over 95 per cent in 21 cases.  As
the specific gravity of the plasma is normal, there appears to be a
great inerease in the amount of normal plasma. If we were to
imagine this excess of plasma filtered off, there wonld remain (e.q.,
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 con-
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small numbers after long search. They are almost always of the
normoblast type, but megaloblasts 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 enbic millimetre. I
have never found megaloblasts.

The scantiness of nucleated red cells is a point of contrast with
the an@emia secondary to malignant disease, in which even in mildly
an@emic states we readily find nucleated corpuscles, while in chloro-
818, even in severe cases, a long search may show very few or even
none at all.

Speeifie Gravity.

Chlorosis is usnally agreed to be one of the diseases in which
specific gravity and hamoglobin run parallel, and as the inaccura-
cies and inconveniences of the v. Fleischl instrument are so great,
it seems to the writer better to follow the specitic gravity rather
than the hazmoglobin., The tables on page 41 (Part 1.) show how
the inference from density to coloring matter can be made. A
specific gravity of 1030 is not very rare,

Waite CeLLs.
A, Quantitative Changes.

Leucoeytosis is absent in uncomplicated cases. In the series in
Table VI. the occasional leuncocytosis may be due to digestive or to
a variety of other influences (uterine troubles, ete.), which could
not be excluded.

The average in Thayer’s 63 cases was 8,467 ; in the present series
(see Table VI.) it is just under 8,000,

As in pernicious anmmia, 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
hiemoglobin was under 40 per cent had an average of 6,350 leuco-
eytes per enbie millimetre, while 52 cases whose hemoglobin aver-
aged GO per cent had an average of 9,250 lencocytes. He 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-
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I. MYELOID LEUK./EMIA.

The drop as it emerges from the puncture looks somewhat
opaque in color, but is neither whitish nor chocolate colored. Tt
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-
lometer, and fibrin is not inereased.

Rep CErLLs.

In the earlier stages of the disease there is no an@mia. Later
the diminution in red cells is moderate, averaging about 3,120,000
in the forty-seven cases {}f 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 h@moglobin
is usnally diminished, the color index being about 0.6 in my cases,
It is difficult to read the v. Fleischl instrument in lenksmia, as the
presence of so many lencocytes gives a muddy tint to the liguid,
not easy to compare with the red of the glass.

TanLe VII.—LEUKEMIA.
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Examination of the Blood,

FPLATE ﬁ_

T

Figure I = Splenic-myelogenous Leucaemiz
Figure II == Leucocytogie (cancer of kidney)
Calls stained yellow = Hed corpuscles
128 443 5= Polymorphonuclear neutrophiles

8 = Lymphocyte
Tat = Eosinophiles
Pa l = MNucleated red corpuscles

All others = Myelooytes

¥ o 0
‘-'-l—-l-—-—-fﬂ*l-.u......._.
Cells stained yellow = Red corpuscles Scale of p

All others =

Polymorpho-
nnelear-
neuntrophiles

Figure 11
Leucocy tosis.

H C Cabet fac Lith, Anst. v, E, A, Funke, Leipsiz
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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 channels of lenk®mic marrow is very clearly
indieated, all the more so as in the lymphatic form of the disease
in which the bone marrow is much less affected, nueleated corpus-
eles are much less numerous, appearing in relatively small numbers
in the very acute anmmic cases and not at all in those which are not
anemic. The protoplasm of the erythroblasts is usually polvehro-
matophilie, contrasting in this respect with the acidophilic proto-
plasm of embryonic and infantile erythroblasts.

The variations in size and shape correspond to the degree of
an@mia 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 whitewcells rises, that of the red may fall,
and wice versa ; or the red cells may remain at a comparatively high
figure despite the progress of the white.

WHirre CELLS.

Quantitutive Changes.

The average number per cubic millimetre in the forty-four cases
of Table VII. (the lymphatic cases being excluded) was 438,000
at the time when the cases first came under observation.  The high-
est count in this series is 1,072,222 and the lowest 98,000,

Among the older recorded cases are some in which the white
eells were said to be more numerous than the red. The average
ratio in my series is about one white to seven red. The highest
ratio is 1:2, and the lowest 1:37. It is best to use the “red
counter ” with a dilution of 1: 200 in counting the white cells, other-
wise they are often too crowded for convenience. Hayek ' has shown
that the count of leucocytes may vary enormously in a very few
hours; e.g, 10 a.m., 122,500; 4 p.a., 235,000; or again, 10 a.w.,
730,000; 4 r.u., 547,500,

In the fresh specimen we notice that a large proportion of the
white cells are but slightly ameboid, a point of marked contrast
with lencoeytosis, in which the leucocytes are actively ameeboid.
This is due to the fact that the myeloeytes which form so large a
portion of the lencocytes in this disease possess little power of
amaboid motion.

! Hayek: Wien. klin. Woch., 1807, No. 20.
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TasLe VIIL—Mvevoip LEuk®Esia (Condinued).
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With or without the influence of therapeutic agencies or after
splenectomy the white cells may fall gradually to normal and 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
throngh an attack of lobar pneumonia in safety.

At such a time, when no inerease in the white cells is present,
we should never suspect lenksemia, seeing the case for the first time,
unless we chance to make a differential count; then the character-
istic qualitative changes (see below) may be found, or the blood
may be wholly non-lenka®mie, as in a ease recently reported by Me-
Crae, and in a similar case slides from which were recently shown

me by Martin.
QuarLiTATIVE UHANGES.
1. Myeloeytes.

The enormous number of myelocytes is the chief point of inter-
est. The average in my 36 cases was 35 per cent (see Table VIIL.),
rising in one case as high as 55 per cent and only thrice falling lower
than 20 per cent.
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one polynuclear eell looks very much like another, but in this form
of lenkamia we are often struck by —

(«) Very small cells or very large cells (4 to 20 » in diameter).

(&) Davk stained or very peale stained cells,

(#) Unusual shapes in the nuclei.

(¢f) Vanrations in the size and staining of the granules. While
normal polynuelear cells have granules nearly of one shade, the
leukz@mic polynuclear cells have granules varying from yellow or
pink to purple or blue. Their size also varies greatly. Taylor
found some as large as eosinophilie granules,

Besides these variations we often see cells apparently belonging
to this type, but whose protoplasm shows no color or granulation
whatever. Other eells show a few granules scattered about against
a perfectly white background. Such ecells may contain basophile
granules beside the neutrophile.

{#) There are always some cells on the border-line between the
polymorphonuclear and the myeloeyte, and in regard to which de-
cision must be arbitrary. 1 have lately been in the habit of classi-
tying such cells as Trousitionel Newtrophiles.  Similar cells are
found in lencocytotie and anwemic blood (see page 110).

4. Lymplocytes.

In pereentages the lymphocytes are reduced from their normal,

20 to 30 per cent, to an average of 10.6 per cent, as in leucocytosis,
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 8,760 out of the
average 438,000, the total lencocyte count per enbie millimetre, and
8,760 1s three or four times as many lymphoeytes per cubic milli-
metre as are present in normal blood.
» The proportion of large and small forms among the Iymphoeytes
varies a great deal. Sometimes the small lymphoeytes in this form
of lenkmemia do not differ from those of normal blood either in abso-
Iute number or in type, but in most cases we find large numbers of
the following atypical varieties:

(e) Large lymphoeytes with a protoplasm so darkly stained that
it 1s diffienlt to distinguish them from myeloeytes.  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 myeloeyte.  The personal equation alone de-
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are found in the marrow in considerable numbers and may con-
stitute the majority of the eosinophilic cells in this form of len-
kemia. Oceasionally we see eosinophiles with a few basophilic or
nentrophilie granules as well. Eosinophilic myelocytes are of con-
stant occurrence and great diagnostic value in leuk@mia. In no
other disease are they equally numerous. Their size, like that of
the neutrophilic myelocytes, varies from 8 to 25 » diameter.

. Basopliles,

(«) The lymphocytes may contain basophilic granules as in any
ordinary blood.

(#) The basophilic or amphoteric tendency of the granules of
some of the myelocytes has been already deseribed (p. 69).

() * Musteellen ™ or coarsely granular basophiles, usually with a
trilobed nueleus, are almost always to be seen in specimens stained
with thionin or methylene blue, 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. DMast cells make up from one to ten per cent
of the leucocytes in most cases of myelocytemia. Ehrlich states
that they are always present and greatly inereased in such eases,
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 cubie millimetre
(10 per cent), and it is undoubtedly true that “an excess of mast
cells is one of the most trustworthy signs of myelogenous lenk®mia.”
Their granules are not purely basic but metachromie.

. Mitoses,

Leucocytes showing mitosis are very rarely found in lenkemie
blood and play a negligible part in the increase of the circulating
leucoeytes. They have no value in diagnosis.

7. Polymorphous Condition of the Blood.

Weiss has rightly insisted on the fact that in this type of lenkze-
mia the blood preparations show a very polymorphous condition.
There are no fixed types, but every variety shades through
intermediate forms into some other variety. No two cells are
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palpable. The patient kept about his work as a gardener for over
two years. Another in an active wine merchant was wholly unat-
tended with symptoms. The patient first sought adviee for the un-
sightly glands in his neck. He continued to feel absolutely well
and to work hard until life was suddenly eut short by an attack of
pneumonia. I watched his blood for three years, and it always
showed typical lymph@mia without anemia. Grawitz has watched
a similar ease for over four years.

The blood of acute lymph@mia differs as a rule in many cases
from that of the chronic types. These differences will be referred
to later on.

Een CrLLs.

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 anmmia pro-
gresses rapidly. In the infantile cases collected by MeCrae, the
highest count was 2,350,000, In chronie cases the red cells behave
about as in myeloeythemia, except as regards nucleated forms.

The chief point of interest is the comparative rarity of nucleated
red cells, the abundance of which is so marked a feature of splenie-
myelogenous leuk@mia. They may follow the grade of anmmia
present. In other cases (as in one reported by MeCrae) nucleated
red cells are entirely absent, despite a reduction of the red cells to
1,680,000, 1In the eleven cases in infants collected by MeCrae,
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 leuk®mia. Two cases recently reported by Herrick '
exemplify this.

WhiTe CELLS.

Quantitative Changes.

As a rule the numerical increase is not so marked as in the
splenic-myelogenous forin. The average ratio of white to red cells
18 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
lowest 30,000, the average being 350,000 as compared with 438,000
in the myeloid lenkarmia. These figures refer to uncomplicated cases.

| Journal of the American Medical Association, July 24th, 1897,
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TapLE 1X. —LyMrPHATIC LEUK®EMIA. —Continued,
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* Large and small forms counted together on account of the impossibility of diferentiating
them in these cases, 5

In acute cases, in which the large cells usunally predominate, the
staining is often very faint throughout the nueclens and protoplasm
(see Plate I11., %), so that at first sight we should think something
was wrong with our technique. Other forms of lencocytes in the
same preparation, however, will stain normally, showing that the
trouble is in the lymphoeytes and not in the technique. These
large lymphoeytes are identical in their appearanee with those found
at the “germ centres ” of all adenoid tissue, and probably are the
mother cells of the small lymphoeytes. Benda has termed them
*lymphogonien.” They have often been mistaken for myeloeytes,
from which they are to be distinguished by the absence of any neu-
trophile granulation. They often show evidences of degeneration
(see above, p. 70). The protoplasm may be entirely unstained as
in most of the cells in Plate 1II., 4, or it may stain pale gray or
pimmk. In other specimens, especially those of the small-cell type
(Plate II1., «), the lymphoeytes stain well. Their nuclei are fre-
quently indented or even divided in two (this oceurs also in normal
blood, but less often).

Fraenkel believes still that lymphsemia, though not always acute,
is usually so, and that if a chronie case takes on acute symptoms the
blood becomes more lymphemie, while if a case starts acute and be-
comes chronie the lymphoeytes decrease. Thus a ease reported by
v. der Wey' of chronic myeloid lenksmia six weeks before death
began to have fever, hemorrhages, great inerease in the total leneco-
eyte count and in the anmmia. No complication was present. The

 Deut. Arch. f. klin. Med., vol. 1vii.
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tively diminished in most cases. Indeed they are often so scarce
that one has to look through several thousand leucoeytes before find-
ing one. There is nothing abnormal about them— a point of marked
contrast with the neutrophiles in myeloid lenkemia.  Eosinophiles
and myelocytes are equally rare.

Sy,

The leading characteristics of leukwemic blood are as follows:

() Myeloid lewkamin,

1. Red ecells about 3,000,000, nucleated forms very numerous,

2. White cells about 450,000, of which

3. Myeloeytes form about thirty per cent.

4. Every possible form of cell intermediate between the ordinary
varieties is to be seen. (% Polymorphous blood.”)

(b)Y Chyowie lymplatic lewkanio.

1. Red ecells about 3,000,000 or lower; nucleated forms rare,

2. White cells about 300,000, of which

3. Small lymphoeytes usually form over ninety per cent.

4. Myeloeytes and eosinophiles very scanty.

(e) Acute Lymphatie lewkauio.

1. Red eells wmwel diminished; nuecleated forms infrequent,

2. Large forms of lymphoeytes usually predominate ; many of
them often show signs of degeneration.

3. Neutrophiles and eosinophiles very scanty.

Dhiaguostic Valwe.

Leukzmia is distinguished by the blood examination from

1. Hodgkin’s disease: («) splenie, (#) glandular.

2. Tumors of the spleen and vicinity (e.4., 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. Leukwmin and Hodgkin's disease (lymphadenoma or pseudo-
leuksmia). The pathology of the two diseases is identical but for
the blood ecount. In Hodgkin's disease the blood is normal, or
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Red cells. | Whitecells,| Lympbo- | To Myelo- | Nucleated
i T cnes. Irlu-m-ﬁrm e risd eells.
Leunkemia splenic-]  About 4500000 4 | About 7.6 | Abont 50 | About 37 Very
mys: ¥a HALLINLLI] per cent. | per cent. | per cent. | BUmerous.
Leukemin (1ym- About | (LTHL LU Al G Aot 3 Absent. Rare.
pliatic). i, (R, () per cent. | per eent,
Hodgkin's disease. . ..]  About T.000 4 Normmal. Normal. | Alsent. | Absent,
normal.
Tumors of or near the|  Usaally ELALLEL Lireatly Girently Few if Few,
WL diminished.| 40000% | decreased. | inerensed, amy.
Leneocyiosis in gen-|............ llaf be over| direatly Gireatly Few il Fewy
eral. 0N | deerensed. | inereased. uny. ut times,
Chronic malaria...... Much Somewhat | Usually Uznally Few ir Few,
diminizhed.| inereased. | inereased, | decreased, nmny.
Amyloid disease |, ... Usually Usually Usunally snally Alment. | May be a
diminished.| increased. | decreased. | inerensed. few.
Hydronephrosis . ..., Normal. Normal, | Normal or Norimal. Absent, Albsent,
ilecreasms],.

ErrecT oF INTERCURRENT INFECTIONS.

There are on record about thirty cases in which leuksemia (acute
or chronic) has been complicated with some intercurrent infection,
with marked effect upon the blood in all but one.  This single case
was an acute rhemmatie arthritis reported by Richter in the discus-
sion of Fraenkel’s article in the Deutsche medicinisele Woekenselift
Here the blood remained
unchanged.

Miiller’s' ease of lymphatic leuk@emia was complicated by a sep-
ticsemia, and the count of white cells vose from 150,000 to 400,000
per cubic millimetre, with a marked increase in the percentage of
polymorphonuelear cells. Here was a genuine lencocytosis added
to a leukwmia.

With the exception of these two eases, all those hitherto pulb-
lished have shown a marked progressive decrease in the total num-
ber of leucoeytes without any change in the percentages of the
different varieties in twelve, while eight showed, like Miiller's, an
inereased percentage of the polymorphonuclear cells despite the de-
erease in the total lencocyte count.

Marischler® in a case of lymphatie leuksemia with cancer of the
kidneys found:

1. At First. 2. Later,
s T cesnsassss 5,450,000 2.400,000
e cella. .. 2. e RN 48 000
Haemoglobin . ........cconiiaiine 50 per cent 80 per cent

I Muller: Deat. Archiv fitr klin. Med., 1892, vol. L., p. 47.
* Wien. klin. Woch., July 23d, 1896, -
12
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HODGKIN'S DISEASE.
(Pseudo-Lewlkeewmia, Lymphoma).

The diagnosis of this disease is impossible without the blood
count. Its pathology is identical with that of leukamnia, and even
post mortem the two diseases are indistinguishable so far as the
lesions outside of the blood are concerned.  Yet the blood is in no
way peculiar, but presents in most cases all the characteristies of
the normal tissue. Its value is as negative evidence, telling us in
a given case that lenkaemia is absent, even though all the other signs
and symptoms may be those of lenkmemia.

(1.) Transitions from Hodgkin’s disease to leukmemia are said to
have taken place under the eyes of competent observers, but they
are very rare. Only three snch cases are on record so far as [ 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. Ome died of it; in the cther the
blood changed to that of leuksemia before death.

Dioubtless many of the other cases supposed to exemplify a simi-
lar transition were really cases in which a leucocytosis arose owing
to some inflammatory complication, as not uncommonly ocenrs (see
below, Table X.).

From the existence of these very rare eases of a transition to
lenksemia, it has been supposed, especially by French observers, that
Hodgkin’s disease is simply an early stage of true leuksmia, and
that this would always become apparent were it not that the pa-
tients die of some intercmrrent disease before the signs of lenkamia
have time to show themselves in the blood.  One diffienlty with this
view 18 that there occur chronie cases which last from eizht to ten
years without any change in the blood. Another difficulty is that
the transition is in fact vare, despite the relative frequency with
which the disease is met with.

(I1.) Probably most cases diagnosed as Hodgkin’s disease are

' Dent. Arch. T klin. Med., vol, xvii.

# Ziemssen's “ Handbuch d. Path, and Therap.,” vol. viii.

3 Berl. klin. Woch., 1882, p. 5334

41t is noteworthy that all these cases are of some yvears’ standing—before
Ehrlich's methods were much unsed.  Askanazy lias more recently observed
the transition in a case in which the blood was normal for two and a half

years and then lenkemic for one and a half years under observation (quoted
by Pinkus in Nothnagel's “Specielle Path. and Therap..” vol. viii.).
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TasrLe X.—HobeRIN's DIsEAsE (Continued).
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series. There is, however, no more resemblance to leuksemia than
in any other form of leucoceytosis, the polymorphonuclear cells alone
being increased. There is no reason for supposing, as Reinert'
does, that relative diminution of the lymphoeytes is owing to the dis-
eased condition of the lymph glands, nor for believing with Pinkus
(Nothnagel's “ Specielle Path. and Ther.,” vol. viii., 1901) that the
relative increase of lymphocytes which some cases show is charac-
teristic of Hodgkin's disease. Pfeiffer® has recently reported a case
of the cutaneous form of the disease with sixty per cent of lympho-
eytes out of a total lencoeyte count of 6,500,

As in any other cachectic condition, small numbers of myelo-
eytes may be found. They were seen in nine of our cases ont of
twenty-five in which a color analysis was made, the highest percent-

1% Die Zihlung der Blutkirperchen,” Berlin, 18491,
# Pleiffer: Wien. klin, Woch., 1897,
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TasLe XL (Continned).

HE PMHS
Red cells ﬁ:gﬂ Eg S,EE 22135 2 EEi Remarks.
=2 -

i El2°8| B[]S

500,000 13,5000 | | B0 . | Four months after.

13| 1,634,0000 12,000 | 45| 61 | 16 | 20 | 3 | 8.1 ¢ | Operated (April 9th. 15393)
for malarial hypers
trophy  with twisted

dicle. April 23d.
2,480,000 20,000 | 87| 49 | 18 | 32 {1 |....|May 6th,
4.580,000{ 27,000 110 66 | 18 | 15 | 1 | 7.7 May 13th, 1804,
39770000 2000 100 62| 21 | 11 | 6 |....[October 2d, 1895.

44] 4,850,000/ 30,000 108 =3 | 8| 8|1 Operated for hypertro-
phied, wandering
spleen. Before opera-
tiom,

4.700,000{ 30,000 |100| 91| 5| 4 |0 |....|Seven daysafter.
2, 630,0000 18,000 | 105 T8 | 15| 6 | 1| ...|Two months after,
2,750,000 200000 | 63| 84| 5| 10 |1 e Three years after.

+ Hartman and Vagquez: Soc. de Biol., February 5th, 1556,

Ome point which these cases clearly prove is that no one variety
of lencocyte is supplied to the blood from the spleen.

. SPLENIC ANEMIA.

( Pseudo-Leukwmia Splenica, Anewmio with Enlovged Spleen.)

I object to the term * splenic anemia,” because it seems to sug-
gest that the splenie enlargement is in some way the cause of the
an@mia, and for this there is no sufficient evidence. But, whatever
term is used, there is at least one point about the blood of cases of
idiopathic anemia ocenrring in adults and associated with enlarged
spleen which deserves notice. This is the lencopenia. In Osler’s
article (Adm. Jowr. Med. Seiences, January, 1900) the following
counts are recorded :

o] gt = |
= SE(LEE|S g
Date Red E% éi EIHTE*% E-gg Eé B [lemarks.
9 = B e | ="
i olb. | B SeEEEEE5EASE
1.| Feb. 1879, 2.250,000 7000 | .. | | Recurring  haematemesis  and
meliend. Death in an attack of
melena in 18957,
IL| 1898, | 3000000 2800 25 | 844 | 128 | 28 | Hematemesis for years at inter-
. | | | wals. Splensctomy. Recovery,
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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 re-
action of the blood shows any constant changes in fever.

Leueoeytes and fibrin show no constant changes, though in the
majority of infectious fevers they are increased.

PHNEUMONIA.
The Blood az o Whole.

(e) Bacteriology.—The diplococcus lanceolatus has been found
in the blood of pneumaonic patients repeatedly, especially in those in
whom there has been some secondary diplococeus infection (e.q.,
diplococeus endocarditis);_but such findings are rare and have gen-
erally been in fatal cases with very severe generalized infection.

For example, Sittmann' out of 16 cases found diplocoeei 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 organismn in 2 ecases 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 pneumococei. Beco’ studied 49 cases.
Twenty of these ended fatally, and of these 20 there were 5 whose
blood showed pnenmococel by eulture and 1 from whieh Friedlin-

dler’'s bacillus was eultivated. Out of 29 cases ending in recovery

only 2 showed cocei in enltures from the blood. If large numbers
of colonies can be enltivated from the peripheral blood, Beco eon-
siders the prognosis grave. A few colonies, however, are of no
significance in prognosis.  Fraenkel has obtained over 300 colonies
from one puncture. Their virulence was less than that of those in
the sputa, showing apparently the effects of the blood’s antitoxie
power. Nevertheless, it is obvious that the presence of pneumoecocei
in the blood is a4 bad prognostic sign.

' Deut. Archiv f. klin. Med., 123894, p. 323,

 Paris Thesis, 1891.

# Riforma Medica, Naples, 15890, No, 37.

1 Peut. med, Woeh., 1892, No. 14,

SGrawitz: Charité-Annalen, vol. xix,

f0ohn: Deut, med, Woeh,, 1807, No, 9,
TBeco: Revue de Méd., 1809, July 10th.
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Maragliano has noticed “ degenerative ” changes in the red ecells
in severe cases.

White Corpuseles.

1. Probably as early as the time of the ¢hill, and eertainly within
a few hours after it, the leucocytes are greatly increased, and usu-
ally continue so throughout the febrile period.

2. There 1s no correspondence between the daily variations in
temperature and the lencocyte curve. In cases in which a pseudo-
erisis oceurs (the temperature falling but rising again), the leueco-
eyte eount usnally remains high, while at the time of the true crisis
and often a few hours before it the lencoeytes fegin to fall.  This
fall, however, is hardly ever by “crisis,” but though starting per-
haps a little before the temperature it is one to two days longer in
reaching normal. When the temperature reaches normal by lysis
the lencocytes fall with it, but generally more slowly, and reach
normal later.

5. When resolution is delayed the leucocytosis continues, some-
times for weeks, and very gradually falls to normal in eases in
which resolution eventually oceurs without complieation. If ab-
scess, empyema, or gangrene follow, the leucoeytes usually beecome
still further increased.

4. The degree of lewcocytosis is probably the resultant of the fae-
tors mentioned on page 105, and does not run parallel to the degree
of fever or the amount of lung 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 infeetion
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 lencoeytosis present,

1. Mild infection, vigorous reaction = slight leucocytosis.

2. Bevere or moderate infection, vigorous reaction = marked

lencoeytosis.

3. Severe infection, feeble reaction = no leucocytosis,

(2) The patients in Class 1 all recover, but they are very few in
number. (#) 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.

(e) Those in Class 3 almost inveriably die ; there is not sufficient
of a struggle to raise the leucocyte count. A striking exception to
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. bathing, which speaks in favor of the latter method of reducing
temperature.

The general course of the lencocytes is seen in the accompanying
charts from Billings, to whose excellent article 1 am greatly in-
debted.
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The upper chart shows the course of the temperature, the lower that of the
leucocytes.,

Qualitative Changes.— As in most forms of leucocytosis, the poly-
morphonueclear leucoeytes are enormously inereased both absolutely
and relatively, often making over ninety per cent of all the white
cells. Eosinophiles and blood plates disappear and the lympho-
cytes are absolutely and relatively much reduced. After the crisis

*,
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this is reversed, the polymorphonuclear forms falling often below
sixty per cent, while the eosinophiles and blood plates are above
normal. The retwrn of the eosinophiles to the circulation often
oceurs a day or two before the erisis. It seems to mean that the
acme of the process has passed, and so constitutes a favorable sign in

Cuanr 1L —PxEUMONIA AND REEUMATISM,
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The upper chart shows the course of the temperature, the lower that of the
leucoeyvtes.

most cases. After the crisis the eosinophiles may rmun up to five to
six per cent (300-450 absolute).

Myeloeytes may be abundant (11.9 per cent or 1,056 absolute)
and stimulation forms and transitional neutrophiles numerous.
They have no known prognostic significance..

At and just after the crisis a great increase of blood plates takes
place, gradually disappearing later. & 3
As to the differential count in the (fatal) cases in which leuco-
eytosis is absent, data are scanty. Bieganski thought the polymor-
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phonuclear varieties decreased, Rieder found them inereased, while
Billings finds them normal. No general law can be stated on this
point as yet.

In a case of bronchopneumonia complicating pertussis studied
at the Mass. 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 after
the count was 94,600, A differential count made at the same time
showed that the small lymphoeytes made up 66 per cent of all the
94,600 lencocytes per cubie millimetre. The polymorphonuelear
cells were reduced to 30 per cent. Lymphatic lenksemia was thought
of, but the lencoeytosis was gone in ten days, and within a fortnight
the patient left the hospital well. 1In the licht of recent studies in
pertussis this i1s now explicable (see below, p, 2183,

Dhingnostic and Proguostic Vilue,

1. In cases of so-called * central pnewmonie ” in which the symp-
toms but not the physical signs of the disease are manifest, the pres-
ence of a well-marked lencocytosisis often of great diagnostic value.

- It exeludes 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 physieal 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. 1In a patient of Dr. F. (.
Shattuck’s, sick five days, yet showing no signs of consolidation of
the lung, the presence of a marked leucocytosis exeluded 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 leucoeytosis, and
some cases affecting the larger tubes do the same.

4. In cases of pnenmonia ocewrring in very old or very young peo-
ple, in which the fever and symptoms may be very slight, the pres-
ence of leumcytﬂsisl may be the first thing to direct our attention to
the lungs, dyspneea and eough being absent.

| Bti¢non: Jour. de Méd., de Chirurg. et de Pharm., Bruxelles, 1895, t. iv.,
fasc. 1.
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Broncho-Prewmonia.

In forty-nine eases of broncho-pnenmonia recorded at the Massa-
zhusetts General Hospital, the following counts are recorded.

. Uounnts.
Between 5,000 and 10,000 = H

- 10,000 = 15,000 = 13

. 15,000 “ 20,000 =22

e 20,000 % 25000 =22

~ 25,000 % 20,000 = 4

= 80,000 % 35000 = 5

L a5.000 “  40.000= 1

L 40,000 % 45000 = 2

1 45,000 * 50000 = 2

= 0,000 = 55.000= 1

100,000 % 185,000 = 3 {same case)
S h

The highest counts in this series were in a case of broncho-pneu-
monia in a baby of fifteen months. As the lymphoeytes made up
the larger part of the increase, and as the cough came in paroxysms
with great eyanosis, pertussis was suspected.  This case has already
been referred to oh page 114, and a similar case is recorded on page
195.

TYPHOID FEVER.
Eﬂr‘fr\'j';afnmq r!f the Blond.

Although it has long been known that the bacilli of Eberth could
oceasionally be found in the eirculating blood or in the rose spots of
typhoid cases, yet it is only within the last few years that such find-
ings have been sufficiently constant to be of any practical value in
diagnosis. :

Kithnan using 5-10 ¢.e. of blood found typhoid bacilli in two out
of four cases.

