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PREFACE TO THE FIRST EDITION

OuR aim in writing this book has been to put in the hands of the
student and practitioner a volume giving a concise and clear account
of the diseases and diseased conditions of the blood and blood-forming
organs, based on a large experience of them in elinical work and in the
laboratory.

‘We have for many years conducted post-graduate courses on the
subject, and have learned how essential to a proper understanding of the
blood and its diseases are a knowledge of pathology, and a clear idea of
the relationship of the different elements of the blood to one another, and
of their genesis. We have tried to keep our descriptions of these matters
as simple as possible, and to avoid the excesses of differentiation and
nomenclature in which some writers have indulged. Our explanations
may not be finally correct, but we have at least found them serviceable
to ourselves and others as working hypotheses, and our aim throughout
has been rather to stimulate interest in a fascinating branch of study
than to make a final, erudite, and conclusive exposition of the subject.
For this reason we have, in the section on methods, described fully
those which we have found essential or useful, and in the case of those
which we have felt to be less important have referred readers to the
original sources of information. In the same way we have, so far as it
is possible in a work of this kind, relied in our descriptions on our own
clinical and pathological experience rather than on a collation of the
views of others, and we have given only those references which seemed
to us essential. It would indeed be impossible to give a full list of
papers on such subjects as pernicious anmmia or the leukwmias, nor is
it necessary to do so, as since 1904 the world’s hwmatological literature
has been collected and summarised in the Folia Hematologica.

In dealing with the alterations in the blood in general diseases as
an aid to diagnosis, we have felt justified in stating our conclusions
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EXAMINATION OF FRESH SPECIMENS b

The counting chamber consists of a round glass table surrounded by
a trench, and then by a square glass plate 01 mm. higher than]the
counting chamber (Fig. 4). The central area of the counting table is
divided by microscopic ruling into sixteen sets of sixteen squares.
Each square is }; mm. in area. The squares round each set of sixteen

Fic, 3.—Tue Tuoma HEMOCYTOMETER,

are bisected for the sake of clearness (Fig. 6). A cover-slip ground
flat is supplied with the instrument, and when this is applied the depth
of the counting chamber is !, mmn.

Procedure—The diluting fluid to be used should be at hand in a
bottle, or a little may be poured out into a watch-glass. The ear
is punctured, and the first two drops of blood are wiped off. As soon

EE— W N ——

F16. 4.—SecT1o8 oF CoUNTIXNG UHAMBER.
(The cover-slip is ralsed for clearness.)
as the next drop of blood becomes as big as a split pea some of it is
sucked into the pipette as far as the mark (v5. A little practice is
requisite in order that this may be done accurately and smartly, and
in certain conditions where coagulation time is short rapidity of
manipulation is necessary. The point of the pipette is more easily
held steady if the little finger rests on the patient’s cheek. The rubber
tube attached to the pipette should be long enough to allow the
operator to look at right angles to the top of the advancing column of
blood so as to note exactly the point it has reached. 1f too much blood






EXAMINATION OF FRESH SPECIMENS 7

side being allowed to rest on the outer square and held steady with the
fingers of the left hand, the other lowered gradually on to the drop, at
first with a needle, but as practice makes it easier, with the fingers
of the right hand. Another method which may be of service to the
beginner is to fix the cover-slip against the edge of the outer square
with the left forefinger and then push it down with the right, using
the edge of the square as a fulerum (Fig. 5). The counting slide should
then be held level with the eye and between it and a light source to

Fig. 6.—ParT oF THE Covstixe FIELD UXDER THE MICROSCOPE.

make sure that Newton's rings have appeared. It should next be
examined with the low power of the microscope. If air-bubbles be
present the preparation is useless, and the slide and cover-glass must
be cleaned and a fresh preparation made. The same must be done if
the corpuscles are not evenly distributed, right to the edge of the drop.
The most usual error is that they are too thickly crowded over the
centre of the ruled space. It is impossible to lay too much stress on
even distribution, for upon it the accuracy of the count hinges entirely,
The figures quoted in the annexed example give about the maximum
range of allowable divergence. If the range is greater a fresh prepara-
tion should be made after the fluid in the bulb has been again






EXAMINATION OF FRESH SPECIMENS 9

It is only in hospital and consulting-room that the corpuscles can
conveniently be counted immediately the pipette is filled. When this
is done at a distance from a microscope a rubber band of appropriate
length and fair thickness is slipped over the ends of the pipette. This
seals the openings, and the pipette can then be replaced in the box and

f =

Fic. 7.—PRirer's Coustixe CHAMBER WITH UOVER-SLIP APPLIEL.

{The arrows indicate whers the drop of diluted Wood is to be placed.)

taken home. Care should be taken that the pipettes are kept approxi-
mately level in transit—the box should be carried at the bottom of
a bag rather than in the coat-tail pocket—lest a proportion of the
corpuscles escape into one or other limb of the pipette. Presumably
the pipettes might be left indefinitely and the counting done at any
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Fic. 8.—Ruriss ox BUnkeEmR's CoustixG CHAMBER.

future time, but the corpuscles are apt to stick together. We have
obtained an even distribution at the end of three days, but do not
recommend so long a delay. The longer the pipette has been allowed
to lie the more thorough must be the shaking and rolling before the
count is carried out.

After use the instruments must be very thoroughly cleaned (see

Chap. IIL).



10 EXAMINATION OF FRESH SPECIMENS

Biirker's Hemoeytometer—This is an important modification of the
Thoma-Zeiss instrument.

The counting chamber is bisected by a transverse channel. On
each side of the counting plate there is a rectangular piece of glass
arranged to leave a gap between its inside edge and the side of the
counting table. The side plates are 01 mm. higher than the counting
plate. The counting plate has on each side of the central division the
ruling shown in Fig. 8 over an area of 3x 3 mm. Each small square
corresponds to one square of the Thoma-Zeiss ruling, and each large
square corresponds to sixteen squares.

In another form of the instrument there is a simple stage miecro-
meter and a number of square stops of different size to fit into the eye-
piece. The size of the eye-piece aperture is determined by means of

Fia. 9.—TrE TaoMA, ZAPPERT, AND TURK HEMOCYTOMETER RULING.

the stage micrometer (the magnification being adjusted by the use of the
draw-tube) and then the corpuscles are counted in a series of miecro-
scopic fields of known extent and of course 01 mm. depth.

We prefer the first type of instrument, and instead of Biirker's
ruling we use that of Tirk (Fig. 9).

To use this counter the cover-slip is first applied. A drop of diluted
blood is then placed on the counting table at the edge of the cover-slip,
and just the right quantity finds its way into one side of the counting
plate by capillary action.

The advantages claimed for this instrument are—1. That all difficulty
in the way of filling the counting chamber with the right amount of
diluted blood and of applying the cover-glass is eliminated.

2. That there is no time for deposition of corpuscles before the drop of
diluted blood has spread out, and that distribution is therefore more even.

3. The double counting chamber permits of a check enumeration
without disturbing the cover-glass.

1 Pliiger’s Archiv, evii. 1905, 426.
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Counting Chambers of Zappert and Tivk.—Many modifications of
the Thoma-Zeiss ruling have been introduced with the idea of affording
a larger counting area than is provided by the Thoma-Zeiss instrument.
This is specially desirable when leucocytes are being counted.

The following may be taken as types of a very large number ! :—

Zuppert's Counting Chamber—The central area corresponds to that

-of the Thoma instrument, but the peripheral area is ruled into larger
squares. The whole area of 3 x 3 mm. is divided by heavy cross ruling
into nine large squares, each equal in area to the central area of 400
small squares. The whole ruled area therefore corresponds to 3600
small squares. The peripheral squares are for convenience divided
into four, each quarter corresponding to 100 small squares.

Tiirk's Counting Chamber—This is similar to the Zappert instru-
ment, but the large peripheral squares are divided into areas corre-
sponding to sixteen small squares and each of these areas is in turn
surrounded by lines corresponding to those which enclose the bisected
squares of the central area.

Gowers' Hemocytometer.— This instrument consists of a pipette
graduated to measure 5 eanm. of blood, a second pipette to measure
995 e.anm. of diluting fluid, a mixing chamber with stirrer, and a count-
ing chamber. The instrument is not so convenient as the Thoma
hemoeytometer. The squares on the counting chamber are ' mm. in
area, and the depth when the cover-slip is applied is § mm. The
number of corpuscles in ten squares multiplied by 10,000 gives the
number in a cubic millimetre of undiluted blood,

Emmacyﬂmtm of Hayem and Malassez—These instruments are
now almost entirely replaced by the foregoing.

Durham’s Pipette’*—0One of the short thick-walled capillary tubes
introduced by Oliver, having a capacity of 5 or 10 c.mm., is fixed by
means of a cork in one end of a glass pipette. The other end of the
pipette is fitted with a rubber cap, which has a side perforation. A

separate measure for diluting fluid is required, and a small test-tube
~ containing a glass bead is used as a mixing chamber. When brought
into contact with a drop of blood the capillary tube fills itself. By
compressing the rubber nipple in such a way that the perforation is
closed the blood is expelled info the measured diluting fluid. The
process may be repeated with the diluted blood to ensure complete
washing out of the blood from the capillary tube.

1 [llustrated examples will be found in Leitz's catalogue.
2 Eilin, Med, Jowrn., 1897,






EXAMINATION OF FRESH SPECIMENS 13

longitudinal striation of the glass. This line is marked 100, and
corresponds to a blood-count of 5,000,000 per c.mm.

To use the instrument a small quantity of Hayem’s solution is first
dropped into the test-tube. The capillary tube iz now filled by holding
its point horizontally in a drop of blood. Its point is wiped. DBy means
of the capped pipette, which is fitted to the more pointed end of the
capillary tube by the rubber tubing, the blood is expelled into the
test-tube.

Hayem's solution is now added until the bright horizontal line

Fiz. 11.—MEerHOD oF Usizg Oniver's TISTOMETER.

appears, and the percentage of red cells is read off at the level of this
line. This instrument is aceurate for blood not too markedly abnormal,
1t requires a dark room, and is perhaps more suited for the laboratory
than for clinieal work.

The Hematoerit.—This instrument has not found a great deal of
favour. It consists of a graduated capillary tube, which is filled with
blood and then centrifuged. The height of the column of the corpuscles
gives an indication of their number. Alterations in shape or elasticity
of the corpuscles are factors which may influence the results of this
procedure. In health the proportion of plasma to volume of corpuscles
is roughly two to one. Capps® uses the term “ volume index ” to express
the relationship between the volume of the corpuscles and their number.
The volume expressed as a percentage of the volume in health is
divided by the number of red cells as counted by the Thoma hxmo-
eytometer, and expressed as a percentage of 5,000,000,

The index is high in pernicious anwemia, practically normal in cases
of moderate secondary anzmia, and low in severe secondary anwxmia,

1 Jowrn. of Med, Research, 1903,






ENUMERATION OF LEUCOCYTES AND BLOOD-PLATES 15

procedure is exactly the same as in counting the red cells and the same
counting chamber is used. As their numbers are small, the leucocytes
in a large number of squares must be counted in order to obtain an
average. It is advisable to count the white cells not only in the whole
sixteen sets of sixteen squares but also in the divided squares surround-
ing the sets. The total number of squares is then 400. In making
the enumeration a mechanical stage is a great advantage.

We make the count by beginning with the square at the top left-
hand corner as it appears under the microscope and place the slide so
that a row of bisected squares is at the top. Moving the field from left
to right we count all the leucocytes in the two top rows of squares,
.. the top row of half squares and the row of whole squares below it.
Moving the field up we then count from right to left all the lencocytes
in the next three rows. The number may be jotted down and then the
process is repeated three times. Suppose the dilution has been 1 in 10
and the actual number counted was 70, That number divided by 400
gives us the average number per gquare.

T0x 400 % 10x 10 3
100 = T000 per e.mm.

Note that (when the dilution is 1 in 10) the number counted
multiplied by 100 at once gives the number per cubic millimetre.

It is, of course, quite possible to count both red and white cells at the
same time by using the same pipette. This plan is useful in counting the
lencocytes of animals with nucleated red cells. The red cell pipette is used,
and a diluting fluid which conserves the red cells and shows up the white
cells is necessary. For this purpose Toisson's fluid or physiological salt
solution coloured with methylene blue may be used. The drawhack to this
procedure is that the large dilution does not give a sufficient number of white
cells to yield a satisfactory average. This disadvantage may be minimised
by using a counting chamber such as that of Zappert or Tiirk (Fig. 9).

Some practical points in connection with the ecounting of white cells
may be noted. Unless one is dealing with a leucoeythamia the 1 in
10 dilution should always be used. The more leucocytes are counted
the more nearly accurate is the result. Deginners should always repeat
the count with a second drop, but with greater practice this becomes
unnecessary. The settling of the whites on the ruled space takes a
much longer time than that of the reds, and counting should not be
attempted till it iz complete, lest some corpuscles remain out of focus,
If comparative counts are to be made on successive days, it is important












ESTIMATION OF HAEMOGLOBIN 19

standard tube is apt to fade in colour at a varying rate. At one time
we made a series of observations with the same blood on a number of
instruments which had been in use for some j.ea.l's and found that the
readings varied as much as 40 per cent.

(b) Haldane's Hoemoglobinometer—This modification of Gowers’ in-
strument has the following advantages : —

(1) The standard is a definite one, being a 1 per cent. solution of

Yy e
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Fi16. 13.—HALDpAxXE's HEMOGLOBINOMETER.
A The standand tube containing a solution of CO hemoglobin, B, The graduated tube, ¢ The stand.
D. The pipette. E. Drop bottle for distilled water. . The connecting tube for gas.
blood containing the average amount of hiemoglobin in health saturated
with earbon monoxide (CO). The solution should have an oxygen
capacity of 18:5 per cent. as tested by the ferricyanide method. The
standard may thus be tested at any time.

(2) The standard solution is permanent.

(3) The instrument may be used either by daylight or artificial
light.

(4) The hemoglobin to be determined is converted into CO
hemoglobin and a solution of this is tested against a CO hwmoglobin
standard. :

A limitation to the use of the instrument is the necessity for a
convenient supply of coal gas.

Procedure—The initial steps are the same as for Gowers’ instru-
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Below the stage a wedge-shaped piece of coloured glass lies under
one compartment and can be moved by a milled screw, so that any
thickness can be brought under the compartment, the position of the
wedge being indicated by a scale,

Light from a lamp is reflected from a white cardboard disc up
through the wedge and the two compartments. A self-filling pipette
mounted on a handle serves to collect and measure the sample of blood.

Procedure—Half fill one compartment with distilled water. Dip
the point of the pipette sideways into a drop of blood. Wipe its
exterior. Plunge the pipette into the water in the compartment and
wash out the blood. Now completely fill this compartment by adding
water, and fill the other to be placed over the glass wedge with dis-
tilled water. Daylight being excluded, the observer takes such a
position that the two compartments are divided vertically (right and
left) and not horizontally. By means of the milled screw the position
of the wedge of glass is altered until the colour in the two compartments
is similar. In making the observation a series of glances should be
employed and continuous staring avoided,

It is an advantage to look through a tube made of a roll of black
paper. Use little light, and move the wedge with short, quick turns
and not gradually. The reading is shown by the number on the scale
opposite the indicator.

A diaphragm with an oblong slit crossing the two compartments
may be employed to miminise the difficulty arising from the fact that
the thickness of the wedge of glass and consequently the depth of
colour varies in each field.

(b) Fleischl-Miescher Heemoglobinometer.—This modification is essenti-
ally the same as the original Fleischl instrument. A pipette similar to
that of Thoma is supplied for diluting the blood. 1t is graduated to give
dilutions of one in either one, two, or three hundred. Two cells, one
15 and the other 12 mm. deep, are supplied in order that the observa-
tions may be controlled. The partition dividing the chamber projects
to fit a groove in a cover-glass. A slotted diaphragm shuts off all but
the central portion of the fields for comparison.

(¢) Oliver's Hemometer—The principle of von Fleischl’s apparatus
is employed, but the standard is altered in a series of definite gradations.
Oliver's instrument consists of a ecamera tube, a blood-cell and cover-
glass, a series of circular standards in wooden Dblocks, and riders, a
gelf-filling pipette, and a rubber-capped pipette with rubber tubing on
its end for emptying the self-filling pipette.
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matches the colour, and then compare more accurately by looking
through the camera tube. It may be necessary to use a rider in order
to secure accurate matching. The reading is indicated by numbers
opposite each standard,

Two sets of standards are sold, One is for use by daylight, the

Fig. 16.—Cauera Tuee ror Usg wite OLiver's HEMoMETER.

other for artificial light. For the latter a Christmas tree candle is
recommended.

(d) Dare's Hemoglobinometer.—Undiluted blood is allowed to pass
by eapillarity into a slit between two little glass plates, The charged
plates are then slipped into a window in the instrument beside a colour-
prism. The reading is made through a telescope which magnifies the
blood and the standard. The illumination is by candle-light, but the
examination need not be carried out in a dark room. The standard
colour-prism is rotated till the colours match and a knife edge indicates
the result,
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angemia, and the lowest indices are found in chlorosis. In secondary
a.nmmm. the colour index is generally less than one, but is seldom or
never so low as in chlorosis. In very severe secondary angemia the
colour index is higher than in less serious cases.

Care of Instruments.—Scrupulous cleanliness is essential for the
satisfactory use of the foregoing instruments. Especially is this the
case regarding pipettes, and never under any circumstances should a
pipette be put away dirty.

The short thick-walled pipettes of wvon Fleischl and Oliver's
apparatus are readily cleaned by drawing a stout thread through
them by means of a loop of fine wire, which should be entered at the
~ pointed end. ;

Particular attention should be paid to pipettes of the Thoma-Zeiss
type. Immediately after use the remaining fluid should be blown out,
preferably in the case of the “red” pipette at least, through the wide
end. Water should then be drawn through the pipette and blown out,
and the process repeated a second time,

The same is next done with absolute aleohol and then with ether,
The object of this is, firstly, to remove all albuminous material, and
~ secondly, to leave the interior of the pipette thoroughly dry, so that
when it is used again the diluted blood will advance evenly to fill
the bulb. In cleaning the pipette it is very convenient to slip a tube
attached to a rubber ball over its point. The fluids can then be more
forcibly expelled, and all risk of blowing saliva into the pipettes is
avoided.

If pipettes are not promptly cleaned a film which is not easily
removed tends to form on their inner surface. This is more likely to
occur in the case of the leucocyte pipette, and it is worth while from
time to time to fill it with liquor potassee and leave it for an hour or

tfwo. The softened and loosened film is then blown out through the
~ wide end and the pipette iz thereafter cleaned in the ordinary way.
Another penalty of neglect is the precipitation of salts of Hayem's
solution through evaporation at the point of the pipette. Prolonged
goaking in water may be necessary to remove this deposit. If pipettes
cannot be cleaned immediately after counting is finished, they should be
placed in clean water to prevent evaporation and deposit, or closed at
both ends with a rubber band as already described. Pipettes should,
however, never be cleaned out until the observer is satisfied that his
counts are correct, as it may be necessary to count a second drop.






CHAPTER IV

EXAMINATION OF STAINED FILMS—PROCEDURE AT
THE BEDSIDE

Examination of Stained Films.—The importance of this method is as
much under-estimated as the difficulties in carrying it out are over-rated.
A well-prepared blood-film is a page of information to him who can
read it, and in spite of assertions to the contrary we maintain that, in
the great majority of cases, the experienced hwematologist can tell from
a good blood-film the number of red cells per emm. to within half
a million, provided he knows the hwmoglobin percentage; and the
number of leucoeytes (unless they are markedly execessive) to within a
thousand, especially if he has made the film himself, The films may be
spread on either slides or cover-slips, and may either be treated while
wet or allowed to dry before staining. We would urge the great
importance of making well-spread films to work on. The staining of
a mess of blood-clot or a clump of crushed and distorted blood-cells
gives just the same satisfaction as developing a photographic plate
which has been two or three times exposed. And just as the careful
photographer can have his plates finished for him by the professional
with results satisfactory to both, so he who doubts his hematological
powers can easily obtain all the information a blood-picture can give
by posting a good film to an expert.

Spreading the Film.—We much prefer the use of cover-slips. Their
greater flexibility permits of more éven spreading. They are more
economical, inasmuch as less reagent is required, and where several
samples are required they are less bulky and more easily stoved.

Seven-eighth inch squares or circles should be used. Number 1
thickness is preferable for high-power work, but the beginner will
perhaps be well advised to use number 2. They Must be Clean. Many
elaborate formule for cleaning them have been proposed, but are
unnecessary. If only a few covers are to be cleaned at one time, soap
and water, followed by a rinsing in clean water, and drying with a clean,

old, soft handkerchief, is all that is necessary. If a larger number are
27
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—

Another method which has always seemed to us to have little to
eommend it is to touch a drop of blood with a ecigarette paper or strip
of gutta-percha tissue, apply this to a slide, and as soon as the blood
has spread out to draw it along and off the slide.

The main disadvantage of these slide methods is that the larger
leucoeytes are carried out to the edges and end of the film, so that
it 18 impossible to make an accurate differential ecount. They should
not be used, therefore, for ordinary purposes, but arve of use when a
large quantity of blood is to be examined, as, for instance, in cases of
malaria with few parasites, and in other parasitic diseases; but for
these the method of thick dehmmoglobinised films is preferable (see
Chap. XXXVIL).

Preparvation of Dry Films—Fivation—Such excellent and simple
methods of combined fixation and staining are now available that a
special paragraph on fixation is almost an anachronism, but in certain
circumstances separate fixation is necessary. Its object is twofold—to
conserve the hwmoglobin of the red cells, which would otherwise be
dissolved out by watery staining solutions, and to fix the leucocyte
granules.

Figation by Heat—This, the original method, has been given up for
general purposes, but is still by far the best when Ehrlich’s triple stain
is to be used. When a steriliser is available, films may be heated to
110° C,, and kept at that temperature for from ten minutes to an hour
and then gradually allowed to cool. With the shorter exposure a heat
of 120° C. does no harm. Cabot recommends rapid heating to 140° or
150° C., followed by rapid cocling. This last method gives occasionally
very beautiful results, but is rather uncertain, the margin between
over- and under-heating being narrow. Various small heaters consisting
of a metal oven, thermometer and lamp are on the market. More
gimple heat fixation may be effected by passing the film from twelve to
twenty times through a Bunsen or spirit flame, but the results are apt
to be uncertain. The slow method is really the best.

Chemical Fization.—The most useful methods are :—

(a) Formol-Alcohol.—Films are immersed for four minutes in a mixture of
formaline 10 parts and absolute aleohol 90 parts, and are then washed in
water and stained.

(b) Aleohol and Efher.—Films are placed in a mixture of equal parts
of absolute alcohol and ether for half an hour. Longer fixation does no
harm.

(¢) Formel Fapowr.—Films are exposed to the vapour under a bell-jar for
from a half to one minute.
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Shake for some time, then add—

Absolute aleohol : . : : 10 e.c.
Glycerine X : 4 : : 10 c.c.

These solutions are to be measured in the same vessel, without
washing, mixed in the exact order given, but without shaking or
stirring until after the first amount of aleohol has been added. At the
enid of the procedure the whele fluid should be thoroughly shaken up.

It is very much more satisfactory to buy this stain ready made, as
a very slight deviation from the exact order given alters its properties.
In making up the stain it is very important to be sure that the solu-
tions of the stains used are really thoroughly saturated. The Dest
results are obtained after fixation by heat. The films should be then
stained for five minutes, washed rapidly in water, dried, preferably
between layers of filter paper, and mounted in balsam. The red
corpuscles should be stained orange, nuclei green, neutrophil granules
a crimson-purple, eosinophil granules copper colour. Basophil granules
are not stained, but appear in the cells as unstained vacuoles, The
reason for this is that the basic stain used, methyl green, is a fairly
exact chromatin stain, but not so basic as methylene blue, so that it
has not the affinities of the latter stain for basophil protoplasm and
basophil granules. Thus, lymphoeyte protoplasm is stained pink. If
the preparation has been overheated, no length of time of staining
gives a satisfactory picture. The preparation looks as though it had
been washed out too long, while with underheating the red corpuscles
are pink or crimson instead of yellow, and nuclei are sometimes well
stained, while the granules lack the sharp definition of a properly fixed
specimen. It must be borne in mind that the nuclear staining by
methyl green is not so deep as one is accustomed to in methylene blue
preparations, execept in the case of nucleated reds of normoblastic type,
and in some polymorphs. Almost all other nuclei are of a faint
greenish-blue. Fair results can also be got after fixing with formaline
aleohol and formaline vapour, and even with aleohol and ether, but
they are seldom so sharp as after heat. There is nothing in blood
pictures which equals in beauty a good triacid specimen, but the stain
is no longer used for general purposes. It is reserved for cases in
which it is desired to bring out neutrophil granules, especially, for
example, when one wishes to make a differential count of myelocytes
and lymphoeytes in myelocythemia. It is a very satisfactory marrow
gtain, because of the large number of granular cells found there,
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acetone, has a special fixing action on red corpuscles, so great that
the immersion of the film for half a minute or less suffices to fix them
completely. The original method of making the stain, as published by
Jenner, was unnecessarily tedious. Several firms of manufacturing
chemists now make the stain in tablet form, the prescription being that
one tablet shall be dissolved in 10 c.c. of methyl-alcohol. We have
generally found that a better stain is made if two tablets are used to
the same amount. Care must be taken that the bottle in which the
stain is put be absolutely clean and dry. If larger quantities are
required, however, it is easy to make the stain by the following
preseription :— :

Of 05 grm. methylene blue (medic. rein) dissolved in
50 e.c. methyl-aleohol, take 25 c.c.

Of 05 grm. water soluble eosine (yellowish) dissolved in
50 c.e. methyl-aleohol, take 20 c.c., mix, and add
20 c.c. of methyl-aleohol. This improves the keep-

ing qualities of the solution, and does not weaken
the stain.

The fluid is immediately ready for use, although it improves by
being kept for twenty-four hours, and remains good for months if the
bottle be kept tightly corked. If the methyl-aleohol be allowed to
evaporate a precipitate is formed in the stain which spoils the pre-
parations. The method of staining is to drop on the film, held in a
pair of Cornet’s forceps, five or six drops of fluid, enough to cover it
thoroughly. After from thirty to sixty seconds the film is rapidly washed
in distilled water until the edge becomes pink, and then allowed to
dry in the air, being tilted on its side so that the lower edge of the
cover drains into blotting-paper. Artificial heat must never be used
to dry the film, as a certain amount of differentiation of the stain goes
on in the slow drying, and it will be found that heated films are always
too blue. The water used for washing out must be distilled ; ordinary
tap water removes the blue from the nuclei. One great advantage
with this stain is that the result closely approximates to that obtained
by snceessive staining with ecsine and methylene blue, a method on
which much of our nomenclature is based. It is also possible to bring
out by it the special staining reactions of different cells and corpuscles,
Thus a film stained in the way we have just described will show the
reds of a greyish terra-cotta colour, the nuclei blue, the granules of
neutrophil cells purple, those of eosinophils pink, and of basophils a
deep blue purple, while blood-plates are pale blue, and all such details

3
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Paxcuromic METHODS

Pappenheim recommends a combination of Jenner's and Giemsa's
method as bringing out the best possible results. The Jenner solution
brings out the neutrophil and eosinophil granules, while the Giemsa
stain intensifies mast-cell granules and defines nuclear structure.

The procedure is as follows :—

Dry films are fixed and stained in Jenner's solution for three minutes.
Distilled water is then dropped on to the film till the stain acquires
a pinkish colour. The dilute stain is allowed to act for three or four
minutes; it is then washed off in distilled water and immediately
followed by Giemsa’s solution (3 drops in 2'3 c.em. of distilled water).
After five minutes the film is washed in distilled water, dried (not over
a flame), and mounted.

" Pappenheim's Panchromic Mizture—More recently Pappenheim !
has introduced a method which is intended to bring out in one
preparation all the different affinities for basic and metachromatic
dyes. Dry films are fixed for five minutes either in Jenner's stain
or in equal parts of absolute methyl and ethyl alcohol. They are
then stained for from five to ten minutes in 15 drops of the stain
diluted in 10 c.cm. of distilled water. After drying in air the films are
differentiated in a mixture of methyl-alcohol 3 parts and acetone 1 part.
The formula for the stain is:—

Methylene blue . 1
Toluidin blue 05
Azur L. . 1
Methylene violet 0-5
Eosine . , 075
Methyl-alcohol 250
Glycerine 200
Acetone . 50

Wer METHODS

1. Films are rapidly immersed, as soon as they have spread, into
a fixing solution, and throughout the staining process must not be
allowed to dry. Wet films may be fixed in formol-aleohol or corrosive
sublimate solution and stained by any of the methods mentioned on
pp. 30-32, After washing they are dehydrated in absolute aleohol,
cleared in xylol, and mounted in balsam.
: 1 Folie Hematologica, xi. 1 Teil, 1911, 194.
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~ Procedure at the Bedside.—A great deal of unnecessary incon-
venience is sometimes inflicted on patients in obtaining the blood
for examination. A complete routine examination will include the
examination of fresh and stained films, the enumeration of red and
white cells, and the estimation of hemoglobin. A certain amount of
method will be a distinet advantage to observer and observed. The
following articles are taken to the bedside and should be conveniently
arranged upon a tray —a small table should be prepared for its
reception :—(1) A pricker; (2) a well-washed linen cloth; (3) solution
for conserving red corpuscles; (4) solution for white cells; (5) the
heemoglobinometer pipette; (6) the blood tube or chamber of the
hemoglobinometer containing a little distilled water; (7) the red
corpuscle pipette; (8) the white cell pipette; (9) a microscopic slide;
(10) an envelope bearing the patient’s name and the date, and con-
taining at least five clean cover-glasses.

A pair of forceps for manipulating cover-slips may be added if
desired. The instruments are arranged to hand, the stoppers are
removed from the bottles, and the slide and cover-slips are arranged
on the envelope. The patient is asked to turn the head away from
the observer. The lobule of the ear is rubbed with the cloth, which is
then laid behind the ear. The puncture is made, and as a rule one
puncture should be sufficient for the complete examination. The first
drop of blood is wiped away. The h®moglobinometer pipette is now
filled, and the blood is blown out into the distilled water and gently
shaken. The white cell and red cell pipettes are charged in succession
and laid flat. A drop of blood is now taken up on a cover-slip, which
is dropped on the slide. Films are made on the remaining cover-slips,
and the procedure is complete. A fresh drop of blood should be used
for each pipette and each pair of films. Light pressure is applied to
the puncture for a few seconds. The films as soon as they are dry
are placed in the envelope and the tray is removed.
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blood sample is ascertained with the aid of the stop-watch. The result
(obtained by dividing the water time by the blood time) is expressed as
the ratio of the viscosity of blood to that of water.

Estimation of Coagulation Time.—In normal conditions the
coagulation time is about three and a half minutes. Variations have
been said to occur with the time of day, the amount of exercise, and the
kind of food, but in an important paper Addis points out that these
variations are much more likely to be due to variations in the
temperature at which the observations are made. Contact between
the blood and the tissues is an important factor. Lee and White?!
found that coagulation of blood drawn directly from a vein took place
in an average time of six and a half minutes, while blood taken from a
puncture in the ear clotted in three minutes. The coagulation time
varies considerably in disease, but in only a few conditions is a know-
ledge of it of practical value. According to Addis the coagulation time
is affected in bacterial diseases only when the organisms are present in
the blood. Pneumococei and typhoid bacilli hasten coagulation, while
staphylococei and streptococci delay it. In pneumonia there is no
doubt that a rapid coagulation time is of ill omen.

Coagulation is manifestly delayed in hwemophilia, but shows no
constant variation in most of the other blood diseases. Prolonged
coagulation time is a serious feature in cases of pernicious anwmia.
There is often delayed coagulation in jaundice.

While the amount of ionisable calcium in the blood can be inereased
by the oral administration of caleium salts and diminished by the
administration of citric acid, Addis finds that the alteration brought
about is less than that necessary to affect the time of coagulation.

1. Method of Sabrazés and M'Gowan.—This method was introduced
by Sabrazes, and an almost identical method was described independently
by M‘Gowan three years later.

The exact moment of making a puncture is noted. The exuding
blood is allowed to run into a capillary glass tube of 15 mm. bore,
One end of the tube is then fused in a flame. This fusion keeps the
column of blood steady, and care must be taken nof to grasp the tube
between the sealed end and the blood, otherwise the heat of the fingers
and consequent expansion of air would lead to movement of the column.
The tube is laid flat (preferably in a chamber kept at constant tempera-
ture), and at the end of every half minute a file mark is made on the

! Amer. Journ. of Med. Sei., exlv. 1911, p. 495.
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6. A method which gives fairly accurate results is simply to pass
a needle through a drop of blood on a slide at intervals and note the
time when a thread of fibrin is first drawn out,

7. Another method is to put a drop of blood on a slide and note
when changes in contour cease on tilting the slide.

A quite satisfactory clinical procedure is to use one of the simpler
methods without regard to temperature and examine the blood of a
healthy person at the same time, expressing the result of the patho-
logical blood as an index. The blood must be obtained in the same
way in the two cases, and the amount of contact with foreign bodies
must be the same.

The Alkalinity of the Blood.—The estimation of the alkalinity of
the blood eannot be said to yield results which are of service in disease.
The normal alkalinity is equivalent to about 0'3 per cent. of Na,CO..
It is increased during digestion and diminished after muscular exercise,
- It is greater in the early morning than later,

Practically all the statements made regarding the alkalinity of the
blood in disease have been contradicted. There is a preponderance of
opinion that alkalinity is diminished in the course of febrile diseases,
and that successful antitoxin treatment in diphtheria and other diseases
increases alkalinity. There seems a certain parallelism between the
alkalinity of the blood and the body resistance.

The results hitherto obtained in the case of such diseases as diabetes,
gout, thenmatism, and nephritis are hopelessly discordant.

1. Rigler's Method—A quantity of blood is placed in a flask con-
taining 10 c.c. of absolute aleohol. The weight of the flask before and
after the addition of the blood indicates the weight of the blood added.

The blood coagulates in the alcohol and is set aside for half an hour,
At the end of this time 10 c.c. of distilled water is added, the mixture
is shaken and again set aside for half an hour. Under these conditions
the blood gives an alkaline reaction to the diluted aleohol.

Dilute sulphuric acid is now added drop by drop from a burette,
and after each drop the reaction is tested with glazed red litmus paper.
When the paper ceases to become blue the aleoholic solution is
neutralised, and from the quantity of acid employed the alkalinity of
the sample of blood is ascertained.

2. Drouin's Method*—Two solutions are required—(ez) Solution of

1 Central, f. Bakter., xxx., 13th December 1901.
2 Hémonlkalimitrie, Thise de Paris, 1892,
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A dropping pipette with an outside diameter of 1:2 mm. gives a
drop of blood of rather more than 002 e.c. The exact volume for each
experiment is obtained by weighing 5 or 10 drops and from the known
specific gravity. Since the size of a drop of blood increases as coagula-
tion becomes imminent, the drops should be distributed quickly. There
is a difference in the size of the drop which the same pipette will
deliver from the blood of different individuals even when all the
samples show the same hiemoglobin content, but the variation in the
case of blood showing the same percentage of hmmoglobin does not
exceed 0002 cc, so that for many purposes, using a standardised
pipette, weighing may be dispensed with. Knowing the volume of
the drops, the amount of acid required may be expressed either in
terms of a standard drop of 002 cc. or as cc of N/10 acid per
100 c.c. of blood.

The end point is ultimately the same at whatever temperature
between 15° and 45° C. the reaction takes place. The concentration
of the aecid and the volume are immaterial within wide limits, but
comparison is facilitated by keeping them the same.

The precipitate is due to the presence of some part of the formed
elements of the blood which does not go into solution when blood is
laked with distilled water. The reaction is the same after as many
lencocytes as possible have been removed. The precipitate is soluble in
alkali and in excess of acid. The presumption is that the precipitate is
composed of the nucleo-protein of the red cells. The characteristic
flocculation is probably due to the presence of stromata.

Specific Gravity of the Blood.—(1) Mixtures of glycerine and
water or solutions of various salts have been employed to provide a
series of fluids of different specific gravity. These are placed in hottles
and a drop of blood is added until it is found that the blood floats in
one and sinks in another. The intermediate figure gives the specific
gravity of the blood. These methods are unsatisfactory, because the
blood diffuses into an ill-defined cloud, and in the glycerine mixtures
it soon tends to sink even though it has been originally lighter than
the fluid.

(2) Hammersehleg's Method —This is a useful elinical method, A
mixture of ehloroform and benzole of a specific gravity of 1055-1060 is
made. A drop of blood is allowed to fall into this from a pipette. If
the drop sinks, chloroform must be added to the mixture; if the drop
floats, benzole should be added and the mixture stirred with a glass rod.
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method depends upon the fact that the freezing-point of water is
lowered by substances in solution in direct proportion to the number
of molecules and ions in solution.

Beckmann’s eryoscope is most commonly
used. It consists of a covered glass jar (C) ﬁ
which contains the freezing mixture and stirrer
(£) which projects through the cover. In a
central aperture in the cover there is fixed a
wide test-tube (Z). In this test-tube is a
cork which supports the freezing tube ().
The freezing tube has a side opening, and con-
tains a delicate thermometer () and a stirrer
(£") made of platinum wire,

As the thermometer has not a fixed zero,
the reading which it gives for distilled water £
must first be ascertained. The bulb of the
thermometer is fully submerged in distilled
water, the outer chamber is filled with a
freezing mixture. The freezing tube may at
first be placed in the freezing mixture, but
after it has cooled to near the freezing-point
it must be transferred to tube B, where it
will be protected from the freezing mixture
by a covering of air., As the water gradu-
ally cools it reaches a temperature rather
below its true freezing-point and then freezes,
It freezing be unduly delayed it may be induced
by dropping a minute particle of ice through
the side opening of the freezing chamber, At
the moment of freezing the latent heat of ice
is liberated and the temperature again rises
and remains up for a short time. At this v e e e il
point the temperature is taken, The process — Deire B Thermometes £
is then repeated with blood instead of distilled
water.

Normally, the depression of the freezing-point by the substances in
blood is 0:56° C. The lowering in degrees centigrade is expressed by
the term A.

The A of 0:95 per cent. solution of NaCl is also 0-56° C. Such a
solution is isotonic with blood.

Fig. 18.—BECEMAXN'S
CRYOSCOPE
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to saponin or other hamolytic agents. (See M‘'Neil, Journ. of Path.
and Bact., xv. 1910, p. 56.)

The Total Quantity of Blood in the Body.—A method applicable to
the human subject has been suggested by Haldane and Lorrain Smith *—

1. The percentage oxygen (or carbon monoxide) capacity of the
patient’s blood, ie. the eapacity of 100 c.c. of blood for O or CO, is
determined by testing a sample against standardised ox blood.

2. The subject under observation then inhales a measured volume
of CO. The percentage saturation of the blood by this quantity is
determined by the carmine method,® and the total oxygen (or CO)
capacity is deduced.

Suppose the percentage O capacity be 20 and the total O capacity
be 600 c.c., the total volume of blood would be

600 x 100 = 3000 c.c.

The latter figure multiplied by the specific gravity of the blood will
give the total quantity of the blood in grammes,

Lorrain Smith ® has found that in chlorosis there is an inerease of
plasma, and that in pernicious anmmia the amount varies,

Unfortunately in many cases in which the method would give useful
information it appears to be not without danger.

Bacteriological Examination of the Blood.—In typhoid fever
and certain other conditions micro-organisms may be found with ilair
frequency in stained films,

The presence of organisms is determined with much greater certainty
by making cultures. Blood is withdrawn from a vein in the forearm.
A wide area round the vein selected should be scrubbed with soap and
water, then dried with a towel, and afterwards rubbed with methylated
spirit on sterilised wool. Finally, some ether is poured on the part and
allowed to evaporate. The syringe to be employed should be capable
of being boiled, and its capacity should be about 10 ec. It is boiled
with the needle in position for ten minutes in a 1 per cent. solution of
potassium citrate. Two tubes each containing about 20 ec.c. of broth
and two sloped agar tubes should be at hand.