Neufelt (Zeit. fiir Hygiene, xxx., 3, p. 499) acted upon the belief
that typhoid bacilli find lodgment in the skin, protected from the
destruetive agencies which ordinarily destroy them in the circulating
blood. In the skin the baeilli produee the rose spot. In the at-
tempt to cut out a rose spot for the purpose of cultivating the ba-
eilli, the blood which flows from the ent must be instantly diluted,
else it will kill off the now exposed bacilli on the spot.

By excising several spots, Neufelt sueceeded in cultivating the
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proportion of very low counts. Thus Khetajurow expects to find
only 2,500 to 3,000 lencoeytes in the third and fourth weeks, but
our observations show that this is not a law.,

o plications.

Thayer's study of the effects of complications is by far the most
thorough ever published.

1. Hemorrhage from the Bowels (11 cases).  The rved eells fall off
markedly in one case from 3,648,000 (eighteen days before) to 1,992,.
000, in another to 2,000,000 ; yvet the first of these cases recovered.

The lencoeytes showed no appreciable change in half of these
cases, while in the rest there was some leuncoeytosis (24,800 in one
case, 17,400 in another, 10,500 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 aof the Bowel (8 cases). Leucoeytosis was well
marked in three (16,400, 23,400, and 16,000), slight in two (10,400
and 11,200}, and ecompletely absent in three, at the time of the per-
foration. Thayer studied the elinieal features of these cases and the
results of cultures made at operation, and concludes: “ It is probable
that slight local peritonitis always produces . . . lencocytosis unless
the individual is already in a condition of profound general septi-
cemia. On the other hand, a sudden (general) infection of the
peritonenm with large quantities of excessively malignant organ-
isms may often result in complete absence of lencoeytosis or a rela-
tively slight rvise, followed later by a fall. Three cases of strepto-
coceus peritonitis showed no leuncocytosis at any time.  The prospect
of relief by surgical interference is best in those cases with a leuco-
eytosis.”  Thayer also shows that a preperforative lencocytosis due
to local peritonitis about deep uleers may occur. He adds, how-
ever, a summary of four eases in which symptoms suggesting per-
foration 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 their
canse was not found. In many of these cases the lencocytosis was
very transitory, and without frequent (almost hourly) counts wounld
have been overlooked.

In the series of cases of typhoid perforation reported by Shat-
tuck, Warren, and Cobb (Beston Medical and Swrgical Journal,
June 28th, 1900) there arve four cases of general peritonitis with no
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to 24,800 in plugging of the iliac vein. I have had two similar
Cases.

b. Pleurisy—>5 cases, all showed slight lencocytosis (10,000-
12,000). Only in the purulent cases (empyema) was the count
higher (23,000, 15,000). In one case the tapping revealed a bloody
and purulent fluid containing only typhoid bacilli. After the tap-
ping the lencocytes rose to 44,500,

In most of these cases the percentages of the different varieties
of lencocytes was but little affected (e.y., 68 per cent of polynuclear
vells and 1.8 per cent of eosinophiles with a count of 23,000 lenco-
cytes. This is net an ordinary leucocytosis.

6. Pnewmonia—>5 cases, 3 with lencocytosis, 2 mtlmut it 4tn~
minal infections). Both of those without lencocytosis and 2
the others proved fatal. The counts were 35,000, 38,000, 3,20{},
4,000, and 6,000. The neutrophiles were not increased as much as
in ordinary leucocytosis. Tiirck records a case with but 1,600 leu-
cocytes despite lobar pneumonia, and Kohler mentions several simi-
lar cases.

7. Brouchitis (severe) and  Broweho-pnewmonio —4 cases, 3
showed lencocytosis (16,600, 17,200, 18,200).

8. Periostitis—3 cases with leucoeytosis reaching 22,000, 17,600,
and 13,000 (only 72 per cent of polynuclear cells in first case).

Y. Submazxillary Abseess (streptococens) 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 Tencocytes.

10. (titis Media — 2 cases with lencocytosis of 15,600 and 11,-
800 (maximal). I have had 10 eases 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 staphylococens aureus found at
autopsy.

12. Perirectal Abscess—25,100 lencocytes.  In one of my cases
(moribund) a large ischio-rectal abseess developed without produc-
ing any lencocytosis.

13. Pericarditis (dry)—11,500 leucocytes.

14. Bed-Sores (3)— 16,000 leucocytes (average).

15. Conjunctivitis—9,530 lueocytes (polynuclear cells 74 per
cent,
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week a case with 8,000 leucocytes, of which 94.4 per cent were
polymorphonuelear, and in the third week a case with 4,000 lenco-
eytes, of which 82 per cent were polymorphonuclear.

In the ninth week one case showed 12.7 per cent of eosinophiles
with 70.4 per cent of polymorphonuelear neutrophiles.

Summing up Thayer’s observations, we find:

1. A steady diminution in the polymorphonuclears, the lowest
point being reached at the end of the pyrexia. This is an absolute
diminution.

2. A relative increase in the lymphoeytes, especially the larger
forms; absolutely their number is not much changed.

3. A reduction (relative-and absolute) of the eosinophilie cells

during the pyrexia followed by an inerease in convalescence, which

may amount to a considerable eosinophilia.

Tiirek'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 angurs a relatively short course for the fever, and
(aside from the ocemrrence of complications) a good prognosis.
Myeloeytes and Feizungsformen were occasionally present in his
preparations, even in a case with a leneopenia of 4,200 and but 52
per cent of polymorphonuclear neutrophiles.

SH FRrpnas rif.

1. The red cells suffer to the extent of about 1,000,000 in the
course of an average case, the reduection taking place gradually, and
being most marked at the end of defervescence in most cases.
Sweating, vomiting, or diarrheea may cause considerable transient
elevation in the count of red cells, while sudden losses follow mntes-
tinal heemorrhage. Oeccasionally a very severe post-febrile anaemia
oceurs, the red eells being reduced nearly to 1,000,000 with the
qualitative changes of a grave secondary anwemia. In most cases
the qualitative changes are slight.

2. Hemoglobin, as in most angmias, suffers somewhat more than
the number of red cells.

3. The number of lencoeytes is subnormal throughout the dis-
ease, averaging about 5,000 at its height, though much lower figures
are common. This lencopenia progresses with the severity and
duration of the infeetion. Cold baths cause an immediate transient
inerease in the number of leucocytes in the peripheral eireulation,
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especially the case in the southern part of this country, where for
want of proper blood examination the confusion of the two diseases
i1s indicated in such a term as “typho-malarial fever.” Malaria
and typhoid are alike in having no lencoeytosis, but the presence
of the malarial parasite is an absolute test and in marked cases is

always decisive. Very mild cases of malaria may show so few

organisms in the peripheral eirculation that withont 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 Jdiagnosis made
certain. i

3. Tubercilosis, local or miliary, if uncomplicated by any pyo-
genic organisms, cannot be distinguished from typhoid by the blood
eount alone, as neither disease shows lencoeytosis, Imt here the
Widal reaction (see p. 458), comes to our reseune.

A large proportion of lymphoeytes is commoner in typhoid than
in tuberculosis, but it may oceur in either disease. In the majority
of cases, however, tuberculosis is complicated with septiceinia from
a secondary pyogenic infection, and is then easily distinguished by

~ the existenee of lencoeytosis.

4. Typhus fever has not been well studied and the reports of
its blood econdition are contradictory. At present we cannot say
whether or not it ecan be distinguished from typhoid by the blood
examination. In most cases the absence of a serum reaction will
exclude typhus.

5. Two cases of erythema nodosuimn 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 (foe, eit., p. 530), in
which, however, there was a marked lencocytosis throughout.

6. Trichiniesis may run a course quite indistinguishable elini-
cally from that of typhoid, but the presence in trichiniasis of a leu-
eocytosis with marked eosinophilia and the absence of Widal's reac-
tion will decide any case of doubt.

7. Most anto-intoxications (ptomain poisoning) produce leuco-
eytosis, and can therefore be distinguished from typhoid.

8. Meningitis, especially in its epidemic eerebro-spinal form, has
many symptoms like those of typhoid, but it always produces leuco-
eytosis, and is never associated with Widal's serum reaction.

9. From influcnza typhoid cannot be distinguished by the blood
14
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this, the same cases showed an average loss of 510,000 cells per
enbic millimetre; five out of the seven showing considerable losses,
two remaining about the same. These were cases treated without
antitoxin. The two ecases 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 anfitoxin 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
angemic when admitted (average=4,640,000) showed a steady rise
in the red eells as the disease (treated with antitoxin) progressed.

It is evident from these figures that antitoxin largely prevents
the aniemia which usually develops in the first five to ten days. In
cases not treated with antitoxin the regeneration from the resulting
anemia is slow. Healthy individuals injeeted with antitoxin

showed a very moderate reduetion in the red cells in abont one-half
the cases, the greatest loss being 932,000 per eubic millimetre (fif-
teen cases counted by Billings).

Qualitative Changes. —Billings’ caveful study of stained speci-
mens showed no deformities in size or shape and no nueleated red
cells, but Engel has found normoblasts. Polychromatophilie red
corpuscles were very few in the cases in which antitoxin was
used, but more numerous when it was not used.

Hemoglobin,—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 nsnal reaching normal later than the count of corpuscles.
When antitoxin was given, the diminution of hamoglobin was less
marked, but when the deerease did oceur 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 Corpuseles.—Leaving out the older observations in whieh
the technique was probably faulty, the principal investigators are
Morse, Ewing, Gabritschewsky, Billings, Filé, and Engel.

All agree that a considerable leucoeytosis is present in most cases
—34 out of 36 of Billings™ eases, 26 out of 30 of Morse’s (the latter
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diminished, but the lencocyte curve does not reach normal any
sooner than in cases in which no antitoxin is given, although it be-
gins to fall in the majority of cases after the injection. The same
thing (aceording to Billings) takes place without antitoxin.

The leucoeytes 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 sub-
normal (58, 59, and 59 per cent); 2 of these were convalescent, the
other had been sick a week and had 12,000 white cells per eubic
millimetre. A marked lymphoeytosis was present in 2 of Ewing’s
53 cases, 43,200, and 13,950 absolute.' In Billings’ cases the poly-
morphonuelear varieties averaged 80 per cent and the lymphoeytes
19 per cent, the eosinophiles being reduced to 1 per cent on the
average and often being entirely absent. With Morse eosinophiles
averaged 2 per cent.

The proportion of polymorphonuelear cells is usually directly
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 inereased 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 Ewing’s procedures,

Engel * found that antitoxin at first slightly increased the per-
centage of lymphoeytes, and sometimes this increase was very
marked. In one case the lymphoeytes inereased from 24 to 65 per
cent after antitoxin,

The point on which he specially insists is the presence of con-
siderable numbers of wyelocytes in fatal cases.

Of the patients examined by him 17 died, and 9 of these had
from 3.6 to 16.8 myelocytes in every one hundred leucoeytes.  My-
eloeytes were also present in some of the patients who recovered,
but in smaller numbers (1.3 to 1.5 per cent).

In one ease he found on the thivd day of the disease 4.5 per cent
of myeloeytes, and from this point the percentage gradually rose to

' 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.
¥ Gesellsch. f. innere Med., Derlin, July Gth, 1506
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These results have been confirmed by De Amicis, Cima, and
others.

SMALLPOX (VARIOLA).

Bed Cells.—Aceording to Hayem no other fever is so destructive
of red cells. During the fever the count is normal or inereased, but
when the temperature falls permanently the number of red eells falls
suddenly, whether because the blood is diluted (see above, p. 188)
or by a real destruetion. From this time on the cells are slowly
regenerated ; even at the fifteenth day Hayem found them consider-
ably below normal. -

In hemorrhagic cases the anemia comes on more quickly, its
degree depending on the amount of hemorrhage. In one patient,
dying on the seventh day of the erption, 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.

Lencocytes.
4

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,' and by Courmont and Montagard.® These studies
are coneerned especially with the leucocytes.  In Weil's series of
S0 cases the counts ranged between 6,000 and 10,000 in 6 cases,
between 6,000 and 13,000 in 135 cases, exceeding 15,000 in 9 cases,
exceeding 20,000 in 3 eases, 25,000 in 3 cases, 30,000 in 1 case,
35,000 in 1 ease.

One case ranged from 3,000 to 6,000 during the whole eourse of
the disease, except on the day of vesiculation (24,000), but this is
very rare, and the lencocytes 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 leucoeyte count may oeeur in the fatal
suppuzating or hemorrhagiec forms.  For example, in 2 fatal sup-
purating eases the leucocytes dropped from 24,000 and 18,000 to
6,200. In one hemorrhagic case on the :i}'iug.fl:i,:r counts of 6,200,

tsoe, de Biol., June 20th, 1900,
*Soc. de Biol., June 22d, 1900; July 6th, 1900.
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ACUTE ARTICULAR RHEUMATISM. 291

lencoeytosis appearing in two waves,—one (varying from 12,000 to
23,0005 which oeeurs from the third to the seventh day, and a
second on the tenth to twelfth days (10,000 to 17,500).

VARICELLA (CHICKENX-POX).

The only observation of which 1 am aware is that reported by
Engel." In a child of five he found during the height of the pus-
tular stage a moderate lencoeytosis, 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.

ACUTE ARTICULAR RHEUMATISM.

According to Hayem and Garrod*® the blood eonstitutes, as in
syphilis, a most valuable measure of the intensity of the sickness,
which is parallel to the severity of the blood-changes vather 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 anmmia is a more delicate index of the patient’s
condition than even the temperature chart (Garvod).

The Blood as a Whaole.

Fibrin is greatly increased. In no other disease except in pneu-
monia 18 the network thicker or more rapid in formation. Aeccord-
ing to Maclagan, this is to be explained by an nerease of tissue
metamorphosis. Coagulation, on the other hand, is not quicker, but
slower than usual.

Lactie 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 Osler® state that the poison of acute
rhenmatism 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

115th Cong. fir innere Med., 1897,

? British Medical Journal, May 28th, 1892,
2 Loc. off., . DLT. 4% Practice of Medicine ” 1895,
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TABLE XV., A.—ACUTE ARTICULAR RHEUMATISM.

24 =
Red | White |23
= Age. ; | Duration.| e mimation cells, cells. 2= Remarks.
- E. i
1 21 M. | 5 weeks '} 4,1mmuL S50 | 6 | Knees and one ankle,
m aa | wewswamnnw | EEE I NEEERE RN RN NN :;IIE.E-‘“] 51“‘I 'Il"'
g F. ¥ ¥ S ATHOM 27000 [ M | Patient pale.
4 20 o ? T 4 RO BN | 50
33 M. | 2 weeks. | Red and hot. . ... 48550000 2450 | 7
Adulr. | M. 7 ? AN 2] (KD E'H
140 i ? ¥ BB E A | 45 | Dhed.
T T ¥ ¥ 4180000 19,800 |
= = t i SO0 10600 | 45 | Third day.
m = M. | 4 weeks. | Tender and hot. . | & 1000 1850 | 50 | Tomperatore, W02,
11 49 M. i ¥ NI B 1 LRL LU i ) B Paronyehin also,
T AT P M R | 4000 17400 | A5
13 21 F. ¥ Rl amd ok ... S04H.000 170N | 45 | Chevks rosy.
4 3T B e e SRR, 16300 | 68
15 ol M. | 2 days i ENELIRL L [ELLI] L5
n 32 I e B e & 5. £ J L 15500 | 5T
17 13 F. | 1day. Fesd s oot 4,850 0000 15,30 | 65 | Temperature 1022,
15 12 ML | 2 weeks | Redd ool bt oL ENTLLN [h.'h:l AL i
in o] e I e R BTN 15000 | &)
b |1 | N L e 45020000 15400 | 58
21 = e | e ] S.EW, 000 15,000 | 30
il 10 | M.| $days. | Bed and hot .. i-t THLOO] 14500 | 5h | Revere case.
=l 4 B R e e s mavme D07 000 14500 | 40 | Seventieth day.
24 f Vophee| | e e e Rt e e PR 20,00 14,356 (1]
a5 47 | M| i'day.” | Red and ot ... 475000000 14000 | 55
26 25 | F. | 3days. | Tender and hot..| 4,850,000 14,000 | 72
2 18 F. | # months) m;‘ redness or| 4 1560000 14,000 | 54
enl.
19 M. A TR0 4.0 | T
My 19 M. 4 5800 15N |
an e i B OeC R E T - | T 15
a 30 n SASG0000 1000 | 50
b 44 R LINLE U ] 7]
o M. -L:i'llh.[l.lh 12750 | B8
H i s e T A e B L AT 15%
i - 7] F. | 1 manth. Hmul]nll and ten-) S3M000008 12N | 5
| T,
I | N L B e Ll o 4,060,000 12,000
& 47 .| 4 weeks, EALLL 55
o8 H 11600 | &5
@m0y 10500 | 50
40 Far) 11,5 (1]
41 28 1,300 | 50
£ B 1100 | &) | Hands alone involved.
& 42 10400 | 45
4 H 10200 | &)
- A, 4100 H1
11 G000 | 45 | Miral regurgitation.
) 00NN |GG
i BaM0 | 5
= FELLL M
Adu i 4K
=) A0 | 58 | Fourth relapse,
1] 4700 | 26 | sSpecife gravity, 1040,
| B O I | e s b e e | R LR o i
I L | B o | [ e pr et I ' 1] | || ([ 4
£ SEei 4 | Twenty-second day.
|
i "I".Iu:ll-~ XV., B.—Acure ArTicunan RuEuMaTisy,
I White cells, Cazes,
b Between 6,000and B000 ... ... cciiiiiiniiiii.. 4
4 = BOOO “ 1000d...... . i
-t-. = lﬂ.mm =] 1‘2,.""1} - . LI L R R R Ll - IE
| L 12,000 * 14.000........... 5 . 14
B 14,000 < 16,000 .. i 21
E = 16,000 * 18000 .......... . R S
|
i
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TagrLe XV., E.=Muscuran RHEUMATISM,

R PPer cent
Ko A, Risx Red cells. | White vells, ;“w“"&mm“_ Remarks.
1 4 M. 4,558, L0 Tl 1]
2 it i 4,870, (00 4. (KN A5
3 v M. 4,3 (NN LI i
4 Fi ] M. I (RELL it
5 M M. 3,50, (M 14,/ e During febrile attacks.
i = F. ¥ i, KN} ¥ Lumbago,
7 35 M. ¥ b L1} ¥ e
—
Averige = TR 4 k

The average leucocytosis in the acute cases is 16,2005 in those
mild and more chronie, so-called *swbacute” cases the lencocytes
range lower, averaging 9,760 ; while in chronie rhenmatism, whether
articular or musenlar (ineluding lumbago), there is no inerease at all
(average="T,450). In acute cases the leucoeytosis subsides with
the joints, rising again if velapse or complication oceurs. The
polynuclear cells are absolutely inereased with an absolute diminu-
tion of the lymphocytes. The eosinophiles rarely disappear as in
most infections. After the very earliest days (when they may be
scanty or rarely absent) they are increased despite the fever and
~ exudation. In convaleseence they run even higher, 13.8 per cent
(or 970 absolute) in one of Tirck’s eases.  During the fever Tirek
noted myelocytes and stimulation forms as in other infections.

Blood plates are much inereased during the fever,

In 25 cases of arthritis deformans treated at the Massachusetts
General Hospital the blood was normal except for a slight deficiency
of haemoglobin in two cases.

Suniariy.

Anmmia with lencoeytosis, the degree of which is a measure of
the severity of the infection. Fibrin much inereased.

Dringnostic Felue.

The blood tells us little if anything that could not be learned in
other ways. It does not differ at all from that of a septic arthritis,
or from that of acute gonorrheal arthritis.

The only cases that I remember in which a blood examination
has been valuable are the following:

Casg I.-——The patient had muvseular pains, fever, and a history
of a malarial attack some months earlier. The question to be de-

cided by the blood examination was between malaria and *“rheu-
15
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though patients also die with low leucoeyte counts in this period.
Such a leucoeytosis does not occur in ordinary diarrheea or dysen-
tery.

Leucoeytosis 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 mild case reported by
Biernacki there was not only no increase, but lencopenia (4,375 per
cubi¢ millimetre ),

The differential count shows from eighty-two to ninety-five per
cent of adult cells and a corresponding diminution of the young
forms. .

ERYSIPELARS.

Ehrlich, Halla, Pée, Reinert, Rieder, and von Limbeck agree that
leucoeytosis is usually present in well-marked cases.  Von Limbeck
finds the “leucoeyte curve” to run roughly parallel with the temper-
ature chart, sometimes beginning to fall a little before the latter.
The counts rarely run very high, yet Reinert counted 59,627 in one
ease. Pée noted that the leucocyte count increases only while the
process is spreading, and that the size of the count was a tolerably
aceurate measure of the severity of the ease.

Rieder found in seven cases an average of only 15,000 per cubic
millimetre despite very high temperatures. In one case the leuco-
eyte count remained high after the temperature had fallen, but in
the others it anticipated the temperature. In one mild case he
found no leucoeytosis. Polymorphonuelear cells are greatly in-
creased as in other forms of lencoeytosis,  Hayem noticed the same
dependence of the leucocyte count upon the severity of the process.

TasLE XVI.—ERvsiPELAS.

Case, Age. White cells. Remarks.

R Bt e = s e a8 14,400 Firsi day.

14,450 | Second day.

17,100 | Third day.

17,300 | Fourth day; spreading.
15,400 | Temperature 105°.

.

U s 25 16, 600
S e e g T8 17,000
e 20 14,000
e e (IR 1 | 13,000
T otk x5 o 17 12,700
T e R 1 %.250

R 21 6,200
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TasrLe XVIIL.—=Toxsinirris (Continued ).

i Whitee Per cent

g Age, g Red cells. cells. ]lJIJI.lI.:lII:]I;.;- Remarks.

15 (L B e 15,500 67 | Six days: slight,

16 B2 Sl | vee | 15,000

17 | Adult. | F. | 4,860,000 | 14,000 o Follicular.

18 30 M. | 4,730,000 | 18 500 Th Convalescent,

i9 24 F. | 5,000,008 | 18,500 G Follicular.

20 | Adult, |M. | ........ 13,500

29 24 s | SRRt RS L 15,300

22 36 | B e e 18,200 - Follicular.

23 £ AL | 4,952,000 | 12,250 04

24 24 | F. | 5,816,000 11,900 63 | Streptococcus; slight articu-
lar rheumatism.

a5 M. | 5,000,000 11,8500 i Follicular,

26 19 F. | 4,552,000 | 11,600 fyid

a7 18 M. | 5,150,000 | 11,500 s5a Chronie recurrent, out in two

28 26 | e tont| N [0, 1 days.

29 28 | e 10, 90 G Follicular.

30 23 P, 5,016,000 | 9,600

31 23 L || e T.025 52 | Follicular: slight: tempera-
ture 99° next day.

32 P e W R g 7,700 . Bronehitis.

35 45 B E e = o] i, B}

34 | Adult 4 200,000 | 5,800 (il Follicular.

The blood examination has no diagnostic value so far as I am
aware. It is worth knowing that a simple tonsillitis can cause leu-
eocytosis, to the end that if such is discovered on blood examination
we need not suppose that some other process is present to aceount
for the increase.

GRIPPE.

“Grippe” is a term very loosely used to designate any infec-
tion of relatively short eourse, especially if catarrhal symptoms are
present. Seldom is the diagnosis established by satisfactory bae-
teriological evidence. In all probability, therefore, many of the
cases included in the table below are not true “influenza.”

The references to the haematology of the disease in literature are
very scanty. Orvion (Adrehic. o, Méd. milit., 1890, p. 280) found
fibrin increased during the early days of the disease. Rieder
( Miinch. wmed. Woeh., 1892, XXXIX.) found no leucocytosis.in
grippe and but little in the “catarrhal pnewmonia” following it
(Tiirck).

The following table shows that the lencocytes are normal in
about two-thirds of the cases. Sixty-five of the two hundred ani
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Bacteriology of the Blood.

Coeei can be demonstrated in cultures from the blood of septi-
ezmia more frequently than in any other elass of infections. Ro-
senbach ' in 1884 found streptococci and staphylocoeel in sepsis.

Garré® in 1885 found the last-named coccus in a case of osteo-
myelitis. In 1890 v. Eiselsberg’ found staphylococei in ten eases
of septic wounds and one ease of osteomyelitis, and streptocoeei and
staphylocoeei together in five more patients whose wounds had be-
come septie.

Czerniewsky,' Stern, and Hirschler® found the same organisms
in puerperal fever, the former observer in five cases,

Brunner,® Hoff,” and Blum® found pyogenic staphylococei in
pyemia and sepsis, and Saenger,” Roux and Lannois," Cantun,"”
and Bommers™ had equal suceess, each in a single case.

Canon' and Sitbman' investigated large numbers of cases with
many positive results, and Grawitz'* and Petruschky'™ and Cohn”
were successful in finding pyogenic cocei in the blood of cases of
uleerative endocarditis as well as in other septic infections.  Her-
schlaff " found them in erysipelas, acute tuberculosis, perforated
typhoid uleer, ete.  Kithnan," on the other hand, was unable to find
anything in the blood of twenty-three severe pywmic cases, and was
suecessful in only one out of twelve cases of uleerative endocarditis.

Taking the results of all these investigators together, it seems
evident that in some cases of septicemia, blood enltures, taken
according to the directions on page 47, show the presence of pyo-
genie organisms, and that in obscure septic cases the diagno-
sis may be greatly facilitated by such an examination. Negative
results are of course very far from excluding septicaemia, but posi-
tive ones are sometimes of great value if proper precautions are
taken in the technique of the examination. In the diagnosis of

1= Microorganismen b, d. Wundinfectionskrankheiten,” ete. Wieshaden, 1884,
¥ Fortach, d. Med., 1885, No. 6, W Rif. Med., 1892, No. 96,

# Wien. klin. Woel., 1890, No. 30, " Deut. med. Woeh., 1803, No. 16.

1 Archiv f. Gynitkol., 18588, No. 83. " Deut. Zeit. f. Chirurg., 1893, p. 571.
SWien. med. Presse, 1888, No. 28, YWDeut, Arch. f. klin, Med., 1804, p. 578,
EWien. klin. Woch., 1801, No. 20, % Charité-Annalen, 1804, vol. x.

" Dissert., Strassburg, 1590, 18 Zeit. £, Hygiene, 1804, pp. 59 and 413,
EMiinch. med. Woch., 1893, No. 16, ' Deut, med, Woeh,, 1807, No, 9.
*Dent. med. Woch., 1888, No. 8. *Sem. Méd., 1897, p. 105.

¥ Revue de Méd., 1890, No. 12, U Dent. med. Woel., 1897, No. 25,



= =
: =




SEPTIC.EMIA. 233

December 6th—Red cells. . ... ......... 2,578,000
White cells ........... 5000
Hemoglobin.. . ........ 400 per cent.
December 24th—Red cells. ... . ... el 4,281,000
Whitecells............ 7.200
Hemoglobin. ......... : 65 per cent.
(Recovery,)

Such cases are the best examples we have of an eeute anemia
(hemorrhage excepted).

The hemoglobin is usnally diminished about as much as are the
corpuscles. Nucleated red cells are very often seen ; whether or not
they have prognostic value canunot yet be stated. In differential
diagnosis their presence helps us to exclude typhoid and miliary
tuberculosis, in which diseases they rarely are found.

Deformities in the shape and size of the corpuscles are not usu-
ally marked except in the severest cases. BEwing has noted a redue-
tion in the diameter of the cells in amemic cases.

TarrLe XIX. —PUERPERAL BEIFTICHEMIA,

—— - —— —— = —

Per cent
e | Age.|Bex. | Red cells. | White cells. | hmemo- Hemarks,
w7 globin,
1l 133 S R 77, 500 .. |Autopsy.
2|21 |F |2300,000 26000
4|20 |F. (3900000 23 900 68 |Two days hefore delivery.
21, 000 i Day of delivery.
0, 50H) 3 One day after delivery,
5,500 i Five days after delivery;
breasts caked.
15, 000 .. |Ten days after delivery.
11, 800 .. |Twenty-six days after delivery.
4128 |F, |3, 784,000 22000 55 |Miscarriage five days before;
septic ; curetted.
13, 600 .. |Three days later, temperature
| falling.
8300 | .. [Seven days later, temperature
' normal.
15, 800 .. |Fourteen days later, tempera-
| ture up ; curetted again.
14,900 | .. Fifteen days later, temperature
falling.
15,000 .. [Sixteen days later, temperature
5 falling.
9, 500 .. |Thirty-two days later, temper-
ature falling.
| A | R 20, 800 55
e T ] 15, 900 .. {September 2d, 1897
35, 600 .. September 9th, chills.
33, 000 .. |[September 13th.

35, 600 .. |September 16th. Recoveged.
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means that in most cases observed by these writers the infeetion
was of moderate severity. Ewing's experience leads him to the
conclusion that while the rule that suppuration produces leucocy-
tosis is almost invariable, it must be remembered that leucocytosis
may promptly disappear when exudation ceases, and that suppura-
tion involving mueous surfaces may induce very slight leucocytosis.

Only 14 of the 56 cases in Tables XIX. and XX. showed no
lencoeytosis. One was very mild, the other proved fatal on the day
of the count. The lencocytosis is of the ordinary polynuclear type
with disappearance of eosinophiles and diminution of lymphocytes.
Myelocytes and “stimulation forms” are usually present in small
numbers. The reappearance of the eosinophiles seems to me to
have some favorable prognostic significance.

S ary.

1. Rapid development of severe anmemia.

2. Leucoeytosis marked, except in very mild or very severe
cases.

3. Blood cultures may contain pyogenic cocel.

Diagnostiec Value.

The advantage of a positive bacteriological examination is ob-
vious. Of the value of the blood eount in distinguishing septie from
non-septic wounds and estimating the degree of sepsis and the im-
portance or needlessness of operative interference, not much is
known. The subject deserves to be carefully worked out from a
surgical point of view. The following cases, however, tend to show
that we might utilize blood counting far more than we do to deter-
mine guestions of this sort:

Case [.—Frank B suffering with appendicitis was operated
on by Dr. M. H. Richardson at the end of an attack. A little pus
was found, the appendix was excised, and the wound nearly elosed,
a small strand of gauze, however, being left in.  Several days after
the operation, there being at the time no external discharge, the
temperature rose. The wound seemed perfectly elean. The man
was very nervous about himself, and much stirred up at each dress-
ing; and as the temperature never went higher than 101°, there
seemed to be considerable doubt as to what the cause of the elevated
temperature was. The blood count in this ease showed 52,000 len-
coeytes. On opening the wound a large amount of broken-down
blood clot was evacuated, and the temperature came down to normal.
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How often the questions are asked: Is this patient septic? Does
this temperature mean anything of importance? Is this wound well
drained? Is this complaint of pain hysterical or does it mean some-
thing operable? :

How often the blood count would help us to answer such ques-
tions without leaving it for time to settle them after the most urgent
need of settling them is gone, we do not yet know.

In puerperal cases, the fact that leucocytosis is always present
for several days after delivery makes it harder to judge from the
blood whether a given case is septic. I doubt if the blood count
will give any information on this point not to be more easily ob-
tained in other ways. Blood cultures, if positive, are of far greater
importanee, but take more time.

ABSCESS.
Todophilia.

Goldberger and Weiss' have recently applied the iodine reaction
originally deseribed by Ehrlich and Gabritschowsky to the study of
the polynuclear leucocytes of the blood in cases of local suppuration.
A syrupy mixture of the following elements is made:

R e e 1
LT S e R e e e e A ]
Aq.dest....... e g e 100

Acacia md syrupum.

This is painted on aslide and the unstained cover-glass prepara-
tion is pressed down into it. So treated normal blood or that of non-
suppurative diseases shows the following: red cells dark yellow;
white cells light yeflow with very refractile, citron yellow nuelei.

In purnlent affections the protoplasm of the lencoeytes stains
brown, either diffusely or in a granular or network distribution.

Kammier® distinguishes three stages in the appearance of the re-
action :

() A slight diffuse brownish discoloration of the protoplasm.

(&) A concentration of the brown color into intensely stained
flakes and granules. (This is the type most often seen.)

(¢) An intense brown discoloration of the whole protoplasm.

Czerny, and recently Hofbauer, have found iodophilia in cases
of grave anmmia, primary or secondary. In chlorosis and the

! Wien. klin. Waoch,, 1887, No. 25.
* Dent. med. Woeh.. April 3d. 1869
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TapLE XX1. —ArrENDICITIS.
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TasLe XXI. —APPENDICITIS ( Continued).

ﬂ -
3 -
E% E% gg% Remarks.
LE
s &
B2 M. |aeennenaaa] 12,000 | .......|Appendicitis cake.  August 3d, operation; gangrenouns
appendix with adhesions.
16,000 |........|August Bch, fascal fistula.
th M. |liissesnnss 11,900 |icosssss|lin ﬁrmzﬁ_;llm except pain for twenty-four hours; not
operated.
BAIE1| ML |oessananss] 11800 |.uuess.. v'ﬁyﬂi ht tenderness; mno resistance or dulness,
uly k.
19000 |........|Temperature up: tenderness and resistance. July Tth,
operation; pus found,
11,700 58  [December S6th, 4 p.u,
S5, .| M. | 4,660,000 | 17,600 |........ o H0th, 10 4.,
lim . = Eiﬁtq 11 *=
11,980 |...000..[January 1st. 9 p.u,
10,800 |...cuaes - nth.

0875 | .eeaa. . WJuly 20th; pine days pain and vomiting.
23 F. | 4,664,000 | 21,000 |........[July 35th; moee paii, tenderness and vomiting: opera-
tion showed pus,
10700 |........|November Tth, appendicitis six days.
ML e 9000 |, ......|Operation; abeseess with considerable pus; gangrenous
perforated a}ia \ndix with coneretion in it.
10,500 |(........|Not operated t Ilrla.trr.
ﬁ F, | 3,000,000 | 10400 |..co0ees February 6ih, 12 m,; slight pain and tenderness,
M. foasvennss | 9800 |.ccc.i.. “ Tth, 3 p.u. ; temperature dropping.
104800 |.cas ... Eatg-‘rrhaul.

5,000,000 | 10500 |..ovuen
10,040 |orueunss One week, fourth attack: no cake, no acute symptoms;
cr| B fesinnnanns operation ; no pus, E

100 |.vene.. . Bixth day, operation: abseess, 3i. pus.

. g sarnensnes| S000 |........|Operated: no pus; catarrhal.

2R 2 2 T 9 T

we [ e s B400 |........ December 1st,
Ml B, |cssicsiaas 10000 |-coninsn -] Gth,
e || R - 15th.
a0l | i “ 16th.
TaB liescinne No pus.
ol--[:27| Bis0000 | 7609 N i
7 e 1) PR o operation.
g' Em% ?‘% """" E‘i‘"“ﬁ'; ppendix; five days in hospital
L i i erazesss|Catarrhal o x; five days in
el M. |... .... .| 7,000 85  |Catarrhal appendizx, . —
TOMT| M. | GO00000 | 6,600 |....... . chronie; nearly well; operation; no pus.
39]] g rresaal GO0 |iieaninn ®  orvery slight.

From the seventy-two cases of the adjoining table, together with
ninety-four other counts not here recorded, the following conelu-
~sions are to be drawn:

1. Red cells: no changes exeept in chronic cases with long-
standing abscess.

2. Coagulation often slow, but fibrin always inereased in sup-
purating cases.

3. As in most infections the mildest and the severest cases show
no leucoeytosis. Six cases with generval purulent peritonitis showed
no leucocytosis, its absence being confirmed by repeated examina-
tions. The total absence of leucocytosis in a case not obviously
mild is a very bad prognostic sign as in pneumonia and diphtheria.



o |
Ta




APPENDICITIS. 245

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
lencoeytosis 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 usnally 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
leucoeytosis of 15,000-24,000, thirty-three of the present series fall-
ing within these figures. Counts larger than this have always been
proved to mean a large amount of pus or a general peritonitis.  Of
the cases below 15,000 (fifteen in all) twelve did not come to oper-
ation, or if operated showed no pus. This statement excludes the
four cases of general purulent peritonitis without leucoeytosis men-
“tioned above.

10. Case 18 illustrates several points. After the first operation
the leucoeyte count did not fall so rapidly as usual, and the canse
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 aceumulation of the same kind.
After this last (third) operation the case progressed slowly but
favorably, and yet the lencoeyte 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 recorded.

Hubbard, in a study of the counts recorded in the surgical wards
of the Massachusetts General Hospital, concludes that while the
lencocyte count may be of value in distinguishing appendieitis from
other non-suppurative affections, it is of little value (when the diag-
nosis of appendititis is established) in helping us to prediet the
further course of the case, or in guiding our judgment regarding the
time to operate.

Bloodgood’s' results may be thus summarized :

1. Chronie cases: lencocytes subnormal with few exeeptions.
2. Acute eases at end of an attack : lencoeytes, 10,000 to 15,000,

3. Early acute cases: leucoeytes, 8,000 to 22,000,

I Medical Record, Oetober 20th, 1900,
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cocytosis and may be excluded by its presence. The same is true
of floating kidney, which has been sometimes confounded with ap-
pendicitis.

5. Gall-stone colie, and renal colic it uncomplicated by inflamma-
tory disturbance, cause no leucoeytosis, and can therefore be distin-
guished from appendicitis in most cases. If cholangitis, cholecys-
titis, pyelitis, or severe cystitis complicate the colie, the examination
of the blood will be no help to us.

6. Tmpaction of freees in the ceeum will not canse any leucocy-
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 ab-
scess to break into the general peritoneal cavity. In such cases, if
no leucocytosis were present, we might go ahead with a clearer con-
seience.

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 appen-
dix, pain being controlled by morphine. The bowels had been
loose, he said. There were dulness, tenderness, and a distinet tumor
in the region of the appendix, with slight pyrexia. The blood count
showed only 8,000 leucoeytes. He was given a compound cathar-

tic pill, had a large movement of the howels, and all symptoms and
signs disappeared.

-

7. Exrtra-uterine pregnancy and pelvie hmmatocele may cause
lencoeytosis like appendicitis, but do not inercase 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.

8. Floating kidney has been already mentioned in Curtis’ case, in
which in combination with typhoid it elosely resembled appendicitis.
Even without the presence of typhoid, the same difficulty of diag-
nosis may arise between appendix and Hoating kidney. The pres-
ence of lencocytosis 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 eall by the English name of
“pus tube.” As this produces the same effect on the blood as pel-
vie abseess or pelvie peritonitis, 1 shall consider the three processes
together.
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TaBLE XXII.—Pus Turee aAxp Penvic Asscess (Continued).

a3
2: | Bad
2 i E& —E; [ EE Remarks,
sl% ¥ 8 | B3 %
=
50(36) F. | 3,006,000 14975 [ 48 (Pus-tube. July 2ist, chills and delirium,
E.m L Ju.i'}' Eﬂd-
s 2hth; operated.
AT M| F. | 4810.000 | 14,800 | 30 |Pus tube; chlorosis,
AR3R| F. | 3,008,000 ( 13,553 =2 |Pus tube.
39(..| F. | 4,700,000 | 12,500 | 70 |Pus tube (double); operated.
SOBS| F. |icasasanea| 12,200 |...., ...|Pus tube; slight.
41)21| F. |.oiaennees| 12,200 | .. ....|Pus tube. June 2d.
= 12,300 |.sssan.. |June 10th,
42/19| F. | 3,000,000 | 12.000 |........|Pus tube,
43 .| F. | 4,756,000 | 11,850 63 |Pus tube. January Sth and 6th,
13,550
44 33| F. -la,ﬂclllﬂﬂﬂ 11,00k} 65 |Pustube. Not operated; very slight.
o 13T b Tyl PSR 10,600 J........ Chronic sal '““J:Itl!-{: June 21st. tg
10,000 1 . ... June 25th, better,
10.50000........] ¢ 2h,
4621 F. | 2,800,000 | 10400 | 64 | Pelvic peritonitis.
€i..l....| 7000000 | 10.000 |........ Pelvic abscess ().
4838 F. 4,125 000 | 10,000 60  |Pelvic abscess.  Augnst 38th.
17,000 J..ooueis September 3d, temperature up.
13400 1........ Gih, normal temperaturs,
ﬂﬂr FI LEREEE v Eqm LR RN mlplhmllﬁ g‘ H IT mi’
! G200 |.0ween..fd: 15 B 3. five days in hospital.
502 F. 420000 T.B00 |..eisees Pus tubes (small; size of finger).
51 I F. | 5840000 7.200 |........ |Pus tube.

From these data together with two hundred and nineteen other
counts not here recorded I conclude that: Increasing counts of leu-
coeytes usually point to the need of an operation; stationary leuco-
eytosis to a well walled-off abscess.  The size of the count i1s a rough
measure of the size of the abseess, and patients without lencoeytosis
rarely need operation and usnally recover under palliative treatment,
as also do many with lencoeytosis.

Differential Diagnosis.

Pelvic pain and soreness may be as great in various non-suppu-
rative conditions (ovarian neuralgia, ete.) as when abscess is present,
but the leucocyte connt is raised in none of the pelvie disorders of
women except abscess, septiceemia (puerperal, after abortion, ete.),
and hemorrhage (menorrhagia, metrorrhagia, ruptured tubal preg-
nancy). Endometritis and ecystitis 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, ete., in a doubtful case.
The absence of lencoeytosis makes us rightly confident that no ab-
seess of any considerable size exists,
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several excellent elinicians pronounced typhoid, though there was a
marked leucoeytosis and no serum reaction, the antopsy showed pus
in the jugular and lateral sinus but no typhoid.

OSTEOMYELITIS,

In four cases in which no external opening was present, the
patient complaining only of pain in the bone, the counts of leuco-
eytes were 29,600, 25,600, 24,310, and 18,0003 in each the predie-
tion that pus would be found was verified at operation. Three
differential counts in chronie cases with sinuses showed nothing re-
markable, no increase of eosinophiles and no myeloeytes.

The diangnoestic value of the blood in osteomyelitis seems to me
considerable, inasmuch as it is diffieult 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 lencocytosis.

OTHER ABSCESSES.

(1) Felon.—It is striking to see how small a collection of pus
can raise the lencoeyte count. Patients with felons containing less
than one-half drachm of pus may have a lencocytosis of 15,000 to
22,000. Ihave counted the blood in three such cases. The element
of septiceemia must be considerable. It seems to make no difference
whether or not the pus is under great fension. The leucocyte count
does not fall sharply after the felon is opened, but gradually dimin-
ishes during the next seven to ten days. Even a

(2) Gum boil raiged the white cells to 27,000 in one case. An

(3) Abscess of the vulva showed 23,500 lencocytes per cubie mil-
limetre, and an

(4) Abscess af the vagina, 12,800. Other varieties are:

(5) Parotid abscess, 45,500 lencocytes per cubic millimetre.

(6) Subpectoral abscess, 16,000 leucocytes per eubie millimetre.

(T) Abscess of the neck, 22,200 leucocytes per cubic millimetre.
Carbuncle, 41,000 lencocytes per cubic millimetre.

(8) Psoas abscess (infected), 50,000 lencoeytes per cubic milli-
metre.

(9 Absecess of ovary, 26,000 lencoeytes per eubie millimetre.

(10) One case of perinephritic abscess was watched for some days
while the patient was getting up strength for an operation. It was
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the kidney is materially assisted by the fact that the former causes
lencocytosis, while the latter (see page 335) does not.

(#) Both cancer of the kidney and perinephritic abscess cause
lencocytosis, but if fibrin is not inereased cancer is the more likely
of the two. This differential mark has served me well in two cases.

(¢) Hydatid of the kidney and pyonephrosis are not to be dis-
tinguished from perinephritic abscess by the blood examination. In
abscess of the lung the blood gives no information that cannot be
more easily gained in other ways.

3. Subphrenie abscess may be confounded with malignant dis-
ease, both of which may canse lencocytosis; but the absence of any
inerease of fibrin speaks against the existence of an abscess.

GONORRH(EA.

The red cells are not affected, but in acute cases a moderate len-
cocytosis is present and fibrin is inereased. Qualitatively, the white
cells have been said by Neusser and others to show an increased
percentage of eosinophiles corresponding to the large proportion of
these cells in the urethral discharge. Vorbach has carefully 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 found the eosinophiles usu-
ally 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 eells not much dimin-
ished but showing decided degenerative changes; hwmoglobinemia
is common. He makes no observations as to the white corpuseles.
Pothier of New Orleans, studying the epidemic of 1897, found the
following results in 154 cases. The red cells were never consider-
ably diminished. The leucoeytes varied from 4,600 to 20,000—
averaging about 9,000 —hsmoglobin usually diminished at the
height of the disease 50 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 7,500 leucocytes, 92 per cent of hemo-

1 Archives for Derm. and Syphil., vol. 49,
* Journal of the American Medieal Association, March 16ih, 1895,
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On the other hand, Everard and Demoor,’ and Wilks® found
lencocytosis.

MALTA FEVER.

According to the article in Allbutt’s recent * Text-book of Med-
icine ¥ the red cells fall gradually in the course of the fever from
5,000,000 to about 3,500,000. Bruce finds the leucocytes normal
in most cases. (See also page 466.) Charles’ makes the amazing
assertion that at the height of the fever polymorphonuelear neutro-
philes are entirely absent from the blood and only lymphoeytes to
be found. Musser and Sailer report a prolonged case with no im-
portant changes in the blood. The serum reaction with the Baeillus
melifensis has been obtained in cases of Malta fever by Musser, by
Cox, by Curry (18 cases), and in Osler’s elinie.

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 re-
‘corded :

October 24th, 1897. Leucocytes, 18,600; hemoglobin, 100 per cent.

October 81st, 1897, Leucocytes, 11,600,

November 4th, 1807, Leucocytes, 13,000,

November 9th, 1887. Leucocytes, 12,600,

November 12th, 1807. Leucocytes, 12.400.

Serum reaction absent; fibrin increased; pure culture of glanders bacilli
from abscesses: 86 per cent of the leucoeytes were polymorphonuclear; eosino-
philes absent.

The bacilli of glanders can occasionally be cultivated from the

blood.
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

! Annales de 1'Institut Pasteur, February, 1803

! Ref. in S8ajous’ Annual, 1395,

? Lancet, July 30th, 1598,

4 Comptes Rendus de 1'Acad. des Sciences, November 23d, 1868,

5% Mittheilungen aus d. Med. Fac. d. Kaiserlich Japanischen Universitit,”
vol. iii., No. 2. Tokyo, Japan. 1885
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bling Macleod's deseription of epidemie dropsy; these cases were
observed by Dr. Greene at Key West, Fla. One was fatal and the
other ended in recovery. The blood of both cases was notable in
that the corpuscles were almost invariably oval instead of round, re-
minding him of the blood of amphibia. He was good enough to

Fi1G. 33.—Blood in Epidemic Dropsv. Note oval shape of corpnzeles. Magnifled 350
ilinmerers,

gend me preparations of the blood; a microphotograph of one of
them 18 here reproduced. Rounleaux formation was absent, another
point in common with amphibian blood. There was no apparent in-
erease of the lencoeytes when T saw the blood, late in the conva-
lescence of the second ecase. (On the significance of oval forms,
see p. 85.)
‘ TETANLS.

In two (fatal) cases of tetanus treated with antitoxin, T observed

the following counts:

White cells. Hemoglobin,

itaRe I Juone 218t 1BDT. .\ oo i cannas 11, 104 T0 per cent,
Al et R B e e e et 11, %00
N e e S el e e A 19, 60

The eosinophiles do not decrease as in most fevers.

17
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CHAPTER V.
DISEASES AFFECTING THE SEROUS MEMBRANES,

TusErcunous affections of serous membranes have been dealt
with elsewhere (p. 280); but an exception was there made of pleu-
risy, for althongh there is reason to believe that the majority of cases
of serous pleurisy are due to tuberculosis, we ravely have proof of it,
and most observations upon the blood of pleurisy have not been
accompanied by bacteriological examination of the eftusion. Tu-
berculous eases have not always been distinguished from non-tuber-
culous. Hence the two are necessarily considered together here.

SEROUS PLEURISY.

Von Limbeck finds in non-tuberculous cases from 13,000 to 15,000
lencocytes per cubic millimetre. The red cells and hemoglobin are
not much affected except in chronie cases.

Rieder finds in non-tuberculous cases during the stage of fever
moderate leucocytosis, 13,000 in one case in which the bacteriolog-
ical examination showed the presence of Fraenkel's diplococens in
the exudation. After the fever has subsided the lencocytosis 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-
e¢ytosis in serous pleurisy. According to Rieder the presence or ab-
sence of lencoeytosis 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 Rieder found but 4,600 white
cells in one case, and Pick got similar results in two cases.

Hayem makes no clear distinetion of tuberculous and non-tuber-
eulous 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 tubereulous
eases it is not increased at all.

Morse reports 224 counts in 20 cases of serous pleurisy—9 of
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Here tuberculous and non-tuberenlous cases are not distinguished,
and a majority of them were not seen till the trouble had been
going on two or three weeks. The patients did not seek advice until
the effusion was large enough to eause dyspnea. Of the 242 cases
all but 35 had no leu-
coeytosis.  Most of the g
cases were a?ehnle or [;.,;:: | e T Y T
nearly so. Eight cases

e 2 M. | | e w2 (M. e M. [E- M.
reacted to injections

of tuberculin. None = g 13| (3] IB] |5 (3] |R] |B| |B 3|
of these eight had leu- M
cocytosis. 0 A
The cases with leu- wet—tal 1A ”
cocytosis were mostly ! J,a"n"i [ j. WAL 1 A
those seen in the fe- e Yﬂ_ l‘ \| \
1001

brile stage, near the

beginning of the sick- . U “ A
ness. No differential | e}l L1 gt oL M N
counts were made. eI 7 ' ?

In chronic cases #—%-—% g2 3
the red cells are said softal L : NG 8
to be considerably di- AR 113 I3 | 2

minished, but this has
not been the case in FiG. 3.

our series: no count of

under 4,000,000 was recorded, and the coloring matter was not
much diminished.

Sumnmary.

1. Red cells and hemoglobin show no important changes.

2. Inadults the white cells are probably never steadily increased
" as a result of simple uncomplicated serous pleurisy. Oeceasional
waves of leucoeytosis oceur in a small percentage of cases, but even
then the leucocyte count rarely reaches 14,000. Continuous leuco-
eytosis indicates some complication.

Diagnostic Value.

The blood count may help a good deal in doubtful cases by ex-
eluding empyema, pneumonia, and malignant disease of the lung,
all of which are accompanied by high leucoeyte counts. Compare
the average count in serous pleurisy, 6,130, with the average in pneu-
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TaprLe XXVI.—Gexeral Perrroxiris (Continued).

No.| Awe. | Sex. | Red cells. 1"'1:,::,:‘ I’-E'::Fm":[ Remarks.
| glohin.
8 | Adult. | F. ERLLINLL]] L | | SRR Chronde, purilent.
L] 31 M. SRR 18000 | .....- Ruptured hladder.
10 | Aduait. | M. AR 18,0000 | oaai Moribumnd.
1L 2 21 100000 | iass First day. Ruopture of gall bladder,
-6 L Second day. Died,
12 21 1 | i TR e June HRh.
B0 || i July 3. Auntopsy.
13 & o R (F L | {Dctober 27th.  Circumseribed.
B0 | ooiia November &0,
14 b 1] R SRl | i July 19th.
0,500 essass |duly Hth,
15 (i 1] 4 R i3, (K
16 | Adult. | M. | G000 000 13,0 vassse |Purnlent; operation. Death.
T 4 F. il esssss  |Obtruction: died in three days: au-
topsy.
18 | Adult. | M 4,760, (0 BB, | Puralent. Denth within 234 hours.
18 41 F T N L 5 B e il
- 1] | | S Marked | ...... After appendix operation.  Diff, 1Kk
increase, cells: Polymorphonuclear  cells, L5
per cent: Iymphoeytes, 9.5:; eosino-
philes, v myelocytes, 1.
2l ] F. T EROAR L e August 2d.  Auntopsy,
IO i Aungust 5.
= 2 i B AP 1,800 | ... Gieneral.  Gastriec uleer.

Diagnostic Value.

1. When a diagnosis rests between peritonitis and (#) obstruc-
tion (non-malignant); (#) malignant disease; (¢) hysteria, phan-
tom tumors or malingering, the presence of marked leucoeytosis with
inerease of the fibrin network speaks strongly in favor of peritonitis.

Obstruction or malignant disease may increase the number of
leucocytes, but rarely inereases the amount of fibrin.

Hysterical or malingering patients have normal blood.

2. We cannot distinguish serous from purulent peritonitis in
septic cases, but tuberculons peritonitis can always be excluded if leu-
eoeytosis is present.

3. As to the “chronie granular peritonitis,” non-tuberenlous and
non-septie, I have seen no reference in hematological literature and
have no first-hand knowledge.

4. In the worst cases leucoeytosis may be absent, as in the most
virulent type of pnemmonia.

PERICARDITIS (WITH EFFUSION).

As in most other infammations of serous membranes we can dis-
tingnish the tuberculous eases which have no leucocytosis from the
rheumatic or septic cases which ‘always increase the white cells,
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EPIDEMIC CEREBRO-SPINAL MENINGITIS. 267

ception to the rule that tuberculous processes do not produce lenco-
cytosis. Certainly some cases do follow this rule. But however
this may be, it is certain that purulent meningitis, whether second-
ary or of unknown origin, is characterized by high leucocyte counts,
and if in a case evidently of meningitis of some kind leucoeytosis is
absent, the case is probably tubereulous in origin.

TasrLe XXVIII.—MENINGITIS,

Per ¢ent
A H Is. White U

% e, s Red cel ealln g:’gm; Remarks.

1 19 e b e el B2000 o Autopsy: pneumococcus.

2 Adult. | M.| 5,900,000 40,000 = Diff. 1,000 cellz: Adult cells, 93
per cent.; young cells, 7; eosin-
ophiles, 0.

| PRt M. 6,400 000 335,000 ..o J(Onitis ¥) question of typhoid.

4 23 | M, 6,000,000 27 500 95  |March 16th; cerebro-spinal.

16, Sin) s “  18th.

LT ) S R R 27, 000) .. |Tuberculous; no autopsy.

615 = |F.|5020,000 19,500 i3

T T D e 16, 000

8 08 (M| .......| 16,000 s

m 20 o | El A 15,784 . |Autopsy: cerebro-spinal.

1 2 M. ........| 14200 . Basilar; no tuberculosis in family;
had pneumonia.

11} 423 M. 4,356,0000 14,000 3

134 85 M. ........| 11,700

13| 24 M. | 5,040,000, 11,200 .. [Specific.

Cerelro=spinal meningitis (see Cases 4 and 9, Table XXVIIL.)
shows the same characteristics in the blood as do cases limited to the
eerebral meninges. A case reported by v. Jakseh® had 4,800,000
red and 24,000 white cells.

EPIDEMIC CEREBRO-SPINAL MENINGITIS.

Williams finds lencoeytosis in about two-thirds of his cases.

The following counts were made during the epidemic of 1897.
The red cells are not markedly affected. Vasomotor polyeythaemia
may oceur. Leucoeytosis is the rule, but is not invariable. In a
general way the higher the count the severer the case, and the
count nsually rises as the case gets worse and falls with improve-
ment, though often very slowly. In the febrile reerudescences so
common in chronic cases, the leucoeytes usually rise again, though
the eosinophiles may not disappear as they ordinarily do in the ear-

1 Zeit. 1. klin. Med., 1893, p. 187,
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PHTHISIS. 271

found in different cases depend probably on the presence or absence
of various other organismns (diplococeus lanceolatus, pyogenic coeei)
associated with the tubercle baecillus, and on whether there is some
drain on the body albuminoids (diarrhiea, 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 practieally one of septiciemia) 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 arve sure to be lacking in hwmoglobin
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 tubereulosis, that drains the corpuscles of their vitality and
lowers their numbers.

LevcocyTEs,

(a) 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 inereased. In certain loecalities (lungs, kidneys)
the opportunities for a secondary infection and septiczemia 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 eonsider-
able changes.

So much more is known of the numerical variations of the leu-
cocytes 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 tuberenlosis, genito-
urinary tuberculosis, and tuberculous peritonitis.

I. PHTHISIS.

I. In ineipient phthisis the leucocytes are normal except after
hemoptysis.
II. After attacks of hemoptysis, there is usually leucocytosis,
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BONE TUBERCULOSIS. ’ o975

forms, ete., are all characteristic not of tubereulosis alone, but of
any severe suppurative process. The inerease of “ débris ' is prob-
ably the same datum which Watkins interpreted as an increase in
blood plates and Goldberger and Weiss as “extracellular glyeogen.”
(With Holmes’ *undeveloped nueclei” in the leucocytes, compare
p. 110.)

II. BONE TUBERCULOSIS.

Brown' has studied seventy-two cases, Dane® forty-one. Dane’s
study of the blood in forty-one eases 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
with absence of pyogenic cocei and with high counts of secondary pyo-
genic 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. “1f abscess is present, a low count of white cells indieates the
absence of secondary pyogenie infection (proved by cultures).

3. “Cases of traumatic origin are generally accompanied by a
high leucocyte count.

4. “The lencocyte count bears no direct relation to the temper-
ature; 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 leucoeytes were only 7,224, or sulmormal for that age
(vide infra, p. 4435).

5. “Cases where at the primary operation the pus proved sterile
show an inerease in the lencocyte count when the wound becomes
infected with pyogenic organisms” (as it always does).

6. “The red cells are rarely diminished, but the hwemoglobin is
usually relatively low (mild secondary anemia 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 intluence than
that of adults.”

Transactions of California Medical Society, 1897,
* Boston Medical and Surgical Journal, May 28th, 1896,






ACUTE MILIARY TUBERCULOSIS. 7T

titative increase of lencocytes such qualitative changes as the fol-
lowing:

Per cent.
Polymorphonuclear neatrophiles ...................... 84
Lrmphooytes (Bmadl) . .o e ciasisan s ta e ]
Lymphocytes (large and transitional) .. ... ............ fi
PR R L S 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-
COCCIS Alretls,

(¢ ) Not every case with leucoecytosis shows qualitative changes
as the above. One of Dane’s cases (No. 22, a boy of seven) showed
a lencocytosis of 23,387, but only sixty per cent of these were poly-
morphonuelear, and two per cent eosinophiles.