! Jowrn. of Physiology, xxv. 1900,
2 Jowrn. of Phystology, xxii.
4 Trans. Path. See. London, 1900, 311.
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affinities it is a valnable adjunct to our resources, Differential leucocyte
counts for ordinary routine diagnosis can be made from fresh specimens,
but in such conditions as lenksemia, where tinctorial distinetions are
essential, the method is not available. The method has added consider-
ably to our knowledge of erythrocyte structure,and has demonstrated
the real existence of objects which might have been regarded as staining
artefacts. Different patterns of reflecting eondensers are on the market.
These usually take the form of either a sub-stage lens which replaces
the Abbe condenser, or a plate condenser which lies on the stage of
the microscope.

Of the latter class Reichert supplies a very convenient pattern.
Under the reflecting lens is a wheel diaphragm which carries a number
of stops of different size, a ground-glass dise, and a plano-convex lens.
The latter, together with the reflecting lens, performs the functions of
an Abbe condenser, so that by merely turning the wheel objects can be
viewed either by reflected or transmitted light in rapid succession.

Oil-immersion lenses for use with reflecting condensers should be
fitted with a conical groove to reduce the numerical aperture to 1-0,

The Glycogen Reaction.!—In certain conditions many of the poly-
morphonuclear leucocytes contain glycogen in their protoplasm. lts
occurrence may be of considerable diagnostie significance.

The method is simple. The following solution is required :—

Todine : : ; : ] 1 grm.
Todide of potassium . 3 - ;3 grma,
Distilled water : : . 100 e.c.

With enough gum acacia or gum arabic added to make
the fluid of a syrupy consisteney.

A large drop of this flnid is placed on a slide, and a cover-slip bearing
the dry film to be examined is lowered on to it. After half a minute
the cover-slip is pressed down and the surplus fluid is wiped off. The
film is in this way fixed, stained, and mounted, and the preparation
lasts for some days.

The examination should be made with an oil-immersion lens in
good light, daylight being preferable. If artificial light be used it
ghould be as white as possible, that from an incandescent gas burner
being satisfactory.

A film of normal blood treated in this way shows the red cells
stained yellow on a white or pale yellow background, the white cells

1 See Gulland, Brit. Med. Jowrn., 16th April 1904,
4
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blue does not develop if the leucocytes have previously been boiled,
it is assumed that the oxidising agent is a ferment. The microscopic
test depends on the production by the action of oxygen of an insoluble
dye from two soluble substances. When e-naphthol and dimethyl-
para-phenylendiamin are bronght together in an alkaline medium they
become oxidised and form a blue dye-stuff, indophenol blue, which is
precipitated. The presence of an oxidising agent accelerates the
reaction, and the oxidising ferment of lencocytes brings it about with
great rapidity, so that the blue dye is precipitated on their protoplasm.
The reaction is given by eosinophil, neutrophil, and basophil leuco-
eytes, and by myeloeytes in marrow and leukwmic blood. Aeccording
to Dunn it is also given by large hyaline lencocytes in normal blood
and by myeloblasts of a late type, but it is not given by early embryonic
myeloblasts. The reaction is not given by lymphocytes (other than
large hyaline cells) or red corpuscles. The only adult tissues which
give it are bone-marrow and the epithelinm of the parotid and lachry-
mal glands, Otherwise it is found only in granular lencocytes in the
vessels. It is not given by tissue basophils (Pappenheim and Nakano).
The reaction is thus of great value in showing the distribution of
myeloid tissue in feetal organs, and of myeloid deposits in the organs
in cases of leukwmia. It has also been employed to assist in dis-
tinguishing between cases of lymphatic (lymphocyte) and myeloblast
lenksemias. Its significance in this connection is discussed in the
chapters on these conditions.

Process.—Fixation by formol, osmic acid 1 per cent., or aleohol, does
not affect the reaction, and Dunn has shown that tissues will show it
after they have been embedded and cut in paraffin, but the freezing
method is usually employed. Blood films may be fixed for five minutes
in formol vapour. There are several methods of carrying out the
actnal test.

L. Schultze's Method A—

Solation 1. a-naphthol, 1 grm.
Distilled water 100 c.c. heated just to boiling
point.
Liguor potasse 1 c.e. added drop by drop.
Solation 2. One per cent. watery solution of dimethyl-para-
: phenylendiamin.

LI, Pappenleim’s Method—

Solution 1. a-naphthol 1 grm.
Abzolute aleohol 30 c.e.
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of the stain in physiological salt solution is placed on the skin before
a puncture iz made. The puncture is made through the drop of stain-
ing fluid and the exuding blood immediately comes in contact with it.
Films are made from the mixture in the ordinary way. (2) Cover-slips
are charged with the stain in a dry condition. This is effected by
applying a drop of an alcoholic solution of the stain (002 grm. stain
in 20 grms. aleohol) and allowing it to evaporate to dryness. A
prepared cover-slip is charged with a drop of blood, a second clean
cover-slip is dropped upon it, and after two or three minutes the
cover-slips are drawn apart and the films are allowed to dry. The
most useful stains are neutral red, azur, and methylene blue.

After vital staining films may be fixed and stained by other methods.

In addition to the granular basophilia, which may be seen in red
cells in certain conditions, the vital method demonstrates a filamentous
substance and also metachromatic granules in the erythrocytes. (See
Folia Hematologicn, 1907, supplement Hefte, 1 ef seq.)

Estimation of the Calcium Content of the Blood.—This method
was introduced by Blair Bell,! who considers that calcium salts play
an important part in connection with the reproductive functions in
the female. The method consists in the conversion of the lime into
calcium oxalate and the enumeration of the oxalate crystals.

By means of a special pipette 100 canm. of blood are added to a
glass capsule containing 250 cmm. of a 1 in 30 aqueous solution of
oxalic acid. The neck of the eapsule is then sealed and the contents
are thoroughly shaken. Thereafter 250 c.mm. of the following mixture
are added :—

Acetie aeid 1 per cent. : . . 95 parts.
Glycerine . g : ; - Bl
After standing for ten minutes 100 c.mm. of this mixture are added
to 500 e.mm. of distilled water. The crystals of caleinm oxalate in this
dilution are now counted by means of the hiemocytometer.

! Brit. Med. Jowrn., 20th April 1907.
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the omentum of a live guinea-pig are either deep or shallow cups and never
biconcave. The same is said to be true of human blood examined on a warm
stage. So far as our observations go we are unable to accept Weidenreich's
view in its entirety. There is no doubt that in practically all blood prepara-
tions a certain number of the corpuscles appear to have the bell shape indi-
cated by Weidenreich. Whether these cells are normal or distorted we are
unable to say, but their proportion does not increase to the extent we would
expect if Weidenreich’s view were correct, when special precautions regarding
osmosis and temperature are taken.

Effects of Osmosis—The red corpuscles are extremely susceptible to
ehanges in the salt content of the plasma., Concentration of the plasma
from the addition of salts or the evaporation of fluid leads to shrivelling
of the corpuscles. The outline becomes jagged and irregular, and such
corpuseles are said to be erenated. This appearance is very commonly
seen near the edge of blood preparations examined in the fresh state.

Dilution of the plasma causes the corpuscles to swell up and become
rounded, and if the dilution be carried too far the corpuscle ruptures
and the hwmoglobin passes into solution. The blood is then said to
be “ laked.”

Heat—If a drop of blood be heated the red corpuscles are broken
up as if by explosion. Globules of hmmoglobin separate ouf, and these
are often connected with the corpuscles by long narrow processes.

Pathological Alterations in Shape—Apart from mere mechanical dis-
tortion such as indentation, variation in the shape of the red corpuscles
is only seen in an@mic conditions. In anemia many of the corpuscles
may be oval, sausage-shaped, pear-shaped, tailed, or quite irregular in
shape. This condition is termed poililocytosis. The amount of poikilo-
eytosis is usually proportional to the degree of anwmia, but it shounld
be kept in mind that in pernicious anemia poikilocytosis is generally
apparently much more marked than in other anwmias of a similar
degree, because of the combination with anisocytosis. Oceasional
cases are met with in which there is but little poikilocytosis.

(d) Structure.—The erythrocytes are soft, friable, and elastic. They
are surrounded by a fine elastic membrane, and consist of haemoglobin
in a loose secanty reticulum, which can be demonstrated by vital staining,
and which is easily seen in young cells before their haemoglobin comple-
ment is complete. The erythrocytes have a special affinity for acid
dyes, and in health stain but feebly with basic stains.

Polyehromatophilin—In certain circumstances the red corpuscles
may show an unusual affinity for basic dyes. This is known as
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to be regarded as an indication of puthulurrmal alteration rather than of
mere youth (Plate IT., d).

3. Nuclear Particles—Red corpuscles showing one or more basophil
points are occasionally seen in the blood. They are most frequently
seen in conditions in which nucleated cells are present. These particles
stain with methyl green and are derived from chromatin. They have
been called Howell's bodies and Jolly bodies. The ring-shaped bodies
described by Cabot as oceurring in the blood in pernicious anwemia are
probably of the same nature. These are found either singly or inter-
woven with others, and measure from 2 to 8 pin diameter, and are
regarded by Cabot as being connected with the former nucleus of
the cell (Plate IL., ¢).

4. The reticular substance, which ecan be demonstrated by vital
staining, differs from the foregoing types of polychromasia. Indeed
~ punctate basophilia, Jolly bodies, and reticular substance can be
demonstrated in the same corpuscle, The retieular substance is found
normally in one or two per cent. of the erythrocytes. Cells showing it
are more abundant in the blood of the bone-marrow and in the blood of
new-born subjects. The reticular cells are increased after hamorrhage
and are present in anmmias. The reticulum is plasmatic in nature,
and its presence in many cells probably indicates regeneration of the
blood.

Polychromasia, basophil stippling, and reticular substance may all
be regarded as different morphological aspects of the same thing—the
basophil substance of young erythrocytes, but the stippling is an aspect
seen only in pathological conditions.

V. Sechilling-Torgan ! has recently published an important account of his
researches on the structure of the erythrocytes. He points out that in the
peripheral blood there are corpuscles varying in age from one to twenty days
and that their structure may vary accordingly. He has studied the erythro-
eytes by a variety of methods, including the use of dark-ground illumination,
vital staining, different fixatives, and after different degrees of hiemolysis.

He regards the young adult corpuscles as slightly saucer-shaped with
a thickened edge. The biconcave dise-forms with a deep hollow on either
side are just as much artefacts as the bell-shaped corpuscles described by
Weidenreich.

In the typical fully formed erythrocyte the following parts are recognised.

(2) A nuclens or nuclear rest which by a process of physiological meta-
morphosis has become a blood-plate.

(6) Protoplasm consisting of a stroma containing hemoglobin, an endo-
plasmic capsule or crust, and an exoplasmic cell membrane.

1 Folie Hematologice, xiv. Arehiv, 1912, p. 95 ; Centralb. f. Bacteriol., 1xiii. p. 400.
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erythroblast nucleus. It arises by a process of physiological modification,
possibly mitosis. The plate remains in an eccentric position within the
erythroeyte but is easily extruded and destroyed. Plates do not pre-exist
free, but they may he extruded and become a third formed element of the
blood in the process of making preparations.  An abrupt change in structure
similar to that from nucleus to plate occurs in the derivation of spermatozoa
from spermatids.

It is well known that the erythroblast nucleus is easily extruded, but this
only oceurs in extreme pathological conditions and in the embryo. It is
always rare, and after sufficiently rapid fixation is hardly ever seen.

Any evidence of intracellular solution of the nucleus is to be regarded as
due to bad staining.

The alleged dizsappearance of the nucleus by breaking down (karyorrhexis)
is either a pathological process or is quite undemonstrable.

The nuclens disappears without any visible sign in multitudes of young
erythrocytes.

“Nuclear rests” such as Howell-Jolly bodies are the result of patho-
logical karyolysis. The blue spherules which may be seen single or double
in severe an®mia are in part aggregations of the basophil protoplasmic
substance, and their partial origin from nucleoli is not impossible.

Strama.—There is a protoplasmic stroma, probably somewhat radially
arranged and seldom visible.

It lies like a cap round the archoplasm, with its chief mass towards the
convexity of the cell. This stroma contains hemoglobin. In young cells
this stroma constitutes the network seen in vital staining, the basic substance
which shows as polychromasia, and it may appear as basophilie stippling in
pathological conditions. In riper cells it forms the Schuffuer’s dots which are
geen in malaria. The hemoglobin-containing portion is separated off in a
cap or ring-like periphery in young and anwmie cells, so that there is an
achromatic central part. In ripe cells a homogeneous saturation of all parts
with hamoglobin is perhaps possible.

The Endoplasmic Capsule.—The protoplasmie substance is thickened at the
periphery into a surrounding crust, while the inner portion is more finid.
This crust constitutes the cholesterin-lecithin membrane of Weidenreich.

The Ceil Membrane.—The erythrocyte possesses a delicate outer membrane
of exoplasm.

“Shadow corpuscles” are essentially hemolysed stromata separated in
layers and are not exclusively exoplasmie vesicles or membranes.

The Glassy Body.—Artificial and pathological alterations of the erythro-
cytes reveal a sharply circumseribed achromatic (hemoglobin-free) substance.

Its appearance, isolation, and position in the erythroeyte mark it oftf as a
special structure—the glassy body. This is to be regarded as “ rest " material
corresponding to the large clear area which is seen round the nucleus in
lencocytes and connective-tissue cells, and which provides the achromatic
spindle in mitosis. It corresponds in extent to the central elear area seen in
ervthroeytes prepared in the ordinary way. The glassy body is essentially
different from the nucleus and its rests and from * nueleoids.”

It may be demonstrated by vital staining, by the dark-ground illumina-
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together to form long rows, each cell fitting into the coneavity of its
neighbour,

In many ang@mie conditions rouleaux formation is deficient. This
is probably due to the accompanying poikilocytosis. In making films
the spreading should be completed before rouleaux formation has begun,

(/) Numbers.—In healthy males the average number of erythrocytes
is 5,000,000 per e.mm., in females 4,500,000 per e.mm. Counts of over
6,000,000 in healthy persons have been reported, but these are rare,
and most connts above 5,000,000, when not due to some obvious cause,
are generally to be accounted for by some slight congestion or other
circulatory disturbance, it may be of a trifling nature.

PHYSIOLOGICAL VARIATIONS IN THE NUMBER OF THE ERYTHROCYTES

1. Tnerease—Polyeythamioa.—(a) Infoncy.—The number of red cells
is above the average in the new-born. This is probably due to the
rapid loss of fluid by the pulmonary and skin surfaces after birth.

The maximum counts are obtained on the second or third day, and
about the end of a week the count is like the adult average.

(b) Race.—Race has little influence. M‘Cay ! found a slight excess
in Bengalis over the counts in a number of Enropeans resident in
India.

(c) Fasomotor Influences—High counts are usually obtained after
the application of cold, ete., due either to a diminished dilution of the
blood by plasma from the subcutaneous tissue, or to a degree of localised
stasis in the circulation. Blood drawn from a cold finger contains
a larger number of red corpuscles than that from the same finger
after it has been warmed. We have found that the red counts in
an open-air sanatorinmn tend to be above the average, and especially
s0 in winter.

(d) Altitudes—A series of records by different observers shows that
a definite increase occurs in persons living at high altitudes, and that
the increase is proportional to the height. Thus Viault gives the
number for the Cordilleras as 8,000,000 per emm, The inerease soon
disappears when inhabitants of high altitudes migrate to lower regions.

The explanation of the increased number of corpuscles is not
generally agreed upon. It has been held to be merely an apparent
augmentation due to more rapid evaporation of sweat. In view of
the fact, however, that the corpuscles are smaller than normal, the

! M*Cay, Indian Med. Gaz., October 1907,
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~ The nucleated red cells are found normally in the bone-marrow.
There are two chief varieties—normoblasts and megaloblasts—and two
types of minor importance—microblasts and intermediate forms.

" 1. Normoblasts—Normoblasts are of the same size as the ordinary
erythrocytes, or may be slightly larger. They are round in shape, and
their protoplasm consists of hwemoglobin in a fine reticnlum. The
nucleus is generally rounded, and measures about 4 p in diameter.

It consists of a nuclear membrane and thick, densely - packed
chromatin, which may appear almost solid, but has an irregularly
radial arrangement.

All degrees of karyorrhexis, from mere budding of the nucleus to
actual fragmentation, are commonly seen in circulating normoblasts.

Normoblasts can readily be found in the blood of infants for some
hours after birth. They rapidly diminish in number, and are not
usually found after a week.

2. Megaloblasis—These ave cells whose average diameter is much
greater than that of the normoblasts. Their diameter may exceed
20 p. The essential difference, however, is not that of mere size. Thus
a nucleated red cell whose diameter exceeded 8 p might almost certainly
be classed as a megaloblast, but a cell smaller than a typical normoblast
might yet be a megaloblast. The criterion is nuclear structure. The
nucleus is larger, in proportion to the rest of the cell, than that of the
normoblast. The nuclear diameter may reach 10 p. The chromatin
strands are much more widely separated, hence the nucleus never appears
so deeply stained as that of the normoblast, unless it is degenerated
and pyknotic. Many of the chromatin particles show metachromatic
staining though true nucleoli have not been demonstrated.

The eytoplasm does not differ from that of the normoblasts. Poly-
chromasia and granular degeneration are more common in nucleated
than in non-nucleated red cells, and more common in megaloblasts than
in normoblasts,

3. Microblasts—These are nucleated red cells smaller than normo-
blasts, They are cells which have either been abnormally small from
the first or are megaloblasts or normoblasts which have lost part of
their eytoplasm. The nuclens may be of either normoblast or megalo-
blast type.

4, Intermediale Cells—In some nucleated red cells the nuclear
- sbructure is not so dense as that of the normoblast or so open as that
of the megaloblast. They may be classed with the type of cell they
most closely resemble,












CHAPTER VII
THE LEUCOCYTES

SEEN in fresh blood, the leucocytes are colourless, highly refractile cells
presenting differences in size, in the shape of their nuclei, and in the
characters of their protoplasm.

Numbers.—The average number of leucocytes in health is about
7000 per emm. The physiological variations may be stated as between
5500 and 9000 per cmm. The proportion of white to red cells is about
1 to T700.

Classification.—The finer structure of the leucocytes and their
different characters can only be made out in stained films. They are
classified according to their size, the shape of the nucleus, the presence
or absence of granules in their protoplasm, and the staining reactions
of those granules. All varieties have a well-developed double centro-
some and well-marked nucleoli.

The following are found in the circulating blood :—

1. Polym vielear Neutrophil Leuwcocytes—These cells vary con-
siderably in size; their average diameter is about 11 g The nucleus
is lobulated, the different parts being united by strands of chromatin.
The number of lobules, their size, and their arrangement vary very
greatly. The protoplasm consists of a groundwork and numerous
granules. The groundwork has a very slight affinity for stains, but
will fix a certain amount of acid dye. The granules are hest demon-
strated after fixing and staining. They can be stained with difficulty
by the use of acid dyes only, but stain best when both an acid and a
basic dye are used either in mixture or sequence. Perhaps the best
dyes for the purpose are Jenner's and Ehrlich’s triple stain. The former
method and iron-heematoxylin show that the granules are situated on
the nodal points of the reticulum (Plate ITL, 11-14),

2. Eosinophil Leucocytes—The eosinophils are readily recognised even
in unstained specimens by the large size and high refractile index of the
granules in their protoplasm, but they cannot be distinguished from the
next group until their staining reactions have been ascertained. The
nuclens has the same general characters as that of the polymorpho-
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pictures of the reticulum., The longer a specimen is stained with
Leishman’s dye the greater is the number of azurophil granules shown
(Plate 1IL, 3, 4).

b, Large Lymphocytes—Large lymphoeytes have the same general
characters as the small lymphocytes. There are transitions between
them, and it is frequently a matter of diffieulty to classify some of the
intermediate sizes. The large lymphocytes may attain a diametric
measurement of 20 p. The nucleus is generally central, rounded or
indented, and contains a less proportion of chromatin than that of the
small lymphocytes. The protoplasm is relatively more abundant than
in the case of the small lymphocytes, and does not stain so deeply. In
addition to the small basophil granules there are frequently azurophil
granules in the protoplasm (Plate IIL, 5, 6).

Large Mononuclear Leucocytes— Transitional Leucocytes—These are
varieties of leucocytes which are frequently classified separately, but
which seem to be merely special types of the large lymphoeyte. The
large mononuclear leucocytes, large hyaline leucocytes or gplenocytes,
comprise the largest individual cells of the lymphoeyte group. The
nucleus is generally eccentrie, and is small compared to the amount
of protoplasm. The protoplasm is abundant, shows a fairly wide
separation of the meshes of the reticulum, and consequently does
not stain deeply. Azurophil granules are present in varying=small
numbers (Plate IIL, 7, 8).

The transitional leucocytes are very similar to the foregoing variety
~ except in the relatively smaller amount of protoplasm and in the shape
of the nueleus. The nucleus is considerably indented, and may be horse-
shoe-shaped or twisted (Plate IIL., 9, 10).

The name * transitional " is an unfortunate one. It has no merit as a
descriptive term, and is misleading in so far as it suggests that the cell is an
intermediate or transitional type. The relationship between the mononuclear
cells is diseussed in Chap. XIII.

LEUCOCYTES NOT FOUND IN NoOrRMAL Circuratie BLoop

1. Myelocytes—Myelocytes are found in large numbers in the bone-
marrow, and in pathological conditions may make their appearance in
the blood-stream. They are the immediate ancestors or immature forms
of the granular leucocytes of the circulation, There are three varieties—

(a) Neutrophil Myelocytes—These show variations in size like the
corresponding polymorphonuclear neutrophils, but within wider limits,
The protoplasm has a similar slight affinity for acid dyes, but contains
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best demonstrated by means of Pappenheim’s stain after fixation in
corrosive sublimate. One per cent. solutions of resorcin, pyronin, and
methyl green are mixed just before use in the proportions of pyronin
5 parts, resorein 10 parts, and methyl green 15 parts. The staining
ghould be controlled by observation under the low power, and slight
variations in temperature seem to affect the result. In successful
preparations the eytoplasm shows a bright pyronin red, the nucleus a
slate green with bright nucleoli. Beside the nucleus is a conspicuous
centrosome,

Plasma ecells occur in the eireulation in some cases of infantile
anemia with jaundice, multiple myeloma, and leucocythaemia,

Pappenheim identifies plasma cells in the blood with the peeuliar baso-
phil cells deseribed by Tiirk as “ stimulation forms” (Reizungsformen).

Leucocyte Granules.—Fine granules can be brought out in some of
the lencocytes by staining with fuchsin. These are known as Schridde’s
granules. At one time they were thought to exist only in lymphocytes,
but there is no doubt that they also exist in the myeloblasts. Azuro-
phil granules exist in the myeloblasts as well as in the differentiated
lymphoeytes. They do not ripen to become neutrophil granules but
disappear, while the neutrophil granules arise in the protoplasm inde-
pendently. In young eosinophils some of the granules may stain blue
with eosine-methylene blue dyes. These may be looked upon as young
or unripe eosinophil granules, but it should be noted that they are
basophil, not azurophil,

Differential Counting of Leucocytes.—It is frequently a matter of
great diagnostic importance to make a differential count. The principle
is easy, the practice laborious. The requisites are an evenly spread and
stained blood film, a microscope with an oil-immersion lens, and a paper
and pencil. The use of a mechanical stage greatly facilitates the count
and increases its accuracy, and Ehrlich's square eye-piece, the aperture
of which can be altered, is sometimes an advantage.

A series of columns is headed with the names of all the varieties of
leucocytes likely to be met with, and it is convenient to reserve two
columns to record the incidence of megaloblasts and normoblasts.

Beginning at (say) the top left-hand corner of the film as it appears
under the microscope, one examines the whole top edge of the film
passing from left to right. The field immediately below is then brought
into view, and the corresponding breadth of film is examined passing
from left to right.
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power in this direction depending upon their amceceboid activity and
amount of protoplasm. Very large numbers of organisms may be taken
up by the polymorph neutrophils on account of their activity, and by the
large lymphocytes on account of their size.

Protection—Their capability of ameboid movement and of phago-
eytosis, and the fact that the number of lencoeytes in the cireulating blood
is increased in the blood in most cases of infectious disease, indicate
that they play an important part in the protection of the body against
bacterial and toxic diseases. The phagocylic index—the average number
of micro-organisms taken up by the leucocytes of a person suffering from
a bacterial infection as compared with the average number taken up by
the leucocytes of a healthy person under similar conditions—is often
ascertained as a means of estimating prognosis or the effect of treatment,
The neutrophils are found only in warm-blooded animals. Muir has
pointed out that this is due to the fact that organisms develop much
more rapidly in the tissues of warm-blooded animals than they do in the
tissues of cold-blooded animals, and that therefore this special class of
cells has been differentiated to defend the body against them, and that
the phenomenon of leucocytosis in warm-blooded animals and the
exceeding rapidity of its occurrence has to do with their urgent need
of protection. Neutrophil cells are not found in the tissues under
normal conditions, They appear there only in response o chemiotactic
stimuli, and either perish there or return to the blood when the need
for them is past.

The eosinophils seem to have a special relation to the toxins of para-
sites such as filaria, and possibly also to metabolic poisons such as those
concerned in the production of asthma and some skin affections.

The lymphocytes also increase in the peripheral blood in response to
invasion by a very limited number of special toxins, such as those of
whooping-cough and syphilis. The collections of lymphocytes round
the respiratory and alimentary tracts may have to do with the fact that
these situations are inhabited normally by attenuated and non-virulent
organisms, and that possibly the lymphocytes are adapted and sufficient
to keep them in check, and their relatively small percentage in the blood
is due to the fact that they multiply so easily in connective tissue that
the blood protection can easily be reinforced from that source.

It has been suggested that meutrophils break down to form anti-
toxins, but of this there is no definite proof.

Absorption and Assimilation of Food.—An increase in the number
of lencocytes in the circulating blood takes place during digestion, and






CHAFPTER VIII

VARIATIONS IN THE NUMBER AND PROPORTIONS OF
LEUCOCYTES

DimizvrioNn oF LEUCoCYTES, LEUCOPENIA

I. Physiological. —Diminution in the number of leucocytes only occurs
to a very slight extent in physiological conditions. In certain indi-
viduals the lencocyte count is always low. The prolonged application
of cold or the effect of baths, either hot or cold, may diminish their
number.

II. Pathological.—1. In starvation and malnutrition of non-toxic
origin the numbers fall.

2. In a few of the acute infections there may be considerable
lencopenia. This is notable in typhoid fever. In measles, Malta
fever, influenza, and tuberculosis it is usunal but not so econstant.
Injections of serum may cause leucopenia.

3. In infections by animal parasites, malaria, kala-azar, and try-
panosomiasis there is usually leucopenia.

4. In some of the blood diseases low counts are found. In pernicious
anemia the number per cubic millimetre rarely exceeds 5000. In
splenic anemia the numbers are still smaller. Rarely in leucocythamia
during a remission or in the course of a complication such as pneumonia
the leucocyte count may reach a very low figure.

5. In severe toxwmmias when reaction is overwhelmed there may be
lencopenia.

6. A transient leucopenia often occurs in traumatic conditions and
shock.

In the above conditions the diminution mainly affects the poly-
morphonuclear cells. Diminution of eosinophils ceccurs in most
fevers, in malignant disease with some notable exceptions, and after
hemorrhage.

INCREASE oF LEUCOCYTES, LEUCOCYTOSIS

I. Physiological.—High leucocyte counts are physiological under

certain circumstances.
78
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an exaggeration of the blood picture of the disease in question. In
pernicious angemia there may be a very striking terminal lymphocytosis,
but this is rare.

5. A slight increase in the number of lencocytes, chiefly polymorpho-
nuclears, may occur in a variety of conditions, some of which may be
mentioned here. These are profuse perspiration, stasis, and emotional
conditions, the latter in so far as they may affect the vasomotor
system. The short application of cold or eold baths may cause slight
leucocytosis.

Exercise and electric stimulation may be followed by a rise in the
lencocyte count, and a slight leucocytosis may be determined by the
application of a blister.

II. Pathological. —In the course of many diseases there may be
considerable increase in the number of white cells in the blood. In
practically all cases the increase is brought about mainly by one variety
so that there is marked alteration in the normal proportions, It is
therefore convenient to classify the pathological leucocytoses aceording
to the type of cell chiefly involved.

I. Neuwtrophil Leucocytosis—In most cases the number of cells per
cubic millimetre is not very greatly raised. The lower range, from 10,000
to 12,000, is a much commoner finding than the higher eounts of 20,000
to 30,000. Simple leucocytoses of 100,000 have been noted, but are
very rare. Bunting! records a count of 214,000 with 822 per cent. of
polymorphs in a case of empyema. The blood picture is commonly not
greatly altered, the mere presence of an increased number and con-
sequently an increased percentage of polymorphonuclear neutrophils
representing the main change. Though the percentage of lymphocytes
is usually low, the actual number in the cubic millimetre may be high
(see p. T8). In the majority of cases the proportion of large lympho-
cytes is considerably increased at the expense of the small lymphocytes.
Eosinophils and basophils are often absent or reduced to the minimum,
especially in septic cases. When, however, the leucocytosis is very
great or of long standing a considerable number of myelocytes and
young forms make their appearance. Films not infrequently show the
presence of a concurrent secondary anwemia.

Clauses.—Stated in brief, a neutrophil leucocytosis oceurs in malignant
disease, in septic and inflammatory conditions, in most fevers and many
toxic conditions, and after hamorrhage.

! Brit. Med. Journ,, 18th May 1807.
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In normal conditions Arneth states the proportions to be as follows :—

Class I IL. I11. IV. 7
Neutrophils . 5 35 41 17 2 per cent.
Eosinophils . 11 69 19 1 i

In toxie conditions he considers that the older cells are killed off more
readily, so that there are fewer cells in elasses IV. and V., hence the blood-
picture is dislocated to the left.

These views have been subjected to much eriticism. There is no general
agreement that the cells of classes IV. and V. are necessarily older than those
of classes II. and IIL, and some authors hold that certain of the eells with
rounded nuclei in Arneth’s class I. are not young cells but degenerated forms.
In spite of doubt about the significance of the results there is a considerable
consensus of opinion in favour of the practical utility of the method. Many
suggestions have been offered with the object of facilitating the procedure
and of obtaining a simple expression of the results.

Schilling-Torgau! classifies the neutrophils as follows :— Myelocytes,
myeloeytes with notched nuclei, cells with rod-shaped nuclei, cells with
segmented nuclei. This classification is much more easily carried out, and is
said to convey the same information as a more extended Arneth count.

Pappenheim holds that it is sufficient to state the number of nuclear
segments in 100 lencoeytes. Another suggestion is that the sum of the
percentages in classes I. and II. and half the percentage of class III. should
be stated as the nuclear index.

It has been claimed that in fevers and inflammatory conditions Arneth’s
method is a guide to diagnosis and prognosis, and that in pre-existing illness
it may give the first indication of an inflammatory complication. It has its
warmest advocates among those who have utilised it as a guide in the
administration of sernms and the estimation of prognosis in cases of tuber-
culosis. There is no doubt that in cases with leucocytosis the presence of a
moderately high percentage of neutrophils with rounded, kidney-shaped, or
horseshoe-shaped nuclei indicates a severe infection. The observer very soon
learns to recognise that an unusual number of these cells is present without
making a special differential count of the neutrophils.

11. Lymphoeytosis—The term lymphoeytosis is applied to two groups
of conditions—(1) Where there is no increase in the number of white
cells per cubic millimetre, but where there is a high percentage of
lymphoeytes and a correspondingly low percentage of polymorphs
(relative lymphocytosis). (2) Where there is increase in the number
of white cells per cubic millimetre as well as a high percentage of
lymphoeytes (absolute lymphoeytosis).

The term “relative lymphocytosis™ is conventionally applied to the

1 Schilling-Torgan, Folin Hemalologica, xii. 1 Teil, 1911, 130 (full references to
literature).
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Although for convenience we continue to use the percentage expression,
the necessity for this ealeulation is always understood.

Relative lymphoeytosis occurs in—

(1) Congenital and acquired syphilis in the seeondary stage, and in
uncomplicated tuberculosis,

(2) Pernicious angemia, chlorosis, seurvy, hemophilia. (Leucopenia
is more common in the first two of these.)

(3) Some cases of goitre and exophthalmic goitre, —

(4) Some cases of malaria, typhoid, measles, and mumps,

(5) Some cases of chronic catarrh of the small intestine.

Absolute lymphoeytosis is the chief feature of the blood in—

(1) Lymphatic leukamia. -

It also occurs in—

(2) Some cases of tuberculosis and syphilis. -

(3) Whooping-cough.

(4) Smallpox.

(5) It has been induded experimentally by injections of pilocarpin
(Waldstein '), iodine (Bezancon et Labbé®), and lecithin, in rabbits by
dead non-toxic animal matter (Holmes?®), and in frogs by injections of
bacterial cultures or their filtrates (Proscher *).

I11. Evsinophilia.—Eosinophilia is said to exist when the number of
eosinophil leucoeytes in the blood exceeds 4 per cent.

The eonditions under which this oceurs include—

(e) Myelocythemia, .

() Infection by various animal parasites,

(¢) Certain infectious diseases.

(d) Certain cases of asthma during the paroxysms,

(¢) Some skin diseases,

(/) Certain toxic and experimental conditions,

(a) Myelocytheemin.—See Chap, XXIL

(b) Infection by Various Animal Parasites—(i.) Intestinal Parasifes.
—Eosinophilia may oceur in the course of infection with almost any of
the intestinal parasites, but only in the case of a few is it constant and
definite. It is probable that the factor determining the eosinophilia is
irritation of the intestine (see Chap. XXXIIL).

-
-

1 Berl. klin. Wochenschr., 1895,

2 Traité d Hématol., 1004, 627,

¥ Guy's Hospital Reports, lix. 155.
i Folia Hewmatologica, i, 1904, 571
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THE BLOOD-PLATES: H/EMOCONIA 83

His observations on the warm stage led him to the conclusion that the
blood-plates were nucleated cells capable of amaboid movement.

4. That they form an independent but non-nucleated element of
the blood.

5, That they are precipitates from the plasma.

The vastly greater number of plates which appears when Deetjen’s
method is employed suggests the view that a proportion of the plates
at least are precipitates.!

6. That they are detached portions of the cytoplasm of the giant
cells of the spleen and bone marrow (Wright,* Bunting,? Downey ).

In sections stained by his modification of Leishman’s method Wright
finds that the blood-plates show a light blue hyaline periphery and a central
part crowded with red or violet granules. He finds the same differentiation
of the giant cell protoplasm, and notes a marked tendency of the giant cells
toform psendopodia. These pseudopodia may project into vessels, and often
show constrictions and segmentation into bodies which resemble the blood-
plates. He further points out that only in mammals are blood-plates found,
and that only in mammals are giant cells found.

He also notes a parallelism between the number of plates and giant cells
in various pathological conditions.

Many authorities admit a multiple origin of the blood-plates, and
some make a distinction between plates derived from red cells and
plates derived from white cells.

There are diffieulties in the way of accepting any of the views
hitherto propounded, and while we may state that we regard the
blood-platelets as derivatives of the white cells, particularly poly-
morph nuclei, we offer the opinion with no great confidence. We
consider that these plates exist in the blood before it is shed.

The so-called blood-plates which increase in the plasma after blood
is shed are to be regarded as precipitates.

Number of Blood-Plutes—Very diverse statements are made regard-
ing the number of blood-plates in health. The average may be taken
as 300,000 per c.mm.* |

Variations in Pathological Conditions—Diminution.—1, The blood-

! Buckmaster, Morphology of Normal and Pathological Blood. London, 1910.

2 Wright, Boston Med. and Surg. Journ., 1906, 643,

3 Bunting, Journ, Exp. Med., xi. 451.

* Downey, Folia Hemotologica, xv. Archiv, 1913, p. 25.

& See Pratt, Journ. Amer. Med. Assoc., 1905 ; Tschistowitsch, Folin Hematologica,
1907, 205; and Aynaud, Thése de FParis, 1909, Steinheil, for discussion and
“references to literature.






CHAPTER X
THE BLOOD IN INFANCY, OLD AGE, ETC.

Infancy and Childhood.—Red Corpuscles—At birth the number of
red corpuscles is high—on an average about 6 millions per c.mm.
This condition is due to the loss of fluid which oceurs after birth
by evaporation from the skin and respiratory passages, while there is
little or no addition of fluid to the body for some days.

Aspiration from the placenta plays a part in determining the
number of corpuscles in infantile blood, since they are more numerous
when ligature of the cord has been delayed than when it has been tied
promptly.

The hsmoglobin shows a correspondingly high percentage, the usual
reading being about 120 per cent. This figure may be exceeded, and
not infrequently the colour index tends to be high from the fact that
the corpuscles, like those of foetal life, are larger than in adult life.
There is slight variation in the size of the red cells, and in some
healthy infants there may be a slight degree of polychromasia,

Nucleated red cells (normoblasts) arve always present in the circulat-
ing blood of infants for some time after birth. They are fairly numerous
in the first three or four hours, but after that they rapidly diminish, and
are to be found only with great difficulty after seven days.

The polycyth@mia soon disappears, and the ordinary nunbers are
Teached by the end of the second week.

The hsmoglobin percentage also falls, but the fall is not arrested
when it has reached 100 per cent. The percentage continues to fall
gradually throughout infancy, and remains about 80 per cent. till the
age of ten years is reached, when it begins to increase again, and a child
of twelve should have 100 per cent.

White Cells—The leucocyte count at birth is high, and frequently
numbers 18,000 per ecmm. The count tends to rise a little during the
next two days, and may reach 30,000, This is succeeded by a rapid
fall, so that at the end of the first week the number may not exceed
10,000.

£5
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After the first week the white cells again increase. At eight
months the number is about 15,000, and at twelve months 10,000,
A gradual fall continues during the next five years. At six the
number is about 9000; at nine, 8000; and by twelve the adult figure
is reached.

There are corresponding variations in the proportions of the different
cells. The variations in the first week are due to a rise and fall in the
number of polymorphs. They may reach a maximum of 70 per cent.
and fall to 20 per cent, During infancy and early childhood the rule
is a high percentage of lymphocytes.

From the tenth day till about the fourth year they are in excess
of the polymorphs. About the tenth day they constitute 60 per cent.
of the white cells, and they remain in about this proportion till the
third or fourth year, when they fall to 50 per cent. A gradual fall
continues, so that the adult proportions are reached about twelve years
of age.

The other white cells show the same kind of variation that may be
noticed in the adult, but there are no variations corresponding to age.
If for any reason the development of a child is delayed or its nutrition
impaired, the lymphoeyte proportion is found to be higher than it
should be for that age.

The white cells in infaney and childhood are much more responsive
to stimuli than in adult life. During digestion the increase may be
very great, and during the first three years of life the number during
fasting may be doubled or trebled after a meal.

The leucocytes also respond more readily and more largely to toxic
stimuli, and the proportion of lymphocytes always tends to be greater
than in corresponding conditions in the adult.

0ld Age.—There are no changes of importance,

Menstruation.—Slight variations in the cells of the blood and the
amount of heemoglobin have been recorded. Even the most extensive
of the recorded findings are too slight to be of practical importance.!

Pregnancy.—There is often a slight decrease of red cells towards

the end of pregnancy in primipare. This does not ocenr in multipars.

In many instances, especially in primiparz, there is an increase of

white cells. The increase becomes noticeable after the third month,
! See Polzl, Miinch. med. Wochenschr., 1810, 333.
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In the case of the more common laboratory animals we may state
the extremes which we have found in healthy conditions—

%; o
: r Z - i
Animel. g ::: & E g :g._ 1;
E it E = = =
Dog & x . | B H00000 | 110 31,200 (111 25 14
T : ; : | 4, TE0,000 i 11,200 T ) g
Clad . : . .| 8,600,000 80 38,800 T4 a0 G
5 g i . . | 7,280,000 it} 15,800 40 o6 4
Rabbit . i i .| B T60000 | B0 16,000 50 43 1 1
-4 . F b | A, DGO, T0 7,200 32 62 4 -
Gu{mpig : " . | 6,880,000 | 120 et 21 71 8
" . 2 .| 4,800,000 00 o2 42 fi

The number of white cells in guinea-pigs seems to increase with the
age of the animal, as the following table indicates :—

L Il | 111, V.