In a case recorded by Dane (No. 32), tuberenlows osteamyelitis
showed 6,083 white cells (subnormal, as the child was only two
years old) with sixty-four per eent of polymorphonuelear cells.
The pus from the bone cavity showed no pyogenic organisms on
cultnre. Ordinary septic osteomyelitis gives very different results
(see p. 251). Dane’s cases were almost exelusively hip and spinal
affections.

The following ecases from the Massachusetts General Hospital
records illustrate tuberculosis of other bones :

TapLE XXX.

. Per cent
White
Case, Diagnosis, Hed colls, I :ﬁ%ﬁ.
1 Tuburculnai,a af t.ha knee jmnt ...... 6,472,000 | 9,400 3
2 eees | 3904, 000 | =, 00 1
e e e 4650000 | 6.500 | 61
4 Tuherculnrrlb................“... 5,016, 000 [5.8(]1] T3

II. ACUTE MILIARY TUBERCULOSIS,

Probably there are no iinportant changes in the red cells or he-
moglobin. The number of cases on record is too small to enable
me to speak positively on this point, but the acuteness of the dis-
ease would lead us to expeet the normal or approximately normal
conditions recorded in the few published cases.

About the leucocytes we know more
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TUBERCULOSIS OF SEROUS MEMBRANES. 285

m fibrin is, Turck thinks, of some diagnostic value in excluding
other types of meningitis.

3. TuBERCcULOUS PERICARDITIS.

In one case in which tubercle bacilli were repeatedly demon-
strated in the fluid obtained by tapping the pericardial sac 1 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.

e — B e e — P — o
— ——

Case. | Age. | Bex. | Red cells. | White cells. | I:IH‘P':II.'IRIDMD Remarks.
. | — e
1 D AR e ﬂ ‘.![H:} '
2| 48 4,728,000 |

4. TurercvuLovs PLEURISY.

No doubt a large proportion of all pleuritie effusions are tuber-
eulous in origin; and, so far as I have seen, no high counts are re-
corded in cases proved by culture or inoculation to be tuberculous.
The low leucoeyte counts in most pleurisies (see above, p. 260) tend
to show that they are tuberculous and not due to pyogenic organisms.

Pick mentions that he finds no lencoeytosis in tuberculous pleu-
risy when uncomplicated by phthisis, but reports no actual counts.

B. Graxpvrar TurercuLosIS.

In cases of so-called scrofulous glands, whether in children or
adults, the blood shows no important echanges except that in chil-
dren the hemoglobin may be considerably diminished.

GLAXDULAR TUBERCULOSIR,

No. f ARe. | Sex. | White cells, m";’;;ﬁfﬁﬂ_
Lo g RS SRR | 20 F. 5,600
L T e R 28 M. 10,900
R e 7 F. 11,000

Leucoeytosis is absent unless an abscess has been opened and
infected. Whether or not tuberculosis of the abdominal or other
internal lymph glands affects the blood, T am unable to say.
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never gets quite up to normal and prolonged mereurial treatment
lowers if, although mercury has at first a beneficial effect on the
hamoglobin 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 re-
mains normal, but the heemoglobin 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 seecondary symptoms from twenty-five
to thirty per eent of hamoglobin is generally lost, without much
change in the red cells, which sink considerably in nnmber after the
outbreak of secondary lesions. Lezius® likewise finds no diminution
in the muwmber of red cells until the outbreak of secondary lesions.

Ewing states: “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
heemoglobin 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 deseribed, are apt to
be more marked in women than in men. In cases going on to the
secondary stage untreated, the hsemoglobin 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 infaney may in-
deed produce fatal anmia and very low counts are common, with
large numbers of nucleated red cells and great deformities in shape
and size.

The effect of mereurial treatment on the red cells is interesting.
Gaillard * found that the count of red cells increased during the fvst
fourteen days, and the hamoglobin during the first twenty-four
days of treatment. After that time, if mercury was still given, the
hazmoglobin and later the number of corpuseles began to deeline.

Konried (loc. eit.) found the haemoglobin to rise during the ad-
ministration of the first twenty-five to thirty-five inunctions, after

! [nternational Dermatological Congress, 1892,
*Wiener klin. Woch., 1808, No. 19.
#Inaug. Dissert., Dorpat, 1889, 4 Gaz. des Hip., 1885, No. T4
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SYPHILIS. 289

Jones' examined thirty-five syphilitics and eighteen control
cases. Of seventeen cases of active syphilis thirteen gave positive
results. Jones thinks the test of some value in diagnosis though
by no means pathognomonie.

White Cells.

1. Here the changes are very 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 lymphoeytes high. If mercury is given at this
stage, the polymorphonuclear forms begin to inerease toward nor-
mal, and the lymphocytes proportionately to decrease. [Mercury
given to healthy persons has just the opposite effect, inereasing the
lymphoeytes at the expense of the polymorphonuclear forms.]
Iodide of potassium works exactly like mereury in this respect, in-
ereasing the polymorphonuclear lencoeytes 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 ecases) generally appears, the proportion of lympho-
eytes and of eosinophiles usually being increased. Engel describes
a syphilitie ehild in whom the percentage of polymorphonuclear
cells steadily rose as the child got worse. In such cases Engel con-
siders these cells to be of prognostic importance. P. K. Brown has
made a similar observation in bone tubereulosis.  Treatment with
mercury and potassinm iodide tends to bring down the count of
lymphoeytes, while it raises the count of red cells; and among the
white cells to inerease the polymorphonuelear forms.

In the tertiary stages, with the severe anwmia which is often
present, there oceur oceasionally lencoeytosis, not uncommonly with
small percentages of myelocytes, and a marked lymphocytosis,
Miller* has deseribed four ecases of an@mia in syphilis so severe as
to simulate pernicious angmia very closely. In one the red cells
sank to 720,000. Laache® mentions a similar case. :

There are no constant changes in the blood plates., Specific
gravity follows pretty closely the hamoglobin percentage.

I New York Med. Jour., April Tth, 1900,
! Charité-Annalen, vol. xiv. ¥ Loe. eit.
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I
|

Deggian.” | puc. [l s S—

Red cells........| 8,350,000 T O S e
White cells. . ... 20,000
Polynuclear. . . . 35,07 26.7% | 89.8% | 52.8% |The blood ::tu1|_1:+,r_{-.-z_ here Te-
Lymphoeytes. ..| 44.69 Gd.4q | 52, ¢ | 48.8¢ | ported coincided with the
Eosinophiles. . .. 20.62 18.7¢ | 8. ¢ | 8.4g ulal;: {i-f mercury and with

the disappearance of the
Normoblasts....| 60 per anemia and of all symp-

C.mimn. toms.
LEPROSY.

Winiarski (Petersburger medicinische Woehenselrift, 1892, p.
365) gives a careful study of seventeen cases of leprosy, and I, K.
Brown' has watched sixteen cases. They find in young persons
with mild cases no changes from the normal blood.

In severe cases, especially in old people, the anmmia may be
severe (2,290,000 red cells with fifty-four per cent of haemoglobin)
and even comparable to pernicions anmmia (1,989,000 red ecells
with sixty-three per cent of heemoglobin). In ansmic cases the color
- index is apt to be high, in one case it was 1.7 (!). Such severe
types are associated with an inerease of the average diameter of the
red cells, which explains the high eolor index. The hwmoglobin
was not relatively low in any case.

Leveoeytes.

No inereuse was present in any case.  Four cases were subnor-
mal. The percentage of lymphoeytes, as in other debilitated con-
ditions, is often high (forty-five to forty-seven per cent).

Bacteriology of the Blood.

Brown has suceeeded in demonstrating the leprosy bacillus in
the blood of one-half of his cases. The bacilli appear for the most
part within the lencocytes, 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 eultivate the bacillus.

Streker® has likewise found the baecillus in the blood of four
Cases,

1San Francisco County Medical Society, July 13th, 1897,
*Minch. med. Woch., 1887, Nos. 3%, 40.
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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, p. 380.)

GASTRIC ULCER.

Red Cells and Heemoglobin,

A severe an@mia is common. Out of the 51 cases in Table
XXXVIIL., A, 42, 80 per cent, had less than 50 per cent of heemoglo-
bin, and of the 51 in which the red cells were counted, 17 had un-
der 3,000,000 red cells per eubic millimetre. The average count of
red cells at the time when treatment began was 3,572,000, There
is no single disease, so far as I am aware, in which the red cells are
s0 apt to be so low, except pernicious ansmia. Even cancer, as a
rule, does not fall so low. This is due mostly, I think, to the fre-
queney of kemorrhage from the uleer; it is uncommon to see marked
ansmia in patients who had never had a hemorrhage.

This ansmia is all the more striking when we remember that the
frequent vomiting from which most patients suffer tends to concen-
trate the blood, inerease the number of cells in a drop, and so to
make the blood seem less angmic than it really is. This tendency
to eoncentration 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 hamoglobin.

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 uleer, and exceedingly pale,
showed on counting the corpuscles 4,140,000 per cubic millimetre (no consid-
€rable reduction), and ninety per cent of hemoglobin, A second count showed

 Deut, med. Woch,, 188D, No, 43,
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Tasre XXVIL, A —Gasrric Urcer wrrn HEMORRHAGE (Continued).

Per cent
White .
No. | Age.| Sex. | Red cells. e Eﬁnm:':-. Remarks.
10 | 48. 1,448,000 13,700 10 [Five days after perforation. Diff.
count 5N cells:
Polynuclear, 86 per cent.
Lymphocytes, 13.6
Eosinophiles, 4 o
Normoblasts, 1
11 | 42 | F. | 2,216,000 13,500 32
12 | 32 | .. | 8,256,000, 13,000 35 |November 11th.
2504, 000 i 20  [November 14th.
Polynuclear, 83.2 per cent.
8. lymphocytes, 10.4 *
L. lymphocytes, 3.6 ~
Eosinophiles, 1.8 0
Myelocytes, 1 =
No nucleated reds; general tend-
ency to small size, very few
large forms: moderate poiki-
locytosis.
18 | 24 5,016,000, 12,000 52
14 | 29 3,644,000, 11,400 35  |Day after hemorrhage of O iij.
15 | 72 3,799,000, 10,700 35 |Autopsy.
16 | 35 3,024,000, 10,200 55 |January 2d.
3,302,000 T 53 | January 13th.
3,712000|........| 45 |[February 5th.
17 | 40 3,868,000, 9,900 50
18 17 5,000,000, 9,500 45
19 , 27 4,092,000, 9,300 40
20 85 1,864,000, 17,200 20  |No autopsy.
2,224,000{ 9,200 40
21 24 | F. | 83,076,000, 8,800 15 | Bleeding.
22 20 | .. | 5,874,000, 8,650 i
28 87 | .. | 3.267.0000 8,500 30  |Hemorrhage six days ago.
24 45 | *° | 8,520,000, 8400 a5
an | 87| .. | 4188.0000 8,100 H 1] Bled one month ago.
26 30 | F. | 8,482,000, 7,820 45  |Hemorrhage previous day.
4,222 000{ 10,600 T Two weeks later,
4,592 000{ 6,700 70 |Three weeks later.
27 | 4 4,020,000, 7,600 43
28 | 20 | .. | 5,000,000, 7,400 50  |Slight hemorrhage.
20 26 1,888,000 7,400 19  [Three days after hemorrhage:
Polynuelear, 57 per cent.
Lymphoecytes, 41 *
Eosinophiles, 2 ©
No nucleated reds; reds small but
not much deformed.
80 | 22 2 984 000 7,200 b October  3d.
3,436, 000 ? 21 Oetober 20th.
3,612,000 7 34 November 1st.
81 |24 | F. | 1,802,0000 7,000 30 January 16th, after hemorrhage.
2 304,000 ? 7 |[January 22d.
3,064,000, 3,500 85  January 81st.
8920, (M) ] 48 February 10th.
4,680, (00 ¥ 53  |February 28th.
82 ' 20 3,340,000 7,000 45
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TasrLe XXXVIL, B.—Gastiic Uncen witnotT HeEMORRIAGE (Contined),

e -
— —

Age. | Sex. | Redcells. | White cells. | a!?'.f.#i:'!I?u.J Remarks.
20 i 0 R o e 4,800 a7
26 | .. |3216,000 4200 80 |
23 » 4.680,000 | ........ 25 |
5 N E [st000| ] w0 |
Heemoglobin.

As a rule the color index is low. Only one examination in the
cases of the Massachusetts General Hospital series showed an in-
creased amount of hemoglobin per corpusele, and as this was not
repeated or verified, it may have been a mistake. In most of the
other examinations the color index was low.

Yet Osterspey records 1,900,000 red cells with 31 per eent of

.haamuglr.)hin (eolor index = .81); 3,296,000 with 70 per cent hee-

moglobin (eolor index = 1.09); 4,048,000 with 84 per cent hamo-
globin (color index = 1.05). Such cases are certainly rare,

Hhite Cells.

Leucocytosis is practically never seen except after hemorrhage
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 inereased from 4,000 to 15,500!  The presence of a
leucoeytosis, when the influence of bleeding and digestion is ex-
cluded, is against the diagnosis of ulcer of the stomach.

Tanre XXXVIIL—Duvonexsarn Ulcen.

|
| Pirr eenit
: o | . White - -
No. | Age.| Sex. | Red ulls.l ey Emmnl Remarks
1| 80 | M. |8.776.000 Normal.| 50
2|88 | M. |1,500000].... ... 17
S0 58 | L. | 1,472,000) 124,000 a0 :‘ieptultlllbcr 3d. Diff. count 500
cells:
Polynuclear, 75  per cent.
8. lymphocytes, 224 “'
L. lymphocytes, 1.2 .
Eosinophiles, 1.2 4
Myelocytes, 2 &
Normoblasts, 1.
1,876,000]........ 19  |September 10th.
2,148,000, . ...... 17  |September 18th.
2 4400000 .. ....| 21  |September 24th.







&

CHRONIC GASTRITIS. 299

Where this is the case, it may help us to exclude typhoid fever,
which has no lencocytosis. Even a twenty-four hours’ dyspeptic
attack may inerease the leucocytes notably, as in Cases 1 and 2 in
Table XXXIX., A, and the presence of such an inecrease need not
make us suspect anything behind the dyspepsia. It is probably to
be classed as a toxic lencoeytosis due to absorption of morbid prod-
ucts from stomach or intestine. Fibrin may be increased during
the period of lencoeytosis.

TapLe XXXIX., B.—DYsPEPSIA AXD GASTRITIS.

[
Per cent
] White - IMATKE,
g Ape. i Red cells. el :ﬁﬁ, Remarks
1] 24 |M.]|6,280,000 22,700 \........ Gastralgia ; constipation ; whole
helly tender.
12,800 |.. ..... Threedayslater; wellin a week.
2l 27 |F.|4,750,000 14,000 T4 At mealtime, 11,200 ; four hours
i later, 12,150.
8| 26 |F.[4,020,000 11,000 | 55 | Dyspepsia.
428 | Meenrnnsn. AL00°Y, . i Acute gastritis.
] e e ...| 5,016,000, & 924 86
Al [ | 7,826 i Chronic gastric catarrh.
7 80 |F.|8,678,000 7,000 75 | Nervous dyspepsia.
Beﬁ&r% mr&eal, th;veg*&bm& _}st,
i, : November , B0
8 .41 |M. 14,524,000 6,000 68 After meal, November I1st,
_ 6,800 ;: November 2d, 7,400,
9 49 |F.|4.200,0000 4.000 80 hronic gastritis.
100 18 |F. |5,016,0000 3,200 45 | Dyspepsia.
11 60 |DM.|3,504,0000 2,800 | 50 IChmniG gastritis.

CHRONIC GASTRITIS.
(See Cases 6, 9, and 11, Table XXXIX., B.)

Here the conditions are different and we never find an increase
of the white cells, but often a decrease dne to malnutrition. Diges-
tion may produce no leucocytosis, or the inerease may be very slight
and late in appearing (four to five hours after a meal instead of two
to three hours). It was present in nine out of twelve cases in our
series,

Anmemia is very often present and may be extreme. It is be-
heved by very high authorities that a perniciows anemia may be
caused by chronic gastritis with atrophy of the gastrie tubules.
The writer has never had the zood fortune to gee such cases.

The practical points about the blood of chronic gastritis are:

(a) The not infrequently severe anemia.
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Digestion leucoeytosis is often absent, as in cancer or chronic
gastritis.

CORROSIVE GASTRITIS.

The blood was examined in a case of this kind in 1895 at the
Massachusetts General Hospital with the following result: Red
cells, 3,792,000; white cells, 32,500; h@moglobin, fifty-three per
cent.

DISEASES OF THE INTESTINE.

INFPLUENCE 0F SALINE CATHARTICS ON THE BLooD.

Hay' gives the following figures, showing the eftect of sulphate
of sodium in concentrating the blood: Healthy man of thirty-three,
3:35 p.m.  Red corpuscles, 5,025,000; given 85 e.c. of a concen-
trated solution of sulphate of sodium in water; thirty-five minutes
later blood count showed red corpuscles, 6,540,000; sixty-five
minutes later blood count showed red corpuseles, 6,790,000; four
hours later blood count showed red corpuseles, 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 furth=r 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 ENTERITIS.

Practically the great majority of cases of acute enteritis are part
of a gastro-enterie attack, and in Table XXXIX. (see p. 298) the two
have been lumped together. What was said of that table (p. 299)
need not be here repeated. Besides the slight leucoeytosis there
mentioned, we may find in ecases in which the stools are very wa-
tery, a temporary concentration of the blood with inereased specific

'Hay: “The Action of Saline Cathartics.” Journal of Anatomy and Pl;ysv
iology, 1882, p. 430.
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no lower than 2,440,000, but the heemoglobin was only ten per cent.
A differential count of this man’s blood showed the following:

’ TPer rent,
Polymorphonuelear neutrophiles. .................... 66,3
Enborrtes(Emall o i e e e e 24 9
g B e R D N PN 6.0
Eosinophiles. ....... i e s G S 1.4
Ly LR e 1.4

While counting 400 leucoeytes I saw 8 normoblasts and 5 me-
galoblasts. The total leucocyte count was 9,800 per cubic milli-
metre.

Cases 1, 3, 4, 12, and 14 of the series in Table XLI. show simi-
lar conditions. The hemoglobin, however, usually suffers most, and
the color index is low.

Leucoeytosis is rare, but does oceasionally oceur, possibly owing
to some complication or anto-intoxication.

Tapry XLIL—IxTestisan OBSTRUCTION,

: Wilte | o oent
E‘ Aje, E Rexd cells, mlhu.u | Eiﬁm“ | Remarks,
e e N s | .. iII1tltHHl.|:-::'1-plint:: died.
| A T S S e 22,100 .. | T'wenty-first day: hernia.
21,500 .. | Twenty-second day : autopsy.
dl.... .. |..|8.120,000] 20,800 .- |Cancer.
4 52 M.| 5.568.0000 18860 o May 6th; cancer.
18,800 .. |May 17th: cancer.

5] Adult. | M. ........] 14,666 | .. |No fweces three days.
No urine two days.

12,400 ; .. One day later, no fmces; urine
- drawn by catheter.
4,100 | e Three days later, bowels moved
. six times,
LI [ e SR 12,200 | .. [Cancer of uterus.
7 a5 M. 3,504,000 12,000 | .. (Chroniec ohstruction with hemor.
rhage.
8 21 | M| 5,150,0000 12,000 .. |Obstruction (by a band).
n 56 F. | 4,440,000, 12.0d4) 52  |Cancer.
10f 57 F.| 4,272,000, 11,000 T |Cancer.

11] Adult. | M.| 5,800,000 6800

12, 72 M./ 4,850,600, 6,000

13 29 | 15, 000 e Obstruction by band; operated.

14 58 . 4,480,0000 5,800 90  |Cancer.

15 Adult, | M.| 5,200,000 4,000
= M.| 5,540,0000 4,000

Cholera is discussed on p. 226.
For appendicitis see Abscess, p. 240.
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TaBLE XLIIL—Cararruan Javxpice (Continued).

“-rh"l"' P'E'l‘ cent
Age. Bex. | Red cells. o&lls. E;:I-::rn » Hemarks,
42 | M. | 2,596,000 | 8975 47 |Alcoholic gastritis.
U] | A RN 5,200 i}
s || S e = 100
40 2 ., 000
RN O 8.000
a7 Sl e e 7.500
S0 F L 7,500
26 M . 7.500
21 M. | 4,800,000 | 7,500 65
30 RS o T.400 G4
a0 1, . 7,800
53 M. | 4,240,000 | 6,7 70
- o [T [ 6, 300
44 X X 6, 200 Obstruction.
eI T U S e 6. 200 82
is M. | 4,996,000 | 6,000 8
4 " 6, 0H) 8
et ] ) (e 5,400 80 |Polynuclear, 78 per cent.
Lymphocytes, 19 =
Eozinophiles, 1 %
Myeloeytes, L AR e
13 (D) *
Reds pale, deformed.
1 normoblast.
S ] i LS T 5300 .... |March 16th.
5,600,000 | 4,700 5
35 M. | 4.350,000 | 4.900 85
44 .. | BIIGRO00 | 4,800 85
29 LA s 4,200 i}
4,600
19 5| DS 4,000

and the red eells and hsmoglobin have not suffered except in the
alcoholie ease in which other causes for angemia were present. This
is contrary to the observations of Grawitz, who found constantly
lencocytosis, but agrees with those of v. Limbeck and Hayem, who
never found any inerease of lencocytes or any other changes in the
blood count. Coagulation in this or any other type of obstructive
jaundiee may be very slow, but this is especially apt to be true in
gall-stone cases even if no jaundice is present. Coagulation may
be inecreased to eleven minutes (Osler) and patients may bleed
to death during operation on gall stones. The amount of fibrin is
normal. Von Limbeck noticed an inereased resistance of the red
cells to the influence of distilled water and dilute saline solutions
which in normal blood dissolve the heemoglobin.  He notieed also
that the size of the red corpuscles was greater than normal, their

20
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CIRRHOSIS OF THE LIVER.
1. Orpixary (Arroruic) Cikrnosis WiTHouT JAUNDICE.

In the early stages (according to Hayem) neither the red cells
nor the heemoglobin fall considerably. Most other observers (per-
haps thinking chiefly of the later stages) report marked anmmia.
Wlajew' counted from 3,000,000 to 4,000,000 red cells; v. Lim-
beck had a case with only 1,500,000, He noted that the count
might be inereased after a tapping in cases with aseites, owing to
the concentration of the blood from the rapid refilling of the belly
with serum. Grawitz, on the other hand, noticed precisely the op-
posite effect in a patient whose blood before tapping had been con-
centrated by cyanosis, the heart’s action being embarrassed by the
ascites. After tapping, when the heart’s action had become easier
and stronger, the eyanosis disappeared and the blood eount 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 shonld draw no in-
ferences from the count of red cells soon after a tapping.

The thirty-seven cases in Table XLIV., A., were all advanced and
their red cells averaged only 3,580,000 4 per ecubic millimetre.
~ They steadily decrease as the disease progresses, one case getting
as low as 1,300,000; but the an@mia may be concealed by eyanosis
and concentration.

Gualitative Changes.

Hayem noticed a curious stickiness of the red corpuscles, a great
tendency to adhere to each other. Von Limbeck looked for it, but
could never find it. Hayem and Maragliano noticed degenerative
endoglobular changes in the red cells (“ état eribriforme ).

TasLe XLIV., A —Cmikeoric LIVER WITHOUT JAUNDICE.

! | Per cent
Age. Sex. | Red cells. | White cells. | nemo- Remarks.
| | globin.
58 | .. | 4,504,000 | 29,300 60 |T., 100°. Delirium tremens.
18,500 .. |Fourth day.
86 | .. 908,000 | 26,000 20 |Intestinal hemorrhage, DIff. count
a0 cells

Polynuclear, 85 per cent.
Lymphoecytes, 14 "
Eosinophiles, B
Myelocytes, :
Normoblasts, 10
Megaloblasts, 0
1,732,000 | 19,800 25  |Seventh day. DIff. count 500 cells:
l Polynuelear, 88 per cent.

! Ref. in Petersburger med. Woch,, 1884, No, 43,

8]
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Hewmoglobin.

Usually the eolor index is low; the average was .66 in the ten
Massachusetts (General Hospital cases.

White Cells.

Except after recent hemorrhage none of our cases showed any
leucocytosis and the average count was 7,240, some cases having
notably low figures (2,400, 3,000, 4,500).

Hayem’s results agree with this. Von Limbeck makes no defi-
nite statement on this point. Rosenstein and Wlajew found lenco-
¢ytosis, the latter 12,000 to 17,000. Possibly their cases include
the forms of cirrhosis with jaundice in which (see Table XLIV.,
B) the white cells are more often increased.

The forms of hypertrophic cirrhosis withont jaundice (fatty in-
filtrated liver) are here classed with the atrophic cases whose blood
has just been deseribed.

Tasre XLIV., B.—Cigunoric LavER witH JAUNDICE,

Per cent
Age.| 8ex.| Red celis. | White cells, | hemo- Remarks.
glohin,
29 [ .. | 8,700,000 | 20,000 | 30 Toxic symptoms. Delirious.
42 M. | 1,024,000 | 19.600 36 Autopsy.
88 M. | 3,400,000 | 19,500 50 |
Al 3,960,000 | 19,200 47  Hmemoptysis. Delirious.  Death.
T B e 18,200 @3 |T. 102°-104°. Liver enlarged.
S 15. 600 |
bl M 14,000 65 | Liver enlarged.
) L e 12,400 65  Ascites.
) R P e 12,200 68 |
85 .. | 5,016,000 | 12,000 .. |Liver enlarged.
PRl I e e 0,300 .. |Ascites.
83 | .. | 8,740,000 5,700 50 | Differential count 400 cells:

Polynuclear, 87 per cent.
Lymphocytes, 12 *
Eoginophiles, 1
Normaoblasts, i

19,200 .. |Twentieth day. High fever, toxic
sVimptoms,
23,000 .. |Twenty-fourth day. High fever,
toxic symptoms.  Autopsy.
a6 | M. 2,064,000 4,300 50 Jaundice only transient.
60 @ M. | 2,904,000 2,400 54  |Autopszy (hypertrophic cirrhosis).
T | ER Rl (O .. |Adult cells, 88 per cent.; young

cells, 17 per cent.

Fifteen cases.
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Diagnostic Value.

The blood of either form of cirrhosis has no diagnostic value, so
far as I know, except to exclude abscess and hydatids. 1If no leu-
cocytosis 1s present, abscess and hydatid eyst can usually be ex-
eluded.

HYDATID CYST OF THE LIVER.

The only observations which 1 have met with are those of Hayem
and Neusser. Hayem states that the blood shows leucoeytosis and
increased fibrin. Neusser considers that the inerease of eosino-
philes, which he finds in hydatids, serves to distinguish them from
hydronephrosis, dilated gall bladder, ete.

“ Auche in one case ruled out the diagnosis of hypertrophic ecir-
rhosis from the absence of an execess of leucocytes.”

In a single case I recorded white cells 34,000,

Ecuxococcrs Cysr.

|
Age, | Ted cells. | White cells. | Per cent hemoglolbin. Remarks.

81 | 8,664,000 8,650 48 Iceland.

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 eells, and sixty per cent of haemoglobin.

Ewing reports three cases with leucocytosis, 15,000 to 21,000,
“The absence of rouleaux and early erenation mentioned by Grawitz
were not noted.”

PHOSPHORUS POISONING.

Taussig,' v. Jaksch,* Badt,” and v. Limbeck ' note an inerease
in the normal number of red cells per eubic millimetre. Taussig
foand 8,650,000 per cubie millimetre ; Badt, 6,400,000, 6,500,000,

tArch. f. experiment. Path. und Pharm., vol. xxx. ¥ Dissert., Berlin, 1891,
f Deut. med. Woch., 1893, p. 10 $ Loe. eil., p. B4.
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The blood does not differ from that of cholangitis with suppu-
ration. From ecancer it may often be distinguished by the absence
of increased fibrin network in cancer, while it is always increased
in suppurations.

ABSCESS OF THE LIVER.

In all but one of the cases seen by the writer (see Table XLVL.)
the lencocytosis has been very marked. I have never been able to
account for its absence in that case.

TapLE XLVI.—ABsScEss oF THE LIVER.

White | Fer cent
Age. | Sex.| Red cells w“:f :mmg: Remarks,
20 | M. | 4,538,000 | 33.200 o January 11th.
48 000 - January 14th. Operation.
15 | F. | 3,750,000 | 26,800 £ Operation.
60 | F. | 4,460,000 | 18,000 s Operation.
BRALML A s 12, 600
0 F B | 11, T = November 3d.
17. 500 S November 4th, 11 a.M,
19, 200 o November 4th, 2 p. M.
20, 600 ok November Sth, 10 A.M. Operation ;
autopsy.
26 | M. | 2,664,000 | 10,200 33 October 19th.
12, 000 o Octoher 20th.
15, 000 e October 21st. October 25th, au-
topsy ; streptococci.
61 | F. | 8,440,000 G |

CANCER OF THE LIVER.
(See Malignant Disease, p. 385.)

GUMMA OF THE LIVER.

Von Jaksch in a single case found red cells, 2,756,000; white
cells, 6,100,

DISEASES OF THE PANCREAS.
HEMORRHAGIC PANCREATITIS.

Opie records a lencocytosis of 19,600 in a case operated by
Bloodgood (Jokns Hoplins Bufleting January, 1901).

At the Massachusetts General Hospital we have had a case
in which the following are recorded :—22,5800, 9,200, counts of white
cells.
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Wiite Carpuseles,

Rieder reports a single case showing these variations:

January 2.

i

[

)

s

Temperature, White cells,

s 105° 17, (M)

e L b i L 13,700
R s e et e 15w 103" 15,500
AT b L I [ ) B 18, (00
B Rl P 101.5° 21,300
18th, 1891 ...... ® 5a 101° 18,800
e S 104.5 18,000

February 11th, the patient died.

Pée found leucoeytosis.
8,800 lencocytes; the patient died in two days.
and 12,000.

Roscher in two cases found: Case 1. :

Case 11.: 16,800

Krebs in one case found: Oectober 27th, 15,500;
October 28th, 44,200; the patient died the same day.

¥ Grawitz reported 168,000 leucoeytes in one case.”

Twenty-two ecases were counted at the Massachusetts General
Hospital with the following results:

TasrLe XLVIL —UiceratTivi ExXpocarpitis,

Age. Bex. | Hed cells. | Irﬁ:;;:ﬂ' Remarks.
| irlikiin.
21 et B ) T
39200 | .... |Third day.
27,000 | .... |Tenth day.
47,600 : Seventeenth day.  Died twenty-
first. No autopsy.
St e e May 27th.
15,800 May 30th,
15, 100 vere Wune 15th,
8 yrs. o | 4,216,000 | 26,100 50  |[November 20th,
11 mos. | 25000 | .... |November 23d. : :
25,500 | November 27th. “!‘:{1"."'“ ?"."“’5;?'
27,400 December 34, | i 1.1‘*':‘“. ot
205, (00 December 9th, J e
16. 600 | IDecember 22d.
T | e v e 25,700 | May 22d.
27,840 | ... [May 24ih.
18,100 | .... |May 26th,
5 ‘-.:‘.:.IJIJIH | JMM 28th.
e B =, =0 |
18 o | e 22,700 |
3 R 20,400 | .... [Autopsy.
27 cansss | 20,8000 75 |(Six months’ fever.)
<t Ean | e 189, 100 <. |Autopsy.
45 il VIR0 L Pneumonia, January 28th, 1899,
31800 | .... |February 4th, 1900. No signs but
| a systolic murmur and chills.
20,400 | iFebruary 11th,
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quantity per cubic millimetre. All these changes are less marked
in eapillary blood, and hence are ravely observed.

3. If the heart adjust itself partially to the inereased work it
has to do, and to the chronic passive congestion of the internal
organs 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
specifie gravity and the number of red cells are increased, especially
i 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 the condition usually found in heart disease with
chronie venous stasis (passive congestion ).

But this concentrated eondition 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 chronie
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
concentration above deseribed. He does not explain the eause 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 di-
luted.

Sadler' found considerable an@mia in three out of four cases of
aortic disease, while only two of seven patients with mitral lesions
showed an@emia.

Schneider’s® results were similar in that he found the red cells
normal in the aortie eases and inereased in the mitral ones.

Hayem found ansmia most common in aortic regurgitation,
especially in young people.

In the Massachusetts General Hospital records there have been
a strikingly large number of cases of mitral disease associated with
severe an@mia (see cases 2, 10, 14, and 88 of Table I..). The counts

! Loe. ¢il., p. 88. * Inaug. Dissert., Berlin, 1858,
21






CONGENITAL HEART DISEASE. 323

CONGENITAL HEART DISEASE.

In the eyanosis accompanying this affection very high blood
counts are reported. Gibson found:

m' M IIEIMI w“““ “H‘!h' |IE'I:"I:I.:;EI';|E;I?I§ Il
1 oy P PR —T Y A 8,470,000 12,000 | 110
2 & 3 F+ % S B8 E E EREESEFSEE oo H1TMFM’ 12."][“} HI HE

Carmichael reports, red cells, 8,100,000, white cells, 16,000, in
a single case, and Teoeniessen counted 8,820,000 and 7,540,000 in
two similar cases. In one case entirely without evidence of any
stasis I counted 8,451,000 red cells per cubie millimetre. Town-
send has eollected 30 such cases with counts ranging from 6,000,000
to 9,000,000, How such cases are to be explained I do not know ;
the ordinary explanation of concentration of the blood will not hold
in eases in which no stasis or lack of compensation exists, yet the
skin is blue and the blood counts are enormons.

There is no doubt that the peripheral capillaries always contain
more corpuscles per eubie millimetre than do the veins.  Nuwmerous
reports from various observers agree upon this. Whether this 1s on
account of the loss of water by perspiration and consequent drain
of blood from the skin capillaries is uncertain, but in congenital
heart disease both capillary and venous blood is overcrowded with
corpuscles and the explanation is difficult. Hayem in a case of
this sort reports 7,000,000 red cells with a decrease in the average
diameter,

TAaRLE L.—Mrrrar VarLve DiseaseE axp Itz CoMPLICATIONS,

— - —— e —

E.;E LESIONS.
i) =
Red cells| e :EJ s Remarks.
25 B
w =&/ Mitral. | Aortic. &
E 5 k4 = E
1 ] e e 44,000 | 70 M. e .o | D] game day.
ﬁm.. B 448,000 43 150 | 55 M. A. . | July Sth.  Polynuclear, 7143 lympho-
eybes, 237 : myeloevies, 6: masts, A,
2500000 =R | 43 | July Sth. July 10th, autopsy, Fresh
| and old endocanditis.
1| (R R T 00 | 62 M.
Ruptured)
(O
[ 0400 | 40 M. - «« | Temp., 1007,
4 AB0 NN 2700 | o ..+ Fifth day. Purpuric spots,
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TABLE L.—MrTRAL VALVE DISEASE AND Its CoMrricaTioNs (Continwued),

!—»_'::, F LESIONS. |
: _ IEE .
Rt o TR £ Bt
; 3 ; 5| st | Aortie. [EE
298| &l Y
2 T | ) e i 12800 .. M. A.
45 o e 12,800 | 6 M. A
ﬁ il s e ﬁm:: Bl g A.
il e Bl R ol R
e : : I wngin.
120K} |
r - LR RS - l | E | mﬂ.le
ﬂ‘l ': LR ] LERE ] ] IIM'&.’“ H'I
ﬁ o [ L R H.% | o ﬁ S +o | Temp., B6°.
%'" et ﬁ%-é& E: o | oo | memp 05,
goj5e--| ool 10je00 | 73 M. ce | «» | Asthma.
GT|4...] . 102500 77 M. e .. | Broken compensation.
B8MHD...| . .90 | .. M, A. oo | Temp. subnormal.
SR(S...| . 2000 | .. M. = oo | Temp., HEe,
BOIET...] . D000 | .. M.
i SRl
[ 9600 | .. M. A. +o | Temp., 882,  Broken compensation.
4 (20 o WA | TO Duulale i .o | Temp., DN,
1
BRI, .. cerrenes| B00] B85 M. - .+ | Broken eompensation.
BE6E. .. Liaia.. | 9400 .. M. e vo | Broken compensation.
m LR &m' m i HIF H-—
gerl o el E |
TOE : s ‘B:[KI]I ik b e o | Decemmber 14th,
B452.0000 ...... | g5 e i2 oo | Devember 2lsr.
TLEL ... 4,953,000 8500 | 48 M. e .. | Broken compensation. No anlopsy.
% :g Tl A E% | E1} ﬁ* - .o | Temp., 88
-1 ) SRR #,Hi = M. A. oo | Fever, Gonorrices (7).
et o ) RS E 11 | R M, ‘e .o | Temp., 972,
| e R | B400 .. M. e .. | Temp.. B6%.
%g &Eﬂi o ﬁ ¢ .o | Temp., 282,
TOBB ...l crrernes| T.900 | 2 M. : Broken compensation.  Temp., 977
mu[.., R ..I]Illl o E—tﬂuls\\
nos
W e 1 s X
Bl Double '
Lt R [ T | M,
it AR T M.
85 Eq e R 3,500 ML
ME...] e i, | M.
10 oo .. ||
88130 .. | 1,600,000 6.000 | 10 M. A. | .. | First day. Polynueclesr, 81.6: Iympho-
cvtes, 885; eosinophiles, 4; megalo-
blastz, 1: normoblasts, 8; reds pale,
large, deformed.
1,535,000 4,200 | 10 T .o | Beventh day. Polynuclear, 67; lym-
phocytes, & sosinophiles, 1; megal-
| oblasts, 4: normoblasts, 7. Large
| oval forms.
172,000 10400 | 15 | .« | Fifteenth day.
1,720, 5000 | 1:24 .. | Twentleth day. Polynuwclear, 71;
Iymphocytes, 27 ; eosinophiles, 23
inegaloblasts, 1.
sokd 1,840,000 &% 1= S 38 oo | Twenty seventh day.
9040/...| .i.o.o.| 50| 70 M. Temp., 55,
ﬂ'.'u]u. ssss=ss= ‘qm 8 H- j.-







ACUTE NEPHRITIS. a7

hemoglobin. The low percentage of hiemoglobin and red eells was
really inconsistent with an acute pnewmonia in a man previously
well, and might have hinted strongly toward the correct diagnosis
had attention been directed more carvefully to the blood. After
gelatine injections, lencoeytosis always appears.

DISEASBSES OF THE KIDNEY S

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 searlatinal
poison, rather than to the nephritis. The ocenrrence of large quanti-
ties of blood in the urine has the same influence as any other hem-
orrhage upon the blood.

(Edema as such has apparvently very little effect upon the blood,
but the less of albumin in the urine tells both on the corpuscles and
on the serumn, thinning both with consequent lowering of the specific
gravity of the blood.

ACUTE NEPHRITIS,
1. Red Cells and Hemoglobin,

Whether largely from the loss of blood from the kidneys or from
other causes, the red cells are often much diminished, but the hee-
moglobin suffers still more,

HAMOGLOBIN URIA,

Age. | Red cells. | White cells, hﬁiﬁmin Remarks,
| T T o
31 | 3,428,000 I 14,300 | 410 ‘ With asophageal symptoms.

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 eonsiderable loss of red cells unless the urine
was hemorrhagic. The following cases illustrate his results:

Case I.—Acute nephritis, ending in recovery.

Hed cells.
LT T Bl et e Sy 3,069,000
I LRGN o s s e sS vn w s v B 109,000
S L o - - B ) )
May 1st, 1882, albuminuria ceased.
MR R e e s e e 0, 008, 000

Moy Bist, 1882 ... ......... e PR 8,659,000
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Tasre LIL—Acvre NEPHRITIS (Continued).

1
Per renl
Age, |3Sex.| Red cells. EE‘* hiemo- Remarks.
Elaldn,
37 L 1] s S i 6,500 8
a5 .| 4,080,000 | 6,600 40  |Parenchymatous.
i wa | mamsscns | 6,300
20 | [ 5 .. |Parenchymatous.
20 M. | 5,000,000 | 6,000 58  [Acute parenchymatous.
23 F. | 4,044,000 | 5,400
5,100 .. |Acute parenchymatous.
20 oo | 4090000 | 5,100 D0
au . | BT52000| ..... 65

In none of the few cases examined at the Massachusetts General
Hospital were the red cells much diminished, but in two cases the
h@moglobin was very low, the color index being .62 in one and .61
in the other.

The blood plates are much increased (Hayem) and fibrin is
slightly increased.

2. White Cells.

Leucoeytosis is usually stated to be the rule, lasting often for
weeks at a time and gradually diminishing in convalescenece.

Hayem gives counts of 14,973, 12,400, 15,000, and 13,000,

Koblank (/oe. eit.) and Grawitz each in a single case found nor-
mal counts (7,300 and 5,600).

Sadler found an inerease in only one of his six cases, and then
the highest point reached was 13,312,

Of the twenty-six cases of Table LII., leucoeytosis was present
in seventeen, in one of which it was followed for three weeks and
still persisted; but it is my own belief that the leucoeytosis of acute
nephritis is due either to loss of blood by the kidney or to wramia.
When these conditions have been absent 1 have not found any
leucocytosis.

CHRONIC DIFFUSE AND CHROXNIC PARENCHYMATOUS
NEPHRITIS.
Red Cells.

In advanced stages the counts may run very low, but more often
it is chiefly the hamoglobin that suffers through the drain of albu-
minoids from the blood into the urine.
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Wiite Cells.

Hayem records 25,000, 19,000, 13,000, 10,000, and 6,000, and
coneludes that the counts vary much not only in different cases, but

in the same ease at short intervals,

Kaoblank found 14,700 in a single case.

Sadler in one ease found 6,300 in November and 16,000 in the
following January; 12,000 in another ecase; 8,800, 7,700, and
1,916 in others. :

Tasre LIII., A —Couxts 1% Cunoxic NepakiTis with UREMTA,

P - = wa

White Per cent
L 4 Tetmo- @ :
Age. | Bex.| Red cells. rells, i Remarks
83 (B |........ | #4000 Eclampsia.
) e e 25,000 Coma first day
9,000 Clear twelfth day.
] SR e 22 600
21 .. | 4,080,000 | 20,400
29 L «s | 18,8900 80  |Temperature, 102.5°.
A B S e 18,650 .. [(Polynuclear, 83¢,
35 e [t St 18,600 ; Coma five weeks after miscarriage.
39 Lo o e . 18000 .. November 21st, arterio-sclerosis.
15,800 .. |November 23d.
4,184,000 | 15,100 60 |December 2d.
2 820,000 | 16,500 18 | January 4th.
| il R T 17,800 | 81 |
= .. | 5,286,000 | 17,450 52  Eclampsia.
1 ERS o ) . 16,500
a3 Sy [ 16,300 .. Chronic diffuse.
36| .. | 4,650,000 [ 16,300 38  Polynuclear, 86.74.
Lymphocytes, 13.3.
: No nucleated reds or deformity.
25 .. | 8,604,000 16,200 Al Chronic diffuse.
) 11 [ .. | 15,500 e Differential count normal.
e | sl 15,500 Chronic diffuse.  Eclampsia.
63 | i s 15,000
13,200
a8 | 15,000
25 M s 15,000
Lo EER 14,300 70 Chromnic diffuse. Died in one month.
| B [ e 14,200
Erig o] o |EETE ... | 13.800
A M i 13,400
18 | .. | 2,360,000 | 12,800 44 [Polynuclear, 77%.
Eosinophiles = 0.
Chhl B SR 12,500
ol B | 12,400
Hs 3 1 [ S T 12,400 60
il o e |ENES S 12,800
19 .. | 8,104,000 | 12,200 a5 |[Chronic diffuse.
SN, el [ 12,104
9 R 11,800 IInt{*rsﬁliuL Asthma,
(Tl R s 11,400 |
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CHRONIC INTERSTITIAL NEPHRITIS.

Hayem found the fibrin more inereased in this form of nephritis
than in any other, and the angmia less pronounced.

Grawitz distinguishes two stages:

I. As long as the heart is strong enough to overcome the
inereased resistance at the periphery and the disturbances of eirven-
lation are not marked, the blood is normal.

II. When ecompensatory hypertrophy is no longer sufficient to
do the work of foreing the blood through the system, the usual
effects of failing compensation (see Heart Disease, page 320) appear
(dilution and subsequent concentration of the blood).

The white cells are normal,

TasLE LIV.—Curoxic Dirrose Neroriris: No UnaeMmia,

White Per cent
Ape.| Bex, | Rl cells. el Ei‘.*.f:}‘ﬁ_ Remarks.
20 d, e 000 39, 000 42 With bronchitis.
26 u,:im,mu1 26, 300 Al With acute articular rheumatism.
36 2,560,000{ 16,1040 35  |April 14th.
12,400 20 |April 30th.
8,900 .. [May 1st.
37 3,144 000 16,000 1))
11 3,660,000 15,600 52
43 3,565,000 14,600 49
22 o | 4272,0000 14,400 45  |Sub-acute,
19 | .. | 5,864, 000] 14,300 65 |Amyloid liver and spleen. February
| 13th.
6.002 ﬂﬂl]l 13. 700 = [Bromesr.
5,740,000 14,700 .. |From finger.
24 3,524 0000 11,400 35
4,268, 000] 13,600
16 3,724,000, 11,300 45
a5 3,164,000 10,600 50  |Tertiary syphilis.
42 4.228,0000 10,100 65  |[(Edema.
19 3,776,0000 10,000 56 | Cardiae hypertrophy.
28 4,560,0000 10,000 45
47 4,4-'?:),1]!‘11] 0,800 5l
21 4,080,000 8,600 70
42 8,416,000, 7,000 1] E
55 4. 300,0000 6,300 al) Ascites,
24 £800,000{ 5700 | 65
26 1,468,000 3,800 23  |Polynuclear, 70¢; lymphocytes, 23¢;
large lymphoeytes, 4. 44 ; eosinophiles,
2 6y ; reds, megaloblaste. 3: normo-
blasts, 2: microblasts, 1. Consider-
f | able wvariation in size: many oval
forms; considerable poikilocytosis.
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TasLe LY., B.—Froatise Kipsey (Continued).

Per cent

= Afre,| Rex Red eells.  White cellz,) hietoe- Remarks,
= lihiin.

23| 65 4,422 000 11,800 65 | Double.

3| 24 et ] b 1) 7

40 37 | F. | 5,056,000 9,200 i

5l 41 | F. | 4,684,000 9,000 L]

| -7 S G R 5, 100

TERT LB et 5, (M) i1

s 23 | F. | 54000000 6,000 (i

9 43 | F. | 4,700,000, 2400 T
B L B e s Aneurism of arch also,
11| e Bt s |t e e =i

12| 38 | F. | 4,416,000, 5,800 0y
b T R e 7. 601 =i

A large number of similar counts might be quoted.

HYDRONEPHROSIS.
TaerLe LVI., C.—HypRONEPHROSIS.

o R

Pér cent
Ape, | Sex. | Hed cells. | White cells. | hiemo- Remarks.
globin.
52 | .. | 4,016,000 | 16,400 75 March th.
10,500 i March 12th.
4 | .. | 5,496,000 14.300 i)
28,600 s Operation. Congenital.
" PYO-NEPHRORIS.

Case I.—Female, 36; leucocytes, 16,200, of which 85 per cent
are neutrophiles. Half a pint of pus found at operation.

Case II. —July 25th—Red cells, 3,856,000; white cells 9,800;
hamoglobin, 45 per cent. July 9th—Red cells, 3,450,000; white
cells, 9,000; hemoglobin, 55 per cent. August 3d—White cells,
6,650. August 6th—Operation. Pint of foul pus. Death.

DISEABES OF THE LUNGS.
BRONCHITIS.

“ Acute catarrhal and chronie purulent bronchitis have rela-
tively little lencoeytosis in most cases” (v. Limbeck). '
Except for this and a few other passing references, there is
hardly anything in literature on the blood in bronchitis, so that 1
shall be forced to base my statements chiefly on the few counts

recorded at the Massachusetts General Hospital.
29
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ACUTE BRONCHITIS.
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TasrLE LVI., A.—AcuTE Broxcritis (Continued).

P ——

Per cent |
Age. Box, | Red cells. | White cells. | heemo- Remarks,
globin.,
40 | M. | e 11,800 Temperature, 104",
el 1 A | D 10, 800 .. |Temperature, 102°.
| ] A 10, 600 65 |Temperature, 104°,
LM s 10,300 .. |Temperature, 1017,
1 i K . 10,200 Temperature, 102°,
3 LRl | e e 9,400 Temperature, 101°.
2L g B (e e 9,300
50 | F. | 5,260,000 8, 000 72
50 | M. | 5,952,000 7,000 50
-1 ) (R | RS e 7,800 .. |Temperature, 99°,
ST ARG N e 7,800 Temperature, 102°,
-0 e (B 7,200 .. |Temperature, 1007,
L 6 R 7,000 70
i T (e 7,000 74 |Temperature, 1083°
i By 2 e | Bt i, 804
86 | M. | 4,392,000 6,000 72 |October 31st.
8, 0 s November 34,
L e [ B 5. 900 .. |Temperature, 100°,
R B (SR G 4,000 80  |Temperature, 102°,
Tasne LVIL, B.—Curoxic BroNCHITIS,
White: Peer cent :
';..é Age, | Sex.| Hed cells. calls. Eﬁlﬂ: , Remarks.
;| [ i 1 el 38 000 E
e | e R 29,500 i
3| Adult | M. | 8,680,000, 18,500 63
R A B vacan .| 16,400 0 With emphysema.
| [ B 15,000 Chronic febrile, with laryngitis,
Recovery.
6 64 i 15,000 Temperature, 95,67,
e e 14,300 Temperature, 100°; with asthma.
TR [ e 12,900 Fibrinous.
e [ e e S 10,500
Al e 11,000 | Temperature, 9%°; chronic with
emphysema.
11] 74 | e 8,900 b Temperature, 98°,
1 ay | F. | 5,884 000 8,800 78 Constipation; neurasthenia; two
weeks afebrile,
18] 61 | M. | 4,800,000 8,000 63  |Five months,
ab: IR U LT fi o | R 7,925 T8
) L L ] (SR 7,792 -+ Keratitis, conjunctivitis. No
SV mMpLoms.
16] 26 | F. | 4,700,000 6,700 70 |Asthma.
17| 29 | F. | 4,100,000 5,500 i1 Empyema of the antrum.
185 20 | M| ........ 5,062 .. |One month.

—
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- =

Il

January Hth, Fehruary 4th. February 11th.

Red cells. ..... 4,911, 000 4,221,000 4,630, 000
White cells.. .......... 8,300 7. 500 7,600
Hemoglobin..........| 68 percent. | 75 per cent. 86 per cent.
Polymorphonuclear

e S a6 ke
Lymphoeytes (small)..| 5 .
Lymphoc (large) ..| 52 *
Eosinophiles........... G.a1 “ 38.2 per cent. | 33.9 per cent.

Few normoblasts] ........ No nucleated
red cells.

Their presence in increased numbers before a paroxysm is said to make
it possible to predict its coming (v. Noorden, Schwerskewski). Coler
reports a case of asthma with a leucoeytosis of 52,000, 25 per cent
of which was made up of eosinophiles. The case was complicated
with extensive purpura, painful musecles, and extreme eyanosis, but
microscopic examination of the affected museles showed no trichine.

I have watched one subacute case without well-marked parox-
ysms or periods of perfect health, The blood was frequently exam-
ined and showed always a slight leucoeytosis with 11 to 15 per cent
of eosinophiles. As this applies only to pure bronchial asthima 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 inerease of eosinophiles in the blood and sputa
in bronchial cases, which does not oceur in asthma due to eardiac
and renal trouble. Other records are (Gabritschewsky):

Case . —Whitecells . ..................... 8,204
ORI o o cvcvsaniarisananss 10.8 per cent.
Case II.—White cells. . .........ccvvenuicnns 6,800
Xosinophiles. ........ccciiinenaans 22.4 per cent.
LT T R R S 35 .
AsTHMA.
Per cent
Whi
Age | Bex.| Red cells eal]at.ﬁ :ﬁﬂ;ﬁ' Remarks.

20 |M. | ........ | 32,5600 i Fifth. Temperature 100°. Bron-
chitis and emphysema.

19,200 - Seventh. Temperature normal.

) B e 19, 800 50 |Typical bronchial asthma during
PATOXYSM.

T0 | M. | 5,500,000 | 13,000 = . Chronic asthma and emphysema in
paroxysm ; polynuclear cells, 79
per cent.

] e A 9,750
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HYSTERIA AND NEURASTHENIA. 347

apparently increased (due no doubt to the violent museular contrac-
tions 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 apoplectiformn attacks. That this
is not due to econcentration of the blood or to stasis, Capps thinks is
shown by the fact that not only the number, but the differential
count of white cells shows changes, the “large mononuclear” cells
being velatively increased, sometimes as high as 25 per cent.  Wyelo-
eiftes 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 Massachusetts
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 ave relatively inereased, and that many
of the neurasthenics show the increased percentage of lymphoeytes
which I have alluded to above (page 114) as characteristic of a vari-
ety of debilitated conditions.

Mavked anamin iz seldom present, although the hamoglobin is
not infrequently as low as 65 per cent. Reinert* found the hzmo-
globin under 60 per cent in only 4 out of 48 cases of hysteria, and
in nene of 36 neurasthenies.

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 vespect it is important. When the discrepancy between com-

! Lencocytosis has been repeatedly noticed in convulsions from various
causes. Probably the irritant which causes the motor discharge also acts on
the lencoeytes by chemotaxis. For example Barrows’ study of 8 eases of
insanity with convulsions includes counts of—1, 43,000 lencocytes with 92 per
cent of polynuelears; 2, 33,000 leucocytes with 88 per cent of polynuclears; 3,
82,400 lencoeytes with 85 per cent of polynuclears and 9 per cent of myelo-
eytes: 4. 21,500 leucocytes with 88 per cent of polynuelears. These counts
were made immediately after a geries of convulsions.  The lencocytosis lasted
for many hours and showed the characteristics of ordinary infectious leuco-
cytosis.

In eonvulsions from improper feeding in infancy I have seen the leuco-
eytes rise from 18,500 before the fit to 27,800 after it.
? Munch. med. Woch., 1805, No. 14.
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CONSBTITUTIONAL DISEASES.
OBESITY.

Oertel distinguishes a plethoric and an an@mic form of obesity
not mevely clinically, but by the evidence of post-mortem examina-
tions. He believes that there is a real over-filling of the vessels in
the first. The second form occurs most often in women.

Kisch examined (with v. Fleischl's instrument) the hseemoglobin
of 100 obese patients; 79 showed over 100 per cent of heemoglobin,
1 reaching 120 per cent, while the other 21 were anzmic,

DIABETES.

There is nothing characteristic about the blood exeept the in-
creased amount of sugar to be detected (.57 per cent as against .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. 5 eool
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 methy]
blue also shows a difference between normal blood and diabetie
blood. The normal is blue, the diabetic yellowish green.

2. Williamson’s test: Make a mixture of

I et i ik ais saa s s oo 20 comm. (2 drops).
Aqgueons methyl blue (1:6,000) .. .. ........ 1ce
Liguor potasse, 60 per cent (sp. gr., 1.058)., 40 c.c.
L e e P R R e O LT e 4 c.e.

Let the mixture stand three to four minutes in boiling water. With
diabetic blood the mixture turms yellow, with normal blood it does
not. Williamson has found this test positive in eleven diabetics
and negative in one 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 eonfirms the wvalue of the test. Eichner and Folkel find
Bremer's reaction to be as stated, but find similar color changes in
lenkaemia, Hodgkin’s disease, and Graves’ disease, and changes
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MYXEDEMA. 35l

GOUT.

A few cubic centimetres of serum from gouty blood made acid
with acetic aeid (six drops of a twenty-eight-per-cent solution to
every drachm of serum) deposit erystals of uric acid on a thread in
from eighteen to forty-eight hours; but this is not always to be
found, and i1s by no means peculiar to gout.'" Urie acid is to be
found in the blood in pnewmonia, cirrhotic liver, nephritis, grave
angmia, lenksemia, and gravel; also in health and after a meal of
calf’s thymus or any food containing much nuelein.

The red corpuscles show no special changes except in severe
chronic cases, which are sometimes an@mic. The white cells are
increased according to Neunsser, while v. Limbeck and Grawitz
found the blood wholly normal.

It is particularly in this disease that Neusser supposed the “ peri-
nuclear basophilic granulations ” to exist in the white cells, which
eondition he believes to be characteristic of any “uric-acid diathe-
sis.” Futcher has conclusively disproved this. Fibrin is inereased
in acute cases.

Ewing states that he found “uniform but moderate an@mia in a
series of chronic cases examined at Roosevelt Hospital, the patients
all coming from the poorer classes. In the chronic cases lencocy-
tosis of moderate grade may be observed, but it is diffienlt to
determine its relation to the gouty proeess, as many of these
patients suffer from other complaints.”

MYX(EDEMA.

Le Breton® examined the blood in one case both before and
after thyroid treatment, and found that after forty days’ treatment
the red cells had risen from 1,750,000 to 2,450,000, the white
cells from 4,500 to 9,600, and the hemoglobin from 65 to 68 per
cent.

The remarkably high color index in this case before treatment
(nearly 2.!) corresponds with the observations of Le Breton in the
dried specimen, which showed a decided inerease in the size of the

! [t is important to evaporate the serum at a temperature not above 70° F.,
otherwise crystals will not form.
?Le Breton: Ref. in Wien, med, Blitter, 1895, p. 49,
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OSTEOMALACIA. 395

per cent; eosinophiles, 3.5 per cent; 5 normoblasts; marked
poikiloeytosis.