I |- e T ——— e ——

IE;%: Iﬁmﬁu Weight. '! Lancoey tea, 1 Weight. | Leneooytes. | Welght., | Lencocytes,
110 7,400 230 | 8,400 220 11,200 450 B, 800
140 11,600 230 | 8000 225 8,200 460 15,400
150 3,000 260 | 6,400 335 65, GO0 480 5,800
155 12,400 285 | 6,600 SO0 14,000 630 10,400
160 7,800 290 9,000 | 380 | 10,200 570 | 14,800
170 2,400 S| LR 305 5,600 670 2,600
170 2,600 o 675 | 16,400
175 8,800 GR0 20,400
185 2,800 I 7 17,000
i - o - —
Average. | 6,637 e | 7,880 9,300 13,177

Horse and Ass—Red corpuscles measure 55 p.  The polymorph
nuelei show an unusual degree of lobulation. The neutrophil granules
are very fine. The eosinophil granules are spherical or oveid and are
very large.

Ox—Red corpuscles measure 56 p. General morphology does not
differ greatly from that of human blood.

Sheep and Goaf.—Red corpuscles measure 5 and 4'1 g respectively.
The neutrophil granules are closer together and are very much smaller
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than in human polymorphs. XKurloff's bodies (see Guinea-pig)are fairly
numerous in the large lymphocytes of the sheep.

Pig—Red corpuscles 56 p (8'5 p Giltner; 62 p Giitig). Neutro-
phil granules are very fine.

Dog—Diameter of red cells 7 p. The protoplasm of the polymorphs
has a slight neutrophil reaction, and prolonged staining is required to
demonstrate distinet granules. The eosinophils have not such a special
affinity for eosine as for orange. Mast-cells are very rare.

C'at.—Red corpuscles 65 p.  Granules are present in the polymorphs,
but they are exceedingly fine and very difficult to demonstrate. Pro-
longed staining is required (Leishman, half an hour). The protoplasm
tends to stain diffusely in the same tint as the granules. The eosino-
phils have large ovoid granules. Basophils are found in very small
numbers.

Rabbit.—The red cells are poor in hwmoglobin and look anwmie,
Average diameter 65 p. The polymorphs contain large amphophil
granules (pseudo-eosinophils). There are also true eosinophils with
more densely packed granules. Mast-cells are relatively abundant.
‘Wild rabbits generally give higher counts, especially of red cells,
than do the domestic variety.

Guinea-pig.—Red corpuscles measure 7-5 p. The polymorphs contain
large amphophil (pseudo-eosinophil) granules. The eosinophil granules
resemble those of man, but they are divisible into two groups which
have somewhat different affinities for dye stuffs. In many of the large
lymphocytes there are large vacuoles which may be empty, but which
generally contain a homogeneous structure which stains in the tone of
the neutrophil granules. These are known as “ Kurloff's bodies.” They
probably consist of a cellular secretion, but have been thought to be
parasites.  Schilling-Torgau regards them as chlamydozoa. Ross
considers them to represent one phase of the life-history of a
spirochmete.! :

Lat—The diameter of the red cells averages 58 p. The polymorphs
contain rather scanty and fairly large granules. Many of both poly-
morphs and eosinophils have ring-shaped nueclei.

White Mouse—Red corpuscles measure 56 p. The lymphocytes are
mostly large, with relatively large nucleus and faintly basophil proto-
plasm, which contains a good many azurophil granules. The poly-
morphs are usually stated to be non-granular, but it is possible with
prolonged staining to demonstrate fine and very scanty neutrophil

! For references to literature, see Folia Hematologica, xii. xiii. Centralbl.
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granules. These cells are very labile. In the eosinophils the granules
are often scanty and may be arranged in patches. Ring-shaped
nuclei occur, and unless films are carefully spread the poly-
morphs, whose granules are often unstained, may be mistaken for
lymphocytes.

Hedgehog.—Red cells measure about 45 p. The fine basophil granu-
lzetion of the lymphocytes is very distinct. The polymorphs have distinct
granules. There are about 1 per cent. of basophil myelocytes. The
granules in some of them are very large.

Fowl—The great majority of the red cells are oval and nucleated
with a long diameter of 11-2 . A few, however, are round, and in these
the nucleus shows a wider chromatin network., These cells correspond
to the large nucleated red cells of mammalian blood, and are probably
younger cells than those with oval nuclei. Even earlier forms are found
in the circulation. These are oval, nucleated, but non-h@moglobin-con-
taining corpuscles. They are usually smaller than the ordinary forms.
They are the youngest type of cell. Again, a few old cells are to be
found whose nuclei have disappeared. The white cells are peculiar.
There are lymphocytes and eosinophils resembling those of mammalian
blood. There are no ordinary neutrophils. Their place is taken by
polymorphonuelear cells, whose protoplasm contains a large number of
rod-shaped crystalline bodies with a marked affinity for eosine, Baso-
phils are present in considerable numbers. They are myelocytes with
a relatively small pale nucleus and a pale protoplasm, in which the
scanty basophil granules varying in size are to be seen. DBlood-plates
are absent. Small lipoid bodies (haemoconia) are to be found in small
numbers,

Frog—The red cells have to some extent the same general
characters as those of the fowl. The typical cell is flattened, oval,
and biconvex, with a thickened equatorial area. There is an oval
nucleus. The long diameter measures 22 p.  Young forms are also
found. These are small oval cells without hamoglobin, and round
hemoglobin-containing cells with the megaloblastic type of nucleus,
Non-nucleated forms occur with rather greater frequency than in
the fowl. The white cells are lymphoeytes, polymorphs, often with
fragmented nuclei and without granules, eosinophils, and basophil
myelocytes.
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CHAPTER XII

SOURCES OF THE BLOOD-CELLS. THE BONE-MARROW
AND ITS REACTIONS

Sources of the Blood-Cells—The sources of the blood-cells are the
Iymphoid tissues throughout the body, and the bone-marrow. The
former supply only lymphocytes, and even this function is shared
largely by the marrow. The structure of the lymphoid tissues is simple
and (so far as their effect on the blood is concerned) the changes which
they undergo in disease may be regarded as hyperplasia and atrophy.
The marrow, on the other hand, has a more complicated structure, and
is subject to diverse and profound alterations.

Structure of Bone-Marrow—1. Fetal Marrow.—In early feetal life
the bone-marrow consists of the embryonic mucous tissue which when
ossification begins invades the cartilage of long bones or the fibrous tissue
which precedes the flat bones.

This tissue is invaded by primitive lencocytes and nucleated red
celle in the third month of fwtal life. These cells form little islands
of lencoblastic or erythroblastic tissue which extend and may meet each
other. Very soon fat is deposited in the young fibrous tissue, and this
mixture of fat-cells, red cells, and white cells constitutes the red bone-
IMarrow,

2. Yellow Marrow—After fortal life the amount of bone-marrow
is greater than the requirements of blood formation in health, The
hemopoietic function of the marrow in the shafts of the long bones is
lost and it becomes yellow marrow. This consists merely of fatty
fibrous tissue, but as at any time in disease the yellow marrow may
resume its blood-forming functions, it remains of potential hemopoietic
interest.

3. Red Marrow.—The red bone-marrow occupies the flat bones and
the extremities of the long bones. It is the sole source of the red cells
and the main source of the white cells in post-natal life.

The red marrow has a supporting framewok of fibrous tissue
forming a reticulum and containing a large number of fat-cells.

9%
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may be extension of hwmopoietic function into the yellow marrow,
which becomes red.

On microscopic examination there is a great increase in the number
of erythroeytes and normoblasts, and many of the latter show mitotic
figures. In most cases there is concomitant activity on the part of the
myeloeytes, but where the stimulus is long continued the white cell
activity may subside, and in such cases the majority of the white cells
are lymphoeytes. This state of affairs indicates a certain degree of
marrow exhaustion, as might be inferred from the comparative fre-
quency with which,it is found in the post-mortem room. Normoblastic
bone-marrow reaction is founi most typically after heemorrhage.

2. Megaloblastic.—In this condition the marrow is very red and all
the yellow marrow in the body may be transformed to active hmmo-
poietic tissue. The reaction is probably always due to disturbance of
the marrow itself and iz not a mere response to a demand for an
increased output of red ecorpuscles. The microscope reveals a picture
of remarkable activity. Megaloblasts are found in enormous numbers,
and a very large proportion of them show mitotic figures,

The reaction is often associated with myelocytic activity, but in
perhaps 40 per cent. of cases lymphoeytes preponderate among the
white cells. Megaloblastic bone-marrow is typically found in pernicious
angemia. :

Leucoblastic Reaetion.—In response to various stimuli there may be
great activity of the white cells, The causes are those which bring
about leucocytosis in the peripheral circulation, and the stimulus may
specially affect one or more of the different varieties.

The cells most commonly affected are the neutrophil myelocytes.
When the reaction is severe a large amount of yellow marrow may be
involved, and owing to increased vascularity it becomes red in colour,
though not so red as in the erythroblastic reaction.

Myelocytes, and to a certain extent their non-granular precursors,
are actively dividing, There is no accumulation of polymorphs in the
marrow, since they are hurried into the circulation, in many cases even
before they are mature.

Certain toxins bring about special activity on the part of the
eosinophils or basophils, either alone or along with neutrophils,

In children and in a few diseases there is special activity on the
part of the lymphocytes.

The special marrow conditions associated with leukwmia will be

discussed in connection with that disease.
7
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reticnlum nearly so satisfactorily as Jenner's stain does, but we have
sometimes seen appearances which made us think that these granules,
like those of the other series, are situated at nodal points on the
reticulum. Further, we have often observed them in the small psendo-
podia which are thrown out by the small -and large lymphocytes in
blood. This is presumably more likely to occur if they are integral
parts of the reticulum than if they are secretion granules,

2. It has been definitely shown that all these cells, down to the
amallest lymphoeytes, are capable of movement, though it is, of course,
the larger cells of the class which move more actively by reason of
their large amount of eytoplasm.

3. The cytoplasm of all these cells is basophil—intensely so in the
smaller members of the series, less so in the larger. At Oxford in
19041 one of us went very minutely into this point and showed that
the reason for this difference between the large and small cells is that
the strands of the refticulum are not only thicker but much more
tightly packed together in the small and large lymphoeytes than in
the mononuclears and transitionals, but that every gradation could
be found between the terminal members of the series in this respect,
and that it was quite common to find great variation in the character
of the retieulum in different parts of the same cell, especially frequently
in the cells which stand intermediate between the large lymphocyte
and the large mononuclear.

4, Every transition can be found between the round nucleus of the
large lymphoeyte and the most polymorphous nuecleus of the tran-
sitional. The faet that the nucleus does not advance further in poly-
morphism is probably associated with the fact that these cells are
not so ameeboid as the members of the neutrophil series. In some
transitionals, however, the nuclers is as much twisted as in the
ordinary polymorph. The bridges between the knobs of chromatin
are always thicker. We have never seen anything whatever which
would lead us to suppose that there was any relation between the
so-called transitionals and the polymorphonuclear neutrophils.

5. The difference in size in the cells is of no great importance.
It seems to us that the increase in size in the large mononuclears and
transitionals is due largely to the taking up of fluid, as the strands
of the reticulum are often widely separated, and these cells are
obviously soft, as may be seen by the way in which they are indented
in films by the red corpuscles. This edema of the cells may make

1 Gulland, Brit. Med. Joura., September 1904,
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as belonging to the lymphoeyte series may be found, some preponderat-
ing in one situation, some in another,

Neutrophil Leucocytes—These are known to start as leucocytes of
the myelocyte form, that is, cells generally of large size with a rounded
pale-staining nucleus and granules of the typical character in the cell
body. The myelocytes are found normally only in the bone-marrow.
In pathological conditions myelocytes may be found, not only in the
marrow but in all the hiemopoietic organs, including the liver. This
myelocyte form divides by mitosis; the resulting cell is rather smaller
than the mother myeloeyte, but otherwise similar in character. It
. grows by enlargement both of the nucleus and of the cell body, and its
nuclens may remain rounded, especially in cases where the cell body
rapidly increases in size, or may become indented, kidney-shaped, and
ultimately horseshoe-shaped or even ring-shaped. The nucleus of the
ripe neutrophil cell may assume almost any shape, and it has, more-
over, a tendency to be made up of knobs of chromatin joined together
by narrow bridges. We would remark, however, that our ordinary
methods of film preparation make the narrowness rather more marked
than it should be. Wet preparations made by our sublimate-alcohol-
ether method, or in other ways, show a much more compact nucleus as
a rule, with thicker bridges between the knobs,

This progression from the rounded form to the polymorphous
nuecleus is in full aceordance with M. Heidenhain’s law as explained
in relation to the lymphoeyte series. As the centrosome is pulled
towards the centre of the cell, the nuclens is pushed to one side and
ultimately deformed, becoming first oval and eccentric, then kidney-
shaped, and finally horseshoe-shaped. At this stage the astrosphere
comes to rest in the centre of the cell, and even with ordinary methods
the clear space free from granules, which represents the astrosphere, can
often be seen lying in the hollow of indented or kidney-shaped nuclei.
In some cells the cytoplasm grows out of proportion to the nucleus,
and the astrosphere thus reaches the centre of the cell without
cauging any nuclear deformation. Many of the large myeloeytes
have this shape.

We have been accustomed to consider that after a cell with a horse-
shoe-shaped or ring-shaped nucleus begins to move the nucleus moves
with it, and may be secondarily deformed, and the more amcwboid the
cell the greater is the deformation likely to be. For this reason the
nuelei of the neutrophil polymorphous form were supposed to be so
much more deformed than those of the eosinophil polymorphous form,
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The series is phylogenetically next in age to the lymphocytes, and
one finds that these cells appear in many cold-blooded animals, and
that they occur in mammalian embryos at a date not very much later
than the lymphocytes but long before the neutrophil series. They
are not quite so ubiquitous as the lymphocytes, but they are certainly
found with great frequency in connective tissue without any very
evident reason for their presence, and it seems probable that they
may multiply in these situations, from the fact that myelocyte forms
are often found. They are probably produeed mainly in the bone-
marrow, because it has been shown that in cases where there is a
marked blood eosinophilia the number of myelocyte forms in the
marrow is very greatly increased; but they seem capable of consider-
able adaptation to other conditions, and in cases where the marrow
is rendered unsuitable for their proliferation, as in some lymphatic
lenksmias, they are found in numbers in the spleen, liver, and else-
where, sometimes in company with neutrophil myelocytes, but much
more frequently, and apparently earlier, without them.

In these two granular series it is to be noted that only the final
polymorphonuclear forms are to be found in the blood in normal con-
ditions. All the precursors of that stage are found normally only in
the marrow, with the possible exceptions in the case of the eosinophils
already noted. It is fully agreed that a demand for polymorphs of
either of these series in the blood or in the tissues results in an increase
in the number of myelocyte forms in the marrow, and if the demand
for cells is sufficiently great, results in an increase in the amount of
functional marrow,

Basophils—With regard to the basophil series the evidence is not
quite so complete. These forms are very scanty in either normal or
pathological blood, with the single exception of splenomedullary leuk-
amia and a few other conditions in which experimentally it has been
shown that they can be increased. The presence of myelocyte forms
in the marrow and polymorphonuelear forms in the blood makes one
conclude that their development is along similar lines to that of the
other granular cells.

The Relation of Leucocyte Forms to One Another.—Irom what
has just been said with regard to the ancestral character of the lympho-
cyte and from all that is known of its history it is obvious that it is the
primary form of all leucocytes, so far at least as embryonic life is con-
cerned. An immense amount of discussion has raged over the question
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their cytoplasm and become the megalobastic preeursors of ordinary red
cells; the other sets do not come to contain hemoglobin and become
the precursors of the lencocytes (¢f. Bryce!). The former cells multiply
in mammalian embryos with extraordinary rapidity, while the latter
remain almost stationary in number for a long period. It is thus easy
to find stages in development at which the nucleated red cells out-
number the leucoeytes in the embryonic bedy by thousands to one, and
where the red cells are actively dividing while the leucocytes are not
observed to be doing so. It would seem absurd at such a stage to talk
of the derivation of red cells from leucocytes, and if this is the case
at so early a stage of development, when both sets of cells are compara-
tively undifferentiated, it would seem still more idle to suppose that in
adult life there can be relationship between the two. No author has
attempted to connect any series of leucocytes with red cells other than
the lymphocyte.

One fails, indeed, to see why nucleated reds should be supposed to be
formed from lymphocytes. If it be granted that erythroblasts can and
do multiply by mitosis, which nobody doubts, and if they have a suit-
able locus for development as they have in the bone-marrow, there is
no reason whatever to suppose that their activities require to be rein-
forced by the lymphocytes under ordinary conditions. The conditions
in lymphatic leukemia alone might be cited as a sufficient argument
againgt this view. We have gone over many marrows in this con-
dition in acute cases in which the red count had fallen steadily as the
white count rose. These marrows had undoubtedly been subjected to
a functional stimulus and were full of large lymphoeytes, but we had
often to search long and carefully before we could find a nucleated red
of any kind. The lymph glands in these cases were either normal or
infiltrated with lymphoeytes, but contained no nueleated reds outside
the blood-vessels. Surely in these cases where the patients were dying
of anmmia, if in any, the hypothetical transformation of lymphocytes
into erythroblasts ought to have been going on. But we could never
see the slightest evidence of it; indeed, the lymphocytes were often
much too busily employed in devouring red cells to have any time
to spare for the making of them.

The Source of the Lymphocytes in the Blood.—We have been
led to take an interest in this from the experiments which we have
made as regards digestion leucocytosis.* In animals we found that

1 Bryce, Trans. Roy. Soc. Eidin., 1904.
2 Goodall, Gulland, and Paton, Jowrn. of Physiol., xxx. 1903
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tions have put this beyond doubt. Longeope found in the marrow,
under normal conditions, 22 to 23 per cent. Again, there are certain
diseases where there is a marked chemiotactic passage of lymphocytes
into the blood from the marrow—in whooping-cough and smallpox in
particular, and possibly in typhoid also,

DEVELOPMENT OF THE RED CELLS

(a) fn Fetal Life—The primitive red blood-cells are nucleated
(megaloblasts) (Plate V., 1). They are first produced by a modifica-
tion of mesoblast cells in the vascular area surrounding the early
embryo. They are then found proliferating in the feetal vessels
before any hamopoietic organ is developed. Great numbers show
mitosis. Bubt a time soon comes when this stock is insufficient to
maintain the necessary supply of cells and at the same time carry
on respiratory function. As soon as the liver is developed a new set
of cells arises. They are found between the islands of liver cells.
These are erythroblasts which do not contain hemoglobin. The absence
of hemoglobin is to be accounted for by the fact that the cells are
stationary and have no respiratory function, and therefore do not
require it. It is also probable that hemoglobin may be a hindrance
to the process of mitosis. It is an open question whether these cells
are derived locally from undifferentiated mesenchyme cells or from the
cirenlating heemoglobin-containing megaloblasts,

Bryce discusses this question in connection with the spleen in his
researches on lepidosiren, and concludes for the former alternative, for
the reason that the number of erythroblasts is out of proportion to the
number of megaloblasts showing mitosis, and for the more cogent reason
that the nucleus of the erythroblast differs from that of the primitive
megaloblast.

The question is difficult, but we conclude for the alternative that
the erythroblasts are the direct progeny of the first megaloblasts!
We can distinguish no difference in nuclear structure, and for the
reasons just indicated there can be little doubt that the erythroblasts
can and do proliferate much more rapidly than the first megaloblasts,
The erythroblasts having arisen may proliferate for many genera-
tions without heemoglobin, or may begin to aequire it almost at
once. Mitosis may occur in these hmmoglobin-containing cells (second
‘megaloblasts), which are indistinguishable from the first megaloblasts

1 Goodall, Journ. of Path. and Bact., 1908,
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marrow in later life. The megaloblast and its non-hemoglobin-contain-
ing progenitor remain as non-circulating elements, and under abnormal
conditions may proliferate to such an extent that megaloeytes and
megaloblasts appear in the circulating blood, In the same way the
primitive leucocyte remains a normal constituent of the bone-marrow
and retains its potentialities of producing all the members of the white
cell group. Under ordinary circumstances it is probably not called
upon, any more than the surviving megaloblasts are called on, The
sequence of ordinary development goes on in each series separately,
but in such extreme pathological disturbances as leucocythemia the
primitive leucocyte may play a very important part.

The following scheme summarises the genealogy of the red and
white cells:—

MESENCHYME CELL

I
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| | | [
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Friinkel, Folia Hwemalologicn, Archiv xvii. 1913, p. 1, gives a historical
résumé and numerous references.
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and other oceupations involving the breathing of impure air. Sewage
gas has been suggested as a cause, but we have repeatedly seen cases
in which the patients lived in isolated houses in the country, where
this was out of the question. Others have followed syphilis or malaria.
In the great majority of cases no history of any causal factor ean be
ascertained, and dyspepsia, usually of a vague and ill-defined character,
is the only condition which can be said to precede it with any constant
frequency.

Morbid Anatomy and Histology.—The pallor of the body in a
case of death from pernicious anmmia is very striking. There is
generally a slight icteric tinge. Post-mortem lividity is very slight,
and may be absent. The subcutaneous fat is well preserved. There is
intense anmmia of all the organs. Hwmmorrhages may be noted in
the skin, mucous or serous membranes. They are fairly frequent
in the meninges.

The Tongue—Attention has been directed to smooth, atrophic-
looking areas on the tongue during life (Hunter). We have been
unable to find any microscopic change to account for these appear-
ances, which seem to be due to a physical condition of the superficial
layers of the epithelinm,

Stomach and Intestines.—A great variety of lesions have been de-
scribed, Among these are atrophy and thinness of the coats of the
intestine, smoothness of the mucous membrane and atrophy of glands,
and overgrowth of lymphoid tissue.

Faber and Bloch pointed out that the apparently atrophic changes
were in large measure due to post-mortem change, and stated that
they were not found if the abdomen were injected with formaline
immediately after death.

This observation we have been able abundantly to confirm. In
some cases there is certainly some degree of gastric and intestinal
atrophy, but no more than is to be found in many chronie diseases.
Heemorrhages are sometimes seen in the mucous and serous coats,
Oceasional uleers may be noticed in the bowel, but with no special
frequency. In the submucosa we have found constantly curious baso-
phil cells, some of them containing enormously large granules which
may greatly distend the cell and whose individual size may be greater
than that of a red blood corpuscle.

Liver.—The liver is always fatty. There is always a considerable
amount of pigmentation. This, for the most part, is seen towards the



116 PERNICIOUS AN/AEMIA

periphery of the lobules. This pigment has a golden brown eolour,
and most of it gives the free iron reaction. Iron is seen in the liver
cells, but also in endothelial cells and in free phagoeytic cells in the
capillaries. A further change in the liver is the presence of necrotic-
looking areas, usually in the middle zone of the lobules. Between the
rows of necrotic liver cells the capillaries are widened, and in the
dilated capillaries are numerous nucleated red cells (megaloblasts and
normoblasts) and phagocytie cells containing red corpuscles or pigment.
The latter may give the iron reaction, and in a few cases so completely
that the whole cell becomes blue when the ferrocyanide test is applied,
Giant cells resembling those of bone-marrow are to he seen in these
areas in the majority of cases.

Spleen.—No marked or constant change is to be found in connection
with the Malpighian bodies. The pulp shows considerable variation as
regards the kind of cell preponderating. In most cases there is conges-
tion, and normoblasts and megaloblasts in varying numbers are present.
In a few cases lymphocytes definitely preponderate in the pulp. At
least half the cases show large giant cells ingesting red corpuscles, and
sometimes also white cells ; giant cells resembling those of bone-marrow
are sometimes seen. In a few cases there are numerous basophil cells
in the pulp, and some of these show the dropsical appearance seen in
those of the intestine. Pigment is present in varying amount in all
cases, Usually a certain proportion of this gives the iron reaction, in
some cases in very large amount. The pigment is found free in the
pulp, or in leucocytes or endothelial cells.

Kidneys—In nearly every case there is catarrhal or interstitial
nephritis, the former probably toxie in origin, the latter probably pre-
existing, and in many cases granules of pigment giving the iron reaction
are seen in the epithelium of the convoluted tubules, sometimes in very
large amount. This iron pigment is found more frequently in cases
terminating acutely than in those of chronic type.

Heart.—In the great majority of cases the heart muscle shows
fatty and other degenerative changes, though not in an extreme degree.
These are sometimes absent. In typical cases of fatty degeneration the
familiar “ thrush’s breast ” appearance may be seen on the endocardial
surface of the ventricles in particular.

Lungs—There is no special feature associated with the disease, but
patches of catarrhal pneumonia are extremely common, and many cases
terminate with croupous pneumonia,

Hemolymph Glands—These are generally numerous, large, and dark
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red in colour, and are most numerous and largest immediately in front
of the vertebral column in the lumbar region, especially the lower part
of it. They show very great hemolytic activity, red cells being in-
gested by large phagoeytes in great numbers. Pigmentary changes are
not so marked as might be expected, and only a small proportion of the
pigment present gives the free iron reaction.

The Bone-Marrow.—The bone-marrow throughout the body is dark
red in colour and increased in amount. The ordinary fatty marrow has
disappeared and there is a very considerable absorption of bone, so that
the medullary cavities are considerably enlarged.

The striking feature of sections and films is the very large number
of megaloblasts which are seen. In no other condition are they so
numerous or so large. Normoblastic activity is also very great. In
some cases basophil degeneration of the red corpuscles, particularly of
the nucleated reds, may be noticed, but it is not nearly so frequent as
one would expect from its incidence in the circulating blood.

There is always a larger proportion of white cells than might be
expected from the leucopenia in the blood. Considering the vast
increase in the amount of active marrow in this disease, the number
of marrow leucocytes must be very greatly in excess of the normal.
In view of this it is difficult to explain the constant leucopenia and the
rarity of leucocytosis, even in the presence of severe septic complica-
tions, unless one assumes that the toxin or toxins causing the disease
in some way interfere with the passage of leucocytes into the blood,
or with the transformation of myelocytes into the polymorphonuclear
form. It is to be noted that the number of polymorphs in the marrow
“is always small—much smaller than in a normal marrow. In nearly
50 per cent. of cases white cells appear more numerous than the red
cells. Those present are mainly myeloeytes or lymphoeytes. They
may be present in about equal proportions, but as a rule one or
other preponderates, and the one variety preponderates just as often
as the other.

Eosinophil cells are seldom numerous. Dasophils are present in
considerable numbers in a small proportion of cases. Giant cells are
small and degenerated, very seldom normal.

There is generally marked evidence of blood destruction, as shown
by phagoeytosis of both red and white cells. Pigment, free or intra-
cellular, showing the free iron reaction is found in about one-third of
the cases.

The Nervous System.—Recent or organised hmmorrhages are practi-
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basophil cells as described, the appearances found by us in the stomach
and intestine could be summed up as “ post-mortem ™ change.

Liver—~The ]ari;e amount of iron in pernicious anwemia is a striking
feature. Our observations lead us to believe that this accumulation is
due to two factors—(z) storage, and (b) haemolysis.

(z) By far the greater part, namely, that in the liver cells at the
portal periphery, is simply stored up, the liver being the normal
channel for the exeretion of products of broken-down hamoglobin,
This accumulation is greater in the more acute cases, because the
amount of iron brought to the liver must be largely in excess of the
usual rate of elimination,

We do not look upon this iron as indicative of anything more than
mere storage. It is specially marked in pernicious anwmia, because of
prolonged aceumulation, but it is not pathognomonie, and we have seen
more iron in the liver in cases of acute lymphatie leuk®mia than in the
average case of pernicious anwmia.

(b) Altogether apart from this more or less passive storage, we find
a certain amount of active hwmolysis of the same character as that
seen in the spleen, heemolymph glands, and marrow, namely, iron con-
tained in endothelial cells, and red cells and pigment contained in
Jarge phagoeytes. These appearances have been found to predominate
over the passive accumulation in the liver cells in animals in which
sudden blood destruction has been caused by the injection of hemolytic
- agents.

‘We find that the amount of iron and other pigment in endothelial
cells in the liver is greater in the acute cases. This would mean
that the liver in acute cases is obliged, as it were, to deal with
large quantities of the first products of the disintegration of weakly
or weakened red corpuscles, or the corpuscles themselves, while in the
more chronic cases these products are, for the most part, brought to it
in a state more suitable for storage. The passive accumulation of iron
frequently obscures the more active hwemolytic process, but we have
seen examples of the usual storage at the periphery of lobules, while
towards the middle and eentral part of the lobule there was hwemolytic
accumulation of iron in the endothelial cells. It is not unreasonable to
assume that the megalocytes of pernicious ansemia, which are so definitely
feetal in their characters, are ill adapted to the needs of adult life, and
probably have a shorter existence in the blood-stream than normal red

corpuscles.
The necrotic areas which we have deseribed are most marked in the
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formance of the normal hwmolytic function, chiefly by the action of
large phagocytes derived from leucocytes and endothelium.

Bone-Marrow.—In every ease the naked-eye change is identical, and
although the microscopic picture varies according to the kind of cell
which preponderates, the changes are essentially the same, There is
undue activity of red cell and white cell formation, and the former
assumes the megaloblastic or feetal type. The hwemolytic changes are
similar to those found in other organs,

All our observations tend to convince us that this is the essential
seat of the disease. If the bone-marrow changes be secondary and some
other symptom-complex be primary, would it not be reasonable to expect
to see cases clinically before the bone-marrow is affected, and conse-
quently before megaloblasts and megalocytes were to be found in the
blood ? And if we exclude the blood and bone-marrow changes as
essential and primary features, what is the criterion in diagnosis, and
why should we call the condition pernicious “anmmia”? We are not
in agreement with those observers who hold that the marrow changes
are secondary phenomena.

We know of no symptom-complex apart from the blood changes
or of any morbid appearance apart from the marrow changes which
could be regarded as exclusively distinctive of pernicious ansemia.

The changes are due to exhaustion of the bone-marrow, or inter-
ference with its functions, by the action of toxins. It is not necessary
to assume that these toxins are in all cases the same.

The condition can be caused by bothriocephalus infection, malaria,
syphilis, gastric carcinoma, and probably many other conditions, and the
essential features are due rather to the affection of a definite tissue—
the bone-marrow—Dby varying agencies, than to an affection of a hetero-
geneous group of organs by a definite toxin.

Mere loss of blood is not sufficient to cause pernicious anmmia.
After severe heemorrhage the marrow becomes red in a few days, but
the nucleated red cells found in the marrow and blood are normoblasts,
and the effects of hsemorrhage where, presumably, the marrow is healthy
are readily recovered from. We have never seen one acute or chronic
haemorrhagic angemia develop into pernicious anemia. Indeed in the
histories of pernicious cases any reference to hemorrhage is rare, and in
our experience, even in the fully-established cases, bleeding is not nearly
80 common as is generally supposed, and, apart from hamorrhage into
the retina, is practically confined to the terminal stages and to the
more acute cases.
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6. The large red blood corpuscles produced by such a marrow,
perhaps as much from their size as from inherent weakness, fall a
ready prey to endothelial cells and leucocytes in the “hmmolytic”
organs, notably heemolymph glands, spleen, and marrow, and in the
more acute cases the liver also.

7. It is quite possible that certain individuals from congenital defect
in the marrow may be specially prone to the disease, as there is little
doubt that the megaloblastic degeneration represents a reversion to the
fwetal type. This applies specially to the hereditary or family type
of the disease.

Symptoms.—The onset of the disease is always insidious. It is
a remarkable fact that in practically all large collections of cases
the blood count has been about 1,200,000 when the patient first
came under observation.
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The patient practically always complains of muscular weakness.
‘While this is the almost universal complaint that causes the patient
to seek medical advice, the patient's strength in relation to his blood
count is remarkable. In no other condition of anemia with such low
blood counts could patients do the amount of work that is sometimes
done by sufferers from pernicious anwmia.

The peculiar lemon-yellow pallor, the breathlessness, the feeble
pulse and the fever in a typical case present a picture which could
hardly be mistaken,

On the other hand, a patient often comes complaining of weak-
ness ; the pallor may not be noticeable or noticed, other symptoms
are vague or misleading or wanting, and the disease is very fre-
quently overlooked, Patients almost always appear well nourished.
There is no loss of subcutaneous fat, and there is often a slight
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of diarrheea oceur with great frequency, and are often associated with
the attacks of sickness. Diarrheea may be the main symptom, and we
have seen cases in which the diagnosis of tubercular and malignang
uleeration of the bowel, sprue, mucous colitis, ete., had been made before
the blood was examined. The liver is not usnally enlarged in acute or
early cases. In chronic cases enlargement is not uncommon, but is
seldom very great in amount. We have seen enlargement of the liver
come and go with successive attacks and remissions,

The character of the fieces varies greatly. They may be quite
normal to the naked eye and on microscopic examination, but in cases
with gastro-intestinal symptoms may be of peculiar chrome colour, not
unlike that of new brown boots, and may contain a good deal of mucus.
In other cases of this type a fair amount of blood may be found by the
benzidine and other reactions, or the stools may be pale and eoated with
mucus or muco-pus. Hwemorrhages from the bowel may oceur.

Hemopoietic System.—The spleen is always firm in consistency ; its
size is variable. In the great majority of cases it is not enlarged, but in
a fair number of cases it may be slightly enlarged, and in a still smaller
number of cases its enlargement may be considerable, but its lower
border is very seldom more than about an inch below the costal margin,
It follows the same rule as the liver as regards the time in the disease
when enlargement is found. Cases with marked enlargement of liver
and spleen have always lasted for a considerable time, and the prognosis
is relatively though not absolutely bad.

The lymphatic glands are not demonstrably affected. The other
ductless glands show no change.

~Clirculation.— Palpitation is frequently a distressing symptom.
Dyspneea is brought on by slight exertion. Faintness is not so
frequently complained of, but we have seen cases in which there
were repeated syncopal attacks, These may even be fatal. In severe
cases the heart's action is excited; in other cases it may be difficult to
localise the cardiac impulse either by inspection or palpation. The area
of cardiac dulness is not usnally abnormal, unless strain has produced
dilatation, or there be some pre-existing cardiac lesion. A soft blowing
systolic murmur can usually be heard over the different orifices in bad
cages; in milder degrees murmurs may only be heard at certain areas,
may be present intermittently or ouly after exercise, or not at all
They are much less frequently heard in elderly patients, Diastolie
murmurs are rarely heard. Murmurs over the jugular veins are present
in severe cases. The pulse is always increased in frequency. It is
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Small petechial hemorrhages are fairly common. Larger hmmor-
rhages are rare. Petechi may be seen in the mucons membrane of
the mouth. Hemorrhages are much more common from mucous
membrane than from the skin.

The skin is dry, but slight exertion or excitement easily lead to
profuse perspirations.

(enito- Urinary System.—The urine in all ordinary respects shows
little abnormality. The specific gravity is usually low.

A marked “indican” reaction is usually obtained, and a colour
reaction on the addition of nitric acid is common. These may be taken
as evidence of absorption of products of putrefaction from the howel and
thus give useful indications for treatment.

Considerable importance has been attached to the occurrence in the
urine of urobilin, but the probability is that urobilinuria is more or less
an accidental occurrence at any time, and might happen in health just
about as readily as in pernicious ansemia.

A transient albuminuria is not uncommon during the acuter stages
of the disease, and association with acute, or more usually chronic,
Bright's disease iz not very rare. In our post-mortems we have been
struck by the fact that the kidneys are practically never normal, and it
is probable that the stupor and coma which often oceur in the terminal
stages are at least partly due to chronic ursemia. Many of these cases
die with a relatively high red count, often over a million, while some of
the cases with counts of 400,000 or so remain clear mentally until just
before the end. We have seen cases terminate by ordinary acute
uremia, with convulsions, and sometimes complete suppression of urine.
In the most marked of these last cases the patient was pregnant, and
the suppression occurred as the result of premature labour,

Rosenqvist found a periodic increase of nitrogen., The output of
phosphates is increased,

Menstruation nearly always ceases in established cases, but may
return during remissions. We have recently met with several excep-
tions to this rule, all in women approaching the menopause, In two,
cases fibroid tumours of the uterns were found to be present, We were
struck with the comparatively small lowering of the red cell count—or
absence of change—in those cases as the result of what was sometimes
pretty severe bleeding.

Nervous System.—There are nervous symptoms of some sort in about
30 per cent. of cases. In most instances these are subjective sensations
of tingling or numbness in the feet and legs, more rarely or in less
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Neurasthenia iz not an uncommon symptom, and we have seen one
case in which neurasthenia existed for years before the blood changes
were present. The converse is, of course, much more frequent, and
many an unfortunate patient with pernicions anwmia is labelled neur-
asthenia simply because the blood has not been examined,

Sleeplessness is often a distressing symptom. It sometimes, but by
no means always, depends on gastro-intestinal disturbance, and disappears
when this is suceessfully treated,

Actual mental symptoms are sometimes seen. Maniacal attacks,
hallucinations, and delirium may occur, usually towards the end of the
disease. In a small proportion of cases mental symptoms are very
prominent. In one of our cases there was a history of an attack of
anemia twelve years before, followed by insanity, which necessitated
detention in an asylum for nearly a year. She remained well for
eleven years, and came into our hands with a second attack of perni-
cions anemia. In the course of this she again became insane, and died
suddenly while the arrangements for her removal to an asylum were
being made. A fairly constant feature of the insanity of pernicious
an@mias is its association with delusions of suspicion and persecution,
and unfortunately it is usnally near relatives who are suspected by
patients. We have seen very distressing cases where husbands, wives,
and favourite children were execrated by their spouses or parents, As
with the cord symptoms, the mental symptoms may bear no relation to
the anmmia. In one remarkable case a patient became insane without
obvious angemia, improved, and at last recovered mentally as pernicious
angemia became progressively severer, and again relapsed mentally as
his blood returned to the normal.

Speech is sometimes slow and slurring, but often suggests that the
patient will not take the trouble to articulate his words.

Spectal Senses—Eye symptoms are common ; subjective symptoms
are sometimes complained of. There may be dimmness of vision or
flashes of light, there may be cedema of the lower eyelid, and there
is sometimes hgemorrhage into the conjunctivee,

Retinal heemorrhages are common. The optic disc is very pale, so
that the hemorrhages show up with great distinctness. They may
be small and punctate, or may occupy the whole disc. In one case a

patient complaining of dimness of vision was found to have a double
~ central scotoma, without change in the dises. His reds were 3,200,000,
his hemoglobin 80, the film very characteristic, but he did not look pale.

He died of pnenmonia about a fortnight after coming under observation.
9
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The average is 12 or 1'3. The raised colour index iz the most
important single point in the diagnosis of pernicious anemia. No
other of the ordinary anwmmias ever show a colour index above 1-0,
although indices of 09 may be reached by very severe secondary
an@mias of hmmorrhagic or septic type. The only condition of
importance in which the colour index may sometimes be above 1-0
is acute lymphatic leukwmia, and in that case the blood changes in
other directions are sufficiently characteristic to make the diagnosis
easy. The cause of this raising of the colour index has bLeen con-
siderably debated. Some authors have gone the length of assuming
that heemoglobin must be present, dissolved in the serum, in order to
produce it. But hxmoglobinuria is of very rare occurrence in per-
nicious angmia, and it would of necessity be much more frequent were
heemoglobin to be anything like so constantly present in the serum as
the constancy of the raised index would demand. The more reasonable
explanation is that the red corpuscles on the average contain each a
greater quantity of hamoglobin than they should do, and that this is
the reason is borne out by the facts that so many of the red corpuscles
are larger than normal when examined in films, and also that it is often
possible to diagnose pernicious anwmia when one is counting the red
cells diluted with Hayem’s solution, because of their deeper colour and
larger size in the counting chamber,

The lencocytes are almost invariably diminished, the average
number being somewhere about 4000, although in early favourable
cages 6000 or 7000 may be found. Leucocytosis is exceedingly rare,
and very seldom attains a high figure. The ordinary inflnences which
produce this change do not appear to act in pernicious anwmia. For
example, we have, on several occasions, seen a patient pass through,
and recover from, an attack of pneumonia without the lencocytes being
altered in any way, and on many oceasions we have seen terminal septie
conditions fail to raise the count. On eight occasions we have noted
a leucoeytosis. In six of these it did not rise above 15,000, In five
of the cases there was albumin in the urine; in two, counts of 10,000
and 12,000 remained unexplained, and were quite temporary. In the
last case there was a leucocytosis of 56,400, Reds were 2,470,000,
hemoglobin, 65; colour index, 1'3, with a very typical film. The urine
contained albumin, and there was an acute left-sided pleurisy and peri-
carditis, with high temperature. The urine was suppressed soon after
the patient was seen, and she died two days later. We have been
gpecially struck by the association of kidney mischief with lencocytosis
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speaking, one finds post-mortem that the cases which showed a large
number of megaloblasts in the blood during life show a large number in
the marrow. While the rule holds good that cases with a low red
count are more likely to have many megaloblasts, this is by no means
invariably true. We examined recently the blood of a patient with
a red count of 600,000, in which an occasional megaloblast could only
be found after much search.