Under suprarenal extract his blood improved in a month till his
red cells numbered 4,700,000; white cells, 9,000 ; hemoglobin, G5
per cent.

The third, a man of fifty-two, showed: October 20th—red cells,
2,848,000; white cells, 4,800; hamoglobin, 45 per cent. Decem-
ber 10th--red cells, 2,624,000; white cells, 7,100; hwemoglobin,
45 per cent. Differential count: Polynuclear, 74 per cent; small
lymphocytes, 22 per cent; large lymphocytes, 4 per cent; eosino-
philes, .4 per cent. No nucleated red cells.

A fourth patient, kindly sent me by Dr. Rogers, of Dorchester,
showed : Red ecells, 2,864,000; white cells, 2,000; hamoglobin, 51
per cent. Differential count of 300 cells showed: Polymorphonu-
clear cells, 63.3 per cent; lymphocytes, 35.3 per cent; eosinophiles,
2.3 per cent; basophiles, .3 per cent.

I have never seen melanin in the leucocytes as Tschirkoff did in
his two cases.

ADDIsox’s IDIsEASE.

Age. | Redcells. |- White cells. ! HHmAth. ! Remarks.
34 5,056,000 5,000 I ) Soon died.
39 5,460, (K0 117,000 | =0 Autopsy.
29 &, 804 000 10,000 = { Polynuclear, 77.6 2.
J | Lymphoeytes, 14.0
Eoginophiles, 5.0
| Myelocytes, 4
519,200 10,400 | 80 .
|

OSTEOMALACIA.

The blood has for a long time been supposed, on the authority
of v. Jaksch (Zeit. f. klin. Med., vol. xiii., page 360), to exhibit a
diminished alkalinity, the bones being supposed to be eaten away
by acids in the blood. Von Limbeck and many other observers
have lately shown that the blood is normal in alkalescence.

Corpuscles and hamoglobin are usnally within normal limits
quantitatively, but Neusser reports an inerease of eosinophiles and
the presence of myeloeytes in the blood.

Ritchie' confirms Neusser and found also the young leucocytes
more numerous than normal.

I Eilin, Med, Journal, June, 1896,












T T W T

™"
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in the clot, the actual rate of clotting is normal. Hayem has seen
similar failure of contraction when the blood plates are plenty. It
oceasionally oceurs in symptomatic purpura (e.g., from phthisis).

SCURVY.

There are no characteristic blood changes known. When hem-
orrhage is severe the red cells may sink very low, to 557,875 in a
case of Bouchut's; Ouskow and Hayem saw counts of 3,500,000
and 4,700,000, The usual qualitative changes of secondary anemia
are present in severe cases; hsemoglobin sutfers as usual more than
the count of red cells.

Leucocytes may be inereased, whether from hemorrhage or from
some complicating inflammatory process. This was not so in the
following case of my series: Janunary 26th—reds, 35,120,000,
whites, 3,600; h@moglobin, 40 per cent. January 29th—reds,
3,600,000, hiemoglobin, 55 per cent. Eight days later heemoglobin
65 per cent.

*The red cells vary in number and size according to the length
and severity of the disease. OUn account of the frequency of inflam-
matory complications and hemorrhages the leucoeytes are usually
inereased, Uskow finding as high as 47,000. Litten, however, ob-
served no lencoeytosis, and the writer in two well-marked but un-
complicated cases found no increase ” (Ewing).

Barlow’s disease may lower the red cells as far as 976,000—as
in a case of Reinert’s—the hazmoglobin 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.

H.EMOPHILIA.

The blood changes arve practically those just deseribed 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.
| Sept. 11th. | S8ept. 14th. | Sept. 1.'u:|.I Sept. Alih. | Sept. Z5d. | Eepi. 2ih.
Hed colls. .o.vevnnns LI | 500,000
White cells......... 3400 3,400 3,800 | 3,900 3,700 3,300
Hemogiohin ....... | 42 per cent. I t per cent. | 49 per cent.
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ILLUMINATING GAS POISONING. 363

throngh the transformation of the hemoglobin and methemo-
globin. In certain persons, even much smaller doses produce the
same effect.

4. Phenacetin poisoning (Kronig: Berl. Llin. Wock., 1895) may
canse actnal blood destruction with an@mia in case the patient sur-
vives the immediate effects of the deprivation of oxygen. A fatal
case of chloral poisoming at the Massachusetts General Hospital
showed 14,400 leucoeytes with 54 per cent of hemoglobin.

B. Phosplorus poisoning (see Liver, page 311).

6. Workers in aniline dyes and nitroglycerine factories may be
severely poisoned by witrobenzol compounds inhaled and producing
methemoglobinmemia.

T. Pyrogallic acid and pyrogallel as used in treatment of skin
diseases may lead to death through destruction of the red ecells.
Chromic acid (for instance, as applied throngh the vagina) may
have a similar effect.

Many other less common substances work the same ill effeets on
the blood.

III. A third group of substances, of which carbonic veide gas is
the type, poison by combining chemically with the haemoglobin and
preventing its combination with the oxygen of the air.

1. Iluminating gas is for onr purposes the most important of
this group.

The appearance of individnal Dlood 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 lright red, much brighter than
normal.
: fed Cells,

Von Limbeek' found in two cases 6,630,000 and 5,700,000 re-
spectively.  The voluwme of these corpusecles (estimated by Bleibtreu’s
method) was greatly inereased, amounting to 70.7 per cent (normal,
41-48 per cent), so that apparently the size of the individual cells
is increased.

Miinzer and Palma® found 5,700,000 red cells in one case.

Ehrlich found numerous normoblasts in one case.

i

! Loe. cit., p. 284,
¥ Zeit. f. Heilk., vol. xv., p. L.
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TasLe LX. —Acvure Avconovnmsy (Continued),

Per cent
Age, Red cells. | White cells, haeno- Remarks.
glotin.
43 | M 12 T (| B Temperature 1017 ; delirium tre-
mens,

42 12 600 Chronic ease delirium tremens.
46 T 11,000
Lot L el R LS 10,2400 e Delivium tremens.
82 | M. | 3,936,000 1100, 2404 30
e IS | ] 0,600 =i
Lo Loa M et i S 5, 100
201 F. | 4,288,000 H, Ui fytst Delirinm tremens.
g B | MR g1 1] 2
i L L 7.450 (i
R [ e e e FRLIL i December 21st,

11,8400 v December 26th,
i e P A £, =i =

6,400 i Delirinm tremens.
83 | M. 5,500 ti= Autopsy.
25 | M. 5,600 s Delirium tremens,
] (e 5, 600
PLUMBISM.

Among the deleterions effects produced by lead in the human
body, an@mia is one of the most serious. It is of the type of ordi-
nary symptomatic ansmias except in one particular to which atten-
tion has recently been ealled by Grawitz, viz., spotting or stippling
of the red cells with fine basophilic granules, which can be well seen
in specimens fixed in absolute alcohol for a few minntes and stainerd
with Loeftler blue, Goldhorn’s polychrome, methylene blue, or other
basic dyes. These basophilic granules are often seen in various
forms of very severe anmsmia, but in plumbism they appear even
when the anwmin is otherwise of o wmild type.

The following table exemplifies the degree of anemia ordinarily
BEelL :

TaprLe LXI.—Leap Porzoxixg.

k Per cent

Age. | Bex. | Red cells. '*D"*E'Illl;f h;;EFt:l- Remarks.
globin.
29 o 4.503,% 23,400 ﬁ Lead colic and headache.
30 e | 8800, 22 800
16,800 Eighth day.

a8 B [l 23,700 B4
21 s 5,130,000 | 14,800 i)
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CANCER. 373

mgestion of liguid in normal amounts and of a eertain amount of
solids. In gastric eancer high counts are usually due to concentra-
tion of the blood produced by vomiting or to the lack of absorption
of fluid accumulating in a dilated stomach with pylorie obstruetion.

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. Taking all the ecases of eancer in this series together,
the weerage of the seventy-five cases af the time when treatment began
ws S, 140,000 ved cells per culic millimetre,

In Osler and MecCrae's 59 cases the average red count was 3,712, -
186 per cubic millimetre. Their counts ranged :

Over 6,000,000 ....... T A T R O 3 cuses,

SOOI Do BN . . . - ccnvnssin smmins v v as { et

KOO B 000 = o oo s snemscnns sascuns 1 =

RO = D000 . ... oovevnniannnsonisinisn 16

MW AN s i s s =

1,000,000 “ 2,000,000 ...........ccooiiiiniiiiiann 1
Heemoglobin.

Bierfreund,' who has examined seventy-two 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 o7.5 per cent. In cases of mammary cancer after operation
the hemoglobin is of course lower owing to hemorrhage, and Bier-
freund noticed that as a rule the hamoglobin 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 veached the
point af which it was before the operation”

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
h@moglobin began to rise again. This occurred very late as com-
pared with other operations.

! Langenbeck's Archiv, vol. xli.

*This is all the more extraordinary because Bierfreund speeially noted
that even in patients who gained weight notably after the operation the hemo-
globin did not rise g0 high as it had been before operation: he watched them
for months after it. Apparently the actual presence of the tumors is not the
only cause of the lack of corpuscle substance.
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of this series had 100 per cent and 90 per cent of hemoglobin re-
spectively, and the lowest 20 per cent and 22 per cent; in these last
two cases the color indexes were .36 and . 58 respectively, not exces-
sively low. As pointed out by Taylor (/oe. cit.), cases of malignant
disease can be divided into three groups with reference to their
blood :

1. Those with approximately normal blood.

2. Those with a low hemoglobin 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 hemoglobin steadily
go down (except in cancer of the gullet), and at the time of death
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-
nicions angmia. Improvement under treatment is rare in eancer,
common in pernicions angimia. This is important in diagnosis.

The color index usually remains below 1. Cowmpared to most
other varieties of secondary ansmia (e.y., those in tuberenlosis or
nephritis), a quantitative anmmia—that is, a loss of red cells as
well as of h®&moglobin—is relatively more frequent. In general
the degree of anmmia is parallel to the amount of cachexia, ex-
cept when hemorrhage inereases it (as in tumors of the stomach or
uterus).

How far the an@mia may be due to actual destruetion of cells by
toxie (?) 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 cubie milli-
metre were diminished, and it may be that this plays some part in
the eausation of the low blood ecounts.

Qualitative Changes.

(@) The average diameter of the ved cells is often diminished either
(as in chlorosis) by a diminution of the size of nearly every corpus-
cle, or by a less general shrinkage, many cells being of normal size.
The very large forms seen in pernicions angemia are rarve in the anwe-
mia of malignant disease, and never, I think, reach the size of the
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On the white corpuseles 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.

1. Tre LevcocyTEs I1x (CAXCER.
() 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 ecases with numerous metastases and profound
prostration.

The former class of cases may show a blood normal in all re-
spects, including a normal lencocyte count; while in the latter the
blood may be so profoundly altered as to be confused with that of
pernicious an@mia on the one hand, or with that of leukemia on
the other.

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 diminun-
tion of the lencocyte count, owing 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 leucocytes are increased there is usually an
involvement of other organs as well.

(4) Cancers of the uterus and some of those of the stomach, by
reason of the hemorrhage which they produce, are apt to be asso-
ciated with a very high leucocyte count.

(¢) Tumors of the thyroid and of the pancreas are said by some
writers to cause a specially great lencocytosis. TIn my own experi-
ence, tumors of the kidney have shown very marked increasé of
white cells.
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CANCER OF THE BREAST.

Most of our data come from Hayem' and his pupil Alexander.?

1. Seirrhus Growths.—Number of eases, 14. Average leuco-
eyte count, 11,400. Highest count, 21,700; lowest, 2,560—the
last is somewhat doubtful as to diagnosis; except for this case,
which was in a very old, dried-up woman, the lowest count was
7,400,

In 10 out of the 14 eases, the count was over 10,000. 1In 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,

Effects of Operation.

" The following figures from Hayem are also of interest:
Case I.—Secirrhus of the Breast.

T T e e 21,7
Five weeks after operation (wound not qguite
T B e A . 10,000
Wound completely healed .................. 6,200
Beven months after operation. ,............. 8,990 (beginning to rise again)

The growth recurred some months later and leucocytosis was again present.

Case 1I.—Secirrhus of the Breast.

First Second
count. count.
Before operation ............ccc0.. vvewe 11,500 11,450
ARtEr OperAtlon Lo s 8,500 6, 200
Case III.—Seirrhus of the Breast.
First Hecond
count. count.
Before operation............ccvivieneee 11,000 12,400
B EERT ONEERTIONI. oo« s vsivsrsnnesasinsnss 8,400
Case IV.—Secirrhus of the Breast.
I e e e R R s 7,400
LT TR R P LA 1,300
Case V.—Medullary Cancer of the Breast.
L T T S P 10, 000
AT RO O IOERRIONL = v vie o =i o oo in aiaain b ais tminiia ettt M)

Hayem considers that by watching the leucocyte count we can

1 Hayem: “ Du Sang,” Paris, 1880, p. 947.
*G. Alexander: “De la Leucocytosis dans les Cancers,” Paris Thesis, 1887,
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Among these 20, the highest counts were 40,000 and 39,000, and
the highest ratio 1:62.

In this series I have excluded all cases in which there was evi-
dence of metastasis in other organs; this means excluding 7 cases,
G of which showed leucocytosis, and helps to account for the low
average leucocyte count in the other 86 cases,

In over three-fourths of these cases the diagnosis was made cer-
tain either by operation or by autopsy; all 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 lencocyte counts were in the more cachectic
cases; but this does not always hold. Three cases in Table LXII.,
A, 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. Osler
and MeCrae found no leucocytosis in 29 cases out of 62. Their

eounts showed :
LI-."I:.'E'lJ{f YTES,

O TN i s es e 14 cABES,
T T e G S e | T
LR SR e EaET R (| T
TR e e e e |
L L i e = i e £ e B i [
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 situ-
ation of the growth, nor to the amount of nleeration, of metastasis,
or of fever.

On the whole, lencoeytosis is relatively infrequent in eancer of
the stomach, occurring in only about one-third of the early cases.
As the disease progresses we may get a leucoeytosis, particularly in
case its growth is rapid and metastases are frequent and numerons;
but some eases, particularly those in which the tumor is small and
grows slowly, may run their entire course without any leucoeytosis
being present. In this respect they are like the majority of small,
slow-growing cancers in other parts of the body (see below).
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CANCER OF THE LIVER.

(See Table LXIV.)

Out of forty-two cases, lencocytosis was present in twenty-five,
others showing a leucoeytosis later—a larger proportion than in

The cases were not all primary in the liver or bile

duets, but none originated in the stomach, and in all the greater part
of the growth was in the liver itself.

The comparatively great diminution in the red corpuscles will be
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).

noted in the Table XLIV.

TARLE Lﬁ{I‘iL-{:ANUER orF THE LivER.

i

. Hed Per cent
Age i cells White eells.| hemo- Remarks.,
2 lobin.
Y] ML | AT | 50 B Bile ducts = starting-point.  Autopsy.
il M. | BE2L000 | 5200 i
ol IR i 200 i Autopsy.
% TR LIRLLL E._ﬁ:.} bl Bile ducts.
T R ia
4 F. | 4560000 | 7800 (it} January 4ih, 1556, Autopsy.
S, 2 000 [ 15, 70N (i February 12th, 1506,
it M. | 45 LA ia Operated.,
a3l F. | 4572000 | 8,00 2
V| R | R H B0 L]
Tl [ SR R £.500 5 Giall bladder.
e M. | 4,100,000 9000
I [ el 11,0000 iz BRile ducts,
14,4000 e,
(- T R (= S 0, 1K i
0,000 a.¢,
£500 pe.
M M. | 4,052,000 L - DT, 1000 cells: poly., 524 cent s small
IgmpI]J.. 8.3; large lymph., 51 ; old lvmpho-
oy, 1.
42 vo | BGOO000 | 9600 66 | Gall bladder,
8 M. | 3800, m‘"muﬂn X I,:ﬂ:fmﬁ: F_:ﬁ '_ Poly., F":’.-anr cent ; lymph., 8;
=K November fith | AUIOPEY.
414 STE00 | e 40 December 5th.  Poly.. 75 per cent: lymph., 223
eozinophiles, & reds, pale centres,
20,000 .
18,800 December 2lst.
M. | 4.008,000 | 9070 45 January 1st, 1896,
11,200 January &, 1896, Autopsy.
Lirg vo | 4076, 0005 102000 hh
R B | 10, 3K iy
i v | BB56, 000 | 10,400 a0 Poly., 65 per cent; Iymph., 303 ecsinophiles, 2.
11400 a.c
16, GHD o
41 it W 100, 4N (i1} Dperated.
51 M. | 3200, (00 | 10, S o Primary in bile ducts.  Autopsy.
| et s f 11,30 23 April Ak, Bile ducts and gall stones.,
Ll e | April 26th.
14, 7500 e
i 1 ] i 11,150 il
47 S 122 40 it
Pl e | A JEALLI i January #kh, Jaundiced.
2R 400 Japuary b, Died Januvary 30th,
b5 | e 153, 5]
43 M. | 4,160,000 | 14,000 July 17th. Autopsy, July 19th.
25
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erate lencoeytosis." Only ten of the twenty-five cases in our series
(see Table LXV.) showed leucocytosis, and in one of these there was
a complicating pylephlebitis which probably raised the count.

The red cells show little change.

TABLE LXV.—CAXCER OF THE INTESTINE.

i Per cent
& E | ¥ |Redcells.) White cells.|  hiemo- Remarks,
AR elohin,
1) 58 | M, | 4408 000 [ 12700 ) Caneer of ducdenal papiila with pylephlebitis,
Antopsy.
21 41 | F. | Dot | 5,800 45 Cancer of caecum.  Operated successfully.
3 a1 | M. | 48921 000 | BB Cancer of hepatic flexure.  Operated.
d| &3 | M. | 4,568 000 53 Cancer of colomn.  Operated.
Gl 5O | F. | 4800000 | 5500 4 Cancer of cieeim.  Autopsy,
6 66 | M. | 4,503 5. 150 78 Cancer of intestine Cwhere 7).
T80 | F. | Sl 000 | 12,000 ik Cancer of the rectium.
B 55 | M. | 41600000 [ 15200 ol Cancer of recium. COperation.
B PM. | ... 15,500 40 Metastazes, primary in sigmoid.
pir 1 T 7400 5 Metastases, primary in sigmold,
TlE o G T | st 0,500 (i Cancer of coecuim.
12 Ml A,500 = Cancer of coseum.  Operation.
13| 62 | M. | 2425000 [ 7,800 e Cancer of cseeum,
0,000 | 6,500 o Niov digestion leneoeytosis,
T | S (e ‘ i3, (M) a5 Do bser TEh,
SAG2000 | ... .. + 40 December $th,  Polynuclear, 65.6 per cent; lym-
phoeytes, 31 5 eosinophiles, 3; basophiles, 4.
380,000 [ 11,700 40 December 21st.
15 62 e e i, 400 e, Hepatic dexnre.
1000000 g
18| .. S0,000 | 740080, b1 Hepatie flexur: Polynuclear, 80 per cent; 1ym-
BA00 e, phoestes, 19 eozinophile, 1.
I B0 | e e (L
1| ) RS R L]
18| 36 B 04,00 | 6,50 40 Operated.
200 34 4,504,000 | 10,500 28 Rectal. Polynuclear, 75 per cent.; lymphocytes,
19,58 eosinophiles, 2.2,
21) 45 | .. | 3358,000 | 11500 o8 Polynuclear, 6% per cent.; Iymphooytes, 28.5;
ensinophiles, 5.5,
ZBAT | wn | orssess | 13.600
53 .. S, OO0 | 1353, 70 ]
240 48 [ .. | cooviaee | 21000 & Rectal and omental.
<] [ e 25200 TH

CANCER OF OMENTUM AND ABDOMINAL ORGANS
GENERALLY.

The nineteen cases seen at the Massachusetts General Hospital
in which cancerous tissue was pretty generally distributed through
the abdominal organs, all showed leucocytosis with six exceptions
(see Table LXVI., A).

! Apparently—that is. the percentage of adult cells was increased.  He did
not count the leucocytes as a whole.
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TasrLE LXVI., B.—Caxcer (or Sarcoma) or Kipxev (Continued).

=
, Per cent
g w | Redd cells. | White cells.)  haind. Remarks,

% < | & globin.
10,0 F Autopsy,

4 M| .. ceeaeess | 1160000 w7 March l-lth Polynueclear, 72 per cent.: Ivmpho-
12,0000 e, eyies, 37: eoginophile, 1.
P LI R N March 15tk
0N iz,

e (Rt [ R - ] e Autopay.

B 5 | M. | 4312,000 | 25,000 a2 Differential count of 800 cells : Isnuclear, 80,9

cent.: Iyvimphocytes, 15,83 eu nophiles, 3.5,
wir miacleated red cells,
T 8| F, | 3,756,000 | 27,000 ah Differentinl count of 50 cells:  Polynuclear, 66
per cent.; h mphocyies, S50 essinophiles, 2;
myeloeytes, 2.5 normoblasts, 24 ; megnloblasis,
2. Antopsy.
B[ 47 | B. | R200,000 | 28,500 5 Bupposed leukmmia.  Differential count of 50K
cells:  Polvanelear, 818 per cent.: small 1vm-
phocytes, [2: large Iymphoeytes, 4.2: eosino-
philes, 2. Autopsy.
0 49 | F. | 8,360,000 | 43100 A supposed leukemia. Differential eount of 1,000
cefis: Polynoclear, 8.9 per cent.; Iymphocytes,
EI-,.. :113'&1111'}'51.45 A normoblasis, 23 megalo-
blast, 1. Autopsy.,
10 50 | F. | 4,111,000 | 82,000 Wi July sth.
2 TROL000 | 91,000 I Polynuclear, 98 per cent.; [ymphocytes, 2.

" Von Limbeck’s' case mounted steadily from 18,514 to 80,541,

CANCER OF THE UTERUS

In six cases Hayem® found no increase —the counts ranging from
4,575 to 9,500 with an average of 7,800,

Rieder,” on the other hand, in a single case found 50,800, and
the seven cases counted at the Massachusetts General Hospital
showed a leucoeytosis in five (see Table LXVIL, A).

There is need of more data on this subject.

TaerLe LXVII., A.—Caxcer or THE UTERUS.

—— —
—

Per cent
Redd White ¥

E. Age. E: eells, i3, g{;ﬁ}g‘ Remarks,
TET FR e G 2
2z 43 o | 4572, 000 B, 43
) (0. - 58 S (il e 1, RO L First day.

lié.j;:lé 2.0 i Third iy,

o

i F. | 2,650, 00 IB.-!IB g Oetober 26th.

F etober 25th,

1] IR R e i e EIRLLL . Differential count of 1,000 cells: Poly., =2 per
cent; small lymphocytes, 11.7; eosino-
philes, 2 myelocytes, 1. Twonormoblasts,

il 5 :
v O N R e 20,170 h Ureter hlocked ; anuria nine days. Autopsy.

L Loe, cit, % Loc. eil, 2 Loc. ¢it,
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Cancer of the lip has apparently been neglected so far as blood
examination is concerned. Hayem, Rieder, and Reinbach give but
one case each, the counts being respectively 7,000, 11,600, and “not
increased.” In a single case at the Massachusetts General Hospital
1 found 6,300,

The following scattered ecounts may be added: Cancer of tongue,
7,000 (Hayem) ; cancer of serotum, 6,700 (Hayem); cancer of navel,
7,100 (Hayem); cancer of larynx, 7,200 (Hayem), 16,000 (Rein-
bach); cancer of ovary, 25,000 (Massachusetts General Hospital)
and “no inerease” ( Reinbach) ; eaneer of neck, 20,000, Massachusetts
(General Hospital, and no increase (Reinbach); cancer of panereas:
Hayem, 2 cases —9,400 and 9,900; Schneider, 1 case —12,000;
cancer of vagina, 9,800 (Rieder); cancer of penis, 7,000 (Hayem);
cancer of thyroid, 70,000 (Hayem) (a very rapidly growing tumor);
cancer of mediastinumn, “marked increase” (Reinbach); eancer of
prostate,’ 10,200,

Qualitative Changes in the Leucocytes.

1. The percentage of polymorphonueclear neutrophiles is usually
high in cases with leucoeytosis and normal in those without it. 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 eent polymorphonuclear cells, 14,800 lencoeytes with
66.2 per cent polymorphonuelear cells, 25,000 lencoeytes with 58.2
per cent polymorphonuelear cells, 45,000 lencoeytes with 43.7 per
cent polymorphonuclear cells, the last a marked lymphoeytosis,
On the other hand, he found 88.7 per cent of polymorphonuclear
cells in a*total leucoeyte count of 5,000, My own experience is
similar—i.e., 88 per cent of polymorphonuclear cells with a total
eount of 7,800 lencocytes, though 1 have never seen so marked a
lymphocytosis as was present in Taylor’s cases. He also noted a
relative inerease in the large lymphoeytes which my counts have not
shown. Osler and MeCrae found an average of 81 per cent of poly-
morphonuelear cells in 22 cases, the higher percentages being in the
cases with highest total lencocyte count. These writers confirm the

! Braun (Wien. med. Wocl., 18386, p. 382) mentions a cancer of the prostate
in which the lencocytosis, instead of being made up mostly by the adunlt leuco-
cytes, was associated with a large increase of the small lymphoeytes together
with numerous eosinophilic myelocytes.

?Taylor: Internat. Med. Mag., July, 1807,
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SARCOMA. 305

by other observers; still low counts oceurred (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, englob-
ular changes) present in marked cases, and the presence of nuele-
ated corpuscles, when cachexia is marked.

TapLe LXVIIL, A —SarcoMa wiTnn LEUCCOCYTOSIS.

Per
Red White | cent

& m H“ c‘ﬁllE. ce“s. - ]h."mil.l‘ks.

= L rlotsin.

| [ e A ABE000 | BN [....o... Polynuelear cells, 9002 per cent.

- [ o [eeea| HE12000 | 25000 | G2 Polynuclear cells, #L0 per cent.

| e aas o feees| #0000 | 44,600 42 Polynuclear ceélls, 70 per cent (Infant of twenty
monthsh.

4 21 F. | 2,706,000 | BB ... .....| S;arcoma of Kidney,  Antopsy.

6 a5 F. | 4,560,000 | 17,00 [14] Melanotie sarcoma of all abdominal organs (bonpe
metastagis 7). November 3ith, 1585, Diferential
count of G0 cells: Polynuelear, 71 per cent:
small lymphocytes, 115 lange Iymphoeytes, 5.2;
eosinophiles, 12,4 (1): myelocytes, 4.

23000 |........ December Tth.
B0 |........ December 15ch.
3TH00 |, December 1Hth.
41,200
B0 || December 2,
B6,000 |, .. .....| December Heh,
k= 1] POCRRE January 14th.
65,400 |........| Janoary 28th.
Gl 46 M. | 47000000 | 16000 |, ..., Barcoma of abdominal organs,
TRD0D s e viwnnns Threse days later.  Autopsy.
Tl & M. | 2050,000 | 24 000 i General sarcomatosis,
20000000 | 21000 |...uenes One week later.  Autopsy.
Bl 24 M. | 4352000 ) 13600 |........ Sareoma of kidney.
ol 41 M. | 3,542 000 | 6,100 i Sarcoma of lung, ete.  Autopsy.
10 68 F. | 6,200,000 | 16,000 |........| Sarconatosis,
11 48 s Hl| BT Marked|........| Diferentlal count of 70 cells: Poly., 70 pér cent ;
in- Iymphocytes, 2 eosinophiles, 1:; myelocytes, T,
Crense, Sarcomatosis.

12 5 M, | 4,080,000 13,000 47 Melanotic swreoma of abdominal organs.
16250 |....00.0.| Ome week later.

15180
18] Adulé, | M. [ co..ouis 51 L L PRt Sarcoma of abdominal organs.
7! | et S M| W R Ostecsarcoma (Mhighy.  Diferential count of 500
fn- cells: Poly., T4 per cent ; small lvimphocytes, 19;
(reHse, large 1vmphacytes, 6; eosinophiles, 1,
I8l ciaa e et Gareat ... ee ] Sarcoma of abdominal organs.  Differential count
in- of 8 eells: Polv., 84 per cent: IFmphoeytes,
Crease, 155 ; eosinophiles, 5.
B e e s e b || SR Barcoma of abdominal wall,
17| a6 s R 6.0
18] 40 |,...| 4.512,000 | 26,100 ] Nk,
5422 000 | 26,500 ] Ome month later.  Polynuclear, 83 per cent ; lym-
phoeytes, 8.8 eosinophiles, 1.2,
1k [ ] ety St e S 19,980 1. .......1 NecK. Autopsy.
Lo A R R R 14100 §.......: Ciecum,
21 10 | R 10,00 ] Abdominal wall.
=4 voe| B ARO[ 18,400 Hi Devember 2. Adrenal,
21,500 5 Deseinber Sth.
16, fu 40 December 16th.

Small tumors are often withont any effect on the blood (see
Table LXVIII., B). According to v. Limbeck ' this is oftener true

than in cancer.
1 Lo, cit.
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(should such be present) can also prevent digestion leucocytosis,
and that the latter is not invariably present even in health.

5. Between cancer of the liver or bile duets on the one hand and
simple gall-stone colic or gall-stone obstruction, the presence of leu-
cocytosis favors cancer. As usual, however, its absence does not
exclude cancer, and we must bear in mind that gall stones with cho-
langitis may raise the lencocyte count as much as eancer. Simple
eysts or echinococcus eysts cause no lencocytosis, nor does syphilis
of the liver.

6. The appearance in the blood of large numbers of eosinophiles,
myelocytes, and nueleated corpuseles during the course of a malig-
nant disease points to a bone metastasis.

7. When a leucocytosis which has disappeared after removal of
a neoplasm reappears, we may expect recurrence of the growth
shortly.

8. A steadily increasing leucocytosis in a case of malignant
disease points to a rapidly growing tumor or to the oceurrence of
metastasis.

9. Between malignant disease and pernicions angmia, the diag-
nosis rests on the following points:

I. Color index low in malignant, apt to be high in pernicious
anemia.

IT. Leucocytes often inereased in malignant, diminished in per-
nicious anmmia,

III. Lymphoeytes often deereased in malignant, increased in
pernicious angemia,

IV. Average size of red cells often decreased in malignant, and
often inereased in pernicions anmemia.

V. If nucleated red corpuscles are present the normoblasts are in
a mgjority in malignant disease, and in a minority in pernicious an-
@mia.

10. The presence of lencocytosis is against the benignness of any
tumor.

11. When no actual inerease of lencocytes is present, an increased
percentage of the golymorphonuelear variety among those present
may have the same significance as a lencocytosis.
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BLOOD PARASITES. 403

skilful hands they are often sufficient. Portions of the slide in
which the corpusecles do not overlie each other should be chosen for
examination. Aswe pass the slide along beneath the lens it is well
to be on the lookout for any specially large ov specially pale corpus-
ele. Such a one will eatch the eye if we are on the wateh for it,
even though the slide is being passed along very rapidly, and all
such should be carefully examined.

Another thing to watch for is anything black or durk brown. 1f
the slide is not perfeetly 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 impor-
tance 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 mevements in the field.
The movements of Miller's “blood-dust 7 (see page 60) are often
mistaken by beginners for those of the malarial organism. Their
greatly smaller size and extra corpuscular 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 leucoeytes, it is possible that they might carry out
with them some pigment ingested by the lencoeyte.

Flagellate bodies may be studied in fresh specimens, if possible,
on a warm stage. Usnally they appear only after the lapse of ten
to twenty minutes from the larger tertian or crescentic mstivo-au-
tumnal organisms. The addition of a little water or salt solution
may facilitate the escape of the parasite from the red cell and the
formation of Hagella.

Ewing finds that the 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 by the other,
specimen side down, and slip a rubber band about both. After fit-
teen or twenty minutes the slides and paper may be separated and
the two specimens dried.






MALARIAL ORGANISMS.
(AFTER WrignT & Bagwn.)

PLATE V.

F1a. 1.—Young Non-Figmented, Hyaline Form FiG. 2.—Adull Tertian Parasite,
of the Astivo-Autumnal Parasite in a Red
Blood Corpuscle.

FIi. 8.—An Adunlt Tertian Parasite, with Rod-2haped Pigment, in a Ted Blood Corpuscle in the
Right of the Figure, and in o Corpuscle in the Left of the Figure a Young Pigmented Ter-
tian Parasite and a Signet-Ring Form of the Estivo-Autumnsl Parasite. Thus there |5 an
infection with two kinds of parasites.
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VII. (2) Their movement is different. The malarial organism
is not at all the only thing to be seen moving in the blood, as has
sometimes been stated. The red corpusecles have the Brownian mo-
tion, and as they begin to crenate often move very actively. But
their motion is very different from that of the hyaline malarial
organism, for the latter changes both its shape and its position in
the corpusele quite rapidly, while the motion of the light space in
an ordinary red eell is a wavy undulation of the outlines back and
forth without any considerable change of shape.

() 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 onee 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
pigment becomes difficult.

Sometimes it is really difficult to distinguish motionless pigment
in a malarial organism from dirt even on ecareful serutiny. The
best way is to get a fresh slide when the pigment is in motion.

To any one fairly familiar with the appearance of pigmented
forms of malarial organisms, failure to find them in a case of mal-
aria is due generally (1) to too thickly spread a layer of blood, the
corpuscles overlying each other; (2) to not looking long enough;
(3) to lack of proper light.

(¢) The next stage, that of segmentation, is less commonly seen
than are those just mentioned, and is only to be satisfactorily ob-
served by using a warm stage (vide supra, page 8) and spending con-
siderable time on the watch for it. Around the central pigment mass
we may sometimes see in ordinary specimens (without warm stage)
the faint outlines of a group of small spherical, colorless bodies
(vide Fig. 2, 9, Plate I.) which are the new generation of young
organisms.

Now we should expeect that with the next step in the process we
ghould find these young plasmodia free in the plasma or entering a -
fresh set of red corpuseles. But in the peripheral cirenlation this
1s rarely if ever observed. Thayer in his immense experience has
never seen them. The next evidence we have of the organism is as
a “hyaline ™ body inside the corpuscle again.

Almost all stages of the growth of the plasmodium which we






MALARIAL ORGANISMS,
{AFTER WRIGHT & Brows. ) PLATE VI.

Fra. 4. Fii. 5. Two Tertlan Parasites in One Red

“F1a8. 2 and 4.—Adult Form of Tertian Para- Blood Corpuscle.
gite in a Degenerated Red Blosd Corpuscle,
The pigment is seen in the form of rods,

Fii. f.—An Adunlt Tertian Parasite with Central Vacuole and Rod-Shaped Pigment in a Distorted
Red Blood Corpriscle at the Left of the Figure., At the right of the figure an sdult parasite
with its pigment gathered together in elumps. Thizs s a tertian parasite in early stage of
segmentation. The dark spots at the periphery of the parasite represent the remains of fhe
resd lood corpuscle which it has invaded,
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ring shape. These bodies measure from 3-4 p in diameter, and
there is not much inerease in bulk for six or eight hours. The ter-
tian ring is rarely as geometrical or delicate as the sestivo-autumnal
signet ring. The nuclear body of the tertian ring is its most char-
acteristic feature, appearing as a rather large, achromatie, highly
refractive body, after methylene blue, but staining intensely with
h@ematoxylon and by Nocht's method. '

Comparison of the Tertian and Estivo-autuwmnal Kings,

(1) According to Ewing, the nuclear body and the chromatin
mass of the young tertian parasite are achromatic to methylene blue,
which densely stains the nucleus of the wstivo-autumnal organism.

(2) The shape and contour of the tertian ring is usually coarse
and irregular, but the @stivo-autumnal ring is geometrically circu-
lar, more delicate, with extremely fine bow, and usnally with a
typical signet-like swelling.

(3) One or two grains of pigment are almost invariably found in
the early tertian ring, but are with nearly equal constancy absent
from the @stivo-antumnal signet ring.

(4) The tertian ring is usually pigmented before the chromatin
becomes subdivided, while the chromatin of the @stivo-autumnal
ring is always subdivided before the appearance of pigment.

(5) The infected cell is usually swollen from the moment of in-
fection by the tertian spore, and commonly shrunken when harbor-
ing the mstivo-antumnal ring.

Large tertian vings: After a period of six to eight hours the
ring is usually found to have developed an outgrowth which is
actively ameeboid 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
increases slightly in size, projecting into the ring, and the chroma-
tin divides into several large granules.

At this period oceurs the greatest amoeboid aetivity of the para-
site, and in some severe infections the organism may be found fixed
in the height of its ameboid exenrsions. There the ring persists,
but the body of the parasite is strung out into a number of slender
threads with nodal thickenings.

Tertian spheraidal bodies : During the second quarter of the
eyele, the body and nuecleus of the parasite develop rapidly in size,
amebold motion and figures gradually diminish, and pigment is
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" MALARIAL ORGANISMS.
{;ﬁ.rrm WiiGHT & BROWN. )

PLATE VII.

FiG. 7.—An Adoli Terilan Parasite in the FiG. 8.~ Completed Segmentation of a Tertian
Bame Stage as Flg. 6, with its Pigment Col- Parasite. Each of the dark rounded Bodies
lected in o More Compact-Manner at Iis represents a young parasite.  The plgment
Central Part. The irregular dark zone at of the parasite from which they are derived
s periphery is the remains of the red i8 shown, as well as the faint outlines of
blood cor e in which the parasite has Lhe L:-gﬁéulmi corpuscle in which they are

. ecomntained.

— R Fig. 3. Frg. 10.—A Young Parasite and an Adult
Tk bl Paragite with o Vacuole, in One Red Blood

B
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or small ereseentic bodies which represent the early forns of the
sexual eyele of the parasite. The relation of these forms to the
young ameeba is not clear. A remnant of hmmoglobin surrounds
the erescent on all sides. The membrane or thickened outer border
of the red cell is elogely applied about the convex side of the eres-
.cent, while across the concavity it stretches loosely like a halter.

In the centre of the erescent is a sharply marked, light-blue
staining or a chromatic area of variable size, containing the chro-
matin, and usually also the pigment.

The long persistence of crescents in the blood and their resist-
ance to quinine are matters of common clinieal observation.

Dr. J. H. Wright has kindly permitted the use of many of the
accompanying photographs of the malarial parasites (see Plates
V., VI., VIIL., V1II., 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
-oseillations of pigment granules begin, and soon, from one or more
points, psendopodia 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.

Tertian flagellate bodies develop from the full-grown tertian par-
-asites in much the same way as from the crescents. Quartan para-
sites develop Hlagellate bodies very similar in appearance to those of
the @stivo-autumnal type.

Exactly why and under what conditions it shows or fails
‘to show these appendages is not known.' They are about two
or three times as long as ared corpuscle and one-sixth or one-eighth
as wide. Sometimes there is pigment dotted along the flagellum
itself, and then we can make it out more easily. Its distal end is
-especially apt to be pigmented, and by the help of this pigment we
make out that it is bulbous, while similar swellings can sometimes
be seen at other points along the Hagellum (see Fig. 37). As the
pigmented end is sometimes all that we can see of it, this gives rise
to the appearance of a very small, actively locomotive pigmented
body free among the corpuscles, and its course may be followed
through several fields.

'MeCallum has recently offered interesting evidenee that they are serwad
-Organs.
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FiG.

SPECIAL PATHOLOGY OF THE BLOOD.

a1, —Flagellate Malarial Onganisms.
{Alter Manson's photographs.

When the flagella have
ceased moving, their presence is
generally detected, if at all, by
an irregular line of pigment
dots about 20 g long, which
will be shown by careful focus-
sing to be contained within a
nearly transparent membrane.

Very often we find a lenco-
eyte in process of closing round
the flagellated parasite. Man-
son has lately succeeded in
staining the flagelle, and the
accompanying photographs are
from his stained specimens,

Pigmented leucocytes, con- |
taining the whole or part of
malarial organisms or simply
blocks or granules of black
pigment, are usually to be found
in the blood near the time of
the chill. The pigment is to-
be carefully distinguished from
the granules present in most.
lencoeytes, which in certain
lights look quite dark even if
unstained, dark enough to be
mistaken for pigment by the:
untrained eye. Careful foeus-
sing and changing the light will
easily determine which we are-
dealing with, provided we are
familiar with the appearances.
of lencocytes in the fresh un-
stained blood. In certain
forms of the disease in which
the organisms themselves retire
to the infermal organs, the
presence of pigmented lenco-
eytes may be the only evidence:




MALARIAL ORGANISMS.
LAFTER WrRHT d& BRows. ) PLATE VIIL.

FiG. 11.—Crescentic Form of Estivo-Autumnal Parasite in o Red Blood Corpusele, which is Much
Distorted by It. The pigment is seen in the centre of the parasite in the form of rods,

FIG. 12.—In the Right of the Figure is a Crescentic Parasite Distending a Red Blood Corpuscle.
In this and Figs. 13 and 14 the blue-stained parasite is made to appear darker than the eosin-
stained red blood corpuscles, by changing the character of the light used for illumination of
the specimen.  The decper staining poles of the parasite is shown in this and the sneceeding
figures. In the left of the dgure a tertian parasite in a red blood corpuscle iz shown. Thers
wasg, therefore, a double infection in this case,
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of the disease to be found in the peripheral blood and is therefore
of the greatest importance.

Hitherto I have spoken of the appearance of the parasites in
the fresh unstained blood, this being by far the simplest, easiest,
and surest way of finding them and the only way of studying their
development. In cases in which we cannot make a microscopical
examination at the bedside, we can sometimes preserve the organ-
ism alive between slide and cover-glass, until we can get it to the
nearest microscope, even if this takes several hours. 1 have ear-
ried specimens in mwy handbag a whole morning and yet found
the pigment of the malarial parasite in motion at the end of that
time. Warm weather favors this. When it is necessary to keep
the specimen some time before examination, it is best to paint on
the slide a ring of vaseline or any gummy substance, and allow the
drop of blood to spread out inside this ring so that the margins of
the cover-glass are glued to the slide by the oily substance and the
entrance of air is prevented. The cedar oil ordinarily used for im-
mersion lenses answers the purpose very well. Both slide and
cover should be gently warmed before the drop of blood is spread

Many physicians who cannot possibly carry a microscope about
with them ecan easily find room for a few slides and cover-glasses,
and they may be of great service.

When specimens have to be sent by mail, or for long distances,
or in ¢old weather, we have to fall back on dried specimens prepared
as deseribed on page 43, provided always that a bedside examina-
tion is impossible. These can be stained by one of the following
methods :

I. Leave the specimen for half an hour or more in equal parts
of ether and absolute alecohol, dry them in the air, stain for from
one-half to five minutes in a one-half-per-cent solution of eosin in
sixty-per-cent alecohol, wash in water, dry and stain one-half to one
minute in concentrated watery solution of methylene blue; wash
again in water, dry in filter paper, and mount in Canada balsam.
With this stain the nuclei of leucoeytes and the malarial parasites
are stained blue, while the red corpusecles arve very pale yellow and
almost transparent. This transparency of the red dises may be
taken advantage of when the films either from accident or design
are thick. The stained parasites can be recognized even if covered
with a layer of red dises.

After drying thoroughly in the air the malarial parasite stains
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MALARIAL ORGANISMS.
(AFren WriaHT & Browi) PLATE IX.

Fi6. 13.—Crescentic Parasite Distending a Fig. 1. —0void Form of the Hstivo-Autumnal
Red Blood Corpuscle, Parasite Distending a lted Blood Corpuscle,
A portion of the lﬂmwjﬂi;]'llfﬂjﬂih above
the parasite and i3 much distorted. The
dark line around (he i alzo repre-
sents the remnants of the corpusele,

{ArTER QoLoHoRN. )

Fic. li—Tertian Fever. Young form, so-
mﬁﬁ ring-body. Bloodplatelet on cedl
Lo -

* Fig. 16. —Tertian Fever. Ome so-called Fii. 17 ~Tertian FPever. Maturing organ-
“ring" form; one matured organisms, isms with loosened-up chromatin,  Large
the infested eell showing degencration. Ilymphocyie and platelets,
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drops of three-per-cent solution of acetic acid (U. 8. P., thirty-
three per cent).

“2. Make a saturated one-per-cent watery solution of methylene
blue, preferably Ehrlich’s (Griibler) or Koch’s, dissolving the dye
by gentle heat. This solution improves with age, and should be at
least one week old.

“3. Make a one-per-cent watery solution of Gribler’s watery
eosin.

“The mixtare is prepared as follows:

“To 10 e.e. of water add 4 drops of eosin solution, 6 drops of
neutralized polychrome blue, and 2 drops of one-per-cent methyl-
ene blue, mixing well. The specimens, fixed in aleohol, or by heat,
are immersed, specimen side down, for one to two hours, and will
not overstain in twenty-four hours. The density of the blue stain
may be varied to suit individual preferences. The above propor-
tions need not be rigidly followed, but the polychrome solution
should be aceurately neutralized, and the staining mixture should
be deep blue.”

Goldhorn has recently succeeded in digesting methylene blue
with saturated solution of lithium carbonate o as to develop in it a
large proportion of the red chromatin-staining principle. This
flnid, nentralized by acetic acid, not only stains the chromatin rap-
idly (fifteen to sixty seconds), but demonstrates better than has yet
been done early and extreme granular degeneration of the infected
and other red cells. Goldhorn’s fluid, ready for use, can be obtained
from New York dealers.’

So much for technique.

We often hear reports of fruitless search for the parasite in the
blood of malarial patients, but the regularity with which they are
found at all the larger hospitals and by all practised observers in
this and other countries leaves no doubt that they are to be found in
every case during some portion of the cycle. The practice of taking
blood during a chill eontributes, 1 believe, to the number of unsuc-
cessful endeavors to find the organism; as mentioned above, this is
the worst, not the best time to look for them. Too thick a layer of
bload between slide and cover accounts for some failures, as I have
found in personal experience.

No doubt, in many eases in which we fail to find the organism
in supposed malaria a faulty diagnosis is the reason. Many of the

I 8¢e Trans, New York Path, Soe., February, 1901,






MALARIAL ORGANISMS.
(AFTer GouoHonn. )

PLATE X.

FiG. 18.—Tertinn Fever. FiG. 10.—Tertinn Fever. Marked stippling
of infected corpuscle. Single chromatin
body. Achromatic zone very distinct.

FiG. 3. —Tertian. Fig. 21, — Intracorpuseular  Segpmenting
Body in Tertian Fever. Stippling of cor
preese e,

Fig. 22 —8epmentation of Malarial Organ- FiG. 233.—Tertian Fever. Double infection
{sm in Tertinn Fever. Stippling of cor- of corpuscle, one orgRnism segmenting.
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During the paroxysms, particularly the earlier ones, the red
cells tend to éneresse in number,

In tertian and quartan fevers there is a rapid and almost com-
plete restitution of the corpuscles during the atebrile period.

In @stivo-autumnal fevers the number of red cells bears a direct
relation to the number of organisms. Creseentic bodies seem to
have no influence on the number of red cells.

When after a paroxysm the number of ecorpuseles has been
greatly diminished the succeeding paroxysm may be followed by a
slight reduetion only or even by an increase,

Bignami and Dionisi distinguish three types of post-malarial
anemia:

1. Ordinary secondary ansmia, but with lencopenia instead of
lencoeytosis; such cases usually end in recovery,

2. An@mia practically identical with pernicious angemia, megalo-
blasts being present, and ending fatally.

3. Anzemias which are progressive, because the bone marrow can-
not compensate for the losses of corpuscles.

The rapidity of the diminution in red cells may be very great.
Kelsch’s count of 500,000 cells per cubie 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 anemia, de-
formities in size and shape, normoblasts, occasional megaloblasts in
the worst cases, motility in the “ pale, ghostly 7 cells.

Heamoglobin.—The loss of hemoglobin bears usually a direct
relation to the number of parasites in the blood. As a rule, the
corpuscles and h@moglobin are diminished proportionally (eolor
index = 1) but sometimes the hamoglobin is reduced dispropor-
tionately.

In convaleseence the restitution of hemoglobin is often incom-
plete; persons living in malarial districts have often a slightly
smaller percentage of hszemoglobin than those living elsewhere.

The rapid diminution in hseemoglobin is a valuable point in dif-
ferential diagnosis between malaria and typhoid or pnenmonia.

Wiite Cells.—The number of lencocytes is usually subnormal,
but a slight inerease is shown at the beginning of the paroxysm.
Following this increase there is a rapid decrease continuing throngh-
out the paroxysm. The small number of leucocytes is to be seen at
the end of the paroxysm when the temperature is subnormal. From
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CHAPTER XII.
DISEASES DUE TO ANIMAL FPARASITES.

FILARIASIS.

Avrrovaen most commonly found in tropieal countries, one spe-
cies of the filaria sanguinis hominis is not very uncommonly found
in various parts of the United States. Any case of chylous urine
or elephantiasis should lead us to make a careful examination of the
blood for the filaria. There are at least four species of filaria, one
of which is present in the blood chiefly at night, another chiefly

Fi¢. 38.—The Filaria Sanguninis Hominis. The bead, carled up, 1= seen ai the right of the cut,
the tail at the left.  Instantaneous photomicrograph.  Four hundred diameters magnideation,

during the daytime, and another continuously. Ouly the filairic
nocturnae has thus far been seen in America (Fig. 38).

In examining for the filaria a slide of the fresh blood is pre-
pared in the usual way, but after 8:30 o'clock in the evening,' and
examined at once. The embryo of this parasite (which is what we
find in the human blood) is from one-ninetieth to one-seventieth of
an inch in length, i.e., about fifty times the diameter of a red eeli,
and about the width of a red corpusele. Seen in the blood it re-
tains its vitality and motile power for a considerable time, so that
its motions may continue a week or more between slide and cover-

'In persoms who sleep in the daytime and work at night the habits of the
filaria are gaid to become reversed, so that it appears in the peripheral circula-
tion Ehieﬂyﬂi%_l the daytime, and is to be looked for then.
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glass. Cold has little effect upon it, even freezing tempe

failing to do more than make the movements slower. :
A distinetion ean generally be made out between the amhryn

proper a.ml its 3heat]1 (see Fig 39). me this shﬂath the merj'ﬂ f

mfmquently as intermediary host and cunve]rs the parasite mdi—
rectly from man to man through the mediom of water. After suck-

FIG. 39.—Tail of Filaria, Showing Prolongation of the Sheath beyond the End of the Embryo k
Itself, Magnifted S0 diameters, 5

ing in the organism with the blood the mosquito lays its eggs and
dies in some neighboring pond or stream wheuue the filaria again
gains access to men.

It is a long, slender, snake-like, gracefully shaped worm, iﬂ'.'!,
when alive its activity is so great that measurements and observa-
tions of its structure cannot be made till it is paralj'md. bj'ag-'
proaching death (Fig. 40}. 5

Posteriorly it tapers for one-fifth its length down to a very
sharp point. The extreme end of the tail often looks as if E:I:t-
lated, for it does not harmonize with the general curve of the be d: ¢~
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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
seen at its very extremity. About the middle of the body a granu-
lar aggregation can be made out along the central axis of the ani-
mal. Except for this granular portion the parasite is so translucent
that it is not easy to make it out at first. The distinetion of body
and sheath mentioned above appears as a “clear space ™ at each
end of the body (vide Fig. 39). After the motions have ceased

Fri. 40,—The Movement of a Single Filaria during Four Successive Exposures of One-ifth of a
Becond Each, the Entire Serles Oceupying less than Five Seconds.,  Magnifled S0 diameters,

it becomes darker and traces of transverse striation may be seen
(Fig. 41).

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.”

The head of the filaria is said by some anthorities to be supplied
with feelers or flagella, and Manson deseribes what he ecalls a
“gephalic armature ” or fang (Fig. 42).

- The same organism can sometimes be found in the chylous

! Philadelphia Medical News, June 28th, 1800, where he reports twenty
cases seen in Charleston, 8. C,

-
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Ehows structure and beginning 'nulu.r degeneration. Magnifed
1,500 diameters,

FiiG, 41.—Head of Filaria.

Fig. 42.—Head of Filuria Magnified 1,500 Diameters.  The blur in frout of the head may be doe
1o the motion of fagella.
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urine, but not every case of chyluria iz due to the filaria sanguinis
hominis. In a considerable portion of cases no such organism is
to be found.

Henry' succeeded in staining the parasites infre 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
immersion lens, and the whole of several slides should be looked
aVer.

' Specimens can be dried and preserved for staining provided we

FiG. #3.—Head of Filaria Overlapping a Red Corpusele.  The appearance might be mistaken for
the eeplialic end of @ sheath. .

do not heat them over a lamp or pass them through a flame. Man-
son® stains with eosin and mounts in ¥ glycerin jelly ” (Fig. 43).

Several other species have been observed in England in negroes
from the Congo River, but not hitherto in America. But as it fre-
quently is to be found in persons who have no symptoms whatever,
it may well be that some of these other species would be found
here if one took the trouble to seek out natives of Southern China
{one ont of every ten of whom earries about the filaria in his blood),
or of Central Africa, or other tropical regions.

! Med. News, May 2d, 1896,
*The “Filaria Sanguinis Hominiz,” by Patrick Manson, M.D., Amoy,
China, 1883,
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a large “nest” of them may look like a leucoeyte, except for the
fine wavy threads which can be seen in motion at the periphery of
the mass.

The number present in the blood is very much smaller at the
beginning of a paroxysm than after the second day. During the
first few hours of a febrile period Moeyntkowsky could find only
one spiroch@te in ten or twenty miecroscopice fields, while later on
he saw twenty or t]lil't}' of them in a singltr field. There are usu-
ally 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 his-
tory of a single parasite seems to be very short, but they 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

Fui. 45.—8pirochates of Relapsing Fever in Human Blood.

whole slide he later found many in each field. As the spirochate
dies, its movements get languid, and finally it breaks np into small
granular bits (spores?),

Between paroxysms the spirochstes ave not found, but there are
to be seen peculiar highly refractile globules compared by v. Jaksch
te a diplocoecus. The latter author believes that he has seen these
develop into the spirochete at the beginning of a paroxysm and
hence believes them to be spores,
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This spirochate is found in all cases of relapsing fever and in
no other known disease, so that like the plasmodium malarie it is
pathognomonic and of the highest
importance.

Anzmia and lencoeytosis (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
lencocytosis.  Laptschinsky men-
tioned the presence of a very large
number of coarsely granular leuco-
cytes.

A certain resemblance has been
noted between the spirochmte and
~ a free flagellum broken off from a
malarial parasite, but the clinical
history aud the presence or absence
of other evidence of malaria in the
blood wonld easily decide the ques-
tion of diagnosis.

Technique of Examination.—As
in looking for the malarial organism,
it is best to examine the blood fresh
between a slide and cover-glass (#ide
supra, page T) and to use an oil-
immersion lens. In dried specimens
the organism ecan be stained with
fuehsin, but it is much more difficult

; ; FiG. 48, —Leucocvtes Containing
to recognize than in the fresh blood. spirochawtes,

The spirilla stain well with aniline

dyes, and Karlinski succeeded in demonstrating flagella with some
individuals. Concentrated solution of methylene blue stains all
spirilla in two to five minutes. TPhagocytosis (see Fig. 48) can
easily be watched in the peripheral blood.
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Sceepure oF Broon ExamiNarions ¥ NINETEEN Casgs AT Poxce,
Porto Rico.

. & 24 .|
£ ‘-E-E 5388
T &2 white [§55(55
= oo 55 i 645 6
: g‘ e
& £ &
Nov.4th..| 1| 1.5M.116 | 20| 68w | 65 | 21
Nov.Zil..| | L&aom | i |
Nov.3d.. 2| e00776 |20 7060 | 30 |17
Now, 25d.. 2060440 | X5 |
Nov. dih..| 3| LaE112 | 22| 2000 | 64 | 22
Nov. s | Vomws & | |
Nov. 6th..| 4| 120,000 |15 | 4200 | &4 234
Nov. Zid. . 01,004 | 17 |
Nov. 6th..| 5| 1484440 | 10 | 6,000 | 64 | 24
Nov, %id.. BRT,7T6 | 14
Nov. 8th..! & tlﬂi;.aas o [ ss00 |6 !mf
Nov. Tth..| 7| 1483308 | 17| 5600 | 60 af.i
Nov. Tth..| 8| 2.064,664 4800 | 74 |17
Nov. 5., | S084,40 | 81
Nov. Tth..| 9 1271104 | 14| 7,800 [ 60 |17
Nowv, Zd.. 2,020,000 | 2H
H(W-& Tﬂlh lur ‘Ji]]*m .I.‘a[' L 2‘]
Hﬂ"hﬁdu ﬂﬂim ]ﬂ-
ov. Sth..[11] 1,800,000 | 25 | 4600 | 65 | 22
Nov. 8th.. [12| 220665 |30 | 7.680 | 52 |26
Now. 13 L26Ssss | 20 | 6800 | 63 | IS
Mov. Sth,. (14| 24400000 | 25 | 1,000 | 50 | 10
Nov. th.. (16 2353028 | 17 | 18500 | & 17
Nov. #th. . |16 aﬁm | Eeoo | T2 |20
Nov. 10th.[17| 20400000 |23%g 18,000 | 40 | 12
Nov. 12ih.|18) Unknown. | &0 | 8000 | 40 | 16
Nov, Hith. Iﬂi 1560000 | I6 | 2400 [ T2 |10
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Remarks.

Poikilocytosis, PPolviehro-
matophilia, many mnicro-
cyles nnd e yles,

Poikilocytosis.  Polyehro-
matophilia. many macro-
cytes and microcytes,

Poikiloey tosis. No rou-
leanx,

Poikiloeyiosis.  Polyvehro-
atopiilia.

Polkiloeytosis, Slight ten-
deney to roulean X formi-
tion;  macrocytes  and
microeyies, latter pre-
dominate over former.

Poikilocytosis.  Noo ben-
dency to rouleanx for-
mmation.