Some megaloblasts are found of extraordinary size. These are known
as gigantoblasts, and are usually said to indicate a bad prognosis. We
have, however, seen cases recover whose blood contained them. They
generally possess a large open nuecleus.  Microblasts are found in some
cases. Their origin is not definitely understood ; they generally look
like degenerated megaloblasts or normoblasts. The nucleus is small,
sometimes stains deeply, sometimes hardly at all, and the cell body,
mstead of possessing the firm-looking rounded contour of the other
blasts, is usually irregular and jagged, and shows marked polychromasia,
They are seldom found unless a large number of megaloblasts are to
be seen, and do not seem to possess any special significance, except
as nuecleated red cells.

The Leucocyfes—As might be expected with the usual low eount,
there is generally a polymorph leucopenia or relatively high lymphocyte
proportion. Such a proportion as polymorphs 40, lymphoeytes 60, is
very common., A high proportion of the lymphoeytes are of the small
variety ; sometimes no larger ones can be found. Eosinophils are often
geen in about the normal proportions. It has been stated that their
presence gives a good element to prognosis, but we have not been able
to confirm this. Basophils are rare. In severe cases, and sometimes
Just before death, neutrophil myelocytes may appear in small number,
The polymorphs are often large and oval, with a nucleus broken up
into 5, 6 or more lobes,

The Blood-Plates—These are invariably diminished in severe cases,
and sometimes seem almost to disappear. We had noticed that in some
cases the plates were much larger than usual, nearly half the size of a
red corpuscle, and found, in conversation with Dr. Cabot, that he had
made the same observation. The reason of this is not apparent, but so
far as it goes it tends to support the view that blood-plates are representa-
tives of the nuclei of red corpusecles. As casesimprove, the plates become
more numerous, and sometimes during recovery,and especially at the stage
of low colour index, may be as numerous as in a secondary anwemia,

Staining of Blood-Plasma.—In severe cases it is sometimes found
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improvement in the blood. We may quote the case of a man, aged 42,
who had great weakness, dilatation of the heart, cedema of the legs,
constipation and dyspepsia. Red corpuseles 1,650,000, heemoglobin 40,
colour index 1-2, leucocytes 3800, a fair number of megaloblasts. In
three months the whole of the alimentary and toxic symptoms had dis-
appeared. The heart was no longer dilated, and the cedema had gone.
Red cells 1,700,000, heemoglobin 45, colour index 1-3, leucocytes 4000,
Megaloblasts had disappeared. Other cases reach a perfectly normal
count in every way, and generally do so by passing through a period
of relatively low colour index. A typical case of this sort might have
the following counts at successive examinations :—

Rl Homoglobin, Colour Index,
1,500,000 40 13
2,500,000 60 1-2
3,500,000 75 107
4,000,000, 80 1:0
4,500,000 82 09
5,000,000 85 (-85
5,000,000 100 10

‘We have seen the colour index drop as low as 07, and it sometimes
remains below unity for weeks, This is to be hailed as an excellent
omen, for such cases generally have a long remission—if they are
careful. But though the count may be satisfactory, the film usually
shows some departure from the normal. There is generally a greater
amount of inequality in size among the corpuscles than in normal
blood ; a few megaloeytes will be seen, and careful search will generally
find some polychromatic corpuscles or some punctate basophilia. We
have oceasionally found a stray megaloblast in cases with a practically
normal count. During remission the leucocytes seldom stand at the
normal figure of 7000. They may remain about 4000, or rise to 5000
or 6000—the higher the better from the point of view of prognosis,

It is very difficult to get a large mass of statistics regarding the
behaviour of the blood as patients begin to go downhill. We find that
neither patients nor doctors will take the trouble to have regular
examinations of the blood made during the period of remission, and,
just as at the commencement of the disease, patients do not usually
come under observation again until the condition is well established.
We have been able, however, to follow a few cases throughout, and
have found in these that the process of declension is a gradual one,
The red corpuscles drop slowly and the hamoglobin rises relatively.
The process can sometimes be arrested by treatment, and in cases
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there may be a temporary hesitation. The reason for this is that,
as pointed out in discussing the secondary ansemias, the lower the blood
runs down the higher the colour index tends to become, and the more
large red corpuscles appear in the blood. The megaloblastic reserve
is more drawn upon and the megaloblasts turn out megalocytes into
the eireulation instead of dividing to form normoblasts. The index in
these secondary cases never, in our experience, reaches unity, however,
but tends to be about 07, or at the highest 09, and in the enormous
majority of these cases there is leucocytosis. The diffienlty is most
common in cases of anemia in the puerperium and in septic endocarditis
without any obvious primary cause, As regards the first, practitioners
are, naturally enough, most unwilling to admit the possibility of sepsis,
and the well-known fact that pernicious an®mia does occur in puerperal
women i8 used to cover a multitude of discrepancies in the blood
examination. In both these diseazes the anmmia may be very rapid
in its onset—more rapid than in any pernicions aniemia. We have
indeed seen septiciemias whose red cells had dropped from, presumably,
the normal figure to 2,500,000 in three days. When nucleated reds
are present, as they often are, they are either exclusively normoblasts,
or towards the end of the disease a few megaloblasts may appear.
Leucocytosis, with a high polymorph percentage and a well-marked
glycogen reaction, is practically constant except in the intense
fulminating cases which are so rapidly fatal that the suspicion
of pernicious ansmia does not arise.

A word of warning must be said, however, with regard to colour
index. Figures are dangerous things unless they are correct. We have
found that mistakes are more frequently made in estimating hemoglobin
than in counting reds, and we would protest against the use of Tallqvist’s
h@moglobin scale in the diagnosis of pernicious anwemia, unless it is
checked by a more accurate himoglobinometer. It almost always
reads too high, and the tendency of the inexperienced is to make it
read higher still—we have seen readings by youthful enthusiasts 20
and 30 per cent. too high. Less than this might convert a colour index
of 0-7 into one above unity. Some people have a congenital inability
to match colours, and these persons are specially liable to make
errors with the paper seale. They should always use one of the liquid
methods in which transmitted light is used, for slight differences in
shade are then much more obvious than they are with the opaque
methods,

A diffieulty of another kind sometimes oceurs with leukwemias which
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experience, does it seem to have much association with healed
tubercle. Many cases are cut short by pneumonia, influenza and septic
complications. Terminal coma is common and is sometimes uremic.

Duration and Course—Prognosis.—It is most important to take
into consideration the cause of the disease. If the cause can be dis-
covered and removed the outlook is good; if not, the disease will sooner
or later be fatal. The cases due to bothriocephalus latus are the most
satisfactory in this respect. The cases, too, which begin during preg-
nancy or the puerperinm are likely to recover in at least a good many
cases if the period of acute symptoms can be safely tided over. The
serious element in these cases is the acute onset,

In the cases in which no cause can be discovered the course varies
immensely. It is difficult to say how short the duration of life may
be, since patients are practically always seriously ill before they are
seen, but the fatal ending has come in fourteen days after the patient
has first been examined.

It must not be taken that the immediate outlook is hopeless. We
have had patients under observation for over twelve years, and cases
of seventeen and twenty years’ duration are on record.

One of the remarkable features of the disease is the occurrence
of remissions. They sometimes begin quite abruptly in spite of severe
symptoms, the red corpuscles increase at the rate of 200,000 per day,
and in a few weeks a patient, apparently at death’s door, appears in
good health, and a month or two later a glowing account of the efficacy
of the last therapeutic measure employed is published by a complacent
editor.

Remissions may last for months or even for years. A patient may
undergo as many as half a dozen remissions and relapses. During the
- remissions the chief characteristics of the blood may disappear, but in
a majority of cases there is at least an element of suspicion in the
appearance of films, even though the red cell count may closely ap-
proximate the normal 5,000,000, In many cases the remission is
incomplete. Patients recover so far, and may then lead a life of
semi-invalidism for some years,

In cases that are going to do well there is often a loss of weight
in the first fortnight of treatment, due to the disappearance of wdema.
The disappearance of the lemon-yellow tint, the cessation of gastro-
intestinal disturbance, fall of temperature to normal, are all favourable
symptoms,
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more likely. Hospital for the poor and conditions as nearly as possible
approaching those of hospital for the well-to-do are of great value.
Sunshine and fresh air are potent factors. Patients should be open-
aired as freely as phthisis cases in fine weather, but they must be
carefully guarded from damp, cold, and chill. Bed should be insisted
on until the haemoglobin reaches 60 per cent. in the acuter cases. In
the more chronie cases this need not be so rigorously enforced. As the
patient recovers exercise may be gradually allowed, but its effect on
the heart and pulse must be carefully watched. Even after complete
recovery patients must be warned that they must take life more easily
than before, both as regards work and play. In many cases recurrences
are directly traceable to specially strenuous or ln;-ng-éustained bodily or
mental strain. We find that the disease is apt to attack energetic men,
who in the joy of recovered health are prone to attempt to make up
arrears of work, and so relapse, unless they are specially warned of the
danger of overwork., In one case relapse seemed to be directly due to a
long run to cateh a train.

Diet—Diet is almost equally important. In every acute or subacute
case, no matter whether there be digestive symptoms or not, the diet
should be restricted for a time to milk and farinaceous foods. Fish,
meat, poultry, game, meat soups, extracts or juices must be rigidly
tabooed. One often finds that the mere exclusion of these from the
diet begins improvement. The reason for this is probably complex—

the anacidity of the gastric contents, the imperfect intestinal digestion,
~ with the tendency to decomposition of the contents of the bowel, the
demands made on the already overburdened liver by the heavier nitro-
genous foods, and the temporary or permanent alterations in the kidneys
which we have shown are so constantly present, and which are probably
due to the exeretion of toxins, are all probably factors in demanding a
simple and unirritating diet. The details of the menu must vary with
the individual case. Patients with sickness and diarrhea may require
the severely simple régime of peptonised milk alone, and may gradually
pass through the usual succession of Benger, milk puddings, bread and
butter, eggs, ete. Cases with constipation often benefit by the addition
of veggtables, stewed fruit, and fruit juices, provided these are not so
acid as to upset digestion. Of course patients tire of a farinaceous diet,
and the length of time during which it must be persisted with varies
greatly. It should always be retained as the staple, even after return
to health, but a certain amount of the more digestible meats may be

allowed as improvement takes place. In patients with the “lemon-
10



I
Bl |
e q i
% !
1
1 - ] (A
: T
A




PERNICIOUS AN/EMIA 147

individual tolerance, and, generally speaking, the larger the dose which
can be taken the better the prognosis. The initial dose is to be decided
by the digestive condition, and may be 1 m_or 4 m_, according to circum-
stances, thrice daily after food, and well diluted with water. The initial
dose, say 4 m, should be given for three days, then a minim added, this
again for three days, and so on until the usual symptoms of slight over-
dose begin to show themselves. The arsenic should then be stopped
altogether for two or three days until the symptoms have passed off,
and then recommenced with a dose two-thirds the size of that reached,
and continued at that level. Thus if 12 n_cause symptoms, the per-
manent dose should be 8 m_. Of course other fluid arsenical preparations
may be given, or the solid form may be used, but it is not so easy with
this to graduate the dosage. Occasionally patients who cannot tolerate
arsenic by the mouth can take it intramuseularly, as Fowler’s solution
well diluted. A single daily dose is generally given. Some patients
show curious idiosynecrasies in their behaviour to arsenic. It may be
well borne for a time, and then persistently upset digestion in spite
of all that can be done to aid it by stomachics, ete. Or the reverse may
oceur. Or a patient who recovered smoothly from a first attack under
arsenic may be quite unable to take it in a second. In some severe
cases the attempt to push arsenic in any form may bring on rise
of temperature, with or without gastric disturbance. Arsenic should
never be continued after the red count has reached the normal
figure.

The desire to give arsenic in large doses in this disease without the
unpleasant effects which the inorganic preparations produce has led to
the employment of all the organic preparations in turn; cacodylate of
soda, atoxyl, soamin, arsacetin, and the rest have all been tried, and we
experimented largely with them at one time. We were not satisfied,
however, that the cases in which we got improvement did any better
than they would have done with ordinary arsenic, and we found all of
them in turn give rise to much more serious symptoms in certain cases
than ordinary arsenic given in the usual way, For example, with
atoxyl we have had two cases of very severe herpes, a well-marked
arsenical neuritis, and in one case an intense febrile reaction with
sickness, vomiting, and diarrheea, which lasted for several_ days, and
which recurred when a quarter of the original dose was again tried.
In short, we were so dissatisfied with all these preparations that
we ceased to give any of them, and fell back on the older
method,
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NEO-SALVARSAN

Red Corpuseles | Hmmoglobin Red Gwrm’—cl.m
Sex. | Age. Duration. i e pér cent. Result. Tre::.tnirent.
1. | M. | 44 | 18 months 13 31 I statu quo 10
9 | F. | b8 4 years 8 Bd Diied 27
3. | F. | 48 | 6 months 20 30 Improved 39
4. | M. | 66 | 3 vears 28 60 In statu quo 25
6. | M. | 48 | & months 15 40 Iied 0-8
6. |F. | 40 2 vears 21 45 Died 16|
.| M. | 43 | 6 months 12 33 Died 10
SUMMARY
Improved. T afale qea. kil Total.
Salvarsan . ; 3 3 T 13
Neo-SBalvarsan : 1 2 4 7
4 7 11 20

In view of these results (and we have no knowledge of the duration
of the “improvement ™ recorded), it is not surprising that our impression
of this treatment is not favourable.

We have come to the conclusion that neither salvarsan nor neo-
salvarsan should be given intravenously in acute cases.

The injection is followed by a reaction which affects the temperature
and the heart and causes gastro-intestinal disturbance, which may persist
for days. We have little doubt that in some of the very acute cases
in our earlier experience of the drug the fatal issue was hastened by
its use. In more recent times we have frequently refused to sanction
the use of salvarsan in cases of this sort in spite of the importunity of
the patient’s relatives and the doctor in charge.

In subacute and chronic cases we are satisfied that no better results
follow the use of salvarsan than ordinary arsenic. One of us recently
had a striking illustration of this in hospital practice. Two cases of the
same age, with similar blood-counts, and in apparently much the same
physical condition, were admitted within a week of each other. One
case received five intramuscular injections of neo-salvarsan, and was
afterwards rather worse than better. The other case, treated with
Fowler’s solution, improved steadily, and went out with a normal blood-
count and in good health. Both were first attacks.
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dried, and in various extracts, on the assumption that it contains a
substance which stimulates normoblastic function. In most of the
published cases in which it is said to have been successful it has been
given along with arsenic. When we have given it alone, as we fre-
quently have, we have never been able to satisfy ourselves that it had
any appreciable effect, although others appear to have been more
fortunate. Some years ago a friend reported a case to us which had
done exceedingly well with bone-marrow. We found on inquiry that
the marrow used was the yellow variety ordinarily supplied by the
butcher !

Thorium X.—A few cases have been treated with thorium X. It is
administered in water by the mouth or by subcutaneous injection. A
quantity corresponding to 20,000 milligram emanations may be given
three times daily. A few recoveries have been recorded, but the
published results generally are not favourzble,

Antistreptococeus Serwm.—A great deal has been written from time
to time about the value of antistreptococcus serum, Its use was based
on the mistaken notion that the disease is due to a streptococens infection,
and in most of the cases of cure by it that have been published, other
remedies, such as arsenic, have been used in addition. We have seen
one or two cases which recovered under its use alone, but these are
mostly open to the objection that we have already stated, that first
attacks may recover with almost any measure.

Normal Horse Serum.—We have largely used normal horse serum
in cases which did not respond to arsenie, and have given it both
hypodermically and by the mouth, and sometimes with very good
results. It may be given every day in doses of 10 c.c., apparently with
impunity, as we have never seen any symptoms of anaphylaxis, and it
should always be tried when arsenic fails. If it be given by the mouth
it is well to administer it at a time when the stomach is empty ; it may
be diluted at the time with normal saline.

Transfusion of Blood.—Transfusion of blood is another time-honoured
measure, and has much theoretically to recommend it. It is improbable
that the corpuscles themselves are of use in respiratory interchange;
they are almost certainly broken down, although we have never seen
the hemoglobinuria which authors have described as a result of the
measure. The blood, which should be obtained from a young healthy
adult if possible, acts apparently by neutralising the circulating toxin
in some way, and it has been found that the actual quantity injected
does not greatly influence the result. It is probable that normal horse






CHAPTER XV
CHLOROSIS

Definition.—Chlorosis or green-sickness is a disease affecting young
women, most commonly between the ages of fifteen and twenty-five,
associated with breathlessness, lassitude, pallor of a peculiar type, and
certain changes in the blood.

Etiology.—Chlorosis is a disease of the female sex. Cases of
an@mia in males have on several occasions been recorded as
instances of chlorosis. While the symptoms and blood changes
may show a close resemblance, we agree with von Noorden that
the sex gives the disease its distinctive characteristics. Age is an
important factor. The disease usually begins between fourteen and
twenty, very rarely earlier and sometimes later. Anwemia developing
after twenty-five for the firsf time must not be diagnosed as chlorogis
without very substantial reasons. On the other hand, recurrences of
chlorotic attacks may be met with comparatively late in life. The
disease often attacks several members of the same family, and girls
in large families seem specially liable. A history of chlorosis in the
mother is often obtained.

Ezxciting Causes—In a small proportion of cases anything in the
nature of an exciting cause is sought for in vain, and the predisposing
factors and heredity seem to offer the only explanation of the illness.
It is, however, more common to find a history of bad hygienic con-
ditions, Want of light and fresh air, and overwork are frequent
antecedents. In a few cases want of exercise is the outstanding
factor, but the disease is more often due to excessive fatigue than
to too little.

Want of proper food is an important cause of chlorosis. Actual
privation may be found, but more frequently the condition is due to an
indisereet dietary. Girls of the chlorotic age often show a distaste for
flesh food, and prefer articles of diet of a less nutritious character.
Capriciousness and irritability of appetite often lead to a large con-

sumption of sweetmeats, milk, buns, and biscuits at odd times, with the
158
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not cured by purgatives. There is no evidence of increased blood
destruction.

4. That it is due to loss of blood in the form of multiple minute
hemorrhages, especially in the intestinal mucous membrane, and loss
of blood by menstruation.

Such a view is difficult to disprove, but there seems just as little in
its favour as against it,

5. That the symptoms are an expression of neurosis.

6. That the dizease is due to an infection. The slight increase of
splenic dulness appears to be the only reason for this suggestion, but
it would be suprising indeed in these days if it had not been put
forward.

7. That it is due to a funetional weakness or deficiency of the bone-
marrow. In connection with this view it has been suggested that the
marrow may prove unequal to supplying the loss of blood which takes
place when menstruation is established. Along with this loss there is
often an insufficient intake of iron in the food. It has further been
suggested that there may be a loss or disturbance of an internal
secretion (probably derived from the ovaries) which is supposed to
stimulate the bone-marrow in ordinary ecircumstances. IPolzl! has
recently shown that there is an increase of red corpuscles before
each menstrual period.

8. Lorrain Smith has found, as the result of observations with the
carbon monoxide method, that the total amount of blood plasma is
greatly increased, and there may actually be an excess of red corpuscles
and hzmoglobin in the body although the amount per unit of plasma
is deficient.

The last two views require further consideration.

Bone-Marrow Deficiency—This may be regarded as the classical
view of the nature of the disease, and it certainly accords well with
the known facts, In its favour is the fact that the disease begins at
an age when a special strain is being put upon hamatogenesis, and an
attack often follows unhygienic conditions. The symptoms and course
accord closely with the deficiency of corpuscles and hmmoglobin in a
unit of plasma.

The small size of the red cells, their poverty in hwmoglobin, the
absence of polychromasia, and the rarity of nucleated red cells, as well
as the reduced percentage of polymorphonuclear cells, all point in the
direction of insufficient activity on the part of the bone-marrow.

U Miineh. med, Wochenschr., 1910, 333.
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the normal) might be expected to throw an increase of work on the
heart, which should give rise to much more urgent cardiac symptoms
than ever occur and a higher blood-pressure than has ever been recorded.
The blood-pressure is practically never above normal. It is further
difficult to understand, on Smith’s hypothesis, why the disease is so
amenable to treatment with iron and is not cured by the use of purga-
tives, and why the body weight tends o inecrease rather than diminish
during treatment.

Apart from any eriticism of the method, an important factor in
influencing the result appears to us to have been overlooked. That
factor is the relationship between the hamoglobin in the marrow and
the haeemoglobin in the circulating blood.

Haldane and Lorrain Smith admit that some of the CO inhaled may
be taken up by h@moglobin in muscle, and that if so the estimated
total amount of blood will be excessive. The amount in muscle is,
however, negligible. It is surely otherwise with the marrow. In the
marrow the proportion of hamoglobin to plasma is very much higher
than in the cireulating blood. Error from this source is probably nearly
a constant one in health, but in disease the normal relationship between
blood and marrow is disturbed. In chlorosis the corpuscles are poor
in heemoglobin. There is no likelihood that the amount of red marrow
is diminished, and it is possible that along with a qualitative deficiency
there is a compensatory quantitative increase. (Lorrain Smith’s view
practically postulates this.)

In any case the histology of the blood suggests that the proportion
of marrow to circulating corpuscles is increased, and this state of affairs
would cause the estimate of total volume of blood by the CO method

to be unduly high.

This eriticism has recently been confirmed by Dreyer, Ray, and Ainlev
Walker.! They conclude that the CO method as hitherto employed for
determining the normal blood volume cannot be relied upon, since the results
which it yields are not only out of accord with those obtained by direct
methods of estimating the blood, but also exhibit marked disagreements
among themselves.

They say that “ where the normal ratio between circulating intravaseular
hemoglobin and extravascular h@moglobin is disturbed either by the
diminution of the intravascular hemoglobin or by the increase of extra-
vascular h@moglobin caused by increased activity of the blood-forming
organs, or by the deposit of unusnal quantities of hemoglobin or other
CO-combining substances in various organs, the partition co-efficient of CO

1 Skandinav. Archiv. f. Physiologie, 1913, 209,
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some cedema of the ankles. The area of cardiac dulness is increased,
particularly towards the right side. This is due in some cases to
dilatation of the heart, but in others it is to be accounted for by
retraction of the lungs due to superficial breathing. This pulmonary
refraction accounts for the unduly loud pulmonary sounds which are
sometimes heard. Examination of the heart by X-rays indicates that
it is more frequently displaced by shrinkage of the lung and a high
diaphragm than actually dilated. Pulsation is often to be seen and felt
in the episternal notch, in the pulmonary area, over the right ventricle,
and in the epigastrium.

Cardiae and Vasewlar Murmurs—The cardiac murmurs of chlorosis
are practically always systolic in time. They are heard most frequently
over the pulmonary area, with the point of maximum intensity in the
second or third left interspace close to the sternum. ILess commonly a
systolic mmurmur is best heard in the aortic area, and systolic murmurs
are sometimes heard in the tricuspid area or in the mitral area, usually
along with the basal murmur, but sometimes alone. The cause of these
murmurs has been much debated.

The most commonly accepted view regarding the basal murmur is
that it is due to a want of tone in the arterial wall caused by mal-
nutrition, and is produced by the sudden propulsion of blood into
a vessel which is relatively dilated in comparison to its orifice, The
tricuspid and mitral murmurs, when associated with basal murmurs,
are probably due to conduction, but when alone the possibility of
dilatation of the heart to such an extent as to bring about such a
relative insufficiency of the valvular orifice as to cause tricuspid or
mitral regurgitation must be considered.

The guestion of pre-existing valvular dizsease may be a very difficult
one, but is eventually cleared up by the result of treatment. Chlorotic
dilatation is readily curable.

Arterial murmurs are sometimes heard at a distance from the heart.
Venous murmurs are common, and are most easily heard in the jugular
veins at the root of the neck, especially on the right side. The murmur
takes the form of an almost continuous hum—7bruit de diable, 1t is best
heard when the patient is in the erect posture,

A similar venous hum may sometimes be heard over the eyeball,
over the oecipital protuberance, and elsewhere, 1t is very characteristic
of chlorosis, although not strictly confined to it.

Diastolic cardiac murmurs in chlorosis have been described, but
ocecur with great rarity., They are heard in the aortic area, and
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sympathy from their relatives before the fact is realised that the girl
is ill. Irritability and hysterical attacks are not uncommon. In severe
cases the patient is constantly tired, and so drowsy that she may fall
asleep whenever she sits down in a chair. Headache is frequent,
and in severe cases, tinnitus, temporary deafness, or blindness is met
with. The headache may be constant, or may occur in paroxysms,
Optic neuritis sometimes occurs, often without any disturbance of
vision. Neuralgias are common. Inframammary neuralgia is perhaps
most frequent.

The Blood Changes.—The blood when drawn is pale and watery.
The specific gravity varies with the amount of hazmoglobin. No special
change has been found in connection with the specific gravity of the
plasma or gerum. The blood coagulates rapidly although fibrin is not
increased.

The number of red corpuscles per cubic millimetre varies consider-
ably. As a rule the number when patients first come under observation
is about three and a half millions in severe cases. Not infrequently
the number is normal—four and a half millions, or increased up to
five and a half or even six millions. On the other hand, low counts
are sometimes met with, but numbers below two millions are very
rare, and are usually to be explained by the co-existence of some
haeemorrhagic condition, such as bleeding piles, gastric ulcer, or
menorrhagia.

In cases with high counts it will generally be found that some
condition of cardiac debility is present—either an organic lesion,
usually mitral, or more commonly chronic cardiac strain or dila-
tation.

The amount of heemoglobin is always diminished. The diminution
is not only absolute, but there is a great diminution relatively to the
red corpuscles—in other words, the colour index is always low. A
fairly common relationship is a red count of 4,000,000, with 35 per
cent. of hamoglobin, giving a colour index of 043, In untreated
severe cases the colour index is very rarely above 05, but in slight
cases may rise to 06.

The following table gives the figures in twelve successive cases seen
in an outpatient department :—

11
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have a rapid onset recover most quickly, but all cases, whether acute or
chronie, show a marked tendency to recurrence. In an ordinary case
the attack lasts from six weeks to four months, but in a great many
cases, although distressing symptoms have disappeared in this time,
complete restoration to health has not oceurred. An important point
in regard to the course of the disease is that patients seldom persist long
enough in a course of treatment. They become accustomed to a condi-
tion of health which is short of robustness, and hence do not realise the
necessity for taking drugs after the more acute symptoms have dis-
appeared. A common result is that a relapse speedily oceurs, and it is
then found that the relapse does not yield to treatment so readily or
completely as a first attack; thus a certain number of these cases fall
into a condition of semi-invalidism,

Cases thoronghly treated recover completely, and have not the same
liability to relapse that is the fate of those only partially recovered.

The most serious aspect of chlorosis is that if it persists for any time
it renders the nutrition of the body imperfect just when development of
body and mind should be most active, with the result that both may
suffer. Moreover, chlorosis is apt to be attended by complications such
as gastric uleer and thromboses. The oceurrence of exophthalmic goitre
in cases of chlorosis is probably more frequent than eould be accounted
for by mere coincidence. There is a greater liability to the infectious
diseases, and convalescence from intercurrent disease is prolonged.

Diagnogis.—The clinical picture is usunally pretty definite. The
ontstanding features are the sex, age, the history and general appear-
ance of the patient, the blood changes, particularly the low eolour index,
and the ready response to treatment with iron. Oceasional diffieulty
arises from an unusual prominence of one or more groups of symptoms,
The gastric and eardiac symptoms and those associated with the repro-
ductive system are most likely to lead to error. A very real difficulty
sometimes arises in cases where other disease co-exists. Chlorosis has
to be distinguished from other conditions eausing ansemia. The chief of
these are the following :—

1. Pernicious anemio and levcoeythemia are readily distinguished by
the blood-picture,

2. Anemia from Intestinal Parasites—The colour index is not likely
to be so low as in chlorosis, and in many of the worm infeetions there
is eosinophilia. The ficces should be examined for the eggs of the
parasites.
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suffered from chlorosis, special care should be exercised in the case
of the younger sisters. Sufficient and not excessive exercise, plenty of
fresh air and good food, are the important considerations. A timeous
holiday and change of air may forestall several weeks of indifferent
health. The administration of iron as a prophylactic measure is prob-
ably worse than useless. It is of no advantage to a healthy girl to take
iron, and if her tissues are habituated to it, it may fail to do good when
it is required.

2. General—Sunlight and fresh air are essential. Rest is also a
factor of the greatest importance, even in the comparatively rare cases
where deficient exercise may have had a causal effect. All severe cases
should be kept in bed, and where circumstances permit, even cases of
moderate severity are better treated in bed than out of it. To be more
explicit, it may be stated that all cases with a percentage of hemoglobin
less than 60 should be kept in bed. The strain on the heart is at once
relieved, and the symptoms of dyspncea, faintness, headache and neuralgia
very speedily disappear. They just as readily return, however, so that
it may be well to inform patients at once that they are to be kept in
bed for three weeks. This period may be curtailed or extended as the
blood examination indicates, but will be found a fairly satisfactory aver-
age. In most cases it will be some weeks longer before the girl is
thoroughly fit to return to work, but unfortunately advice to this effect
is too often disregarded. In the less severe cases, and in the convales-
cent stage in the more severe cases, patients should avoid fatigue and
excitement and keep early hours. When the patient has no work to do,
a walk in the open air, short of fatigue, should be insisted upon. The
more active forms of exercise and games should be interdicted. Cold
bathing shounld be avoided.

Regularity of meal times must be insisted upon, and a special diet
may have to be arranged. Sometimes the craving for special and often
unsuitable articles of diet and the habit of eating between meals may be
best overcome by ordering relatively small meals at a shorter interval
than usual, say, every three hours. The chief consideration is to get the
patient to ingest a sufficient quantity of protein, and some firmness may
be required in order to overcome the almost invariable dislike for meat
which chlorotics evince. A small but inereasing quantity may have to
be definitely ordered at first. When gastric disturbance prevents the
taking of solid food, milk, with the addition of an equal quantity of
cream, may be advised. This prescription, however, requires super-
vision, as the milk diminishes the appetite for other kinds of food and
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in small doses. The first class are so disappointing that we have long
ceased even to experiment with them. Some of the second class are
more useful, as they do contain a fair amount of iron, and are well borne
by delicate stomachs and intestines, and in very mild cases of chlorosis
they are occasionally useful. Good results have been published with
them, but we have never been similarly fortunate. In a recent case
of very severe chlorosis (reds, 3,000,000 ; heemoglobin, 28 per cent.) we
gave one of these preparations in full doses for a fortmight. The
patient’s general condition did not improve, though she was kept in
bed all the time, and the count and hsemoglobin at the end of the
fortnight were the same. Blaud's pill was then given, and at the
end of the next fortnight the reds were 4,200,000, hamoglobin 63
per cent.

The only condition in which the organic preparations of iron appear
to have a special application is in those rare cases in which we fail to
find an inorganic salt which the stomach will tolerate. They are useful
also in secondary anwemias from chronic intestinal catarrh, and in such
conditions as mucous colitis.

Of the inorganie salts of iron the one which is most used and which
is probably about the best is the carbonate in the form of Blaud's pill
or the saccharated carbonate. A common and good plan is to give
Blaud’s pill as a capsule, of two or three pills strength. It is not
astringent, and is generally well borne. Reduced iron is very useful,
and its small dose is an advantage. It should be obtained free from
sulphur as an impurity, otherwise unpleasant eructations of sulphuretted
hydrogen may result.

The sulphate and perchloride of iron are astringent, and are not well
tolerated by patients with irritable stomachs, but when they can be
taken very satisfactory results may be obtained. The scale preparations
are usually easily taken. Their disadvantage is the small proportion
of iron they contain. The dosage is important, and should be carefully
regulated. The common error is that too little iron is taken. The
equivalent of two Blaud’s pills three times a day after food should
be prescribed to begin with. As long as there is no gastric disturb-
ance one pill may be added every second day till from twenty to
twenty-four per day are being taken. The maximum should then
be persevered with for some weeks, and then gradually diminished
before being left off. The effect of the iron should be noted by
repeated examination of the blood. As long as the percentage of
hamoglobin continues to rise the iron may be continued. If it becomes






CHAPTER XVI
SECONDARY ANEMIA—SYMPTOMATIC AN/EMIA

ANEMIA may arise from a very large number of causes. Symptomatic
anwemia may be divided into—1. Acute post-heemorrhagic anemia, and
2. Simple secondary anmmia.

1. AcuTE PosT-H.EMORRHAGIC ANEMIA

Causes.—Hewemorrhage may take place—

(¢) From wounds in any part of the body ;

(&) From rupture of vessels, aneurysm, or varicose veins ;

(¢) From gastric or duodenal ulcer, cxsophageal or ‘gastrie veins in
cirrhosis of the liver, hemorrhoids, typhoid uleers;

(@) From various parts of the Lody in the bleeding diseases, haemo-
philia, purpura, scurvy, pernicious and other anwemias and leuco-
cytheemia ;

(¢) From the nose or respiratory tract;

(/) From the urinary passages;

(7) From tubal abortion, and a variety of uterine conditions.

Symptoms.—An early sign is pallor of the skin, lips, and conjunetivze.
This pallor isseen before the loss of blood is very great, and is accounted
for in part by psychical conditions. No other condition oceasions so
much anxiety, and there may be great weakness, giddiness, and faint-
ness, subjective sensations of smell, sound, or flashes of light, or even
blindness. There are cold sweats and an increased secretion of urine.
Palpitation is noticed, and is followed by weakness of the heart and
feebleness of the sounds,

The pulse changes rapidly in volume and tension and soon becomes
somewhat irregular, and the pressure is low and volume small. Faint-
ing is often seen at this stage.

Respirations become superficial, and sighing is frequent. There
may be hiccough, nausea, and even vomiting. Symptoms become more

severe owing to loss of fluid. Sweating stops, the skin becomes dry,
10
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without being fatal. Its suddenness, the age and strength of the
patient, are important varying factors,. We had one case of hwmma-
temesis in which the red corpuscles fell to 400,000 per cmm. in two
days, and recovery followed.

The rate of regeneration will depend on the extent of the blood
loss and the age and nutrition of the patient. A moderate hemor-
rhage in a young healthy adult will be made good in a few days,
After most surgical operations in comparatively healthy persons there
is no angemia after ten days.

After very severe or repeated hemorrhage regeneration will require
a month or six weeks, but this would be a modest estimate for weakly
or elderly patients or cases in whom some degree of bone-marrow
exhaustion had supervened. Infants and young children bear hemor-
rhage badly, but in cases which survive, regeneration is particularly
rapid after the first few days,

Treatment.—The first indication is, of course, to arrest the hemor-
rhage by appropriate measures. The symptoms may then be met by
lowering the head, slaking the thirst, and making the patient as com-
fortable as possible. If the hemorrhage has been definitely arrested
a stimulant will do good, and will be most grateful to the patient. It
must be withheld, however, unless death is threatening, in cases where
there is risk of a return of the bleeding.

Severe symptoms due to loss of fluid may be met by bandaging the
patient’s limbs, by transfusion of blood or of physiological saline solu-
tion. It is doubtful if transfusion of blood has any advantage over
saline transfusion, and the latter, being more simple, is to be preferred.

Injections into the rectum may be retained and absorbed and some-
times suffice, but in more urgent cases the transfusion must be into a
vein. Injections are sometimes made into the loose fibrous tissue of the
axilla or elsewhere, but are painful and probably not so efficacious as
the intravenous method,

The after-treatment consists of confinement to bed, eareful dieting,
gince the stomach is often very irritable for several days or even weeks,
such symptomatic measures as may be indicated, and the administra-
tion of iron on the lines suggested in the case of chlorosis (Chap. XV.).

2, SIMPLE SECONDARY ANEMIA
Caunses.—The causes of secondary anmia are very numerous, and
may be grouped as follows :—
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The Blood Changes.—The chief blood changes may be very diverse
according to the nature of the cause, and a special part of this book is
devoted to a description of them from the etiological standpoint. The
changes common to all and representing uncomplicated anwmia are
similar in the main to those of acute hmwmorrhagie anwemia. Poikilo-
eytosis is likely to be more marked. Nucleated red cells are less
numerous, unless just after a fresh haemorrhage in a case of not too long
standing, The leucocyte reaction is also less. In chronic hiemorrhagic
an@mia there may even be lencopenia. In a long standing case there
may be a few myelocytes in the circulating blood.

Significance of the Blood Changes—The diagnostie value of blood
examination may be considerable, Cases of weeping aneurysm, bleeding
piles, and gastric or duodenal ulcer may be cited as examples, and treat-
ment might be influenced after traumatic or other hmmorrhage by a
knowledge of its extent.

The blood count rather than the symptoms may occasionally give a
clue to the diagnosis of many eases of repeated haemorrhage ; and granted
that ansmia of a secondary type is found, careful investigation of
possible sources of hiemorrhage must be made.

Among causes of anemia which are specially common and fre-
quently overlooked arve bleeding piles, menorrhagia or metrorrhagia
duodenal uleer, and worm infections.

¥

Treatment.—After repeated haemorrhages the reaction on the part
of both red and white eells is not so brisk as after a single heemorrhage,
and patients who become anwmic from such causes as bleeding piles,
fibroids, ete., may require careful and prolonged treatment before the
blood returns to its normal condition,

Mikulicz, many years ago, advanced the view that surgical opera-
tions should not be undertaken when the haemoglobin percentage is
less than 30. This is probably as reasonable a general law as can be
laid down in medicine. We can quote one case where hysterectomy
for bleeding fibroids was performed when the hwmoglobin percentage
had fallen to 24. The patient did well. In another case of the same
nature hysterectomy was performed when the red cell count was
2,000,000, hemoglobin 30 per cent. In a fortnight after operation
the red corpuscles numbered 2,900,000, the hwmoglobin amounted to
50 per cent. It should be remembered that in skilful hands hyster-
ectomy is practically a bloodless operation. In chronie gastric and
duodenal ulcers and similar conditions with slowly advancing anwmia,






CHAPTER XVII
APLASTIC AN/EMIA

TH1S condition is characterised by a very marked reduction of red cor-
puscles and an absence of the blood changes associated with regeneration
in the bone-marrow.

Etiology.—The majority of the cases have oceurred in patients under
forty years of age. Under twenty and over forty the condition is much
less common. In the majority of cases there is no discoverable cause,
but the condition has followed bothriocephalus infection, pernicious
angemia, syphilis, albuminuria, and endometritis. A history of severe or
repeated hsemorrhages is common, and it may follow severe septic and
toxie conditions.

Pathology.—There is some fatty degeneration and the usual accom-
paniments of anmmia. The liver and spleen sometimes give a slight
iron reaction. The spleen is generally fibrous, the Malpighian corpuscles
are emall, and cells are scanty in the pulp. The lymphatic glands
contain comparatively few free cells, The bone-marrow, even in the
flat bones, is pale. The marrow in the shafts of the long bones presents
the characters of ordinary yellow marrow, except in some instances for
a few small scattered red islands.

On microscopic examination areas of marrow may show gelatinous
degeneration. In large areas there may be nothing but fat and fibrous
tissue, but in the red islands blood-cells are found; these are for the
most part lymphocytes. A few red cells are seen in scattered areas ;
among them are normoblasts, and, in some cases, a good many megalo-
blasts. Many of them show karyorrhexis and other indications of
degeneration, There is sometimes polychromasia and basophilic
stippling.

Granular cells are very scanty in the marrow, but islands of myelo-
cytes may be found., There are also lymphoid cells showing a transition
from the myeloblast to the myelocyte. Eosinophils are very rare,
Giant cells are scanty or altogether absent in sections. Phagocyles con-
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between aplastic anwmia with a high colour index and pernicious
anemia. The absence or disappearance of nucleated reds in the former
case, and their tendency to increase in the latter case as the disease
progresses, is usually suggestive.

The number of lencocytes is almost always diminished, and certainly
always towards the close of the case. The reduction chiefly affects the
cells of the granular series, except that basophils may be more numerous
than usual. Lymphocytes are always present in high percentages, and
are often the most numerous white cell in the blood. Blood-plates are
diminished in number.

The following cases® may be quoted :—
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Diagnosis.—The diagnosis depends upon the blood examination, but
often cannot be made with certainty during life.

Prognosis.—In many cases aplastic anmmia is simply the terminal
phase of a serious disease. In any case the duration of the condition
1 For cases and references, see Hirschield, Folia Hematologica, xii. 1 Teil, 1911,
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CHAPTER XVIII

SPLENIC AN/EMIA—PHAGOCYTIC ANJEMIA

SPLENIC ANEMIA OR BanTI's DISEASE

THis is a disease of unknown ecausation, characterised by enlargement
of the spleen, ansemia with special blood changes, in the later stages
by cirrhosis of the liver with jaundice, and by an exceedingly chronie
course,

Morbid Anatomy and Pathology.—The naked-eye changes are those
associated with eirrhosis of the liver and spleen, and jaundiee.

Spleen—The capsule is enormously thickened. There is a great
increase of fibrous tissue thronghout the organ. The Malpighian bodies
are atrophied. White cells in the pulp are scanty, and lymphocytes
predominate. There is often a large quantity of pigment either in large
cells or lying free in the pulp, and a large proportion of this gives the
free iron reaction. The arteries are sclerosed and the sinuses are
dilated and engorged with blood.

Liver—The portal spaces show a great increase of fibrous tissue.
The fibrous tissue may spread into the liver substance so that the
lobular arrangement may be destroyed and small groups of cells
may be cut off and strangulated. The fibrous tissue strands show
considerable infiltration with leucocytes. Pigment may be found
in the capillaries and in the endothelial cells. Pigment is scanty or
absent in the liver cells. Some of it, when present, gives the free
iron reaction. <

Lone-Marroiv.—There is usually a certain amount of erythroblastic
reaction and some extension of red marrow into the shaft of the long
hones. Normoblasts are slightly more numerous than usual, and a
few megaloblasts may be seen. Unless there has been some complica-
tion there is but slight leucocytic activity, and the majority of the
white cells are lymphocytes. Giant cells are often scanty, and are
always small and degenerated. Some iron pigment is commonly found

in the leucocytes and endothelial cells,
170
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Kidneys—A varying degree of cirrhotic change has been present in
all our cases.

The pathology of the disease is not understood. It has been
suggested that it is due to some toxin absorbed from the intestine.
Mitchell Clarke suggests the view that it is due to a fatlure of the
eliminative function of the spleen, whereby dead blood corpuscles and
their products are allowed to pass through the spleen and set up
irritation there and later in the liver. These views fail to explain
the improvement that occurs in cases in which the spleen has been
successfully removed. It is more probable, as Rolleston suggests,
that there is a chronic infective or toxic process located in the
spleen,

Sutherland and Burghard! suggest that it is due to loss of vaso-
motor control of the splenic artery, which would account for ‘the
splenic hyperplasia and consequent exaggeration of its function of
removing effete blood corpuscles. The increased flow of blood
through the splenic artery would lead to distension of the arteries
of the stomach and occasional rupture of vessels and h@matemesis.

Symptoms.—The disease affects young adults, and is most common
about the age of thirty. The disease has occurred in more than one
member of the same family, and a variety of conditions such as
malaria have preceded it, but none of these antecedent eircumstances
are sufficiently constant to suggest a causal relationship.

First Stage—At the outset there may be no symptom beyond the
mere presence of an enlarged spleen. Attention may be drawn to this
by pain set up by perisplenitis; more commonly the enlargement is
discovered more or less by accident. Occasionally some weakness
or dyspepsia may be complained of. In one case in this stage a
very remarkable leucopenia was present, although there were no
symptoms of anwmmia, and the red cells looked healthy.

Second Stage—It is usually in this stage that the condition is first
observed. The splenic enlargement is now considerable, and the spleen
may reach below the umbilicus. Anmmia with the usual symptoms
may become a marked feature. Gastro-intestinal disturbance, with
sickness and diarrheea, may become prominent. Hsemorrhages occur
in a large proportion of the cases. These are most commonly associated
with the alimentary canal, but epistaxis and purpura have been noted
with some frequency. '

! Lancet, 24th December 1910.
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Third Stage—The symptoms of cirrhosis of the liver now become
added to the existing anwmia. The liver, and to a less extent the
spleen, tend to diminish in size, Gastro-intestinal symptoms become
marked. Vomiting and hematemesis are common. Jaundice is present
in varying ‘dEgrEE. Aseites becomes a prominent symptom. The ten-
-lency to hemorrhages inereases, the anwemia advances, the lencocytes
diminish, and there is great weakness and prostration. Death is
brought about by a large hemorrhage, or by toxemia or exhaustion,
or some intercurrent complication.

Blood Changes.—In the first stage leucopenia may be the only
alteration in the blood. In the second stage the red corpuscles
commonly number two and a half or three millions. H:emoglobin
is reduced rather more than proportionately, so that the colour index
is low. The index, however, seldom reaches the very low figure
sometimes noticed in chlorosis. In a few cases poverty of hmoglobin
has been the only blood change. There may be some deformity and
alteration in size of the red cells. Normoblasts have been found in
a majority of the cases, and in a few instances megaloblasts appear.
Polychromasia and granular degeneration were a marked feature in
one of our cases,

The white cells are never increased, and in the great majority of cases
are diminished in number. The diminution may be present at an early
stage, and becomes more marked as the disease proceeds. The number
per cubic millimetre may be 500 or even less. In the second stage all
varieties seem to be affected, so that differential counts are not much
disturbed. In the late stages lymphocytes are more affected, and still
later the eosinophils tend to disappear.

In one case we found—
Poly-  Lympho-  Eosing- Baso-  Myelo-

Date. Red Colls. Hb. White Oalls, morphs.  cytes, phils. phils, eytes.
17/3/04 3,848,000 74 2600 57 40 1 1 1
11/5/04 1,840,000 40 8O0 04 6 o S

The glycogen reaction in this case was well marked.

The blood changes often admirably reflect the extremely chronie
character of the disease, and cases have been seen and recorded in which
the blood-picture remained practically unchanged after an interval of

five years.
In those cases in which splenectomy has been successfully performed

the blood has shown those changes which have followed splenectomy
for such conditions as trauma.
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PRIMARY SPLENOMEGALY: (GAUCHER'S DISEASE

This condition closely resembles Banti's disease as regards symptoms
and course., It often affects several members of a family. Hereditary
influence is not so common, but cases oceurring in father and
daughter and in mother and daughter have been recorded. The age
incidence is earlier than in Banti's disease, and it is more common
in females.

Pathology.—The spleen is uniformly enlarged, and sections have
a grey appearance with scattered white patches. Malpighian bodies
are small. The pulp shows a great infiltration with large hyaline
cells measuring 20 to 40 p in diameter, with small nuclei, apparently
endothelial in their nature and probably derived from the reticulum.
Some of the infiltrated areas show necrotic changes. Their distribution
suggests an alveolar arrangement. The liver is also enlarged, and in
its fibrous tissue are groups of cells resembling those found in the
spleen. The lymphatic glands in many instances show fibrosis, and
may show patches where there is an invasion of the “ Gaucher cells.”
The bone-marrow may show similar cells either in groups or scattered
irregularly. These organs contain granules of yellow pigment, some of
which may give the iron reaction. An association with tuberculous
lesions has been noticed, but this is probably accidental.

Symptoms.—The spleen is greatly enlarged. Later, the liver en-
larges and may reach an enormous size. Ascites is very uncommon.
The superficial lymph nodes are not enlarged. Jaundice has been
noticed, but appears to be exceptional. More usually the skin shows
a brown or a peculiar grey discoloration. A brownish-yellow wedge-
shaped thickening of the conjunctiva beginning at the nasal side of the
cornea is described by Brill and Mandlebaum. The temporal side
shows this change at a later stage. Emaciation becomes a marked
feature as the disease advances, but the patient retains a remarkable
sense of comfort and well-being for a surprisingly long period. There
is usually a heemorrhagic tendency. There may be spontaneous hamor-
rhages from such situations as the gums, and bleeding after tooth
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extraction or wounds may give rise to trouble. The blood changes are
often not characteristic, but some degree of anemia always develops
sooner or later. Red cells may be diminished to three millions,
hemoglobin is more reduced, and normoblasts may be found. The
lencocytes are either unaffected or there may be a slight leucopenia.

Diagnosis—A history of several members of a family being
affected, the presence of pigmentary changes other than jaundice, the
early development of enormous enlargement of the spleen and liver,
the late incidence of anwmia, the existence of leucopenia and a tendency
to hamorrhage, the eye symptoms and absence of ascites and of
subjective symptoms, would strongly suggest this condition.

Prognosis.—The course in primary splenomegaly may be very
prolonged. In Gaucher’s own case the spleen had been enlarged for
twenty-five years, The patient may have little discomfort for a very
long time.

Treatment.—General treatment may be carried out on the same
lines as in Banti’s disease. DBrill and Mandlebaum quote eight splenec-
tomies in fourteen cases. Three died as the result of operation, and in
one case the liver continued to enlarge, They doubt whether the
progress of a disease affecting the whole h@mopoietic system can be
benefited by the removal of one organ only; but as more benefit has
followed from splenectomy than from any other measure it is probably
the best treatment at present available.
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PHAGOCYTIC ANEMIA

Van Nuys and Rowley have described cases in which there was
very marked anwemia, apparently due to a very great phagocytosis of
red cells in the circulating blood. All the varieties of leucocytes,
including myelocytes and what were taken to be plasma cells, took
part in the phagocytosis, and leucocytes were ingested as well as red
corpuscles.

In Rowley’s case the type of anmmia varied euriously from day to
day. At one time there were small corpuscles and normoblasts, with
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with blood, and infarctions are commonly noted. The liver and other
organs, as well as the splanchnic vessels, show great congestion. In
a few cases there have been arteriosclerosis and a moderate degree
of cardiac hypertrophy. The blood-pressure is raised in typical cases,
sometimes very considerably. This feature is apparently most marked
in the rare cases in which there is no discoverable splenic enlargement.

As a result of the increased output of red (and sometimes white)
corpusecles there is dilatation of vessels and capillaries and increased
viscosity of the blood. Possibly symptoms may be masked for some
time by an increased arterial blood-pressure, but by the time cases
come under observation there is cyanosis, and sometimes thrombosis,
heemorrhage, or other local circulatory disorders,

Symptoms.—The onset is gradual. Lassitude and headache are
perhaps the earliest symptoms. Dyspepsia, abdominal pain and
tenderness associated with the enlarged spleen, thirst, and constipation
are commonly present, but the condition is compatible in some cases
with great physical and mental activity, and the absence of any but
occasional symptoms. The liver may be slightly enlarged. The
spleen always shows definite increase in size. The degree of enlarge-
ment may vary thronghout the course of the disease.

Cyanosis is the rule, but it may be absent. The degree of blueness
may be intensified by exposure to cold or by emotional conditions. The
mucous membranes show the condition as well as the skin. Hwemor-
rhages from the various mucous surfaces have been recorded.
Vascular engorgement may be seen with the ophthalmoscope. The
blood-pressure is frequently above normal. Slight cutaneous pig-
mentation has occurred in a few cases. A white line may sometimes
be induced by cutaneous irritation, and actual dermatographia has
been noticed.

The condition of the urine varies. It is usually abundant, and
may be clear, but often contains considerable quantities of urobilin,
Albuminuria in varying degree may occur, and is often associated with
the presence of tube-casts.

Blood Changes.—The red cells are increased in number, counts
varying from T to 12 millions per ¢mm. There is no great diminu-
tion in their size, so that counts much larger than 12 millions could
hardly be obtained, although Koester has found 13,600,000 per c.mm.
A few normoblasts have been noted in some of the cases. The haemo-
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globin value may reach 170 or 180 per cent., but the colour index is
usnally below 1. The white cells are practically always increased in
number, Counts of 20,000 to 30,000 are common. The increase is
accounted for by the polymorphonuclear cells, which frequently amount
to more than 80 per cent. of the total. Mpyelocytes are sometimes seen.
In Blumenthal’s case there were 16,000 white cells per c.mm., with
36 per cent. myelocytes. No observations, so far as we know, have
been made on the number of blood-plates. The specific gravity of the
blood is increased. The viscosity is increased in proportion to the
polyeythemia. No constant change in relation to coagulability has
been noted. Cryoscopic examination has given negative results
(Senator, Parkes Weber). The total volume of the blood, as tested
by the carbon monoxide method of Haldane and Lorrain Smith, is
considerably increased.

Course.—Many cases show little change, either for hetter or worse,
for prolonged periods. Complications, apart from intercurrent affections,
are not common, and are usually vasenlar disturbances, Erythromelalgia
appears to be one of the most frequent. Hwemorrhages from mucous
membranes may occur, and after the first shock is over, may improve
the patient’s condition by reducing the blood-count to more normal
figures and lowering the blood-pressure.

Remissions for varying periods have been observed, and on the other
hand sudden exacerbations of the cyanosis are not infrequent. The end
i usually associated with one of these exacerbations, a vascular brain
lesion, or an intercurrent affection.

Treatment.—The same careful régime as would be applicable to
any vascular disorder is indicated in this condition. Stimulants, vaso-
dilators, and those drugs (phenacetin, ete.) which have been known
to cause polycythmmia are all to be avoided.

Drugs such as arsenic and iron, which are capable of stimulating
the bone-marrow, are contra-indicated. Perhaps it would be worth
while to take some steps to diminish the amount of iron in the food.
A diet consisting largely of milk and rice preparations might therefore
be tried.

Subjective symptoms have been benefited both by spontaneous and
therapeutic bleeding. The blood-pressure would perhaps be the best
guide to the advisability of venesection in any given case. A large
number of drugs have been tried. A moderate amount of success
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has followed inunction of biniodide of mercury over the spleen, the
administration of quinine, and the prolonged administration of thyroid
gland or iodothyrin.

Rontgen rays applied over the spleen and long bones have given
inconsistent results. No benefit is to be expected from splenectomy.

LITERATURE

Parkes Weber (Quarf. Journ. of Med., ii. 1908) and Watson-Wemyss
(Edin. Med. Journ., February 1911) give critical reviews, with full references
to date,

METHAEMOGLOBIN EMIA

Etiology.—This condition is caused either by the absorption of
nitrites from the intestine in cases of diarrhcea, or by drug poisoning.
The most common drug to cause cyanosis is acetanilide, which forms
the basis of most “headache powders” in the market. Phenacetin,
sulphonal, trional, veronal, potassium chlorate, and the nitrites may
produce the same effect. Workers in these drugs and also in aniline
dyes are not uncommonly affected.

Symptoms.—In acute cases there may be severe dyspneea with a
certain degree of heart failure; in more chronic cases headache and
prostration may be the only symptoms beyond the cyanosis; in the
intestinal (nitrite) cases there is diarrhcea. Spectroscopic examination
of the blood shows a dark band in the red near the line C, which
disappears, to be replaced by the band of reduced hwmoglobin, on the
addition of a few drops of ammonium sulphide and the application
of gentle heat.

Treatment.—In the acute cases due to drugs, emetics or lavage of
the stomach may be required. The patient should have plenty of fresh
air, and must be kept warm. Cardiac stimulants may be required.
In the chronic cases the drug must be stopped ; in the intestinal cases
the methemoglobinemia will clear up within forty-eight hours on a
purely milk diet, but the symptoms return within four hours after a
full meal. Itis important that diarrhea should not be treated with
subnitrate of bismuth, since certain intestinal bacteria may change
nitrates into nitrites., Fatal cases were reported when this drug was
in use in connection with X-ray diagnosis. Idiosyncrasy may, of
course, play a part in them. The methemoglobinuria disappears as the
enteritis is cured.
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115 per cent. The blood gave spectra of oxyhwmoglobin and sulph-
hemoglobin. H.S was not found free in the patient’s blood, but it
was determined experimentally that the amount of H,S required to
cause an appreciable change in the blood-pigment at body temperature
was far below that which could be detected by chemical means.

Treatment.—Treatment is unsatisfactory. If constipation or gastro-
intestinal symptoms are present they should be dealt with, but it is
open to question whether the intestine plays any direct part in the
production of the condition. Wallis successfully treated one of his
cases with an autogenous vaccine made from the nitroso-bacillus in the
saliva. Similar treatment in another case failed.

H EMOCHROMATOSIS

This rare condition is associated with bronzing of the skin, due to a
deposition of hemofuscin, Part of the pigment contains iron, but in
a more firmly ecombined condition than in hmmosiderin. There 1s
degeneration of the cells of the liver, pancreas, and other organs, and
eirrhotic changes due either to the pigment or to a hypothetical toxin
causing the condition, The late stages of the disease may be associated
with diabetes (diabéte bronzé of French writers).

LITERATURE

Beattie, Journ. of Path. and Bact,, 1903. Roberts, Brif. Med. Journ., 11th
November 1911. Potter and Milne, Amer. Jowrn, of Med. Science, 1912, p. 46.

LipEMIA

This is a rare condition occurring in the course of diabetes mellitus.
It usually affects young adults. The source of the fat in the blood is
most probably the glucose. The condition is associated with acidosis.
The symptoms of diabetes do not appear to be much modified by the
presence of the lipemia. The melting-point of the fat is below the body
temperature, and when cooled the fatty particles are very small. The
condition is diagnosed by the examination of blood-films. The red
corpuscles do not readily form rouleaux, and they are somewhat cloudy
in appearance. Inone of Fraser's cases there was a leucocytosis of 23,000,
In the plasma are numerous particles, highly refractile and showing
Brownian movement. They may be found also in some of the large
lymphoeytes. These particles can, as a rule, be stained with osmie acid






CHAPTER XX
LEUCOCYTH EMIA—LEUK /EMIA

Definition.—A disease characterised by a persistent increase of white
cells in the blood.

Classification. — The disease oceurs in different forms. When
Ehrlich first introduced methods of differential staining of leucocyte
granules he made a sharp distinetion between the lymphoeytes or non-
granular cells, on the one hand, and the neutrophil, eosinophil, and
basophil leucocytes on the other. He regarded all the lymphocytes as
being derived from the lymphatic glands and lymphoid tissues and the
granular cells as taking origin in the bone-marrow.

He therefore divided leucocyth@mia into lymphatic and medullary,
considering the first was a disease of the lymphatie glands and the
latter a disease affecting the bone marrow. Subsequent research has
altered this conception in several directions.

It is now known that all the leucocytes are derived from a common
ancestor, the primitive lencocyte, which so closely resembles the large
lymphoeyte of the blood as to be indistinguishable from it. It has
been pointed out by Pappenheim, Walz, and ourselves that cases of
lymphatic leuksemia may occur without any glandular enlargement.
In these cases the marrow showed marked lymphoid hyperplasia, 1t
therefore became necessary to revise our views, and it was recognised
that while there was a distinetion between lymphatic leukemia and
myeloeythamia, the former, as well as the latter, might be a disease of
the bone-marrow.

But a new difficulty has arisen. Naegeli has made a division of the
large lymphocytes into large lymphoeytes proper and myeloblasts (p. 68).
The latter acquire granules and become pro-myelocytes, then myelocytes,
then polymorphs.

These myeloblasts can only be distinguished by special modern
methods of staining, but the distinction finds confirmation in the
oxydase reaction. Mpyeloblasts give a positive reaction, lymphocytes

do not. But here matters are complicated by Dunn's observation that
108 13
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1. LyMPHATIC LEUCOCYTH.EMIA

Etiology.—The disease is by far most common in children, adoles-
cents, and young adults, It may, however, occur at any age. We have
seen an acute case in & man aged sixty-one, another in a man of seventy-
two, and Bramwell records a case of chronic type beginning at the age
of seventy-eight. The disease is much more frequent in males than
females.

A host of possible causal factors has been suggested, but none of
them have been sufficiently common to amount to more than coinci-
dence. Hmemorrhage has frequently been alleged to be a cause of the
disease, but it is much more likely to have been an early symptom.

Morbid Anatomy and Histology.—The essential feature of the
disease is an overproduetion of lymphocytes which pass into the blood-
stream, infiltrate the various tissues and organs, except the central
nervous system, and lead to interference with nutrition. Hamorrhages
are Very common.

Alimentary Canal—There is sometimes enlargement of the tonsils,
There is an increase of lymphocytes in the walls of the stomach and
intestine, and in some cases their amount is so great as to cause separa-
tion of the tubules,

Heart.—There is gross lymphocytic infiltration of the heart in about
half of the cases. An extraordinary degree of separation of the
muscular fibres sometimes occurs. There is often fatty degeneration
of the heart muscle.

Liver.—The liver may be slightly enlarged. It is often the seat of
very great infiltration. There may be masses of lymphocytes visible to
the naked eye under the capsule and in the portal tracts, The lympho-
eyte infiltration begins in the portal tracts and at the periphery of the
lobules, but may extend up the rows of liver cells, in some cases right
up to the intralobular vein. In extreme cases the liver may be repre-
sented by small islands of hepatic cells lying between masses of invad-
ing lymphocytes. Cells other than lymphocytes are uncomiion in those
areas, but sometimes cells resembling the giant cells of bone-marrow
may be found, and large phagocytic cells ingesting lymphocytes and
red cells are sometimes present.

The liver cells may look healthy but are often fatty. They always
contain a large amount of granular pigment, which gives the reaction
for free iron in the majority of cases. The pigment is chiefly found at
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eytes with a fair number of red corpuscles. The lymphocytes are both
large and small, but in most cases one or other variety seems to pre-
ponderate in overwhelming numbers.

Erythrocytes are generally the next most numerous type of cell
and then myelocytes, but their proportions to the lymphocytes are very
small. Normoblasts are present in small numbers and megaloblasts
are sometimes seen. Giant cells are scanty and degenerated. Iron-
containing pigment is often present. Phagocytosis is usually seen.

Relation of the Morbid Changes to Pathology.—The occasional
absence of infiltration from the alimentary tract and its noderate amount
when present appears to exclude the alimentary canal from any causal
connection with the disease, and we do not find any special tendency
to alimentary disorder in the previous history.

The degenerative changes found in the liver are not peculiar to this
disease. The large amount of iron pigment often found is accounted for
by storage of iron derived (1) from normal corpuscles and not again
utilised by an inefficient marrow ; (2) from hwmorrhages; and (3) from
specially vulnerable corpuscles developed late in the disease. The
evidence afforded by the changes in the spleen suggests that the
accumulation of lymphoeytes in the pulp is due to a passive accumula-
tion there rather than an increased production. On the other hand,
there is strong evidence of destruction of lymphoeytes by the phago-
eytic action of large cells in the pulp and by endothelial cells pro-
liferated from the walls of the sinuses. So many cases have now been
published and seen by ourselves in which the lymphatic glands were
not affected that we believe that they have no primary causal relation
to the disease.

The bone-marrow in all cases shows proliferation of lymphocytes
to such an extent as almost entirely to replace the other varieties of
cells. This change may exist without glandular enlargement, conse-
quently we regard the bone-marrow as the primary and essential seat
of the disease,

It may be noted that patients do not die of the increase of
leucocytes, but rather of the anwemia which coexists or of inter-
current diseases (except in so far as hwmorrhages may be due to
thrombosis of vessels by masses of lencocytes). The anwmia is more
marked in proportion as the condition is more acute, because the avail-
able space for erythrocyte production is rapidly taken up by lympho-
cytes, and the spread in the fatty marrow is a spread of lymphocytes
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heart also slightly, while tonsils, lungs, pancreas, thyroid, suprarenal,
general muscular system, ete., were little affected.  On the other hand,
apart from the profound alteration in the true hiemopoietic organs, the
kidney is almost always affected, though to a very variable extent, and
though the secreting tubules do not suffer to anything like the extent
that they do in pernicious an@mia. The liver is the organ which is most
profoundly affected, and all its functions must be greatly interfered
with by the pressure on its secreting cells which the infiltration causes,

Pathology.—Much interesting speculation has centred round the
question of the cause of the leukiwemic change in the bone-marrow. The
chief points may be briefly recapitulated. The possibilities are that the
proliferation may be due to some chemiotactic intluence, that it may he
of the nature of tumour growth, or that it may be due to some disturb-
ance of the balance of nutrition which either encourages the overgrowth
of lymphoeytes or removes some restraint on their development. Inthe
present state of our knowledge the two latter possibilities may be taken
as one, and the question may be asked whether the condition is simply
a useless overgrowth of lymphocytes, for useless overgrowth is practi-
cally synonymous with tumour in the broad sense in its results, though
the process may be different in origin.

As regards chemiotaxis, it may be taken that they are lymphocytes
in the normal bone-marrow, and that certain toxins (whooping-cough,
smallpox) may cause a chemiotactic inerease of lymphocytes in the
blood.

On the other hand, the following reasons against the chemiotactic
theory may be adduced :—

1. No organismal or other toxin has been found constantly asso-
ciated with the disease.

2. The ordinary channels of entry of infective disease—the ali-
mentary canal and the lungs—show only a slight degree of lymphocyte
infiltration.

3. The function of all the organs in which infiltration takes place
is greatly interfered with. The chemiotaxis known to be associated
with other forms of disease never reaches this extraordinary degree,

4. Lymphocyte infiltration occurs in organs and tissues in which
it seems impossible that it could appear in response to any known
chemiotactic stimulus. We may instance the fatty tissue, the heart
muscle, the pancreas, the thyroid, ete.

5. The more chronic the process the greater the infiltration and the
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disease is cansed primarily by some disturbance in metabolism, of such
a kind that the growth of lymphoeytes is either encouraged or perhaps,
more probably, is not restrained as it is in the normal organism.

‘While we conclude that the bone-marrow is the primary and essential
starting-point of the disease, we have still to consider whether the
infiltration of organs and tissues is entirely due to packing with
lymphoeytes derived from the marrow and deposited by the blood.
The outstanding fact regarding this infiltration is its irregular and ex-
ceedingly capricious incidence both as regards locality and amount. 1In
the lymph glands, germ centres, the normal breeding-places of lympho-
cytes, are inconspicuous or absent. In the spleen the Malpighian
corpuscles are small and sometimes fibrous, and the Peyer’s patches
and other masses of lymphoid tissue throughout the body are inactive.
We do not consider that there is a general hyperplasia throughout the
body in addition to the bone-marrow lesion. The lymphoid tissues are
invaded, and the invading lymphocytes may and do undergo mitosis
and give rise lo a (metaplastic) increase. This is at the expense of
the local lymphoid tissue, as is evidenced by its atrophy.

Pappenheim and Hirschfeld®! have recorded a case of acute
lymphatic leukemia in which there was the usual appearance of
. the marrow, but the lymphatic glands showed hyperplasia of the
follicles. The Malpighian bodies in the spleen were greatly hyper-
trophied and to some extent confluent. The liver showed circumscribed
islands of small lymphoeytes in the fibrous tissue rather than the usunal
diffuse change. They seek to separate lymphatie lenkwmia into two
types—mpyeloplastic and lymphoplastic. In the course of a large
experience of the disease we have never seen a case of the lymph-
adencid or lymphoplastic type. Granting its existence as a change
secondary to the bone-marrow disease, it does not much alter the
conception of the disease we have set out. In our opinion all the
cases which show the typical blood changes of lymphatic lenkemia
have their origin in the bone-marrow, but it must be admitted that the
view that the disease is the expression of a general lymphatic hyper-
plasia is widely held. There is no essential distinction as regards their
pathology between the acute and chronic cases. '

Symptoms.—(a) Acufe Lymphatic Leulwmia.—The onset may be
insidious, but more commonly the initial symptoms are severe. A
slight enlargement of a small group of glands may be noticed, usually

1 Folin Hematologiea, v. 1908,
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before death, and occasionally deafness may come on from hemorrhage
into the inner ear. In one of our cases blindness in both eyes occurred
from hxmorrhage into the vitreous,

Purpuric spots are common. There may be diffienlty in getting
bleeding from a slight skin puneture to stop. A hypodermie injection
may lead to the formation of a heematoma, and a slight knock may
be followed by a large ecchymosis. Hwemorrhagic retinitis sometimes
occurs, and cerebral hmmorrhage is an ocecasional termination. The
urine shows no constant changes beyond those associated with fever.
There is often an increase in the output of urie acid, and albuminuria
may appear. Paralysis of eranial nerves from lymphoid infiltration or
growth about their sheaths is sometimes met with.

The rapid anmemia causes the usual dilatation of the heart with
systolic murmurs, and edema of the feet and legs often appears towards
the end. The pulse is rapid, of poor force, and low pressure. Mental
symptoms are not uncommon. The patient may either become quiet,
stupid and comatose, may merely wander in his talk, or may be
talkatively delirious. He is too weak to be violent. The end may be
hastened by intercurrent diseases, especially by pneumonia and pleurisy.
In one case the occurrence of an extensive dry pneumococcal pleurisy
was the first thing which drew attention to the patient’s condition.

(b) Chronic Lymphatic Lewleemia.—This form is much less common
than acute lymphamia. The onset is always insidious. As a rule
enlargement of groups of glands takes place and increases, sometimes to
an enormous extent. Almost every gland in the body may be increased
in size, and individual glands may be as large as hens’ eggs. Cases
without glandular enlargement, however, have occurred. The spleen
enlarges and reaches an enormous size. The liver, too, increases in size.
For long there may be no other symptoms. The functions of various
organs may be interfered with from the lymphatic invasion. Great
general weakness and anwemia eventually supervene, and the patient
becomes breathless and dyspneeie. Lymphomata sometimes develop in
the skin. They may be small tubercles, or may be as large as a bean.
The larger nodules are most common on the face, The tumours grow
very slowly and have little tendency to break down. DBence Jones'
proteinuria has been recorded in a few cases.!

Many patients go about their usual work apparently little disturbed
in spite of high leucocyte counts, great glandular and splenic enlarge-
ment, and angmia, until the final breakdown comes which carries them

! Boggs and Guthrie, Johns Hopkins Hosp. Bulletin, December 1913,
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most advanced cases there is a disturbance of the marrow leading to the
output of numerous nucleated red cells into the circulation.

Normoblasts are sometimes found in large numbers, even at an early
stage. There may be 500 per e.mm. when the number of red cells has
fallen to 4,000,000, In the later stages megaloblasts are also present
in large numbers, especially in young subjects. The hwemoglobin is of
course also greatly diminished, and the colour index is low in the early
stages of the disease. As the anmmia becomes greater it may rise again,
reaching unity or even exceeding it. This is always associated with a
megaloblastic blood-picture.

White Cells—The leucocyte count is almost always increased. The
numbers reached in the chronic cases are much higher than those found
in the acute cases. In chronic lymphwemia counts of over 500,000 are
not unknown, but in the acute cases the numbers seldom exceed 150,000
per c.mm.

- Much lower counts, however, are the rule in both. Cabot puts the
average in the chronic cases at 100,000, We should be inclined to make
it rather higher, say, 150,000. It is difficult to name an average for the
acute cases, for many of the “acute” cases published have really been
merely the acute terminations of chronic cases, and in them the count
is naturally high. Any “acute” case in literature which has shown
marked enlargement of the spleen should be regarded with suspicion.
In the really acute cases the count is often surprisingly low. We have
several times made the diagnosis with eounts as low as 10,000, and once
with a count of 6800, and have seen these cases die with counts of
17,500, 19,000, 20,000, and 25,000. In one remarkable case, which was
complicated with tuberculosis, the count remained at about 4000 for
several weeks. All these cases showed over 90 per cent. of lymphoeytes,
usually about 98 per cent.

The increased white cell count is entirely due to an increase in
lymphoeytes, either large or small. It has been thought that the
type of the disease could be predicted from the kind of lymphoeyte
preponderating in the blood. Large lymphocytes were supposed to be
characteristic of acute cases and small lymphocytes of chronic. From
the subjoined table, compiled from a set of cases occurring in a given
time, and not otherwise selected, it will be seen that there is absolutely
no general rule in either acute or chronic cases. In either class of ecase
the large or small cells may be in excess; they may be equal in amount,
or there may be so many transitional forms between the two that it may
be impossible to make an accurate differential count. The only point
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Eosinophils are always diminished. In one case we saw a con-
siderable increase in the number of basophils. Blood-plates are
always diminished.

Diagnosis.—Judging from the large number of cases we have seen
diagnosed for the first time in the post-mortem room, and the number
of times we have seen cases wrongly diagnosed, we have no hesitation
in saying that acute lymphatic leukiemia is a much more common
condition than is generally supposed. The diagnosis is perfeetly simple
if the blood be examined. It may be impossible if the condition of the
blood is unknown,

The important point to recognise is that the excess of leucocytes
to begin with may not be very great; but if there be a definite excess,
and the percentage of lymphocytes be over 85, there can be little doubt
of the nature of the case. Stress is to be laid rather on the lympho-
eyte percentage than on the total count. We have seen a somewhat
similar blood-picture in a few cases of tuberculosis, though never with
quite so high a lymphoeyte percentage, and if a real difficulty arose
in this direction a tuberculin test might be applied. The possibility
of the existence of a tuberculous nodule in a case of lenk®mia must be
remembered. The course of the two conditions is so vastly different
that in any case the doubt would not be of long duration. In chronie
lymphatic leuksemia the number of lymphocytes in the blood is so great
that the diagnosis need never be in doubt.

Intercurrent affections may lower the total count, but the percent-
age of lymphoeytes remains high. In the rarer cases in which a poly-
morph leucocytosis is superadded to the lymphocytosis the percentage
of lymphocytes usually remains above 75. The same holds for remis-
gions. Even though the count returns to normal the lymphocytes
will remain at about 75 per cent.

Prognosis.—The disease is uniformly fatal. The chronic cases have
a somewhat precarious expectation of a few years of life, but many are
dead within twelve months. Remissions may, however, occur, with
complete loss of symptoms, diminution of the enlarged spleen, liver and
glands, normal red count and hamoglobin, normal white count, but in
our experience the lymphocyte percentage always remains high.

The acute cases vary considerably, but within narrow limits. Some
cases die within two days of an initial hamorrhage. Perhaps most
commonly the duration of the disease after it has attracted attention






CHAPTER XXI

LEUCOCYTH EMIA—(continued)

2. MYELOCYTH.EMIA

Etiology.—The disease may occur at almost any age, but it is very
much more common between the ages of twenty and fifty than at any
other time of life. A small number of cases have oceurred in infaney,
and a few congenital cases have been recorded (Chap. XXVIL). It is
more frequent in males than females, the proportion being approxi-
mately two to one. Overwork, worry, unsuitable surroundings and bad
food are among the factors which have been supposed to be causal. All
such suggestions are mere conjecture.

Morbid Anatomy and Histology.—The general appearances are
pretty much the same as those of lymphatic leukemia, The alimentary
canal seldom shows any gross lesion, and the microscopic changes are
but slight. An increase of white cells in the submucosa is the main
feature. Intestinal uleers have been noticed in a few instances.

Liver—The liver is considerably enlarged in a fair proportion of cuses.
This is mainly due to a packing of the portal spaces and hepatic capil-
larvies with leucocytes. Sometimes large aveas of liver tissue may be
rendered unrecognisable by the capillary engorgement, and the cells
may be squeezed into thin strands, or may have altogether disappeared.
The cells present correspond roughly to those in the blood. Normo-
blasts are often seen in the capillaries. Giant cells of bone-marrow
type are sometimes present. Large phagocytes ingesting red and
white cells are present in a majority of the cases. Pigment is always
present in moderate amount, and often gives the iron reaction.

Kidneys.—Catarrhal changes are often present. Leucocyte infiltra-
tion, in some cases destroying the tubular structure, is often found.
Giant cells and pigment are frequently present. Deposits of uric acid
are by no means common.

Spleen.—In a few cases the enlargement of the spleen is slight;
200 14
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blood from a leukwmic dog into healthy dogs have failed to transmit
the disease.

For very much the same reasons as those given in connection with
lymphatic leukiemia we regard myelocythxmia as a useless overgrowth
of marrow cells, possibly due to the disturbance of the mechanism
governing cell production—something akin to sarcomatosis. ~ The origin
of the conditions may differ, since a sarcoma always begins locally,
while leukwmia is probably not a localised process in the same strict
sense in the beginning, though possibly the great mobility of the tissue
involved may account for the early diffusion of the process. As
the elements involved are mainly granular cells in myelocythemia,
and as these are more highly differentiated than the lymphoeytes, the
disease is less malignant, and therefore in the great majority of cases
runs a more chronic course than lymphatic leuksemia,

Symptoms.—(a) Chrondie Myelocytheemia.—The disease is usually
well developed before the patient has any idea of its existence.
Attention is often drawn to the condition by some comparatively
insignificant symptom, such as epistaxis, excessive bleeding after tooth
extraction, or a pain in the side. One of our cases was a medical
practitioner, whose first intimation of illness was the accidental dis-
covery of an enlarged spleen. His blood showed 200,000 leucocytes
per e.mm. and a large number of normoblasts.

Even after such a blood finding there may be complete absence of
subjective symptoms for months or years, and the general nutrition of
the patient remains good. Gradunally increasing weakness may be com-
plained of. Pain in the side from perisplenitis, loss of appetite, and
pain and tenderness of the long bones may be complained of. The
patient may begin to lose flesh. The temperature shows variations
which baffle explanation, Some cases are afebrile from first to last,
others may show a temperature of from 100° to 103" for a week or two
at a time, and other cases may show a swinging temperature through-
out the whole course of the illness. Anorexia, nausea, and thirst may
be found. Attacks of diarrheca are not uncommon, and may prove
exceedingly persistent. Stomatitis is sometimes found, especially in
cases with bleeding from the gums. The liver is frequently somewhat
enlarged, but sometimes appears to be small because of abdominal dis-
tension, Ascites may occur as a terminal symptom,

The spleen is always enlarged to some extent and usually very
greatly. It may appear to rest on the left pelvic brim, The abdomen
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after abortion. Symptoms referable to the eye are not common in this
form of leuksmia. Tinnitus, vertigo and deafness, sometimes from
heemorrhage into the middle or internal ear, are more frequently met
with. Transverse myelitis, nerve infiltration, and hwmorrhages have
been found in a small number of cases! An association with osteo-
sclerosis has been recorded in four cases? The terminal stage does
not differ as regards the symptoms from the terminal stage of
lymphocythamia,

(b) Acute Myelocythwmic.—This condition is very rarve, Hirschfeld,
in 1904, could find records of only six undoubted cases, and the number
pow on record iz still very small. (We refer, of course, to cases in
which the preponderating cells are myelocytes with granules. A very
considerable number of myeloblast or “lymphoidoeyte” cases have
been reported as “acute myeloid ” leukamia. As we explained in the
section on Classification we prefer, on eclinical as distinguished from
eytological grounds, to refer such cases to the lymphatic groups.)
Acute myelocythaemia has oceurred at ages between infancy and sixty-
eight. There is no difference in symptoms between this and the chronic
form, except their greater severity and the more rapid incidence of .
angmia. The blood-picture shows variations of the same kind that
oceur in the more common form,

The Blood Changes. — The naked-eye appearance of the blood
has none of the striking characters which are so conspicuous after
death. The blood may look almost normal, but is sometimes more
opaque than usual. A point often noticed is the difficulty in getting
films to spread evenly, owing to the large excess of white cells.