Polkilocylosis.  Many mi-
croeytes and microcytes ;
slight rouleanx forma-
tion ; marked chromtbo-
philia.

. (Poikilocyiosis.  Rouleaux

formntion good.
Haz elephantiasiz Arabum,
but cannot  identify

the Nlaria as ¥el. Micro-
oyies predominots over
maeroeyies,  Goosd  rous
Ienux formation.,
Poikilocytosis.

oo | Polkiloeyiosis.

o |Polkiloeytesls.  Rouleaux

i

formation good.
Polkilocvtosis. Houleanx
formation slight ; has
abhweess of liver,
Poikilocytosis. Rouleanx.
Tertian malarinl parasites
found. Rouleaux good.
Polkilocyiosis.  Rouleanx
ol 1 bhelieve this man
to have bsen sufTering
from proeumonin at tme
of examination.
Polkileoyiosis,  Rouleanx
formation good.

The eourse of the convalescence is remarkable for its brevity in
acnte eases, but when serious secondary affections are engrafted on
the original disease it is very slow.
result from damaged intestine and heart.
patients at the beginning of treatment was in imminent danger of

28

The chief difficulty seems to
One of the writer's
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clined until, on the sixty-eighth day, it was 11,000. The eosino-
philes were 37 per cent (6,500 absolute) at entrance, and rose with the
total count until a percentage of 54 (19,500 absolute) was reached
on the forty-fourth day (when the total lencocytes 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 63 per cent (1,850 absolute).
[For the daily counts of this splendidly studied case see p. 484.]
A year later Brown studied a second case. His examinations
showed as before a very marked eosinophilia (see table LXIX.).

TapLe LXIX.—Case II.—Broonp CHART.

e

I

PERCENTAGE OF THE VARIDUS TotTal. NUMBER OF VARIOUS
Leteo- FoRM=E OF LEUCOCYTES. FOREMS PER C.MM.
TR b R T & RS & L M. |
Neut. | and T. | Monos. | EO%- Neut. | Monos. | ana T, | F0S-
April 15th. .| 13,000 | 43.1 | 6.5 1.4 | 428 !, 5,000 180 | =240 | 5,500
16th. . el L e | O 4.5 | 89.1 ||
19th.] ....|B820| 28 | 76| 87.0 |
18th. .| 8,000 |
19th. . caenl B2 | 2B 8.0 | 320 |
20th..| 8900 55.2 | 3.8 11.2 | 818 |/ 4,900 | 1,000 | 340 | 2,830
st , .| 8500 |
9ad. .| 10700 58.0 | 2.7 11.7 | 27.7 || 6,200 | 1,250 | 290 | 2 940
o8d...| 8.000| 56.2 | 2.0 | 152 | 26.2 (| 3.870| 910 | 120 |1,57
S4th..| 11,000 60.4 | 4.0 | 13.2 | 22.4 || 6,640 | 1,450 | 440 | 2,460
asth. .| 11.000 | 57.2 | 4.2 15,6 | 200 | 6,200 | 2,050 | 460 | 2 200
26th. .| D600 | 60.7 | 5.3 12. 3% | 21.7 || b,H30 | 1,180 | H10 | 2,080
2%th. .| 11,300 | 63.0 | 5.0 17.0 | 14.7 || T.120 | 1,920 | 560 1,660
28th. .| 12,700 | 62.7 | 4.0 17.00 | 16.83 || 7,960 | 2,160 | 510 | 2.050
29th..| 12,000 | 67.0 | 8.25 | 1525 14.0 | 8,040 | 1,830 | 890 | 1,680
May 1st ..| 10,700 58.3 | 4.0 | 22.0 | 15.7 | 6,240 | 2,350 | 430 | 1,680
8d...| 13,000 | 64.3 | 4.0 | 16,0 | 15.7 | 8,360 | 2,080 | 520 | 2,040
bth..| 12,000 | 64.7 | 4.0 16.0 | 15.8 || 7,760 | 1,020 | 480 | 1,840
Tth.. 9.800 | 628 | 4.0 1.4 | 168 (| G140 | 1,530 | 870 | 1.560
10th. . lﬂ.Tﬂi}l 60.4 | 2.8 16,4 | 20,0 || 6,460 | 1,750 | 300 | 2,140
1otk ll.ﬂl}l}! 60.4 | 2.3 16.6 | 1906 || 6,640 1,820 360 | 2160
14th. .| 12,000 } h8.8 | 28 188 | 19.6 || 7,080 | 2,960 | 840 | 2,350
17th. . 9.0m| it B | 8.6 20.0 | 17.6 (| 5,290 | l.Hﬂ{‘il 20 | 1,580
| |

Brown’s third case was studied in December, 1897,

The blood (Table LXX.) on admission showed 45 per cent of
eosinophiles, and this, as in the two previous cases, led to the diag-
nosis of trichinosis and the subsequent confirmation of that diagnosis
by the removal of a portion of muscle and the discovery of trichine
therein.’
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rl

Per 'er Per Per Per
- 5 . Cent cent ;

te, | Medoelln | T | pamo- | poivnu.| small | large | SinG
Elobin, | clear. oytes. | cyles, philes.

Case 1..| Nov. 20th | ....... | ..c.... o 45,0 ®.0 8.0 | 340
2 o 50,8 2.0 140 | 32.0

28d T gt | [ Sk s . 52.4 10.9 6.8 | 85.3
2Tth e e [ e - 40,00 | 15.0 4.0 | 41.0

20th | 4,250,000 | 10,000 | 100 205 | 158 | 14.6 | 43.0

Dec. 3d st o 287 | 28| 106 | 57.8
Sth - 10,6 #.0| 14.8 | 68.7

l | [ R (R : 23.6 | 19.2 | 14.3 | 48.9
AR e | e 23.9 0.8 .6 i i, 7
Gasa 20 Nowo 1Teh | oocciaas | 0yiin 41.6 | 16.4 | 28.9 | 181
thnE) R 53.2 | 189 | 6.0/ 21.9
A [ S e ] R, 37.0 | 11.0 6.0 [ 45.0

SrFTE | | ] (B 340 | 11.0| 4.0 | 50.0

TIGE | LS e e 200,10 R4 3.2 [ 63.0

S L (e 153 | 57| 21| 769
TR 104 1.5 1.4 | BL.0
I et [ s o . 1.5 .4 2.4 | 80.7

Tth | 8,840,000 | 20,000 | 77 170 | 64| 9.1 ]| 66.9

20th .5 2.9 54| B1.2
T A, e | e ae 4.2 2.0 6.1 | 86.6
SRR e T e 11.4 | 10.1 4.0 | T8.5

i (R s R IR 1.8 6.1 | 76.6

R s e 14.8 =10 7.0 | 7R3

T | S et SR 0.75| 501 188 | 76.0

T e 31| 05| 86| 788

T | Ly 10.9| 86| 9.0 | 727

aly ) (R g i 11.2 | 18.2 | 14.2 | 56.4

13th | 3,300,000 | 17,000 18.1 0.4 0.8 | G682

Harlow Brooks' examined the blood in one case, and found
at the time of admission to the Bellevue Hospital (February 2d,
1900) 18,000 leucocytes, with 10 per cent of eosinophiles; on
Febrnary 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
wer smaller than those of normal eosinophiles, but there was no evi-
denee of forms transitional between eosinophiles and neutrophiles.

F. P. Kinnieutt® reported a similar case, and H. C. Gordinier?
mentions two, one presenting 77 per cent, the other 29.9 per cent
of eosinophiles.

' Med. Record, May 19th, 1900

? Practitioners’ Soc., February 2d, 1900.
I Medieal Record, October 20th, 1900,
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ERYTHEMA.
White | Fercent
§- Age. | Red cells, colls, ::i;:lm:- Remarks.
] T (e 19,700 .. | First day. Temperature 102°; ery-
thema nodosum and multiforme,
200, 400r e Second day.  Temperature 103",
12,900 5 Sixth day. Temperature 98°,
e Sy e RS 18,400 i Temperature 104",
1, B0 e Temperature 1047, third day. Eosino-
philes not 4,
| L e 11,400 65 Nodosum.
| EE By A (R e S, 204D i Temperature 1027,
ERSE o, -t 6, 150 = Diff. 425 cells.  Polynuclear, 69; lym-
' phoeytes, 30; ecosinophiles, 1.

HERPES TONSURANS.

Mark A. Brown' records this blood count: White cells, 10,700;
of these, there were eosinophiles, 25.2 per cent; polynuclears, 45.6
per cent; lymphoeytes, 29.2 per cent.

CHRONIC ECZEMA.

Thomas R. Brown® reports a ease of chronie eczema, studied
at the Johns Hopkins Hospital, in which three counts showed 22.6
per cent, 24 per cent, and 22.7 per cent. of eosinophiles.

Zappert (loc. cit.) notes a similar case with 8,600 leucocytes per
enbic millimetre, 9.9 per cent of which were eosinophiles (843 abso-
lute). Bettmann records 45 per cent eosinophiles in a similar case.

SCLERODERMA.

Two cases in Zappert’s series showed:

Per cent
Leucocyies, eosinophiles.
L R A e e 1) 0.4 (1,580 absolute)
T S 9 000 ¢y Y TR

PSORIASIS.

One of Zappert’s cases had 8,600 lencocytes, with 9.8 per cent
of eosinophiles (850 absolute).

I In Conn. Lancet-Clinic, December 22d, 1900,

‘Jour. of Exp. Med., vol. iii., p. 320.






CHAPTER XIV.

THE BLOOD IN INFANCY.

1. Al the signs by which siclness s shown in the blood 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 anmemia or leucoeytosis in the adult, produce grave anmmia
and very marked leucocytosis in children. Into the reasons for this
I shall not attempt to enter. The increased toxicity of their serun
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 anemia in a young child.

I1. All forms of angmia in infancy are apt to be associated with
enlarged spleen.

I[TI. T have already alluded to the polyeythemia and leucoeyto-
sis of the new-born, and the gradual fading out of these relative
abnormalities as the child grows up. In judgments as to the pres-
ence or absence of leucoeytosis in infaney, these physiological varia-
tions are too often lost sight of, especially as the proper leucoeyte
eount for any given infant depends not simply on its age but on the
backwardness or forwardness of its development. As with the fon-

tanelles, the growth of the blood toward adult conditions may be
retarded by congenital weakness (infantile atrophy, marasmus) or
inherited disease (tuberculosis, syphilis) as well as by acquired
sickness (rickets, cholera infantum).

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 infancy the lencocytes
differ from those of adults not only in number but in that the lym-
phoeytes are relatively more numerous ( “ lymphoeytosis of infaney ™),
we shall understand that any influence like rickets or syphilis, which
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Observations of this sort should always represent a comparison
between the conditions present before and dwring the sickness in
question.

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 ANEMIAS OF INFANCY.

As above mentioned, an@mic infants are apt to have enlarged
spleens. This may be due either to the anmemia or to some disease
accompanying or underlying the anwemia (e.g., rickets, syphilis).
It seems more probable that the hypertrophy is not directly or ex-
clusively dependent on the anmmia, inasmuch as similar blood
changes are found without splenic enlargement. By far the greater
number of reported cases of severe infantile an@mia are accompanied
or caused by snch diseases as rickets and hereditary syphilis, both
of which may cause splenic hyperplasia even when no anmmia is
present. It seems probable that the ansmia and the enlargement
of the spleen are alike symptomatic of an underlying disorder.

1. Some writers (e.g., Luzet') divide the anemias of infancy
into two classes: those with splenic enlargeent and those without
it. Luzet considers that the former elass is severer than the latter
and more apt to show large numbers of nucleated red corpuscles
than those with normal-sized spleens.  This elassification, however,
does not always hold. We may have very severe anmmia without
splenic enlargement and splenic enlargement with slight anmmia,
and the presence or absence of numerous nucleated red corpuseles
is governed by conditions other than the size of the spleen.

2. Another classifieation of children’s ansemias was proposed
in 1892 by Monti and Berggrim (“ Die chronische Animie im Kin-
‘desalter,” Leipzig, 1892). They divided the cases into the mi/d and
the grave, each group being blllidl\'iﬂeﬂ into those with lencocytosis

and those without it.
§ With lencocy tosis.
1 Without lencoeytosis,

. — § With leucoey tosis,
Dm” 1 Without leueoe v tosis,

[ Mild =
Becondary ansemia of infancy = -

They rightly discard the term “splenie anwmia,” corresponding
as it does to no single set of blood changes. The above classifica-
' Luzet: Diss,, Paris, 1891,
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of blood changes that follows rickets, syphilis, or any other disease.
In connection with various diseases of infaney, and particularly
with those last named, we may have anemia of any grade of sever-
ity, from that reducing the red eells to 4,000,000 down to cases with
only 500,000 red cells per cubic millimetre or even less.  The worse
the case 1s the more likely is it to be accompanied by lencocytosis
and the more numerous will be the nucleated red corpuseles, always
more numerous here than in angemia 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 hemoglobin may be proportionally diminished, or may be even
lower than the percentage of red cells, so that a “ ehlorotie ” eondi-
tion obtains.

Such cases have been called ehlorosis, but it seems better to con-
fine this term to an@mia of unknown origin and favorable course
oecurring 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 hwemoglobin is usually low, but Hock and Schlesinger found
60 per cent with 2,300,000 red eells, a color index of 1.2 4,

Leucoeytosis may occur even when no anmmiais present. Hock
and Schlesinger found 45,000 leucoeytes in a rachitie child of six:
teen months, sound in other respects and not anmmie. dewfe gos-
fritis canses at first only leneocytosis (with inereased percentage of
lymphoeytes). If it becomes chronie the redunection of red cells is
severe. Hayem found only 685,000 red cells per eubie millimetre
in an infant of two months, though recovery eventually took place.

In tuberculosis of the longs and peritoneum in a child of seven,
Monti and Berggriin eounted 3,230,000 red and 17,200 white cells
with 52 per cent of heemoglobin.

Qualitative Changes.

The exaggeration characteristic of all blood changes in infancy
extends to the presence of nucleated red corpuseles, which in all
forms of severe anmmia are very numerous. What has been de-
scribed above (page 91) as the typical megaloblast, a large pale-
stained nucleus in a very large cell (see Plate IV.), is relatively
rare in infaney. The nuclei are almost always deeply stained what-
ever their size, and apt to be small. Dividing nuclei are very com-
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_teristic of the disease, but thinks that its title to the position of a
distinet and separate disease rests upon efiniea/ data, the morve im-
portant of which are: (1) A great enlargement of the spleen with-
out any such accompanying enlargement of the /irer as is usually
found in leuksemia (the lymph glands are sometimes enlarged). (2]
A relatively good prognosis. (3) Post mortem we find no positive
evidence of leukeemia.

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 Hayvem® reported a similar ecase, and
noted the abundanee of nueleated red corpuseles many of which
were undergoing mitosis. This was verified by Luzet® in May,
1891 (Awch. gén. de Méd.), who reported two cases. His deserip-
tion of the disease differs considerably from that of v. Jaksch. He
finds no greater difference between liver and spleen than often exists
in true leuksemia. The course of the disease, though sometimes
chronie, usually ends in death. The lencoeytosis in Luzet's cases
was less marked than in those of v. Jaksch and not greater than
that oceurring in many an@mias of children. He dwells particun-
larly on the large number of nucleated red cells, and the frequency
af mitosis, and considers this the most important diagnostic point.

Although Luzet continues to unse the name suggested by v,
Jaksech, he deseribes 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 anmmia
due to syphilis, rickets, tubereulosis, or infectious disease.

Somewhat similar cases had already been deseribed by various
Italian writers (e.g., Fede) under the title of * fufective Splenie
Anwmia of Infants.”

Among others who have written on the subject are Baginsky,*
Senator,” Fischl," Andeoud,” Monti and Berggriin,” Felsenthal,’

1Von Jakseh : Wien, klin. Woch., 1880, Nos, 22 93,

! Hayem: Gaz. des Hopitaux, 1889, No. 30.

# Tuzet: Diss., Paris, 1891,

4 Baginsky: Arch. f. Kinderheilk,, 1882, vol. xiii.

8 Benator: Berlin, klin. Woch., 1892, ¢ Fischl: loe. eif.

1 Andeoud: Rev. méd. de la Suisse rom., 1894, p. 507
# Monti and Berggriin: loc. cif. *Felsenthal : loe. eft.
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infancy prevents our calling a case pernicions because of a fatal ter-
mination. Enlargements of the liver and spleen oceur in many cases
of each type of infantile anmmia, and occasionally in pernicious
an@mia of adults. They do not, therefore, exclude pernicious anme-
mia in infaney.

Bearing these facts in mind, it is evident that some of Luzet's
cases of “anwemia infantum pseudoleuksemica ™ may have been per-
nicious an@mia. Von Jaksch's own cases may have heen either ()
Hodgkin’s disease with leucoeytosis, (#) grave secondary anmmia
with lencoeytosis (Monti and Berggriin), or (¢) lenkamia.

(«) Hodgkin’s disease, which v. Limbeck finds to be very com-
mon in infaney, may affect the liver and spleen and not the exter-
nal lymph glands, and may be acecompanied by anwemia and leuco-
eytosis such as v. Jaksch describes.  Epstein considers that this is
the case, and denies the existence of any such disease as the anmmia
infantum pseudoleukwmica.

(0) As any aniemia secondary to rickets or syphilis may have
enlarged spleen and liver and marked leucoeytosis, we cannot tell
from v. Jaksch’s deseription that we are not dealing in his cases
with secondary anmmia.

(e) Since v. Jaksch does not give any aceurate differential count
of the lencocytes, there may have been large numbers of myelocytes
in his cases for all we know, or an overwhelming percentage of
Iymphoeytes, 7.e., either type of lenk@emia.

One of the cases reported by Roteh as “anmmia infantum
pseudoleuksemica ™ had 80 per cent of lymphoeytes in a ledcoeyte
count of 116,500, the ratio of white to red eells being 1: 11, and the
nucleated corpuscles abundant. The external lymph glands as
well as the liver and spleen were enlarged. How such a case is to
be distingnished from lymphatie lenkemia without antopsy I cannot
see. Large numbers of nueleated corpuseles with mitoses (present
in this case) are to be found in any an@mia of infaney in which the
red cells, as in this case, have sunk as low as 1,311,500, and there-
fore do not exelude leuk®mia.

Von Jakseh protests that his cases are not secondary to rickets
or any other disease, but Fischl' in a careful study of all the pub-
lished cases finds that, out of a total of eighteen cases, sixteen had
severe rickets and two hereditary syphilis.

The writings of Raudnitz, Ebstein, Felsenthal, Fischl, and wv.

1 Fischl: Zeit. f. Heilkunde, 1892,
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complications and when there is no evidence of any disease to which
it can be secondary.

{(¢) For splenic myelogenous leuk®mia the total lencocyte count
and the percentage of myelocytes are very small in either case.
Still the leucoeyte count may drop very low in lenksemia even with-
out any inflammatory complication. Such a case is reported by
Osler, in which the lencocytes fell to 7,500, of which only 300, or
four per cent, were myelocytes.

Hayem (loe. eit., page 864) in a ten-months old child counted
2,712,500 red and 33,000 white cells, almost the sane figures as in
the case just quoted. [Hayem unfortunately gives no differential
eount, but apparently considers the case leukemic because of the
enormous number of nucleated red cells, many with mitoses. |

Morse’s case of lenksmia in infancy had 2,900,000 red and
48,000 white cells. Twenty-one and four-tenths per cent of the
leuncoeytes, or about 10,000, were myeloeytes. The same abun-
dance 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 deseribed by v. Jaksch, as Luzet sup-
posed.

These cases show that leukamia 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 leukwmia of infants may
be no greater than that in any an@mia with the leucoeytosis so eom-
mon in children.

It seems to me the most natural conclusion to be deduced from
these facts is that we meet with cases in infaney which ave appar-
ently intermediate between lenkermin and pernicions anemia. 1 have
pointed out elsewhere that there are many points of resemblance
between the two diseases. The case of leuk®mia reported by Osler
showed at one period—the period of remission—a fall in the nun-
ber of lencocytes and in the percentage of myeloeytes till the blood
was practically that of pernicious anemia.

Dr. Roteh's ease (above quoted) is another in which the diagno-
818 seems to lie somewhere intermediate between the two diseases,
an®emia and leukamia,

The case which I have quoted above seems to me on the whole
nearer to the type of pernicious angemia than of leuksemia, and Dr.
Roteh’s nearer to the latter than to the former; but each is really
intermediate, so fur as the blood goes, between the two diseases, 1
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=gy

freely motile, and even those clumped may appear to be struggling
for freedom. With blood containing a large amount of the agglu-
tinating substances all gradations in the intensity 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

S Pl o L

Fig. 449, —Pure Culture.

Frg. M.—Dartul leaction. Fig. 51.—Typical Clumping.

varying the proportion of blood added to the culture fluid” (see
Figs. 49, 50, and 51).
The process may go on gradually and be much more distinet at
B the end of half an hour.
The groups or clumps above described constitute the important
part of the reaction for diagnostic purposes. Of the loss of motil-
ity more will be said later.

T T e
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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— Diried.

The advantages of the method are (a) the ease and quickness
with which the blood ean be obtained, () the convenience for trans-
portation by mail, and (¢) 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 in most cases.'

Frocedure,—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 thoreughly dried.

If paper has been used, we cut out the dried blood drop with a
pair of secissors, 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, freeing it
as well as possible from the paper.

To the liquid so obtained add eight or nine drops of the bouillon
eulture 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 eulture —using the bouillon itself to soak off the
blood from the paper.®

The Fluid Seruii.

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 elotting occurs

I Widal and Delépine think the fluid serum is slightly more powerful than
the dried blood. Johnson admits that in one-tenth of the eases 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.

*Bome observers gather the blood on a bit of tinfoil and later erack 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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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 Ewulsions of the Bacilli instead of
Clueltieris,

A few observers—particularly Durham and Gritber—have pre-
ferred to use a mixture of small bits of solid agar culture and bouil-
lon instead of bouillon eultures. The majority of writers prefer
cultures.

The Use of Attenuated Cultures.

Johnson finds that with his methods of technigue (dried blood
and no definite dilution ) psendo-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 eultures. 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. IMrurion axp TR Time LiMir.

I fvilution.

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 veasons for this dilution and for the proportions 1:10 are
the following:

It has been found, as mentioned above, that the mere formation
of elumps in bouillon eultures of Eberth’s bacilli is not a power ex-
elusively possessed by typhoid serum. The serum of persons suffer-
ing from other diseases and even of healthy persons will form
clumps exactly like those formed by typhoid bacilli, provided it is
wof diluted. The only known peculiarity of the typhoid sernm is
that its elumping power is greater than that of other diseases, and






THE CLUMP REACTION. 465

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 yeaction 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 usually
lasts several months, and Widal found it still present after one year
in 3 out of 22 eases in which he tried it. These 3 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 vnly in relupse and
not in the original attack of all.  Biggs and Park record a case in
which the diagnosis was proved during the original attack by pune-
ture of the spleen, which showed a pure enlture of Eberth’s baeilli,
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 eonvalescence. The failure to follow
up such eases as these accounts for many negative reports.

The Intensity of the Reaction.

Widal and Sieard record clumping with a dilution of 1: 12,000
and 1:1,800 and consider that in the active stages of the disease a
dilution of 1:60 or 1:80 does not usually present the reaction,
while in econvalescence 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 elump in 1:40 dilution by the end of the first
week, and have occasionally noted the reaction even with a dilution
of 1:200.

Cantrol Cuses.

Out of over three thousand cases of various diseases not typhoid,
not over a dozen have been proved to clump typhoid baeilli with
proper technique. It is quite possible that further improvements

in technique may enable us to prevent even this very small ervor.
30
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3. Rieder's “ Beitriige zur Kenntniss der Leukocytosis,” Leipzig, 1592
(Vogel), 220 pages, is an admirable work 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, 1802 [Fisher], 8vo, 188 pages) is mostly concerned with experiments on
animals and intended to throw light on the theory of leucoevtosis.  The con-
clusions of the book have not been generally adopted, though its facts have
been mostly verified.

5. Thaver and Hewetson's book, 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 Hopkins press of Baltimore in 1805,
It contains a summary of the literature of the subject, an analysis of six hun-
dred and sixteen new cases, and some admiralile 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 York, 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 * Hematologische Untersuchungen ™ (Wien, 1896 | Prochaska]
112 pages, 8vo) contains many valuable studies on various points,

Magazine Articles of Special Value.

1. On Coneentration and Dilution of the Blood—0Oliver: Lancet, June 27,
1896,

2. On Leucoeytosis—Goldschneider and Jacob: Zeit. fivr klin, Med., 1884,
vol. 25. Krebs: Inaug. Dissert., Berlin, 1888, Sadler: Fortschr, d. Med.,
Supplement-Heft, 1892, Also Klein, in Volkmann's Sammlung Kklinischer
Vortriige, December, 1893, and of course Rieder and Thrk above referred to.

3. On Amemia—Dunin: Volkmann's Sammlung Klin. Vortriige, 1806, No.
185. Romberg: Berlin. klin, Woch., June 28, 1807,

4. Parasitic Anemia—Schaumann: Zur Kenntniss der sog. Bothriocepha-
lus Aniimie, Berlin, 1892, 214 pages; and Askanazy : Zeitschr. f. klin. Med.,
1895, p. 492, Brown: Journal of Experimental Medicine, May, 1898 (Trichi-
nosis).

5. Leuksmia—Fraenkel: Deutsche med. Wochenschrift, 1895, p. 639
Fraenkel: 15th Congress fir inn. Mediein, Wiesbaden, 1307, Benda: flidem,
Dock: Moscow Internat, Congress, 1507,

6. Pernicious Anmmia—Discussion by Birch-Hirschfeld, Ehrlich, Troje,
and others, at the X1. Congress f. inner. Med, (Leipzig, 1582),

7. Poneumonia—DBillings: DBulletin of the Johns Hopkins Hospital, Novem-
ber, 18904 Diphtheria—Billings: New York Medical Record, April 235, 1596,
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INDEX.

Infanc{', lymphocytosis in, 445

polycythemin in, 445
rickets in, 449

Influenza, 209

Intestinal parasites, 426, 440

Intestine, disease of, 301
obatruction of, 304

Todophilia, 239

Isotonic coeflicient, 50

Jaunnpick, catarrhal, 804
coagulation in, 805
Justus reaction in sy philis, 288

Kinxeys, diseases of, 247, 327-337
pyonephrosis, 337
uremia, 384

Lerrogy, 201
Leuncocytes, 53
degenerated, 70
eosinophilic (see Eosinophiles), 64
in abscess, 230
in smallpox, 219
iodine reaction in, 239
mononuclear nentrophilic, 65, 68,
70
normal percentages of, 67
origin of, 67
polymorphonuclear, 65
“stimulation forms,” 71
transitional neatrophiles, 71
Leucocytosis, absence of, 111
after  exercise, massage,
baths, 100
cell changes in, 96, 110
definition, ¥4
diagnostic value of, 98
digestive, 97
experimental, 100
inflammatory, 104
in malignant disease, 108
in new-born infants, 99
Jin pneumonia, ]Ii':
in pregnancy, 1
in E;}Jmfll:. lﬂ%
pathological, 104
physiological, 95
post-hemorrhagic, 104
post-partum, LM
terminal, 103
therapentic, 109, 178, 192
toxic, 107
Leucopenia, 112, 185
Leukemia, 160-185
remissions in, 170
Lipemia, 122
Lymphaemia, 170
Lymphatic lenkemia, 170
Lymphocytes, 62

and
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Lymphocytosis, 113
in hereditary syphilis, 118
in infaney, 113
in pertussisz, 113
in splenic tumors, 114
in thyroidism, 114

MacnrooyreEs, 53, 155

Malaria, 176, 238, 44-416
parasites of, 404
pigmented parasites, 4006
segmenting parasites, 405
typhoid, 208

Malta fever, 255, 466

Mast cells, 66, 169

Megaloblasts, 88, 162, 190

Melanmmia, 122

Meningitis. 209, 266-2068, 2823
tuberculons, 282

Mental diseases, 348

Microblasts, H0

]\Ii{':r-:w;.'trﬁ. B3

Miilier's blood dust, 60

Myelocytes, 68, 118, 165, 104, 847,

392, 399, 450
Myeloid leukaemia, 161, 177
My xadema, 351

Necnouiosis of red cells, 83
Nephritis, 327

Nervous system, diseases of, 343-345
Neuralgia, 246

Nenrasthenia, 347

Neuritis, 848

Newton’s rings, 15

Normoblasts, 87, 162, 190

Nucleated red eells, 190, 376, 431

Opres1ry, 349

Oliver’s instruments, 238, 27, 35
Osteomalacia, 459
Osteomyelitis, 251

Otitis medin, 205

Paxcrias, diseases of, 315
Parasites, filarial, 417
intestinal, 426
malarial, 402
of the blood, 402, 426
Parotitis, 205
Pericarditiz, 205, 265, 285
tubercnlons, 285
Periostitis, 205
Peritonitis, 264
tubercnlons, 250
Pernicious anmmia, 131
amemia, dingnosis of, 146
amemia, gross appearance of
blood, 181
anemia, hemoglobin in, 136


