Cases seen reasonably early show no signs of ansemia, and the shape,
size, and staining reactions of the red corpuscles are not altered.

From the outset, however, nucleated red cells in the blood are a
conspicuous feature of the disease in the great majority of eases. They
are usnally numerous enough to be found without any difficulty, but
sometimes they are not to be seen. Normoblasts preponderate in the
majority of cases, but megaloblasts may also be numerous. The greatest
numbers we have seen when the patient first came under observation
were : normoblasts, 35,000 per c.unn. ; megaloblasts, 17,000, In only one
case (a child) have we seen megaloblasts in the majority. The numbers

! Baudonin and Parturier, Revue Newrologigie, 1910.
2 Goodall, Edin. Med. Journ., 1912, and Trans. Med Chirerg. Soe. Edin., xxxi.
1911-12.
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and number of basophils so constantly high. Tomaszewski! has recorded
a case with 303,000 leucocytes per emm. Of these 37 per cent. or
112,110 per e.mm. were basophils,

While the blood-picture in myelocythemia is a very definite one,
there are remarkable differences between individual cases. One may
appear overwhelmingly meloeytic, another may show a specially large
number of eosinophils, and so on. This point may be best illustrated
by the following table showing the result of enumeration and differen-
tial counts of the leucocytes made when the patient first came under
observation :—
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= = - = e =
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T T - - (I T R
_ = = = = -] 3 |3
SRR A
2 A= Z |8 2|2
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8| F. | 21 | 412000 | 24 | 3 i 1 8 83T | 3 1 0O 0
4| M.| 45 | 210,000 | 26 | 7 4 | 1] 7 b 2 1 6| 3
G M| 50205000 58| 0515|0505 |36 as | 05| 3 1
6| F. | 47 | 170000 | 10 | 15 1 I 05 | b G 3 05| 01 0O
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Eosinophil polymorphs . ! A 05, B i
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\ Folia Hematologica, xii. Archiv, 1911, 115.
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leucocytosis ranging about 12,000, with a basophil percentage varying
from 12 to 28 per cent., and an ocecasional neutrophil myelocyte, precede,
by some months, the onset of a typical myeloeytheemia. We have seen
other cases, however, come into hospital suffering from anmmia with
a high percentage of basophils and eosinophils, and in one case a slight
enlargement of the spleen, whose blood, with ordinary treatment, became
absolutely normal, and remained so for some months, until the patients
dropped out of observation.

Prognosis.—Prognosis is absolutely unfavourable. The acute cases
have died in from fourteen days to eleven months. The duration of the
chronic cases is not easily stated, on account of the insidions onset.
Most cases are likely to live for at least six months after they first come
under observation. They probably all die within four or five years.
While there is not the same tendency to complete remission and
apparent return to health as in pernicious ansemia, the progress is not
uniformly downwards. As the result of treatment, and sometimes
without it, remissions may take place. In these the spleen may
diminish in size, sometimes considerably, and the leucocyte count may
drop greatly, even perhaps to normal, although abnormal cells can
generally be found. In other cases the spleen and white count may
remain unchanged, but the weakness and anemia from which the patient
suffered may pass off. Sooner or later, however, the patient relapses.
There is not the same tendency to intercurrent disease of an infections
or inflammatory type as is found in lymphatic leuksemia. This is
perhaps accounted for by the better protection afforded by the large
number of granular leucocytes in the blood,

The fatal termination is generally the direct result of anmmia and
wasting, but a cerebral haemorrhage or hamorrhage from mucous mem-
branes, or attacks of delirium or coma, may immediately precede the end.

Treatment. — Treatment is unsatisfactory. As long as patients
are able to go about and take open-air exercise they should be encour-
aged to do so. Should subjective symptoms of weakness or anmmia
supervene, patients should be kept in bed, and, of course, symptomatic
treatment of various kinds may have to be resorted to. Arsenic is
always worth a trial, given in increasing doses, as in pernicious anw®mia.
In the days before X-rays a fair proportion of cases responded to this
treatment, and remissions followed. Care should be taken to avoid
causing diarrheea, which is not well borne. In some cases arsenic
produces no effect, and need not then be continued. If the colour index
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the neutrophils, basophils, and eosinophils, and their resistance may be
so marked that the blood-picture may at one stage resemble closely that
of a lymphocytheemia. During treatment the blood must be fully
examined at least once a week, for it is possible to carry the process so
far as to exhaust the marrow completely. This has also been proved
experimentally in animals. In one of our cases this was well brought
out. The patient was responding well, was improving in weight, the
gpleen was diminishing, and the whites falling rapidly to normal, Our
resident physician had been counting the whites regularly, but had
omitted to estimate the reds and hwmoglobin for some time. On our
return from a holiday we were struck by the patient’s pallor, and on
examining the blood found that it presented the complete picture of
pernicious ansgemia—reds, 3,340,000 ; hamoglobin, 80 per cent.; colour
index, 12 ; whites, 3430, with a fair number of megaloblasts, while the
normoblasts and myelocytes had disappeared, Stopping the X-rays and
giving arsenic soon restored the reds to a more normal condition. The
accompanying table of this case illustrates the course of events. We
append also the counts of a case refractory to X-rays which died of
pneumonia about six weeks after leaving hospital. It is unnecessary
to quote more of the successful cases; they generally pursue the same
course as that given.
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H“.l”. EID‘:I“'L- IEIdl:'!L Whites.
LR o 00, D00 LI [ 1] A Befors X-ray treatment.,
1400 S, After one exposiure,
2071, O 453, (0 On X-rays thrice weekly.
1012/ A7, (00
241200 277,000 T twion weekiy.
17/80m T f
214 A1, Arsenbo added to X-mys
]:‘Tﬂ H;.'.I.H.'I
i 2 03 (0
S04 10, s
QERRRE 00 IR (21 | 48 | Koot s o
f 2 LR L
:yﬁﬁgg %ﬁﬂ g l'lh; 8,400 Arsenic begun on 125/,
f 11 [[E 5, P
205500 4,340,000 T3 a4 18,080 =
H6m Ty (0,000 B 050 0,300 Discharged from hospital, spleen just
below costal margin.
(many intermediste counts are omitted)

4000 | 5,000,000 | 8 | 071 | TE,000 | Symptomatically well ; went home and
kept well for abounk a year, bat dimd
rather suddenly of poemxmonii.

A. P. (refractory case)
16/211- 2450000 | 40 08 818400 ¢ X-raye begun 152111, and continuwed
twice weekly,
S, oy
117311 e s.lat[m
ﬂfg;“ B0 | Balvarsan Intravenously.
| we | B8T,500

24 1T :’.lia.ﬂr...'ﬂ}

18411 3, D00, D0 52 086 00y, (0 Spleen had not diminished in slze at
| all ; general hiealth rather improved.




[ G 18 TIelred 5 Noeran A8 [ ¥
| | 112l =1 = i 115 nil: F
1l = | PALL L) A A
Y 1 =31t v r MY 1H%, s
1) % = ] ¥
+ 5 oL L ' . ) k| g d P F
L T 1
L L LICE
| BA% : r1end i } r
A0 WILID IO U MOl esil & = §
3 e LD L L A Al - 3 ¥ oY
T ta  no 1 - .
o aTaTa ' : AR
SN L 1lCL 4 LAY el e F E 3
= AL | LERT LRy ¥ L LLs L
4 nere : 1 1 F H § i
LSS 1150, 5 WOTITL 1 CI1A = & ¥




LEUCOCYTHEMIA 221

regarded as a fairly good substitute when the X-ray treatment is
not available.

The only other drug which deserves mention is naphthalene tetra-
chloride. It has occasionally brought about improvement. The initial
dose is 4 gr. thrice daily, in cachets, which may be increased.

In view of the effects of infections on the blood, attempts have been
made to treat cases by the use of vaccines, These have all failed.
Excision of the spleen has done no good in the few cases that have sur-
vived the operation, and as the seat of the disease is in the bone-marrow,
one cannot reasonably expect that splenectomy would be of service. All
operative procedures are extremely dangerous and should be avoided.

3. Mixep ForMs oF LEUK.EMIA

Cases of leucocyth®mia are sometimes met with in which the
blood-picture is intermediate between that of myelocythemia and
Iymphocytheania,

The following case ! may serve as an example :—

Child, aged five. Great enlargement of glands and spleen, retinitis.
Red corpuseles, 2,610,000; nucleated red eells, 4000 per canm.; lenco-
cytes, 240,000 per c.mm.; polymorphs, 16 per cent.; lymphocytes, 54
per cent. ; eosinophils, 9 per cent.; mast-cells, 4 per cent.; myelocytes,
17 per cent.

A few observations on the course of such cases have shown that
they may arise in two ways :—

1. Cases of myelocyth®mia may become “mixed” cases by the
failure of the marrow to elaborate the granular type of cell, or because
the morbid process so accelerates the output of cells from the marrow
that there is no time for the elaboration of the granules. An extreme
instance of such a case is recorded by Wilkinson.®* Patient was suffer-
ing from symptoms of myelocytheemia. The Dblood was typical but for
the presence of nearly 50 per cent. of lymphocytes. In two days’ time
the blood examination revealed a typical lymphatic leukemia.

2. Cases of lymphocytheemia may become “ mixed " cases by the
lymphocyte proliferation acting as a stimulus to the parts of the
marrow as yet unaltered, with the result that a large number of
myelocytes make their appearance, usually accompanied by an inerease
in the number of nucleated red rells in the blood.

I Fowler, Internat. (Tinics, 1903,
! Wilkinson, Lance!, 20th Juns 1903,
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18 usually unaffected. The bone-marrow may be dark red in eolour, but
in many of the bones the fatty marrow appears to be replaced by a
greenish pus-like material.

Twimours—The striking feature of the disease is the presence of
green-coloured tumours, chiefly in connection with the periosteum of
the bones throughout the body, but specially numerous in connection
with the bones of the skull and face. The tumours may be a bright
pea-green on section, but the colour soon fades. They may cause
erosion of bone.

On microscopic examination the infiltrations of organs and the
growths are found to consist of round cells, having in the majority of
cases the general characters of lymphocytes. In some cases, however,
some of the cells show granulations corresponding to the neutrophil or
eosinophil leucocytes. In one case we found very large numbers of
basophils. The microscopic appearances of the organs are in other
respects similar to those found in cases of leukmmia.

The Pigment—Little is known regarding the nature of the green
pigment. It fades fairly rapidly on exposure to air, and has altogether
disappeared from microscopic sections by the time they have been pre-
pared. The pigment is affected by differences in its amount of oxygen.
Dunlop found that the eolour could be restored by the application of
reducing agents. Hall, Hebb, and Bernstein ! found that it was bleached
by peroxide of hydrogen. On the other hand, Trevithick® found that
the green colour was restored by the application of peroxide of hydro-
gen, an observation which we could confirm in one case and not in
another. The pigment is insoluble in aleohol, chloroform, and ether,
It is at least partially soluble in 3 per cent. acetic acid, boiling water,
and possibly boiling aleohol and ammoenia. Pope and Reynolds regard
it as a fatty acid ecombined with iron, )

The pathogenesis of the disease is unknown. This disease affords
strong evidence in favour of the view that the leukesmias are of the
nature of sarcomata. In chloroma there is a useless hyperplasia of the
cells of bone-marrow, These cells pass into the blood-stream and invade
all the tissues and organs of the body. They may give rise to metastatic
growths, and for some unknown reason the metastases seem to have a
selective, though by no means exclusive, affinity for periosteum.

Symptoms.—As in ordinary leukemia, symptoms are not much in

1 Proc. Roy. Soc. of Med., 1909,
2 Lancet, 22nd August 1903,
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Treatment.—Treatment is on the same general lines as that of acute
lymphatic leukemia.

LEUCAN.EMIA

This term was introduced by Leube to denote a condition of the
blood presenting the chief features of myelocythemia and of pernicious
angimia.

The red cells may fall to below one million. The colour index
becomes high, and there are numerous megaloblasts and normoblasts.
The white cells show a large number of myelocytes and lymphocytes,
but eosinophils and basophils are scanty. The qualitative changes may
be seen without any actual increase in the number of lencocytes. In
one or two cases there has been an actual leucopenia, and if a case
were seen at that time there might be ground for a diagnosis of
pernicions an®mia,

In the cases which have been examined after death the general
appearances have been those of myelocythwemia. The liver in a few
cases has shown marked siderosis, which is precisely what we find in
a few cases of myeloeytheemia. The marrow shows a myelocytic re-
action, but lymphocytes are abundant. There is a considerable amount
of megaloblastic change. These appearances might lead one to suppose
that leucaniemia was a mixture of the two conditions, This is so far
true. But it may be pointed out that in nearly all cases of pernicious
anemia there is a myelocytic reaction on the part of the red marrow,
and that in all cases of myelocythwemia the marrow shows a varying
degree of megaloblastic change.

Leucanemia is simply a phase in the course of cases of leukamia,
and illustrates what we have already said regarding the great variability
of the blood-picture in that disease within certain definite boundaries.
It further emphasises the necessity of repeated examinations of the
blood in any atypical or ill-defined case before a conclusion is reached.
‘We have seen the blood-picture of “ leucanemia ™ develop in the course
of cases of myelocythemia as the result of treatment by X-rays or
without apparent cause, and at a later stage the typical blood-picture
of myeloeythemia has returned.

We think the term could with advantage be dropped. It may
indicate a certain symptom-complex which might be understood by the
expert, but he is likely to maintain a healthy scepticism until he has
seen the figures. To the practitioner who has not specially studied the

literature of haeematology the term is likely to be meaningless.
15
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giant cells, and in the later stages there is always a great increase of
fibrous tissue. There is no essential difference between the “hard”
and “soft ” type of enlarged gland. The *soft ” type is the early stage,
the “ hard ” the later one. In the same group of glands the two stages
may be found,

The spleen is fibrons. The Malpighian eorpuscles are present but
are small. Cells of the reticulum and endothelial cells proliferate, and
giant cells of the lymphadenomatous type are generally abundant.
Eosinophils are in varying amount. The nodules in the liver and other
organs consist of lymphocytes. They are surrounded by a reticulum,
and aceording to Adami they develop from the lymphoeytes normally
present in the fibrous tissue of the perivascular sheaths.

‘In most cases there is a moderate inerease of myelocytic activity in
* the bone-marrow, and in many cases a great increase of eosinophils has
been noticed.

The widespread distribution of the lesions is to be explained by their
origin in lymphoid tissue and not by a process of metastasis. The
exciting cause, whatever that may be, seems to alffect lymphoid tissue

“over a large area. The general picture is much more suggestive of a
general irritation than of malignant disease.
~ The actual canse of the disease is unknown. Much bacterial re-
search has been made with the object of throwing light on the subject.
White and Prischer deseribed a spirochste as occurring in the glands.
This has not been confirmed. Frinkel and Much have found a bacillus
morphologically identical with - the tubercle bacillus but not acid fast.
Diphtheroid organisms apparently similar have been deseribed by Negri
and Mieremet.! Bunting and Yates * have alsofound bacteria which they
think identical with those deseribed by Negri and Mieremet. They have
named the organism Corynebacterivm granvlomatis maligni.  Billings
and Rosenow * have isolated an organism in twelve cases—nine in pure
culture—and have had some sucecess with vaccines prepared from
cultures. Attempts to inoculate the disease into animals have all failed
or at least been inconclusive.

Symptoms.—The first indication of the disease is glandular enlarge-
ment. The cervieal glands are more frequently affected than others;
after these in order of frequency are the axillary, inguinal, retroperitoneal,

1 Centralh, f, Bact. 1913.
2 Arch. of Int. Med., xii. 1913.
3 Journ. Amer. Med, Assoc., November 1913,
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up jaundice, which may vary with variations in the size of the glands
and often corresponds to febrile attacks. Jaundice is a fairly common
symptom towards the end. A degree of biliary cirrhosis may be set up.
Either from pressure on the portal fissure or from the growths elsewhere
setting up irritation ascites may occur. It is gemerally serous, but is
sometimes chylous, and in a few instances a pseudo-chylous ascites has
been found. Pressure on the inferior vena cava may canse albuminuria
and cedema of the lower limbs, and pressure on the ureters may interfere
with the excretion of urine. Sciatica and other pains may be set up by
pressure on the nerves of the lumbar and sacral plexuses.

The Livgr—The liver is by no means always enlarged, but in some
cases its size may be considerably increased. The enlargement may
come on suddenly in the course of a febrile attack. Enlargement of the
liver without enlargement of superficial glands may give rise to very
considerable difficulties in diagnosis. Abscess of the liver may be
simulated in febrile cases, and congenital syphilis may be suggested in
a young subject.

The Spleen—The spleen is somewhat enlarged in most cases. It is
nearly always enlarged in abdominal cases, and in a few instances splenie
enlargement may be the outstanding feature of the disease. Symmers
has published a ease in which there was primary lymphadenoma of
the spleen. In this case and in others in which the spleen and
retroperitoneal glands are alone involved the resemblance to splenic
angmia may be very close. Parkes Weber records a remarkable case
in which there was at one time enlargement of superficial glands. At
a later period the glandular enlargement had disappeared, and there was
enlargement of the spleen, ascites, and anwmia with leucopenia. Post-
mortem examination revealed enlargement of thoracic and abdominal
lymph glands. Enlarged glands in the hilus of the liver probably
accounted for the ascites. The diagnosis was confirmed with the micro-
scope. In malarial districts the splenic cases may suggest that disease,

Temperature—In the early stages, except in very acute cases, there
is usually no rise of temperature, but sooner or later fever supervenes.
Three distinct types were distinguished by Gowers—(1) A persistent
mild fever with a diurnal variation of not more than a degree and a half.
(2) A high irregular temperature with morning remissions to 100° F,
This type is especially liable to occur in the later stages, and as it may
then be accompanied by rigors and perspirations, a septic condition may
be closely simulated. (3) An intermittent fever lasting for about ten
days or a fortnight, succeeded by an apyretic interval of about the
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Frg. 25.—Casp 0F Hobokix's DIsEase.

Fig. 26.—SaME CASE, THREE MONTHS LATER.
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their appearance above the left clavicle. One of these was excised
and the diagnosis was confirmed by the microscope. At a still later
stage these glands in their turn disappeared also.

In another case there was obstruction of veins and phlebitis in the
left leg, but these symptoms all cleared up.

Death may be due to an intereurrent affection such as tuberculosis or
pneumonia. Pressure on the trachea or vital organs is said to be the
most usual termination, but in our experience death from asthenia or
intercurrent affections is more common, In the absence of these
contingencies the patient may become very anmmic and cachectic, and
finally die from asthenia.

Diagnosis.—It appears that out of a mass of contlicting evidence
there now stands out with some degree of clearness a definite condition
with pathologieal features as: described by Greenfield, Andrewes, Reed
and Longeope, and it is the condition which we have kept in view in
the foregoing description. In dealing with symptoms we have mentioned
the conditions which may be confounded with local manifestation of
lymphadenoma. We have now to discuss the diagnosis in a more
general way. The first essential in the diagnosis is to make a satis-
factory examination of the blood. The positive evidence in favour of
lymphadenoma may not amount to much, but a whole host of other
conditions may be excluded.

The conditions which have to be distinguished are as follows:—

1. Tuberculosis—The distinction between this and lymphadenoma
may be extremely difficult. Sternberg regards lymphadenoma as a
special form of tuberculosis, and we must confess that of all the cases
we have seen diagnosed clinically as lymphadenoma and afterwards
come to the post-mortem room, a larger number have been tuberculosis
or lymphadenoma complicated with tuberculosis than pure lymph-
adenoma. A large number of cases diagnosed clinically as lymphadenoma
are found to be tubereunlosis when injections of the glands are made
into guinea-pigs. On the other hand, the number of negative inocu-
lations is too large to Dbe ignored. A wvon Pirquet or Koch test, if
negative, would be of some value in excluding tubercle. A positive
reaction would not necessarily exclude lymphadenoma, since the two
conditions are so often combined. An actual lymphocytosis is in our
opinion much more likely to be indicative of tuberculosis than of
lymphadenoma. Excision of a gland makes the diagnosis clear if the
gland in question happens to be typical of either condition, or if



| i ! AF % [
r: o - . -
v T g 1
f
1 | [ !
i [ - \

ATTIEE Lhie Parar: " any 1 i
i il . AL LE nil: LA S I

. el 8 - | R 114" i 3 wl L 1 | L 1 G

1 1] 1 ; a 14l 5 . ey

N0SE CASES | 1 1 141 L]
L 1 i | ! fwtwl - | - | 1} 1] v ] T
E BOET T e TRE - K 9
a e 4] at g Y e
' FT s L L 'l L = 1
e bl i | AT Tk 10T
| | T . i
Dar 1 5 NELI0S] 1 L ]
Y I 1 r 1 r ¥
i ] . T [ | - I

a e safore he 2 A + .

| Tl ] LA 1l ) I




LYMPHADENOMA—HODGKIN'S DISEASE 235

5. Local glandular enlargement due to inflammatory processes,
syphilis, filariasis, ete, may give rize to difficulty. In inflammatory
conditions there is usually an obvious cause. Febrile syphilis may
elosely resemble lymphadenoma. The diagnosis will be determined by
the history, the Wassermann reaction or the luetin reaction of Noguchi,
the incidence of other symptoms of syphilis, and the effect of treatment,
Filariasis will be distinguished by the examination of the blood and of
the gland juices.

Treatment.—The patient should lead an open-air life as long as his
strength permits. He should have good food up to the limits of his
digestion. Arsenic seems to benefit symptoms. Very striking benefit
has followed the exhibition of some of the organic preparations of
arsenic, and we have seen cases in which symptoms disappeared in the
course of a few days after an injection of salvarsan. No permanent cure
has ever been recorded. Surgical interference seems to be useless, and
in some cases one gets the impression that the growth of glands has
been more rapid about the seat of operation than before.

In 1911 we published a case which is of great interest because of
the striking temporary improvement produced by the intravenous injec-
tion of salvarsan (06 grm.). The patient had for some months suffered
from the undulatory relapsing type of fever—ten days’ fever, culminat-
ing on the fifth or sixth day at 103° followed by ten days of normal
temperature, and then again by fever, and so on. At the end of one of
the febrile attacks the temperature continued high. An injection of
salvarsan into the buttock caused very slight improvement for a day or
two, but the fever went on, the patient emaciated, and was obviously
ginking. An intravenous injection at the end of a month of this
brought down the temperature to normal with startling suddenness,
and it stayed down for more than a month. The glands, which had
been swollen, soft, and tender, shrank and became hard and almost
invigible, and the general improvement may be gauged by the fact that
he gained 10 lb. in weight, and walked out of hospital to go to the
country. Soon after, however, the fever returned. Subsequent intra-
venous injections of salvarsan always brought down the temperature
and reduced the size of the glands, but for successively shorter periods,
An intramuscular injection had no effect.

In several subsequent cases we have tried salvarsan, always with
benefit. In one case, a child aged 9, in which the diagnosis had been
confirmed by microscopic examination of an excised gland, the lympho-






CHAPTER XXIII
MULTIPLE MYELOMA

MurtipLE myeloma was first deseribed by Kahler in 1889. The disease
consists in the formation of tumours (either cireumseribed or diffuse) in
the bone-marrow, associated with pain and often with deformity, and in
a large proportion of cases with the occurrence of a peculiar protein
in the urine.

Etiology.—Cases have occurred at all ages between twenty-four and
seventy-two, but it is most common between the ages of forty and
sixty. Trauma has been suggested as a causal factor in a few cases, but
it is difficult to exclude the probability that the injury merely attracted
attention to the illness.

Pathology.—The bones most commonly affected are the ribs, sternum,
cranial bones, and the vertebre. The long bones are less frequently
involved. The tumours are usually circumscribed masses, but diffuse
infiltration also occurs. They may be of any colour from white to
brownish red. Their consistency is usually rather greater than that
of the marrow. The tumour growth may lead to rarefaction of the
bone and spontaneous fracture may result.

Microscopically the picture is an active proliferation of one or other
of the types of cell found in the marrow. The growth presents the
general characters of sarcoma, but while its aggressiveness towards the
marrow is very great, it shows little tendency to involve neighbouring
structures, and does not invade blood-vessels,

As regards finer structure the tumours are not the same in all cases,
and the following have been distinguished :—

1. Lymphocytoma.

2. Myeloblastoma.

3. Myelocytoma.

4. Plasmacytoma.

In addition to these Ribbert has deseribed a case as erythroblastoma,

but, so far, this is an isolated observation.
237
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Pathology.—Apart from changes directly due to hemorrhage, there
is no demonstrable structural lesion to account for the disease. Undue
thinness of vessel walls and a disproportion between the sectional area
of the vessels and the volume of blood are among the conditions which
have been regarded as causal conditions, but these views have been
discarded by almost all recent writers. There is a general consensus
of opinion that the main factor in the production of the disease is a
diminished coagulability of the blood. This is regarded as the sole cause
by most recent observers, but an undue friability of the ecapillaries is
regarded as an additional factor by some writers. There can be little
doubt that friability of the capillaries is a cause of hemorrhage, and
in some people bruising is very easily produced although the coagula-
bility of their blood is normal. But Morawitz and Lossen have given
strong evidence that friability of capillaries is not greater than usual
in h@mophilics. They connected a cupping-glass with a mercurial
manometer and noted the amount of negative pressure which was
necessary in order to produce bruising in normal persons and then
found that just as much suction was necessary to produce bruising in
the subjects of hemophilia. It seems a little difficult to conceive the
amount of damage that may be done to eapillaries in the course of
moderate exertion and exposure to slight external violence if the bruis-
ing that oceurs in heemophilia may be taken as an index of the damage.
We have in view the case of a young hmmophilic who persisted in
indulging in dancing, and who was invariably covered with bruises as a
result. At the same time it seems probable that moderate injury does
cause rupture of capillaries, and that in healthy persons the rupture
is sealed up almost at once by coagulation of the blood, while in hemo-
philics the rupture is followed by a variable and frequently considerable
amount of heemorrhage.

Before discussing the different theories of the pathology of haemo-
philia in more detail it may be desirable to give a brief rdsumé of
modern views on the ecoagulation of mammalian blood in health.

Coagulation of the Blood.—The researches of Morawitz and Mellanby have
done much to throw light on this subject.

When blood clots a soluble constituent of the plasma (fibrinogen) is split
up into an insoluble substance (fibrin) and a small amount of another (soluble)
globulin. The fibrin oceurs in the form of threads, which contract and
entangle the corpuscles, thereby forming a “clot.” This clot contracts and
from it there exudes a clear straw-coloured fluid (serum).

Solutions of fibrinogen do not coagulate spontaneously. A substance
known as thrombin is necessary to bring about coagulation. This substance






HAEMOPHILIA 245

To summarise :

Thrombokinase [ Prothrombin 1
causes the { and to produce Thrombin,
union of Limz Salls j

Thrombin converts fibrinogen into fibrin.
Antithrombin Inactivates excess thrombin.

Howell interprets the interaction of these substances rather differently.
He holds that prothrombin may be converted to active thrombin by the
action of lime alone. This activation does not oceur in the eirculating blood,
because antithrombin is present in sufficient amount to prevent the reaction.
In shed blood the tissue cells or blood-cells and plates furnish a thrombo-
plastic substance which neutralises the action of the antithrombin and thus
permits the ealeium to react with the prothrombin to form thrombin, which
~ In turn reacts with fibrinogen to form fibrin.

Sahli regards hemophilia as a cellular anomaly both of the blood
corpuscles and of the endothelial cells. Blood does not coagulate readily,
because there is a deficiency of thrombokinase in the blood and vascular
endothelium. A elot may form when extravasated blood comes in con-
tact with the tissnes where there is thrombokinase, but in spite of
this clot bleeding may continue because no clot forms in the ruptured
vessels themselves. Normal blood corpuscles have a powerful action in
increasing the coagulability of haemophilic blood, although hwemophilie
corpuscles have much less effect.

Morawitz and Lossen ascribe hiemophilia to a deficiency of thrombo-
kinase in the tissues in general, and find that the addition of thrombo-
kinase to heemophilic blood canses a rapid coagulation.

Weil deseribes two forms of hiemophilia, a family form and an
accidental or sporadic form. In the former he holds that the essential
pathology is an excess of antifibrin ferment (antithrombin), and in
the latter he considers that the error consists in a deficiency of the
constituents of thrombin.

Nolf and Herry consider that the interaction of fibrinogen, pro-
thrombin, and thrombozyme (thrombokinase) with lime gives origin to
fibrin and thrombin, Thrombozyme is not found in tissues generally
but is abundant in leucocytes, blood-plates, and vascular endothelium,
The blood thus contains all the elements necessary for the formation of
elot. It remains fluid in the vessels because the liver produces anti-
thrombin, and in normal conditions there is an equilibrium which
maintains fluidity. In certain intoxications the liver may secrete this
antithrombin in great excess, but this is not a factor in producing
h@mophilia. The cause of hwmophilia is the functional insufficiency
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of thrombozyme., The vascular endothelium plays a large part in
gsecreting thrombozyme, and along with this deficiency there is an
associated friability which accounts for the many slight accidental
hamorrhages in hamophilia which are not accounted for by mere
incoagulability of the blood.

Addis finds that coagulation time is delayed, and that the fault lies
in the slow formation of thrombin rather than in the interaction between
thrombin and fibrinogen once thrombin has been formed. The rate of
formation of thrombin in hsemophilia is unduly slow. He could find
no evidence of the presence of any substance inhibiting coagulation,
It is not possible to obtain as short a coagulation time in h@mophilie
as in normal blood by the addition of any amount of calcium. When
large amounts of thrombokinase were added the coagulation time in
both normal and hamophilic blood became very rapid. When only
small quantities were added the characteristic delay in the case of
he&mophilic blood again became evident. When the amount of thrombo-
kinase in normal and in h@mophilic blood was compared there was no
difference. A deficiency in thrombokinase is therefore not the cause.
There was no quantitative deficiency of prothrombin but a qualitative
difference was found, inasmuch as it showed a very slow rate of change
into thrombin in the presence of calecium and thrombokinase. It was
found that the addition of a very small quantity of normal prothrombin
greatly accelerated the coagulation of hamophilic plasma, whereas the
addition of an equal quantity of h@mophilic prothrombin had no effect.
Addis therefore ascribes hwmmophilia to an inherited anomaly in the
construction of the prothrombin of the blood which reveals itself in the
unduly long time required for its activation.

Addis’s researches go far to explain some of the curious phenomena
of the disease, such as the occasional persistence of bleeding from a small
wound and comparatively slight heemorrhage from a larger wound, and
the fact that bleeding frequently continues although a clot may be
present. When a wound is made blood escapes and fills the cavity.
Thrombokinase from the injured tissues mixes with the blood which is
in contact with the sides of the wound. A layer of fibrin may thus be
deposited on the sides of the wound, but in the more centrally situated
blood the concentration of thrombokinase is not so great. Owing to the
delay in the formation of thrombin this part of the blood is driven out
of the wound before sufficient thrombin has been formed to coagulate it.
It must be remembered that thrombin acts quantitatively, and that
although a small quantity may pass from the periphery of the wound
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towards the centre, it may cause a mere partial loose coagulum through
which blood may trickle, washing away any thrombokinase (which
now reaches it with difficulty through the fibrin layer over the surfaces
of the wound) before it has time to convert the prothrombin into
thrombin.

We consider that delayed coagulability of the blood is probably the
sole factor, and is certainly the most important factor in the production
of hemophilia, and that in our opinion the most convincing view of the
cause of the delayed coagulability is that of Addis.

Symptoms,—The subjects of heemophilia are usually fair, with good
complexions, The muscles are generally not powerful, and there is a
fair but not excessive development of subcutaneous fat.

Prodromal Symptoms—Prodromal symptoms have been described
in many instances as indicating that a hsemorrhage was imminent.
Symptoms of plethora, headaches and palpitation, and a sense of tight-
ness have been deseribed in this connection. Such symptoms are
exceedingly rare. We can recall one case occurring in a student of
medicine who assured us that he could always foretell an attack of
hemorrhage (usually epistaxis) by a feeling of special “fitness” for a
few days previously. :

Hemorrhagic Symptoms—The hemorrhagic symptoms may con-
veniently be divided into external, internal and interstitial, and
synovial.

External Hemorrhages—The external hamorrhages may be spon-
taneous but are more usually associated with wounds. Dy far the
most common spontaneous hwmorrhage is epistaxis. According to
Grandidier the next most common sites in order are the gums, stomach,
intestines, urethra, and lungs. Much less common are hmmorrhages
from the skin of the head, tongue, finger-tips, tear-papilla, eyelids,
external ear, vulva, umbilicus, and scrotum. Most female haemophilics
do not suffer from excessive h@morrhage in connection with menstrua-
tion and parturition, but in some cases the former function leads to a
degree of an®mia which is barely recovered from before the next period
is due.

Traumatic hemorrhages are specially dangerous in hwemophilia.
Fatal bleeding has followed the extraction of a tooth or circumeision.
Long-continued hemorrhage may follow trivial scratches, and a shaving
cut is a contingency which may play havoc with morning engagements.
We knew a hwmophilic farmer who for this reason always shaved on
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of arthritis deformans. Volkmann's contracture is sometimes a sequel
of joint injury.

Blood Changes.—Apart from the delayed coagulation time there is
no change. The number of red corpuscles, white cells, and plates shows
no abnormality until hemorrhage has given rise to an®mia. Owing to
the gradual and prolonged nature of the hazmorrhage leucocytosis is not
often noticed. The proportions of the leucocytes are not altered. In
one of our cases which ended fatally from epistaxis and bleeding from
the gums the red cells on the day before death numbered 295,000 per
canm., the leucocytes numbered 4400, there were 64 per cent. of poly-
morphs and a few normoblasts,

Diagnosis.—Perhaps the family history is the most important diag-
nostic criterion. Another important point is that the hwmorrhage is
generally associated with trauma. Even in the so-called spontaneous
hemorrhages it will be found that it is hardly possible to exclude the
possibility of some force having been applied to the seat of hsemorrhage,
This point will serve in many cases to distinguish the condition from
purpura, in which the hiemorrhages are usually multiple and oecur in
many instances in sites which are not likely to have had pressure or
violence applied to them. A diminished coagulability of the blood
favours the likelihood of hwmophilia.

Mistakes are most likely to arise in connection with the joint
affections, more particularly as the condition is rare. It is important
from the point of view of treatment that a hamophilic joint affection
should not be overlooked. On the other hand, a mistaken diagnosis of
h@emophilia in a case of recurring epistaxis or hwmaturia will have no
ill effect upon the patient, although in course of time it may affect the
reputation of the practitioner.

Prognosis. — This is always grave, especially in young subjects.
After early childhood the risk is less, possibly because the child’s
attendants have learned to take special care; but there is often a
real diminution in the bleeding tendency. The outlock is more
serious in boys than girls. Grandidier states that of 152 boy hamo-
philics, 81 died before the termination of the seventh year. In most
cases the tendency diminishes as age advances, and in many of the sur-
viving cases it has disappeared by the age of twenty or later. On the
other hand, patients with marked hemophilic symptoms have reached
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extract, ergot, adrenalin, turpentine, perchloride of iron, and practically
all the drugs which have any styptic effect.

Serum Treatment.—There is fortunately a consensus of opinion, even
among those who differ regarding the explanation of the delayed coagu-
lation time, that benefit results from serum treatment, which was intro-
duced by Weil. Fresh serum from the horse, rabbit, or man may be
used. Ox serum should not be employed, as it may cause severe symp-
toms of headache, vomiting, rigors, and cyanosis. The serum may be
given by the mouth, but is more effective when administered hypo-
dermically or intravenously. The latter method is to be preferred as
being more efficacions. The injection can be made into a vein without
any damage to tissues, and the puncture is sealed by the elasticity of
the tissues, while a hypodermic injection almost invariably leads to
ecchymosis or the formation of a hematoma., The dose of serum is
20-30 c.c. hypodermically, or 10-20 c.c. intravenously. A reduction
should be made in the case of children.

‘While fresh serum is always to be preferred when it is available,
antidiphtheritic serum, or the horse serum which is now supplied by
several firms, may be employed. It has been stated that even heated
serum which contains no thrombin is of service. Weil holds that the
effect of the serum lasts for about a month. Labbé recommends the
intravenous injection of serum once a month, and says that by this
means the coagulation time can be brought to normal and that surgical
operations may then be performed with safety. Nolf and Herry, while
agreeing that serum does good after it has been absorbed, suggest that
even better results can be obtained by the use of propeptone. This
substance has a double action, according to these authors. If injected
rapidly it stimulates the liver to throw out a large amount of anti-
thrombin, but if injected slowly this stimulation does not occur, but
there is a greatly increased output of thrombozyme (thrombokinase) by
the leucoeytes and vascular endothelium. A subeutaneous injection of
10 c.c. of a 5 per cent. solution of Witte's peptone in 5 per cent. salt
solution may be given on alternate days. This is said to give good
results in cases of rebellious heemorrhage from causes other than hamo-
philia. The advantages of peptone in the matter of availability and in
the ease with which it can be sterilised are obvious. The only danger in
using it is the possibility that it may temporarily increase the severity
of the condition which it is sought to check. So far as we know, Nolf
and Herry’s results have not been confirmed by other writers,

Local Treatment.—The ordinary measures for the arrest of hamor-
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which oceur in heemophilia are not to be regarded as purpuric, since they
are not usually spontaneous and appear to be solely due to a defect of
coagulation.

2. Toxie Conditions—(a) The most frequent cause of purpura is
rheumatism. The extravasations are most common on the legs, less
common on the arms, and rare on the trunk. The h@morrhages are
often associated with other lesions. A case not uncommonly begins
with manifestations of erythema nodosum on the shins, and later,
extravasations occur in connection with the lesions,

Schimlein's Purpuwra—Peliosis Eheumatica.—This condition is asso-
ciated with a multiple arthritis, not infrequently a sore throat, and a
raised temperature which may reach 103° F. The hmmorrhagic rash
makes its appearance on the legs or about the affected joints, and may
be the only skin affection, but more usually there are other associated
skin lesions. The most common of these is urticaria, but vesicles may
oecur, sometimes erythema nodosum, and more rarely large patches of
@dema. The urine is reduced in amount and may be albuminous.
Some cases have been associated with chorea. Prognosis is good, but
there is a tendenecy to relapses.

(b) Septicwmia in all its forms is often associated with purpura.
Any of the exanthemata may show hwemorrhagic rashes, and the con-
tinued fevers and malaria may cause purpura.

(¢) Gastro-Intestinal Conditions—Absorption of intestinal toxins may
give rise to purpura.

Henoch's Purpura—This variety is most eommonly seen in children.
The purpura is often associated with ofher cutaneous lesions such as
erythema. There are sometimes hemorrhages from the mucous mem-
branes. Attacks of abdominal pain, vomiting, and diarrheea are common,
A large number of cases have been recorded in which the purpura was
associated with intussusception. There are sometimes slight pains or
swellings of the joints. Unless associated with a grave abdominal con-
dition prognosis is good, although a few fatal cases have been reported.
Heaemorrhage, nephritis, and exhaustion are the special dangers.
Relapses are not uncommon, the condition tending to reeur for
several years, -

(d) Cirrhosis of the Liver and Joundice—Jaundice of temporary
character is rarely if ever accompanied by purpura. The longer jaundice
lasts the more likely it is to be accompanied by hemerrhage, and there-
fore it is most common with malignant disease either of the liver itself
or in such a position as to cause obstruction of the common duct. The
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Prognosis varies with the cause and severity of the condition,
Cases of purpura fulminans, occurring especially in children, may be
fatal within twenty-four hours, sometimes before there has been any
bleeding from mucous membranes. This contingency, however, is
fortunately rare, and even severe cases with multiple hemorrhages,
albuminuria, and pyrexia usually get well. In favourable cases the
bleeding stops within a fortnight, but a muech longer time may elapse
before the an®mia is recovered from. There may be recurring attacks
of epistaxis after other symptoms have disappeared.

The Blood Changes.—The blood changes are in no way characteristic.
In mild cases there may be no demonstrable change ; in others a marked
an@mia may rapidly ensue, even when there has been no actual hemor-
rhage from mucous membranes. These cases are not easily explained,
since the amount of blood in the skin rashes is very slight, and is indeed
hardly noticeable in transverse microscopic sections of the purpuric spots.
In purpura hemorrhagica the anmmia may be considerable, and the
usgual picture of secondary anmmia develops, varying in the usual way
according to the degree of severity, The leucocyte count may show a
congiderable transient increase soon after the onset in the more severe
cases. If the condition is severe or lasts for any time there may be a
more persistent lencocytosig, and some myelocytes may appear in the
peripheral blood. In the mild forms the lencocyte count is not altered
greatly. In many cases of purpura simplex it tends to be rather low.
Blood-plates are nearly always diminished.

Treatment.—If it can be discovered, the causal condition is to be
dealt with. In all cases it is important to keep the patient at rest in
bed. In the cases of unknown origin anti-rheumatic remedies may
be tried, but are not as a rule particularly successful. In mild purpura
in children arsenic sometimes appears to do good. Oil of turpentine has
a special reputation in this condition. Caleium salts do no good. In
cages where there seems to be a diminished coagulability of the blood
the administration of serum, as in hwemophilia, might be worth a trial.
Adrenalin has been successful in several instances, The results of
h@morrhage may require local treatment.

SCURVY—SCORBUTUS

Definition. — A disease characterised by great debility, a spongy

condition of the gums, anwmia, and a tendency to hwemorrhages.
17
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_gum at parts where teeth are absent. The teeth often fall out. The
breath is very feetid. The appetite is impaired apart from the great dis-
comfort in eating. The tongue is swollen, red, but not as a rule much
furred. The salivary glands may be enlarged. Constipation is the
rule; diarrheea rarely occurs. Palpitation, feebleness, and irregularity

of the heart are common; hwmic basal murmurs are usually present.
- Effusions into the serous sacs are not uncommon. The urine is often
albuminous. Specific gravity is high. Phosphates are increased.
Headache, mental depression and delirium may occur. Convulsions
and hemiplegia have been described. Curions ocular symptoms some-
times oceur. One of the most common is “night-blindness” (nyctal-
opia), patients being unable to see as soon as dusk begins; in other cases
vision is not so good in daylight (hemeralopia).

Hemorrhages may oceur from any of the mucous membranes,
Meningeal hsmorrhage sometimes occurs, Subperiosteal hsemor-
rhages, which may cause sloughing sores, and actual necrosis of bone
are not uncommon. Old wounds may break down, and separation of
the cartilages from the sternum and disintegration of callus in a recently
repaired fracture have been described. Arthritic symptoms are some-
times severe. Fever is usually absent unless there be inflammatory
complications,

The Blood Changes.—The blood changes are not characteristic;
they are those of a secondary anwmemia, of varying degree of severity.
In the severer cases normoblasts and even megaloblasts may be seen.
The lencocytes, owing to the haemorrhages, are generally found to be
increased, but in the absence of recent hmmorrhage or inflammation
they are diminished. Blood-plates are diminished.

Course.—If the unfavourable conditions which induce the condition
persist the outlook is very grave. Heart failure, sudden syncope, or
exhaustion is a common termination. Pneumonia sometimes super-
venes, and is ill-borne. H:wmorrhage is seldom serious. Unless the
disease is very advanced it yields readily to treatment. Effusions, even
when blood-stained, rapidly clear up, and other symptoms quickly dis-

appear.

Treatment.— Prophylaris—Under Board of Trade regulations ships
must carry an adequate supply of lime juice and other antiscorbutics,
8o that scurvy among sailors is now very rare.
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Donath-Landsteiner sequence of cooling and then heating in three cases,
They showed that the cooling of blood containing the normal amount of
Co, did nof lead to lysis on subsequent rise of temperature, but that if
blood was kept for two hours in contact with CO, and slightly cooled, a
marked hamolysis oecurred when the temperature rose. They consider
that the hamolysin is composed of two substances, one absorbed by the
red corpuscles, the other retained by the serum. Hwmmolysis occurs
when both act on the blood corpuseles. The temperature must be over
0° C. and under 37° C.

Mayer and Emmerich made the interesting observation that an
attack precipitated by a cold foot-bath was ushered in by a rigor and
that there was a great increase of blood-pressure, obviously due to a
consfriction of peripheral vessels. They also record an important
observation regarding the source of complement. No free complement
was found in the case of a patient after a spontaneous attack. It was
found that complement could be produced locally by ligaturing one
finger and immersing it in ice-water. No complement was yielded by
the other fingers.

Another view of the condition is that there is no hwemoglobinemia,
and that the hmmolysis is effected in the kidney and the dissolved
h@moglobin is directly excreted. A recent exponent of this view
is Scheidemantel! who failed to obtain hwmolysis by the Donath-
Landsteiner procedure and could never find hamoglobingemia. Achard
and Feuillie® afford experimental support to this view. By the injection
of muscle extracts they obtained hwmoglobinuria without hemoglobin-
emia. There was a considerable number of white cells in the urine,
There iz general agreement that the white cells play no active part
in the production of the condition, but Meyer and Emmerich have
found that the serum of “hmmoglobinurikers ” has an opsonic effect
in increasing the number of healthy red corpuscles taken up by large
Iymphoeytes.

Symptoms.—The attacks may be preceded by rigors and pyrexia;
in other cases the hiemoglobinuria comes on without warning after a
chill or after exertion. The temperature in these cases may be sub-
normal. An attack can often be determined by a cold foot-bath or
general immersion. Vomiting and diarrheea may be initial symptoms.
The hemoglobinuria may last for two days but very frequently only

' Miinch. med. Wochenschr., 1909,
2 Soc. de Biologie, 1909,






CHAPTER XXVII

BLOOD DISEASES IN INFANCY AND CHILDHOOD

For some eonsiderable time after birth the marrow in the shafts of the
long bones remains red; there is therefore comparatively little power
of compensation or restoration without, at least, considerable disturb-
ance of those blood-cells which are concerned in the reproduction of their
species, It therefore follows that hamorrhage is ill borne in children,
and that any demand for an increase of blood is met by a response
which involves the output of nucleated red cells into the circulation.
These are in the first place normoblasts, but megaloblasts are not
uncommonly found, and in rarer conditions nucleated red cells with
little or no ripe hamoglobin.

The same serious significance is therefore not to be attached to
these appearances as to the corresponding blood-picture in the case
of adults,

The white cells are more responsive to stimuli than in adults. A
much larger leucocytosis is to be expected in the case of infections, ete.,
than would be likely to occur in the corresponding conditions in adults.
Due regard must be paid to the leucocyte formula in health. The
normal lymphocyte percentage is high in children, and this tends to
be exaggerated in disease (Chap. X.).

PERNICIOUS ANEMIA AND LEUCOCYTH./EMIA

Pernicious anwmia occurs in infancy and childhood with very great
rarity (see p. 114).
Myelocythemia (granular-cell lenkemia) is also very raret

1 Cases of Myelocythemia in Infancy.—1-6. Hutchison, Lancef, 1904 (could find
only five authentic cases, and adds a sixth). 7. Ginsburg, Inaug. Diss., Zurich, 1905,
8. Zyberlast, Thése de Genéve, 1906-7. 9. Falconer, Lancet, 1906, 10, Ziegler and
Jockmann, Deutsch. med. Wochenschr., 1907. 11. Benjamin, Miinch. Gesellsch. f.
Kinderheilk., 1908. 12. Abt, Arch. Pediatrics, 1908. 13. Leschen and Cleland,
Austral. Med. Congress, Melbowrne, 1908 (congenital case). 14. Babonneix and Tixier,
Archiv de méd, des enfonis, 1909, 15. Dallas, ihid,, 1910. 16. Karsner, Pennsylvanic
Med. Bulletin, 1910. 17. Whipman, Proc. Royal Soc. of Med. (section, Children’s
Diseases), 1911, 18-20. Sternberg, Wien. klin. Wochenschr., 1911 (three cases in
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Pathology.—The spleen is enlarged, there is some overgrowth of
fibrous tissue, and the Malpighian bodies are indistinet. There is
chronic venous congestion, and excess of lencoeytes and nucleated red
cells in the sinuses. The bone-marrow is red and unusunally active.
A fair amount of megaloblastic proliferation may be made out. The
anemia is due to a toxin acting on the blood and bone-marrow, and
the spleen enlarges to deal with the effete red cells and the excess
of leucocytes.

Symptoms.—Onset is gradual. Attention is first attracted to the
condition either by general ill-health, pallor, or signs of some concomi-
tant such as rickets. The children are usually apathetic and listless.
The temperature may be irregular. There is always some wasting,
and there may be great emaciation. Vomiting and diarrhcea sometimes
occur. There may be hwmic cardiac murmurs, and a venous bruit
can be heard in the neck. The abdomen is prominent. Sometimes
there is a little ascites. The spleen is greatly enlarged and may
extend across to the middle line. The liver is enlarged, and in some
instances its lower border is as low as the umbilicus. Lymphatic
glands are not enlarged. There is marked pallor. Sometimes the
skin has a peculiar waxy appearance and may be pale yellow in colour.
Fowler! has noted a slight petechial eruption over the abdomen in
fatal cases.

Blood Changes.—In an extreme case the red cells may be reduced
to a million and a half per cubic millimetre. Hemoglobin is reduced
and the colour index is always low. There is great variation in the
size of the cells, and this is a more striking feature than poikilocytosis,
Polychromasia is a marked feature. The number of nucleated cells
may be remarkable; over 2000 per c.mm. has been noted. Megalo-
blasts may be very numerous. Even more primitive forms and red
cells with mitotic figures and cells with fragmented nuclei are not
uncommon, The number of nucleated red cells has no relation to the
severity of the disease.

Leucocytes—In the great majority of cases the count is greatly
increased and may reach 60,000 per cainm. A striking feature is the
large number of “ transitional ” cells, Fowler's differential counts were
as follows :—

Lymphocytes, 34 to 76 ; average, 50 per cent.

! International Clinies, 1901.






CHAPTER XXVIII

CONGENITAL FAMILY CHOLEMIA
(ACHOLURIC JAUNDICE)

A CONGENITAL disease characterised by icterus, anzmia, and enlargement
of the spleen.

Etiology.—In the majority of cases the disease is a hereditary or
family affection, but there are exceptions. The following types
oceur i—

1. Hereditary and familial. Cases have been reported extending
over four generations and affecting several members of a family in
each generation, Males and females are affected equally, but in some
of the genealogies only one or other sex has been affected throughout.
No instance of an unaffected member of a family transmitting the
disease has been reported.

2. Family cases without history of hereditary transmission,

3. Isolated cases occuring at birth or in infaney.

4. Cases in which symptoms do not appear till early adolescence
or adult life.!

Pathology.—Only a few post-mortem reports appear to have been
published. The liver shows no special change. Fatty degeneration
has been noted in one case. There is no cholangitis unless gall-stones
have been present. The spleen was enlarged in all recorded cases, and
there was perisplenitis. Some fibrosis has been noted, but the chief
change is simple engorgement and pigmentation mainly in the endo-
thelial cells. The kidneys may show pigmentation and slight inter-
stitial change. The bone-marrow in one case was red throughout the
whole length of the femur and in a condition of great activity. The
disease is probably due to a diminished resistance of the red cells,
which may be accounted for by the presence in the plasma of a

! There is reason to suppose that a distinetion should be drawn between the
“*congenital ? or **family " cases and the acquired form. Aschenheim (Folia Hema-
tologica, xi. Teil, 1911, 1) discusses a case in point by the name of “Toxic-hwemo-
lytie Icterus with Splenomegaly.”
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instead of the usual one or two. Nucleated red cells are to be found in
the more severe stages of the disease. These are mainly normoblasts,
but a few megaloblasts may be found.

In one recorded case there were attacks of cyanosis with increase
of the jaundice, and during these attacks the number of red cells rose
from 6,000,000 to 7,600,000, The hmemoglobin is diminished to a
greater degree than the red cells, so that the colour index is low.

The leucocyte count does not show any special abnormality. The
recorded differential counts vary considerably, but that is just what
might be expected in a condition mainly affecting children. Mpyelo-
cytes in small numbers are generally found. Bile is always present
in the blood-serum, but urobilin is not found, and hsemoglobin has been
found in only two cases, and one of these was complicated by paroxysmal
hemoglobinuria. The resistance of the blood to hsmolytic agents
is diminished (see page 46). Whereas normal human red corpuscles
do not undergo heemolysis in salt solutions stronger than 04 per cent.,
the blood corpuscles in this disease may be dissolved in 0°7 or 06 per
cent. salt solution.

Diagnogis.—The conditions which may resemble this disease are
as follows :—

1. Congenital Anenia with Jaundice from Obliteration or Narrow-
ing of the Bile-Ducts—In these cases the liver is enlarged, the urine
is definitely bile-stained. There are often himorrhages. The blood
tends to be megalocytie instead of microcytic, and the resistance to
hypotonie salt solution and other haeemolytic agents is increased rather
than diminished.

2. Hypertrophic Cirrhosis of the Liver.—This affection is sometimes
met with as a family disease. The liver is enlarged, there is jaundice
with bile pigment in the urine, the children are deficient physically
and often mentally. The blood changes are those of somewhat mild
secondary anmia.

3. Congenital Syphilis—The presence of signs of syphilis apart from
those common to the two conditions and the Wassermann or luetin
reaction would distinguish this disease.

4. Pernicious Anemia—Cases of pernicious anemia in infants are
excessively rare. It may be difficult to distingunish it from cases of
acholuric jaundice developing at or after puberty. Cases of what seem
to us clear examples of pernicious anemia have been recorded as
acholuric jaundice. The chief diagnostic point must be the examination
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shows evidence of biliary obstruetion, either through congenital obstruc-
tion or obliterative cholangitis.

In Buchan and Comrie’s cases there were erythroblastic areas in
the liver; the bone-marrow was very active. At the same time there
was evidence of destruction of blood corpuscles by cireulating phago-
cytes and by endothelial cells in the lymph glands and spleen. The
iron reaction was found in the spleen. The disease is probably due
in part to the hemolytic action of the bile and in part to the retention
of toxins which are normally taken up and excreted by the liver.

Symptoms.—The symptoms are jaundice at birth or developing very
shortly afterwards. The urine iz bile-stained, the fmces are acholic.
The liver and spleen are enlarged. Hwemorrhages are common. There
is profound ansmia. Red cells number roughly from 11 to 2} millions,
The colour index tends to be high. The average size of the corpuscles
is increased, Poikilocytes are not specially numerous. Polychromasia
18 very marked, and punctate basophilia is generally present. Nuecleated
red cells are very common, and megaloblasts often preponderate. In
addition to megaloblasts there are numerous cells of a more primitive
type. Cells with mitotic figures and pyknotic nuclei may be found.
There is very marked leucocytosis. The percentages of the different
varieties are not greatly different from the infant formula in health.
Myelocytes are present in fair numbers. FEosinophils are in normal
proportions ; a few show immature (basophil) granules, Some of the
large lymphocytes show evidence of phagocytosis of red cells. The
blood-plates are diminished. The red cells show a high degree of
resistance to hmmolytic agents.

Prognogis—The great majority of cases die within ten months of
birth. A few cases, however, have recovered completely.

LITERATURE

Buchan and Comrie, Journ. of Path. and Bact., xiii. 1909,
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tions of lymphoeytes in the organs, tissues, and museles. The thymus
is enlarged in over 50 per cent. of cases, and death often occurs suddenly
from failure of the respiration or heart. Again, it has been sought to
establish a connection between lymphatism and exophthalmic goitre,
in which the thymus is often enlarged. Mair reports a case associated
with Zenker’s degeneration of the muscles,

Symptoms.—The recognition of the condition during life is difficult,
and the diagnosis is very seldom made. There is pallor. The tempera-
ture is often subnormal. There may be evidence of an enlarged thymus
in the existence of an area of percussion dulness in the region of the
manubrinm sterni, but this dulness is often not well marked. Some-
times the enlarged thymus tends to push down the heart so that the
upper border of the superficial cardiac dulness is lowered. There is
hypertrophy of the tonsils and the lymphoid tissue about the mouth.
Sundry groups of lymphatic glands, especially those about the neck, may
be enlarged. The tongue is large as a whole and the papillie are
prominent, There is sometimes a symmetrical enlargement of the
thyroid gland. The heart sounds are muffled and faint. The pulse
is slow and the blood-pressure is diminished.

The outstanding feature of the condition is the remarkable tendency
to sudden death from apparently trivial or undiscoverable causes. The
occurrence of sudden death (thymus fod) is generally the first intima- -
tion of the presence of the condition. In some cases there has been
stridor for a few weeks. In other instances there have been increasing
attacks of dyspneea, but usually there is simply cessation of respiration
or of the heart without warning. The antecedent circumstances have
been very diverse. Some cases have been found dead in bed. Trivial
occurrences such as a slight burn or a hypodermie injection of diphtheria
antitoxin or of cocaine for local anzesthesia have been followed by death.
In other cases the fatal result has followed a fright or emotional con-
dition or bathing. Particular attention has been attached to those cases
following the administration of a general anmesthetic.

Thursfield has reported a case in which death occurred in his
presence without apparent cause.

“A boy, aged thirteen months, was admitted to the wards with
rickets and tetany. The last was very slight; a fit was said to have
oceurred on the previous day. While I was standing at the side of the
cot the child suddenly sat up, its eyes became fixed, it ceased to breathe,
became very slightly blue, then quite white, and fell back dead. The
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some time during the first three weeks, The more severe the case the
higher and more persistent is the leucocytosis. A favourable case in
any one variety of the disease (simple, anginose, ete.) has a higher
leucocytosis than an unfavourable one of the same variety. Bowie's
highest count in simple cases was 35,000, in anginose cases 43,000.
The polymorphs are increased relatively and absolutely, and may
constitute 90 per cent. of the total.

Eosinophils are diminished at the onset of the fever. They increase
rapidly in simple favourable cases till the height of the disease is past.
They may number 11 per cent. on the third day. FEosinophilia may
persist after the total count has reached normal. The more severe
the case the longer are the eosinophils subnormal before they rise
again ; in fatal cases they never rise, and generally disappear altogether
from the cireulation. The behaviour of the eosinophils may be of
diagnostic value in mild cases. The increase of these cells early in
the disease may help to distinguish it from cases of tonsillitis and
septic conditions,

Klotz! has described diminished staining affinities of the eosinophils
in malignant cases, and in these the leucocytes show a well-marked
glycogen reaction. In complications the leucocytes go through a cycle
of events similar in all respects to that of the primary fever.

According to Tschistowitsch® the blood-plates may be normal or
diminished on the first day of the disease, but thereafter show an
abrupt increase. Complications associated with fever cause a tem-
porary diminution.

Tnclusion Bodies®—In 1911 Dihle deseribed what he called “inclu-
sion bodies” in the leuncocytes in cases of scarlet fever. These bodies
are easily demonstrated in films by any of the ordinary basic stains
(carbol-methylene blue, carbol-thionin, ete.) after fixation. They are
found in the protoplasm of polymorphonuclear cells only, and ave round,
oval, or slightly elongated bodies which closely resemble micrococei
They are probably products of degeneration in the eytoplasm. They
are present in at least 90 per cent. of cases of scarlet fever during the
- first four days. They are sometimes absent in severe fatal cases
After the fourth day they diminish in number, but generally persist
for at least a week. The bodies are also found, though in smaller
numbers, in measles, rotheln, diphtheria, tonsillitis, typhus, ete, and

1 Klotz, Jouwrn. of Infect. Diseaszes, 1904, 404.

2 Folia Hematologica, iv. 205,

3 Bee Granger and Pole, Brit. Journ. of Children’s Idiseases, January 1913, and
M*‘Ewan, Journ. of Path. and Dact., 1914, 456.
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cases have been reported by other authors. The lymphoeyte increase
has been ascribed to irritation of the bronchial lymph-glands, but these
could not possibly supply so large a quantity, and as the polymorphs are
so greatly inereased also in total number, though not in proportion, there
is every reason to believe that both increases are derived from the bone-
marrow, and are chemiotactic in origin,

Influenza. —In a prolonged or severe case there may be slight
anemia. In uncomplicated cases there is no increase of white
cells, and even in cases with slight broncho-pnenmonia the rise may he
absent or ill-marked. This normal count is often of great value in
excluding septic processes when fever is long continued, but gives no
help in the diagnosis from tubercle or typhoid.

Diphtheria.—Slight anemia may occur, less marked if antitoxin be
given early. Sometimes the blood becomes concentrated at the height of
the disease, and the count is higher than normal. The white cells are
usually increased in number ; a common figure is 20,000, In very mild
and very severe cases leucocytosis is commonly absent, The cells causing
the increased counts are the polymorphs. The leucocytosis is practic-
ally unaffected by serum treatment, and it may persist for a short time
after the disappearance of the membrane. The glycogen reaction is not
present unless there be much local inflammation. Blood-plates show a
marked and persistent reduction.

Typhoid.—The red corpuscles during the first two weeks show very
little, if any, change. In the third week a diminution, which may
become considerable, begins. Counts falling below 2,000,000 have
been recorded. As is usual in secondary ansmia, the hwmoglobin loss
18 rather greater than that of the erythroeytes. There may be a
transient slight initial leucocytosis, but in the absence of complications
there is usually none. Almost at the outset an increase of lympho-
cytes, especially of the large forms, begins at the expense of the poly-
morphs. This change becomes progressively more marked, and in the
later stages there is an actual lencopenia. due to a diminution of poly-
morphs. This leucopenia may oceur early. We have repeatedly seen
counts of 4000 in the first week, but it is more usual to have a practically
normal count at that stage. Perforation is usually associated with
leucoeytosis, unless the patient be already profoundly poisoned. Eosino-
phils are diminished, and their disappearance before the third week is
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morph percentage so constantly that the great majority of doubtful
cases may be distinguished in this way. We have, however, seen cases
with counts of 7000 and 8000 at the beginning of illness, but these
developed higher counts when followed up. There are certain cases
of typhoid, moreover, in which there is persistent leucocytosis through-
out, with no discoverable complications, but these are very rare.

Acute enteritis always shows a rather high leucoeytosis, 20,000 to
25,000; and appendicitis, of the type likely to be mistaken for typhoid,
also has usually both a leucocytosis and a definite glycogen reaction.

Typhus.—Recent observations have been made by Love! Slatinéano
and Galesesco,® and Lucksch® The red cells may be increased during
the fever, but an®mia with poikilocytosis soon becomes marked. Leuco-
cytosis is the rule; it may appear before or with the eruption. The
lencocytosis usually increases just before the erisis, and falls on the
day following, but the count does not reach normal till convalescence is
established. The leucoeytosis is mainly polymorphonuclear, but lympho-
eytes are also increased, and in the later stages may reach percentages
of 45 or 50. FEosinophils are diminished, and may be absent in fatal
cases. Blood-plates are increased.

Smallpox.—When the temperature falls a considerable diminution
of red cells is found. Nucleated red cells may be present in small
numbers, especially in heemorrhagic cases. There is leuncocytosis from
the beginning, but it is greatest during the vesicular stage. The
increase chiefly affects the lymphoecytes, which may amount to 60
per cent. Myelocytes of all kinds may occur, and pro-myelocytes
are not uncommon. The blood-picture is the same in all varieties
of the disease, and is not modified by complications. The changes
persist well into the convalescent stage.

Varicella.—There may be a slight polymorph leucocytosis, but the
total count per ecubic millimetre is frequently unaffected. A relative
lymphoeytosis has been noted in the later stages, but is not constant.

Vaccination.—There may be a moderate polymorph leucocytosis,
beginning on the third or fourth day and lasting till the seventh
L Journ. of Poth. and Bact., x. 19035,

¥ Soeidld de Biologie, 1xi. 1906, 85,
3 Folia Haematologica, iv. 1907, 520.
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not in others. FEosinophils were diminished. Seidelin has deseribed
protozoon-like bodies in the blood.

Dengue,—Red cells are not much altered. Leucopenia (diminution
of polymorphs) seems to be constant. There may be eosinophilia late
in the disease.!

Bubonic Plague.—According to Rogers the blood changes met with
are of some practical importance, but are too inconstant to be absolutely
relied on. Hmzmoglobin and red cells are not usually diminished and
may be increased, A slight leucocytosis is generally present in the
first three days, but may be absent later, especially in favourable cases.
The proportion of lymphocytes is frequently but not constantly increased.
Bacilli have been found in films of the blood,

Malta Fever.—Anmmia may be developed. The leucocytes are
usually unaffected or, in the long-standing cases which we see in this
country, may be diminished. The micrococens melitensis can be found
in the blood, and the cocci are agglutinated by the serum of Malta fever
patients,

Anthrax.—Y¥ew observations have been made. Leucocytes increase
to 10,000 or even 50,000, Eosinophils disappear after the fourth
day.

Tetanus.—Red corpuscles are diminished. Luna found leucocytosis
of polymorphie type (20,000-38,000). In all our cases there has been
leucocytosis, but the counts have not been so high. Glycogen reaction
was absent. Cabot in a fatal case found persistence of eosinophils.

Glanders.—Cases with leucocytosis of 13,000 and 16,000 have been
recorded.

Hydrophobia.—Polymorph leucocytosis has been found in man and
animals. Leucocytosis is induced by antirabic treatment, and Franca
has noted an increase (24 per cent.) of mast cells.

Beri-beri.—In an acute case Takasu® found a few normoblasts.

1 Qe Folia Hematologica, iii. 618, and v. 477.
2 Bee Folia Hematologiea, 1. 1904, 501, 502,
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L. Acute Miliary Tubereulosis—The red cells are usually not much
affected, but there may be a moderate degree of anmmia. There is
generally a marked diminution in the number of lencocytes, and the
deerease affects lymphoeytes and eosinophils rather than polymorphs.

2, Aeufe Pnewmonde Phihisis—Patients are generally anemic from
the first or soon develop anemia. The leucocyte count is usually below
normal, and continues low throughout. This low count may be the first
intimation to the attendant that the disease is not the true pneumonia
which it often so closely resembles.

3. Pulmonary Philisis.—(a) In early stages the blood may show
little change, but anzmia of varying degree is common. It is usually
slight, but may be severe enough to give rise to symptoms. These
symptoms, especially in young women, may indeed lead to the real
state of affairs being overlooked, and true chlorosis and tuberculosis
may co-exist. In tubercular anwmia the colour index is very rarely so
low as in chlorosis, and with open-air treatment we have usually found
the blood return to normal in cases that were doing well, without the
necessity of giving iron. The leucocytes are usually diminished in
number, the polymorphs especially being affected. The eosinophils
show no constant change. The glycogen reaction is absent.

(6) In the intermediate stages anmmia is not so constant a feature
as at the outset, and changes in the number of red corpuscles and
percentage of hemoglobin are of more service as an indication of
the progress of the disease. The leucocyte count varies, but leucopenia
with relative lymphocytosis is the rule.

(¢) In advanced cases there is practically always a diminution in
the number of red cells and a proportionately greater reduction in the
percentage of hwmoglobin. Polymorphs become increased and the
total leuncocyte count may be a high one in hectic cases as long as there
is some power of resistance. Iosinophils are greatly diminished or
absent. The glycogen reaction may be well marked. These white cell
changes are the result of the septic rather than the tuberculous infection.

4. Pleurisy—Peritonitis— Pericarditis—Anemia may oceur, but is
not necessarily a feature of these conditions, The white cells are either
unaffected or there is a lymphoeytosis, relative orabsolute. An important
diagnostic point is the absence of any increase of polymorphs which
accompanies inflammations of the serous membranes due to most other
causes.

5, Tuberculous Meningitis—Anwemia advances with the progress of
the disease, but is seldom marked. As distinguished from other forms
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centrifuged, and films are made from the deposit. After drying in air
films should be fixed with absolute aleohol or alechol-ether for from
ten to twenty minutes, or in methyl alcohol for five minutes. Staining
may be carried out by Giemsa's method (Giemsa 1 in 15 for an hour).
Leishman’s method also gives good results after prolonged staining.
Silver methods or any of the methods for demonstrating flagella may
be employed.

A more simple method of demonstration is Burri's. Some of the
deposit is mixed with an equal quantity of a solution of Indian ink
in distilled water, a smear is made on a slide and allowed to dry,
the spirochates stand out white on a dark background. Still another
method is by means of the dark-ground illumination.

Leprosy.—The data are scanty. Anwzmia is not marked until severe
lesions or complications have developed. There is no increase in the
number of leucocytes. There is a relative increase of cells of the
lymphocyte series, The weight of evidence is that eosinophils and
basophils are not increased. The bacilli have been found in the
blood.

Actinomycosis.—Ewing and Cabot report cases with 20,000 and
30,000 leucocytes per c.mim.

Blastomycosis.—In a case affecting the lungs and alimentary canal
we found 3,720,000 red corpuscles, 55 per cent. hemoglobin, and 8200
leucocytes, of which 76 per cent. were polymorphs, 24 lymphocytes. No
eosinophils were seen,

19
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or absorption of septic products in such affections as malignant
endocarditis or puerperal fever the blood changes are profound. The
blood as it exudes looks pale and watery. The plasma is often tinged
with heemoglobin. The fibrin network is increased. The number of
red cells is diminished, and may fall to 1,000,000 per c.xmm. The fall is
often very rapid. We have known the numbers fall from normal to
2,600,000 on the third day after an operation, followed immediately by
sepsis. A proportion of the red cells are often larger than in other
forms of secondary anwemia, and may be larger than normal. This fact
along with the hemoglobinemia would appear to suggest some dilution
of the plasma. There is considerable diversity of size. Poikiloeytosis
is not a marked feature in acute cases but is very conspicuous in chronic
forms.

There is generally a fair degree of diffuse polychromasia. TPunctate
basophilia, though often present, is not such a marked feature. Hamo-
globin is always diminished. The colour index may be very low, the
average being about 06, but in acute cases it is higher, and tends to rise
as the anmemia increases.

Normoblasts oceur with some frequency in acute cases when the
count has fallen below 2,500,000, but are rare with higher eounts and
in chronie cases, Megalolasts may be said not to oceur. The large red
cells which are found, and on whose presence the rise of colour index
probably depends in great measure, do not attain the size of megalocytes,
and the condition of the red cells should not lead to a mistaken diagnosis
of pernicious anwmia. Even in the worst cases the colour index rarely
rises above 08,

Leweocytes—The number of leucocytes varies with the relationship
of the infection to the resistance of the body. As long as the patient
is not overwhelmed by the toxins there will be a leucocytosis. A high
lencoceytosis by no means indicates a favourable termination, but absence
of leucocytosis or, more particularly, lencopenia in a severe case is a
certain indication of a fatal prognosis. The leucocyte increase is caused
by polymorphs. Myelocytes frequently appear, and are of grave signifi-
cance as indicating that the powers of the marrow are becoming
exhausted. The polymorphs show a definite glycogen reaction. Their
neutrophil granules often stain with speecial intensity, but many,
evidently degenerated, will be found in which both nucleus and granules
stain badly.

Eosinophils are always diminished and often altogether disappear.
Blood-plates are usually increased. In a large proportion of cases micro-
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If a single count is valuable, much more valuable is the result of
repeated counts in individual cases. A rising count indicates an
advancing inflammation, a definitely failing count, if the patient’s
condition be improving, means subsidence of the inflammation, but if the
patient be worse, means that he is more poisoned, and generally that
operation has been too long deferred. A stationary lenocytosis often
means that an abscess is being walled off, and it must be remembered
that in these cases the polymorph percentage may not be so high and
glycogen reaction not so marked as one would expect them to be from
the height of the count and from the patient’s condition. In any case,
however, a stationary lencocytosis may be taken as an indication for
operation,

It must be understood that the foregoing only applies to cases in
which there is clinically no doubt of the diagnosis of appendicitis. It
must not be forgotten that acute catarrhal inflammations of the bowel
may often cause a much higher leucocytosis than is usual in appendicitis,
and that pyosalpinx may give rise to exactly the same changes in the
blood as appendieitis, while all the bowel conditions which are likely to
be mistaken for appendicitis, may sometimes cause leuncocytosis. The
blood-plates and fibrin network are increased.

Salpingitis.—What has been said about appendicitis applies to this
condition. The leucocytosis may aid greatly in diagnosing a pyosalpinx
from hydrosalpinx, ectopic gestation, or tubercle.

Abscess.—The leucocyte count is raised in all cases of septic abscess.
The increase is purely polymorphonuclear. In a purely tuberculous
abscess, leucoeytosis, if it exists, is determined by a lymphocyte increase.
When a septic abscess is opened the leucocytosis rapidly diminishes in
most cases, but where acute inflammatory changes persist, as in many
cages of whitlow, the leucocyte increase is correspondingly maintained.
The leucoeyte count with the glycogen reaction is an important guide to
the efficiency of drainage.

Boil and Carbuncle.—The leucocyte count in these conditions is
greatly increased and the polymorph percentage is correspondingly high,
The glycogen reaction is intense.

Osteomyelitis.—Leucocytosis is generally considerable, and is of
diagnostic value. Differential counts show the usual polymorph increase.
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from actual pernicious anemia may then be very difficult. Pain and
tenderness in the bones is generally greater than in pernicious an®mia.

Sarcoma as a rule causes more intense leucocytosis than earcinoma.
In a few cases there is a very marked eosinophilia.

Cancer of the (Esophagus—Owing to malnutrition there is more likely
to be a diminution than an increase of white cells. Anwmia soon
becomes established and acquires the features described above.

Cancer of the Stomach.—Before ulceration occurs leucocytes may be
low as in other malnutritions. After uleeration, when h@morrhage
readily oecurs, there may be very high counts, but one cannot depend
upon these, as the factor of malnutrition seems to remain the pre-
dominating one. There is no definite information to be gained, therefore,
from the blood in the diagnosis between cancer and ulcer. No condition
is more frequently confused with pernicious anmzmia (¢.v.), as the anwmia
resulting from malnutrition, cachexia, and heemorrhage combined is often
Bevere,

Cancer of the Liver and Pancreas—There is always leucocytosis and
the glycogen reaction. This fact often adds to the difficulty in diagnosis
between cancer of the liver and inflammatory and suppurative processes
in and about it, Cancer appears to interfere greatly with the function
of the liver as a destroyer of intestinal toxins, They pass into the general
circulation, probably cause the glycogen reaction and at least part of
the leucocytosis, and very often give rise to fever.

Cancer of the Kidney and Suprarenal—Leucocytosis is practically
always present. - '

Cancer of the Uterus—A slight leucocytosis may be present from
the first. After heemorrhages the counts may be high.

Cancer of the Breast.—As far as the blood is affected this may
be considered as an external cancer, with little change in early
cases. Advanced cases or cases with metastases show typical blood
changes.

Mediastinal Lymphosarcoma.—In many cases leucocytosis is very
slight or altogether absent. Its presence may be of great service in
the differential diagnosis between solid neoplasm and aneurysm,

Significance of the DBlood Changes in Cancer.—The anmmia and
degenerative changes are to be regarded as a measure of the toxmmia,
unless hsemorrhage is a marked feature. Blood regeneration is at a low
ebb in cancer, and does not take place so rapidly or fully as in health.
As a matter of practical diagnostic importance the examination of the
blood in many cases gives disappointing results, but occasionally affords
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distinet relationship between the degree of leucocytosis and the severity
of the operation, but his higher counts were in cases of extensive
abdominal or pelvic carcinomata. The inerease is in the main
polymorphonuclear, but the large lymphocytes may also increase to
a less extent,

DrUGS—PoI80NS— AN ESTHETICS

Hzmolytics.—A large number of substances act as hwmolytic
agents, Their action is not in all cases the same,

1. There is a class which acts by dissolving h@moglobin and liberating
it from the corpuseles. Such substances are distilled water, glycerine, salts
of the bile acids, snake venom, and the serum of animals either naturally
or artificially antagonistic.

3. Another series of substances act as toxic agents to the red corpuscles,
killing them but not necessarily leading to any escape of hemoglobin from
them. Examples of this group are phenyl-hydrazin, toluylen-diamine,
pyrodin, amido-benzoic-ethyl-ether, pyrogallic and chromic acids.

The first group of substances causes the immediate appearance of hemo-
globin in the urine ; the second group may cause blood-pigment to occur in
the urine, but its appearance is delayed, and its amount is never comparable
to that caused by the hwmolytics of the first group. All these substances
also cause leucocytosis. A considerable number of substances which affect
the white cells are referred to in the chapters on Leucocytosis. Such sub-
stances have been employed in experimental work,! but their effects are not
likely to be met with in clinical cases.

Aniline, Nitro-benzene and its Compounds, Acetanilide, Phena-
zonum, and Phenacetin.—All these substances act in much the same
way. In excessive dosage and in cases of idiosyncrasy there may he
eyanosis, and the blood may appear chocolate coloured from the presence
of methemoglobin in the plasma. Anwmia results and is associated
with an increase of polymorphonuclear cells. There may be a brief
primary leucopenia. Eosinophils are diminished. There are the usnal
signs of secondary anm®mia. Polychromasia is specially well marked,
and nucleated red cells are numerous at first. A few myelocytes may
be found. In cases which recover, regeneration of blood occurs very
rapidly.

Salines.—It has been found that saline cathartics, especially if
given in single massive doses, may concentrate the blood to such an

1 See Notl Paton and Goodall, Journ. of Physiology, xxix. 1903, 411.
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Phosphorus.—In chronic cases or in acute cases which survive there
is first an increase of red corpuscles and a decided leucopenia. This is
followed by a slight diminution of the red corpuseles and hwmoglobin,
and some nucleated red cells appear in the blood. At the same time
the lencopenia gives place to a moderate leucocytosis. The leucopenia
is due to diminution of polymorphs, which have been found as low as
5 per cent.

Arsenic.—Arsenical poisoning gives rise to practically the same
conditions. There may be increase of the red cells. This is followed
by their diminution. The leucocytes may diminish, and later they
increase. If the arsenic be continued there is a tendency for the
lymphocytes to increase at the expense of the polymorphs. Atoxyl
has given rise to similar effects.

Stockman and Charteris (Jowrn. of Path. and Bacl., ix. 1903) found that
lead, mercury, and phosphorus first caused an increase of leucoblastic
activity in the bone-marrow with a disappearance of fat. This was followed
by anmmia, and later by gelatinous degeneration. Large doses of mercury
did not cause the increase of red cells that has been found to follow the use
of small doses.

Chloral Hydrate.—After the prolonged use or abuse of this drug
angmia with leucocytosis has been noticed.

Alcohol.—The changes vary. In many cases of delirium tremens
there is a polymorph increase. The same finding is obtained in
alcoholic multiple neuritis.

Quinine.—The hzzmoglobinuria of blackwater fever has been attri-
buted to the action of quinine, but this is not proved. Large doses
cause leucocytosis. Stockman and Charteris found that it did not
affect the bone-marrow.

Opium.—In acute poisoning the blood changes are due to cyanosis,
In opium eaters the blood is not specially affected.

Colchicum.—Dixon and Malden (Jowrn. of Physiol., xxxvii, 1908,
50) found that injections of colchicine caused a transient leucopenia,
followed by a marked leucocytosis.

They found that colchicine caused a polymorph leucocytosis in carnivorous
animals. In herbivora there was lymphoeytosis, followed by neutrophil






CHAPTER XXXIII
DISEASES OF THE ALIMENTARY SYSTEM

Stomatitis.—The blood may be affected by the causal condition. In the
simpler forms there is no change. In parasitic stomatitis there may be
a slight leucocytosis, but counts in uncomplicated cases have been very
seldom made.

Tonsillitis.—In acute cases the red cells are not affected. There is
usually a high leucocytosis accompanied by the changes found in inflam-
matory conditions. In chronic cases there may be a secondary anwemia of
some severity.,

Obstruction of the Esophagus.—Simple and malignant cases alike
do not affect the blood until malnutrition causes a diminution of both
red and white cells.

Gastritis.—In simple cases there is no change. In the severer
cases the blood follows the ordinary course of inflammatory conditions
in general.

Gastric Ulster.—There is always anwmia of secondary type, varying
in degree. After hemorrhage this may be very severe. In one case
which recovered the red cells fell to 800,000 and the h@moglobin to
5 per cent in two days. After hemorrhage the leucocytes may of
course be high, but ordinarily there is no increase, and there is often
leucopenia.

Cancer of the S8tomach.—See Chapter XXXII.

Duodenal Ulcer.—The changes are those found in gastrie ulcer, but
in cases occurring in men in middle life the an@mia may be trifling and
of little help in diagnosis, as it may not exceed that resulting from
chronic dyspepsia,
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also. Lymphocytes were relatively in excess. Cases (1) and (2)
recovered; (3) died suddenly of heart failure a few days after we
saw him,

INTESTINAL PARASITES

KEosinophilia is the striking feature of these infections, but is not
constant., Speaking generally, our experience is that it is found in
cases where the parasites are giving rise to symptoms, presumably by
their toxins, and is absent when they are not.

Nematodes.—Oxyuris Vermicularis—There may be slight anwmia.
Fosinophilia is inconstant. Boycott! found a definite increase of
eosinophils in two-fifths of his cases. DBucklers® has reported eosino-
philia reaching 16 per cent.

Ascaris Lumbricoides—DBlood changes are uncommon. Eosinophilia
may oceur. Bucklers records a count of 19 per cent.

Ankylostoma  Duodenale—Only a small proportion of infected
persons exhibit symptoms. When symptoms do oceur the chief feature
is angemia. The degree of anmmia recorded by different authors varies
considerably. This seems to indicate that there are degrees of severity
among different outbreaks in different parts of the world. Boycott®
regards the an@mia not as a true reduction of the number of red
corpuscles but as a hydramic plethora, a condition which Lorrain
Smith holds to be the essential change in chlorosis. The average
size of the cells is small, the colour index is low, anizoeytosis is only
moderate, normoblasts are infrequent, and megaloblasts rare. Accord-
ing to American authors the an®mia seems to be more severe in
infections both with the old-world hook worm and its American
congener. Red cells may fall below one million, and polychromasia
may be marked. Poikilocytosis may be present, and normoblasts have
been frequently noted. Boycott thinks that the poverty of the blood
in h@emoglobin is proportionate to the number of worms. Leucocytosis
is commonly present, especially in early infections, but when ansmia
has supervened the leucocyte count may be diminished.

In nine-tenths at least of the cases there is eosinophilia. The per-
centage of these cells is commonly about 14, but much higher figures
have been recorded. Lichtenstern found 72 per cent. in one case,

L Brif, Med, Jovrn, 1903,
2 Miinch, med. Wochenschr., 1894,
¥ Lanced, 18th March 1911.
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Gall-Stones.—The condition of the blood will fall into the condition
described in one or other of the paragraphs immediately above where
there is no inflammation. In cases where the passage of the gall-stone,
or its entry into the common duct as a ball-valve, is attended with
rigor and rise of temperature, there is a moderate leucocytosis, with
a high percentage of polymorphs, and sometimes a definite glycogen
reaction. In the ball-valve cases the local pain may be slight, the
jaundice trivial, and they are apt to be mistaken for malaria. The
leucoeyte count should prevent this error.

Cirrhosis.—There is no essential change apart from that due to
jaundice until nutrition is affected. Increasing anwmia of secondary
type then supervenes. The white cell shows no marked change. Their
numbers may be low, due to malnutrition, or may from time to time
be increased, due to toxmmia, more particularly in the hypertrophic
variety, and are increased after hwmatemesis or meliena. Rogers!
in a series of Indian cases found a high leucocyte count to be an
unfavourable sign.

Acute Yellow Atrophy.—This is not associated with anweinia,
but there is a constant leucocytosis, of moderate amount—15,000 to
21,000,

Abscess of the Liver.—The red cells are not affected at first. In
chronic cases there may be severe anmmia. There is generally ieuco-
cytosis. This is absolute in acute cases, but may be only relative in
chronic cases with anemia (Rogers). In acute hepatitis without abscess
lencocytosis is mearly always absent, and may disappear towards the
fatal termination of acute cases. There is said to be a very marked
glycogen reaction in all cases, and the intensity of the reaction is an
indication of the severity of the condition. The blood may give
important indications in the diagnosis between this condition and
malaria.

DISEASES OF THE PANCREAS

In acute pancreatitis there is usually a well-marked leucocytosis.
In chronie pancreatitis lencope nia is the rule.

1 Lancet, 10th August 1912,






CHAPTER XXXIV
DISEASES OF THE DUCTLESS GLANDS

Spleen.—The great majority of the affections of the spleen are due
to disease elsewhere, and there are very few primary diseases of the
spleen in which the blood is affected,

Enlargement of the spleen may be due to the following canses:—

1. Infections, syphilis, tuberculosis, malaria, kala-azar, echinococcus,
and the schistosoma of Japan.

2. Chronic intestinal affections in children, cirrhosis of the liver,
acholuric icterus.

3. Pernicious anmmia, chlorosis, leuk@mia, lymphadenoma, splenic
ansemia, Gaucher’s disease, splenic anmmia of infants, heemochromatosis,
splenomegalic polycytheaemia.

4. Heart disease.

5. Waxy disease, sarcoma, rickets, wandering spleen.

Splenectomy.—A considerable number of cases have accumulated in
which blood-counts have been carried out for prolonged periods after the
operation. In most of these there has been transient enlargement of
lymphatic glands, appearing any time up to eighteen months after
operation. Kosinophilia (3 to 5 per cent. in persons whose previous
numbers had been 0-5 or 1) may occur and persist for weeks or months.
There is usually a slight lymphocytosis, which appears to be permanent
as far as present observations go.

Lymphatic Glands.—Many of the affections of the lymphatic glands
are not peculiar to these structures, although in some cases they may be
the parts primarily attacked. Some gland affections are secondary to
pathological conditions elsewhere. The blood changes are deseribed in
connection with the etiological or primary condition.

Myxcedema.—There is practically always anwmmia, but its degree
varies greatly. In slight cases the red corpuscles do not fall below
4,000,000 per e.mm., but in more advanced instances the number may

be a million less. White cells are usually slightly diminished in number.
an
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but it is usually above the normal in mitral disease when compensation
has failed, and in many conditions of dilatation and chronic strain
(emphysema, chroniec bronehitis) without valvular disease, in which the
compensation is inadequate.

DISEASES OF THE RESPIRATORY SYSTEM

Adenoids.—There is practically always a certain degree of anemia,
characterised by diminished h@moglobin rather than oligocythwemia,
There is usually also some increase in the number of lencocytes, and the
percentage of Iymphocytes is commonly inereased, as in all enlargements
of lymphoid tissue in childhood.

Acute Bronchitis.—Leucocytosis occurs with some frequency but is
not the rule. In those cases where the smaller tubes are involved and
the question of possible pneumonia arises there is apt to be leucocytosis,
so that the leucocyte count alone is not of great value in the diagnosis.
The blood examination in other respects may, however, give important
information (see PNEUMONIA).

Chronic Bronchitis.—In most cases the blood-picture is not disturbed.
Oceasionally, however, one meets with a case showing some increase of
white cells. The explanation would appear to be that in these cases
there is retention of secretion leading to absorption of septie products.

Asthma.—In a certain proportion of cases of true spasmodie asthma
there is a great increase of eosinophil cells in the sputum and a
definite increase of eosinophil cells in the blood. The eosinophilia
appears a few hours before an isolated paroxysm and disappears
rapidly after it, but in cases which are more continuous it may persist.
The eosinophilia leads to a slight increase in the total count, and in
a few cases it 18 accompanied by a moderate neutrophil leucocytosis.
Little is known as to the explanation of the presence of eosinophilia
in some cases and not in others. It does not oceur in cardiac or renal
asthma, or necessarily in those cases due to bronchitis or to latent
tuberculous mischief in the lungs. Tt is almost always present in cases
associated with nasal polypi, and the polypi themselves, and even the
nasal secretion, may contain large numbers of eosinophils, but it is also
found in cases with other nasal defects, such as cedema of the lower
turbinates. Generally speaking, eosinophilic asthmas are those most
likely to be benefited by treatment of the nasal passages.
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increase does not correspond either to the temperature or the amount
of lung involved, but is rather the expression of the resistance of the
patient to the toxin. While the phenomenon is of diagnostic import-
ance, it is probable that it has even more value as a prognostic guide.
Cases with slight symptoms may have no increase of white cells,
but this very rarely occurs. In such cases there is usually a slight
leucocytosiz. On the other hand, cases with very severe symptoms may
show no inerease or more often a diminution of leucoeytes. These are
cases in which the tissues, including the bone-marrow, are overwhelmed
by the toxin before they can react, and they are invariably fatal. In
the great majority of cases there is an increase of white cells, ranging
from 11,000 to 50,000 per e.mm. Our highest count has been 65,000,
but a count of 100,000 has been recorded. Leucocytosis is generally
found when cases first come under observation, so that it iz probably
present from the commencement of the illness. We have found it
present within three hours from the initial rigor. There is little
variation throughout the disease till a day or so before the crigis; the
count then shows a tendency to fall in the favourable cases, but in some
fatal cases the same thing is found. Although the leucocytes may have
begun to diminish before the fall of temperature, they do not reach
their normal number for several days after the crisis, and in cases ending
by lysis their fall may be very gradual. When the leucocytes fall in
number about the time of the erisis but fail to return to their normal
number within three or four days we have an almost certain indication
of some complication such as empyema, toxic nephritis, or pericavditis.

Differential Counts—Up to the crisis there is an increase of poly-
morphs, which may constitute 95 per cent. of the white cells, A few
myelocytes are almost invariably present in severe cases. Transitional
cells and large lymphocytes are also increased absolutely though the
percentage may be low. Small lymphocytes and eosinophils, on the
other hand, are absolutely and relatively diminished. The latter may
disappear altogether. After the erisis the polymorphs diminish while
the large lymphoeytes maintain their numbers for a day or two. The
small lymphocytes and the eosinophils are gradually restored to their
normal numbers. The persistence of eosinophils or their return before
the crisis is a favourable element in prognosis. In the severe cases
with a low leucocyte count the proportional relations between poly-
morphs and lymphocytes may remain unchanged, the polymorphs may
be diminished or increased.

Leucolysis—In no other disease, with the possible exception of
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Pellagra.—In several cases there has been a slight increase of white

cells with a high percentage of lymphocytes. A slight eosinophilia has
also been found.

Mycosis Fungoides.—Slight anmemia with lencopenia, eosinophilia
(+-8 per cent.), and more rarely a slight increase of basophils has
been noticed.

Recklinghausen's Disease.—(Gaillard! found a slight eosinophilia
in a small proportion of cases,

DISEASES OF THE URINARY SYSTEM

Acute Nephritis,—A moderate degree of anemia is usually present,
and it may become severe. There is often a slight polymorph leuco-
cytosis, with diminution of eosinophils at the outset. This is frequently
noticed in nephritis occurring in the course of other diseases, eg.
scarlatina, in which leucocytosis may precede the nephritis, and in
pernicious an@mia. Slight eosinophilia has been found to accompany
the resolution stage.

Chronic Parenchymatous Nephritis.—Anwemia tends to become
severe and hsmoglobin to be greatly diminished, so that the colour
index may be low. The leucocyte count varies probably according
to the amount of uremic poisoning. As a rule the white cells are
diminished.

Chronic Interstitial Nephritis.—There is not the same tendency to
anemia that exists in the parenchymatous variety, nor is lencocytosis
common. In cases with signs of cardiac failure there may be increased
counts due to peripheral stasis, and it should be kept in mind that
hemorrhage diminishes the red cell count while inereasing the
leucocytes, and that uremia may lead to a leucocytosis of some
importance.

Pyelitis.—As in other septic conditions, there is anmmia and poly-
morph lencocytosis. There are certain cases in which temporary blocking
of the ureter occurs, cansed apparently either by swelling of the mucous

! Soe. de Biolog., 1xi. 1906, 563.
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they are of no practical value. The *“extra-cellular” glyecogen is
increased. The white cells are practically unaffected as regards
numbers. Von Limbeck states that there may be an unusually
large digestion lencocytosis. In diabetic coma red cell counts may
be high from cyanosis. The glycogen reaction becomes positive,
and there is usually a leucocytosis. Lipwemia has already been
discussed (p, 191).

Acute Rheumatism.—There is a remarkable increase in the fibrin
network, but the coagulation time is not more rapid than usual, Red
cells are nearly always diminished, but rarely fall below 4,000,000,
Hiwemoglobin is reduced. White cells are always increased, but very
rarely reach or exceed 20,000, 12,000 to 15,000 is the usual count
in uncomplicated cases. The glycogen reaction is absent, a point
which may be of considerable diagnostic value. Organisms are not
usually found.

Chronic Rheumatism.—The blood is unchanged.

Rheumatoid Arthritis,.—In their study of forty-two cases Bull-
more and Waterhonse found a slight degree of anwmia to be almost
always present. Except for the occasional appearance of a few
myelocytes the white cells were normal.

Gout.—In acute attacks fibrin is increased. As in other conditions
in which there is an excess of purins (endogenous or exogenous) in the
blood, urie acid can frequently be separated from the serum by means
of the thread test. Red cells are not affected except in long-standing
and severe cases, which may be anwmic. Leucocytes are usually
unaffected, but may be slightly increased in acute attacks.

Rickets.—Anwmia is frequently associated with rickets, but should
probably be regarded as a consequence of the common cause rather
than a result of rickets per se. In a recent series Finlay found
a complete absence of signs of anmmia in uncomplicated cases, but
there was some variation in the size of the red cells. Enormously
large lencocyte counts have been recorded, but these are to be regarded
as the result of complications. Having due regard to the age of the
patients, it is difficult to say that the leucocytes show any abnormal
features.
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whole process of sporulation takes place in the peripheral blood and
occupies seventy-two hours,

Laverania Malarie—The Estivo-Auwtwmnal Puerasite.—The young
trophozoite is exceedingly small. It soon assumes a delicate ring shape,
and measures about 1 g in diameter, It grows into an oval form,
which becomes pigmented. The red corpuscles may degenerate, some of
them aequiring a curious brassy appearance, and others, in specimens
stained by Leishman's method, showing large irregular red streaks or
dots, known as Maurer's dots. The full-grown schizont measures 45 p.
It is very rarely seen in the peripheral blood. Segmentation takes
place in the spleen and other organs. The merozoites number eight
to fifteen and measure 07 p. Schizogony is completed in from thirty-
six to forty-eight hours.

The gametocytes differ in shape from the schizonts. They are
characterised by being crescent-shaped, and usually show the remains
of a red cell stretched round them.

The macrogametocyte is long and thin and has comparatively dark-
coloured eytoplasm. The chromatin is compact and is surrounded by
pigment. The microgametocyte is shorter and broader, The protoplasm
18 more hyaline, the chromatin more diffuse, and the pigment more
scattered. Flagellated forms are sometimes seen in specimens of blood,
but such forms are properly part of the life eycle in the mosquito.
Possibly their occurrence in films is determined by exposure to air
or artificial conditions. They may be brought out by adding water to
the blood.

It is to be noted that it is common in any type and in any case
in which the parasites are numerous to find two plasmodia in a
single corpuscle.

B. In the Mosquito—Sporogony.—1f the female mosquito in her search
for nourishment for her eggs sucks blood from a person whose circulating
fluid contains macro- and microgametoeytes, a sexual eycle of the para-
site’s life-history begins. The macrogametocyte undergoes reduction by
division of its nucleus and formation of polar bodies. It is now known
as a macrogamete (Fig, 27, '), The microgametocyte undergoes a some-
what similar change. It throws out four to six thread-like protoplasmie
projections. Chromatin masses separate from the nucleus and pass into
these threads in the form of dots and bars. These flagella-like bodies
lash about vigorously, then break off, and are known as microgamefes
(Fig. 27, m'). A microgamete now conjugates with a macrogomete and
the male and female pronuclei fuse and form a zygote—the oikinete.
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spleen, bone-marrow, and liver. Sporulating tertian forms are thus rare
in the peripheral blood, and sporulating estivo-autumnal forms are very
rare. The latter parasite may bring about serious damage by causing
red corpuscles to agglutinate and form thrombi in the vessels of the
brain or internmal organs. During sporulation the parasites liberate
pigment, which becomes deposited, sometimes in large amount, in the
organs where sporulation occurs. = It is also taken up by the leucocytes,
and may be carried throughout the body. During sporulation toxins
are liberated. It follows that the paroxysms of fever are determined
by this phase of the life-history of the parasite. The red corpuscles
destroyed by the parasites, mechanically and chemically, set free a
considerable amount of pigment which is found as hwmosiderin, most
abundantly in the liver, but also in the spleen, kidneys, and bone-marrow.
Death from either quartan or simple tertian malaria is very rare. The
pathological findings include the presence of parasites, malarial pigment,
and blood-pigment in the organs, enlargement of the spleen, and the
conditions usually associated with a toxic febrile affection.

In @stivo-autumnal fever the lesions found may be more severe.
The skin may show a yellowish colour. The intestines may be pigmented
and inflamed, the liver enlarged, soft, and dark in colour. Its capillaries
are dilated, and their endothelium is swollen and pigmented. The liver
cells are compressed and may be necrosed. They contain iron-pigment.
The spleen is enlarged, the capsule is tense, the pulp is soft, the red cells
contain schizonts and erescents. Pigment is present in large lympho-
cytes and endothelinm, The kidneys show pigmentation of the capillary
walls, and parasites are common in the intertubular capillaries. Varying
degrees of nephritis may be found. The bone-marrow may show an
extension of hmmopoietic tissue from the extremities towards the
centre of the shaft of the long bones. It is always pigmented and rich
in parasites.

In chronic malaria and malarial cachexia there are cirrhotic changes
in the organs, and the spleen and liver may be greatly enlarged. The
bone-marrow may become sclervotic or gelatinous,  Parenchymatous
nephritis and waxy disease sometimes supervene.

Symptoms.—The symptoms caused by the three parasites have a
general resemblance, but the course and severity of the different fevers
vary considerably.
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sweating all over the body. The sweat has a characteristic odour. The
pulse, respirations, and temperature fall to normal in about four hours,
The patient generally falls asleep and awakens feeling comparatively
well but somewhat weak.

In the apyrexial interval, which lasts about thirty-six hours, the
patient’s temperature may be submormal. The blood shows developing
paragites and various changes in the cellular elements, to be deseribed
later. The fieces show an increase of iron and bile produets. During
the attack the urine is at first increased in quantity, It is dark coloured
and very acid in reaction. Nothwithstanding the increased quantity, the
specific gravity is increased, due to more rapid metabolism and a conse-
quently greater output of solids. Nitrogen, chlorides, and sulphates are
increased. Phosphates are diminished during the attacks. Urobilin
may be increased, Albuminuria sometimes occurs. The diazo-reaction
is occasionally obtained. During the intermission the quantity of urine
falls, but there is still an increased output of solids. The output of
phosphates is now increased. Sulphates remain abundant., Chlorides
are diminished. Iron is markedly increased.

Dhuring convalescence there may be very marked polyuria.
Course—Tertian malaria tends towards a spontaneous cure after
several paroxysms. The incidence of the attacks varies both as regards
geverity and time. Anticipating attacks sometimes oceur. In these
there is a shortening of the apyrexial interval. Lengthening of the
interval is referred to as retardation of the attacks, and is generally
due to the exhibition of quinine, but may be due to weakening of the
parasite from gome other cause.

(b) Double Tertian Fever—This condition is due to infection with
two broods of parasites which mature on different days. As sporulation
of one or other oceurs every day, the result is a quotidian fever, Asa
rule the attacks begin at the same time each day, but the attack due to
one brood may be later than the other. The attacks may not be of the
same severity, but if untreated the weaker tends in time to equal the
more severe. In a double infection the duration of the individual
paroxysm is usually shorter. Double tertian fever may also arise
through anticipation of a simple tertian infection,

(c) Jrregular Tertian Fever.—Different broods of parasites may
sporulate at different times on the same day, and an almost continuous
fever may result.
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absent. The hot stage is associated with severe headache and pains in
the back and limbs. Gastro-intestinal disturbances are common, and
there may be jaundice. The temperature rises rapidly to 104° or
105° F., and remains high with slight oscillations. There is often a
considerable fall just before the erisis (pseudo-erisis). The temperature
then reaches its highest point (precritical) and the sweating stage and
a rapid fall (crisis) supervene. The temperature generally remains
subnormal till the next attack. The duration of the paroxysm is often
about twenty-four hours. The duration of the attack in hours deducted
from forty-eight will give the length of the interval.

(b) Double Subtertian Fever.—This is due to a double infection,
leading to a quotidian fever. The attacks are usually comparatively
short (six to twelve hours).

() Jrregular Subtertion Fevers—A multiple infection may lead to a
continuous fever, with exacerbations when a numerous brood sporulates.
Remittent fevers may arise from prolongation of ordinary paroxysms,
so that one attack is not over before another occurs, A remittent type
of fever may oceur as the result of anticipating attacks. These fevers
are often associated with sleeplessness and delivinm, In some cases
the condition may resemble typhoid and in others there may be
hiemorrhages. A scarlatiniform rash may oceur.

Bilious remittent fever is a type associated with jaundice, bilious
vomiting, and sometimes bilious diarrtheea.  The stomach and liver may
be very tender. Symptoms may subside, but vomiting, hematemesis,
hiccough, sometimes epistaxis and other hamorrhages oceur, and the
temperature rises greatly and coma and death supervene.

(d) Pernicious Malaria.—Specially severe symptoms may arise cither
from a very severe infection, causing a marked general toxemia, or from
a special accumulation of the parasites in some particular organ, deter-
mining severe local symptoms. In either case a high mortality is the
result. Several types have been described.

Algid Perndcious Malaria.—This is a very serious condition in
which the patient appears in a condition of collapse. The features are
sharp, the lips blue, the pulse rapid and of very low pressure, the gkin
cold and clammy. Coma supervenes, and death generally oceurs in a
few hours.

Diaphoretie Pernicious Malaria.—In this type the sweating stage may
be so marked that the bed and tloor may be saturated with perspiration.
The patient becomes exhausted, and death from collapse is common.

Hemorvhagic Peraicious Maloria—This form is associated with






MALARIA OR AGUE 337

found in the blood although symptoms are absent. The parasites are
usually crescents, which, according to Ross and Thomson, persist by
constant regeneration but do not live long individually.

Sexual forms do not cause fever.

The Blood in Malaria.—The parasites inhabit the red corpuscles
and may be seen in fresh specimens. The movements of the parasites
and of their pigment readily attract attention, particularly in tertian
fever, the Plasmodium vivax being specially active. The finer structure
of the parasite can only be determined in stained specimens. Thin
evenly-spread films give the best results, but if a mere rapid diagnosis
is required, then the method introduced by Ross may be employed.
Many variations in the technique have been suggested.

1. A large drop of blood is spread out on a slide and allowed
to dry in air or slightly heated. The film is then covered with an
aqueons solution of eosine and stained for fifteen minutes. It is
next washed gently and the red corpuscles lose their hsemoglobin,
The film is then stained for a few seconds with alkaline methylene
blue, washed, dried, and mounted. Or the alkaline methylene blue
may be used in véry dilute solution, and the stain correspondingly
prolonged.

3. Another method is fixation in absolute aleohol, dehiemoglobiniza-
tion with 1 per cent. acetic acid, and subsequent staining; or fixation
may be carried out with acid aleohol (5 per cent. acetic acid in absolute
aleohol).

3. Films may have their hemoglobin washed out with water and
then staining is effected with Leishman’s dye.

4. We find that we get excellent results with the least possible
trouble by immersing the thick film as soon as it has dried in a very
dilute solution of Leishman’s stain in tap water. Twenty to thirty
drops of the dye in an ounce of water is sufficiently strong. The film
may be left in this for an hour or more. The length of time taken
in staining depends a good deal on the thickness of the film, and it is
well for beginners to control it by occasional microscopic examination
under a medium power. When staining is complete the whole filn
has a transparent blue colour, It is then rinsed gently with water,
allowed to dry, and mounted in balsam.

The advantage of these methods is that a much larger quantity
of blood can be examined quickly than by the ordinary film method.

The staining of the plasmodia is the same, and as nothing is left in the
22
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Bed Corpuseles—As every sporulation causes destruction of the
infected red cells, anwmia is always a feature of malaria. This is
usually mild in tertian and quartan, but may be very severe in wstivo-
autumnal fever. In tertian fever the infected red cells are enlarged
and partially decolourised.

Specimens prepared with Leishman’s stain may show fine red points
(Schiiffner's dots) in some of the infected red cells. These are probably
the result of degeneration. In quartan malaria the infected red cells
are rather smaller than normal, and exhibit a slightly darker colour.
In estivo-autumnal fever the infected corpuscles may become de-
colorised, particularly those containing crescents. Some of the
corpuscles show Schiiffner’s dots and others show larger and more
irregular areas, which stain red with Leishman’s dye. These are known
as Maurer'’s dots. Again, some of the red cells become shrunken, and
in fresh specimens show a brassy colour,

In attacks of ordinary severity the anemia induced by one paroxysm
has to a considerable extent been recovered from before another takes
place, but even in quartan fever, if long continued, secondary anemia
may result. This may assume the picture of an ordinary secondary
anemia with the characteristic alteration of the leucoeytes, or there
may be very marked blood changes, ndt merely due to blood destrue-
tion by the parasites and their toxins, but also to damage to the
bone-marrow.

The milder changes include poikilocytosis, anisocytosis, a low colour
index, and the presence of a few normoblasts. In more severe cases
there are in addition polychromasia, punctate basophilia, and megalo-
blasts and megalocytes, with a colour index tending to be high.
Prognosis in such cases is very grave. In another type of anmmia
there is little indication of bone-marrow reaction. The red cells are
small and misshapen, greatly reduced in number, polychromasia is
absent or slight, and nucleated red cells are scanty or absent. Prog-
nosis is also grave, but the course is more prolonged than in the
megaloblastic type of anwmmia.

Lewcocytes—TDuring the paroxysms there is usunally at the very
beginning, and lasting for about half an hour, a more or less marked
leucoeytosis, polymorphonuclear cells being specially increased. This
is succeeded by leucopenia, affecting the total numbers of both poly-
morphs and lymphoeytes, which is most marked at the end of the
paroxysms and continues in the apyretic intervals. Differential counts
during the intervals show an increase of large lymphocytes, particu-
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from this time onwards vo the end of the first twenty-four hours.
For the next twelve hours the full-grown parasites are seen, in the
form of large spherical bodies containing much pigment, while the
form preceding segmentation appears generally about eight hours
before the next rigor is due, Rosettes appear about three or four
hours before the rigor, are most numerous just before it occurs, and
quickly disappear after it.

In cases where there is any doubt about the diagnosis care should be
taken not to give quinine until after films have been made, unless the
gymptoms are so urgent as to make immediate treatment imperative.
Even in cases treated with quinine parasites may be found up to eighteen
hours after the rigor, but they are usually very scanty.

The appearances of the quartan parasite correspond roughly to those
of the tertian, with the necessary lengthening of the time involved.
This affects rather the period of growth in the middle of the cycle than
the incidence at beginning and end.

In @stivo-autumnal fever the small rings may be found at about the
same time as in tertian. The characteristic signet-ring form appears
about twenty-four hours after the rigor; thereafter the appearance of
parasites varies greatly in different cases. In some the amehboid forms
are very scanty or apparently absent, and in cases treated by quinine
they often disappear about the third day. In others they are numerous,
and may persist for nearly a week. Segmentation oceurs in the internal
organs, not in the blood. Crescents are generally to be found after the
fourth day, sometimes a little later, and may persist for two or three
weeks, or longer, even though quinine be given,

The actual number of parasites found in the peripheral blood varies
greatly in different cases. Speaking generally, they are more numerous
in the severer cases; but it is to be remembered that patients who have
been energetically treated with quinine may die of the attack with very
few parasites to be found in the blood. Cases of coma and heematemesis
are specially likely to show this.

Diagnosgis.—The typical incidence of the paroxysms in tertian and
quartan fever makes the diagnosis easy. In irregular or quotidian
fevers the temperature chart does not help. The diagnosis can be made
with certainty by microscopic examination, and in any case should
always be confirmed by it. Ross considers that fever is not likely to
arise unless parasites number at least 1 to every 100,000 red corpuscles,
while in a severe case the proportion of infected corpuscles may be
12 per cent.
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ment it is more serious, Complications, of course, add to its gravity.
A very important factor is resistance of the condition to the action of
quinine or intolerance of the patient towards that drug,

Treatment.— Prophylaxis—Sanitary and engineering works directed
towards the suppression of anophelines have practically banished malaria
from various localities.

The chances of infection by mosquitoes may be diminished by suit-
able arrangement of dwelling-houses, which should be built on a height
if possible, and remote from water likely to be a breeding-ground of the
insects. Mosquito-proof houses and mosquito curtaing are valuable
protectives,

The prophylactic administration of quinine should be regularly
carried out in malarial districts. Various methods of giving the quinine
are employed.

Koch recommends 15 grs. of guinine on two consecutive days
every eight or ten days. Castellani and Chalmers give 5 grs. daily
and an additional double dose on Sundays. Young children require

- smaller doses, and euquinine in sweetened milk or chocolate may be

employed.

Symptoms of cinchonism may arise, and in that case the drug must
be left off for a few days.

Treatment of the Disease—When an attack begins the patient must
go to bed. In the cold stage he should be kept warm, and warm drinks
are indicated,

The headache may be relieved by the application of ice or cooling
lotions.

The patient's garments should be changed after the sweating stage,
and cold or tepid sponging is grateful and may induce sleep.

Constipation should be aveided, and diarrheea should not be checked
unless excessive. In delirious and comatose patients the condition of
the bladder must be seen to regularly.

The diet should be light and stimulating. Milk, albumin water,
and meat extracts may be given during a paroxysm, and alecoholic
stimulants may be indicated. During remissions milk puddings and
soups may be allowed. During intermissions the patient may be
allowed ordinary meals of plain food.

Medicinal Treatment—The one drug which has a definitely curative
effect is quinine. It acts vigorously on the young forms, less actively on
the schizonts, but has much less effect on the gametocytes, particularly
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The disease is regarded by Manson and others as a special entity,
and a variety of parasites, hoth animal and vegetable, have been
suggested as the causal organism.! Immigrants to an endemic area
are specially liable to the disease, and lowered vitality from any
cause is a predisposing factor.

Brem ® believes that both pernicious malaria with hemoglobinuria
and blackwater fever (erythrolytic hwmoglobinuria) are due to the
action of a h@molysin produced by the malarial parasite, generally of
the @estivo-autumnal type. He has prepared extracts of the parasites
which are strongly hemolytic, and finds that the hamolysin is thermo-
labile, and that its action is inhibited by the serum of normal persons,
To account for the irregularity of oceurrence and infrequency of black-
water in malarial infections he suggests that different strains of parasites
may generate hamolysins varying in quantity or virulence, and that
they may also be counteracted by such factors as efficient treatment by
quinine, or by a relative immunity from previous infections. Or, further,
that an antih@molysin may be formed, generally during the incubation
period of a malarial infection, when gradually increasing doses of the
hemolysin are being liberated. The formation of this antibody may
be interfered with by exhaustion or exposure, especially in debilitated
persons, and perhaps sometimes by the exhibition of quinine.

Morbid Anatomy.—The blood is liquid. The body is jaundiced.
The liver is enlarged, the gall-bladder full. The liver cells contain iron-
pigment, and are fatty or even necrosed in small areas, There may be
thrombi in the sublobular veins, The intestines are usually congested.
The kidneys are enlarged and dark coloured. The tubular epithelinm
is degenerated, and the tubes contain granular material staining as
hemoglobin. The glomeruli contain granular matter, and there is
proliferation of capsular endothelium. It has been suggested that
the hemolysis occurs in the kidneys. The bone-marrow may show
gelatinous degeneration.

Symptoms.—There may be prodromal symptoms, including lassitude,
loss of appetite, pains, restlessness, and slight jaundice. The attack

1 Cell inclusions and protozoal-like structures have been described by Leishugan,
Journ. of Trop. Med., 16th December 1912 and 1st January 1913 ; Coles, Lan rd
May 1913 ; and Low and Wenyon, Journ. of Trop. Med., Znd June 1913,

2 Arch. of Intern. Med., 1912,
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sharply-defined round or oval bodies, measuring from 25 x 1:5 to 3-5 % 2 p,
The body of the parasite stains a faint blue colour. It contains two
masses of chromatin, one large and round, the nucleus, the other smaller,
often rod-shaped and more deeply stained, the blepharoplast. These
masses often lie at opposite ends of the smaller diameter of the parasite,
with the long axis of the smaller at right angles to that of the larger.

The parasites can be cultivated outside the body. They develop in
citrated blood rendered acid by the addition of citricacid. The optimum
temperature for their cultivation is 20 to 22° C. In eultures flagellate
forms develop, and this fact led to the suggestion that the organism
was a phase in the life-history of a trypanosome. No undulating
membrane, however, develops, and the flagellum is at the blunt
posterior end of the parasite next the micronucleus. It is probably
a herpetomonas.

B <=

(® = <<=
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Fic. 28,

a. Btages In the development of trypanosome. b Stages in the development of the Leishman body.

Morbid Anatomy.—There is great enlargement of the spleen and
liver, inflammation of the large intestine, and often effusion of serous
fluid and cedema. The splenic enlargement is massive, Perisplenitis
is usually absent. The spleen substance is firm but friable. On section
the surface is dark red. On microscopic examination there is great
dilatation of the sinuses and atrophy of the Malpighian bodies.
Scattered throughout the pulp are generally enormous numbers of the
parasites. They are found chiefly in the endothelial cells but also in
the large lymphocytes and in smaller numbers in the polymorphs,
They are not found in the Malpighian corpuscles.

The enlargement of the liver is not so great as that of the spleen.
The organ is firm but friable. There is usually a good deal of fatty
change and a considerable deposition of iron-containing pigment. There
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The total duration varies from a few months to two years and is
usually rather over a year, Atypical cases are fairly common.

Blood Changes.—Anemia is a constant feature. The number of red
and white corpuscles may be said to diminish progressively throughout
the disease. The red cells are very commonly found to number 3,000,000
per cmm, The hemoglobin is rather more than correspondingly
diminished. The usual features of secondary ansmia are present.

Wihite Cells—These are diminished, and some remarkably low counts
have been recorded. Reduction to 3000 is common, but the number
may fall as low as 500 per canm.

The decrease chiefly affects the polymorphs, so that there is a
considerable relative lymphocytosis, especially of the large variety.
Polymorphs are often reduced to 40 or 50 per cent. Small lympho-
eytes comprise 20 to 30 and large lymphoeytes 15 to 20.

Rogers states that the ratio of white to red cells falls as low as 1 to
1000 in all uncomplicated progressive cases, and holds that a reduction
of the ratio to 1 to 1500 is diagnostic of kala-azar from other Indian
fevers,

The parasite oceurs only sparingly in the blood, and is said to be
found more easily when the temperature is high. It is contained in
the large lymphocytes and polymorphonuclear cells.

In order to find the parasite a large number of leucocytes must be
brought under review, either by examining the edges of thick films, or
by making films from the leucocyte layer of centrifuged blood, Tt is
the exception rather than the rule to find the parasite in peripheral
blood.

Malaria parasites or pigment may be present as a complication.

Diagnosis.—At the onset of the disease the diagnosis is attended with
very great difficulty. It may present a close resemblance to typhoid
or malaria. In one case which was under our care the difficulty of
diagnosis from typhoeid in the early stage was increased by the presence
of a positive Widal reaction. Even in the later stages it may be difficult
to differentiate the disease from malarial cachexia, and the two conditions
may co-exist.

The only certain diagnostic is the demonstration of the parasite, and
it is often impossible to find it in the peripheral blood. It is, however,
readily obtained by puncture of the liver or spleen. There is consider-

able risk of even fatal heemorrhage in the case of the latter procedure
23
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(Nicolle), which is similar to the Leishman-Donovan body. It has been
inoculated into monkeys and dogs. Nicolle regards the dog as a reservoir
of the virus, and considers that ifs ectoparasites, such as fleas, are the
transmitting agents to human subjeets, but Patton’s recent observations
on bugs (p. 350) may cause this view to be modified.

Symptoms.—The disease cannot be distinguished from ordinary
kala-azar, except that it usually affects children from one to six years
of age. It generally begins with irregular attacks of fever. There is
progressive angmia, and polymorphs are diminished. The liver and
spleen are enlarged, and there is great emaciation and sometimes
- cutaneous hwmmorrhages, Duration is from a few months to several
years. The outcome is usually fatal.

Diagnosis.—The diagnosis is made by finding the parasite by liver
or splenic puncture. Pianese recommends punecture of the superior end
of the tibia and examination of the marrow for parasites, Cretien!?
has found the parasite in mucous flakes in the f:eces.

Treatment,—Treatment is unsatisfactory, and is on the same lines
as that of Indian kala-azar.

1 Brit. Med. Journ., 28th January 1911.
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T, Brueei.—This parasite causes nagana, the “ fly-disease” of South
Africa. It also occurs in Uganda. The disease is rapidly fatal in
horses, and produces a more chronic disease in cattle, sheep, and goats.
It causes death in rats in from three to five days, and can be
inoeulated into practically all the laboratory animals. It has a
shorter flagellum and is less motile than T. Lewisi. It varies con-
siderably in length.

T, Evansi.—This trypanosome occurs in India, North Ameriea, and
Australia, It gives rise to the disease known in India as “surra.” It
is fatal chiefly to horses but also affects cattle. Length is 25 to 35 p,
and the flagellum is very long.

T, Equiperdum,—The disease caused by this organism is “ dourine,”
which affects horses. It occurs in continental Europe, the East, and
the United States. T. Equiperdum is 25 to 28 p in length, protoplasm
is very feebly coloured, and granules are absent. The disease is usually
spread by coitus, rarely by biting flies.

- I Eguinuwm causes the “ mal-de-Caderas” of South America. It is
fatal to horses,

T. Theileri—~This trypanosome infects cattle in the Transvaal
There are large forms up to 70 p and smaller from 25 to 30 p in
length. ;

T. Pecorum causes disease in horses and cattle, and is widely
distributed in Africa. It is pathogenic to most laboratory animals
but not to guinea-pigs.

T. Vivax—This easily recognisable species gives rise to a fatal
disease of cattle in Uganda. The ecarrier is probably Glossina
palpalis.

T. Nanwm is a small trypanosome, pathogenic to cattle.

HuMAN TRYPANOSOMIASIS—.A, SLEEPING SICKNESS

A disease caused by the presence in the blood and cerebro-spinal
fluid of T. Gambiense, characterised by fever, anwinia, enlargement of
lymphatic glands and spleen, and cerebral symptoms, and terminating
fatally.

Distribution.—The disease is limited to persons who have resided
in South and Tropical Africa. It is specially prevalent throughout the
Congo, and within recent years has appeared in the neighbourhood of
Vietoria Nyanza.
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blood into monkeys. This stage may last for some years. Sooner or
later the terminal cerebral symptoms make their appearance. The first
indication of their onset may be a series of epileptiform convulsions,
or a rapidly fatal coma may supervene. The usual course, however,
is the onset of an overpowering lethargy. The patient is always
drowsy, and may fall asleep during meals or any active occupation.
There is mental irritability and incapacity. There is progressive
weakness and emaciation even when the patient is regularly fed.
Sometimes diarrheea is a prominent terminal symptom, but death
usually follows a more or less prolonged period of coma.

The Blood.—Anwemia is an early symptom, and as the disease
advances it may become extreme. Red cell counts of little over a
million per cubic millimetre have often been noted. White cells
show little disturbance in actual number but their proportions are
altered. There is usually an increase of lymphocytes, particularly
the large mononuclear variety. Polymorphs are correspondingly
diminished, KEosinophils are increased, in some cases even to the
extent of 25 per cent. A slight increase of basophils has once or
twice been noted.

Diagnosis,—The disease is only diagnosed with certainty by the
finding of trypanocsomes either directly or by inocculation. In the
early stage the parasites may be found with comparative ease in the
peripheral blood. Greater certainty of finding the trypanosomes may
be attained by withdrawing a few cubic centimetres of blood, mixing
them with an equal quantity of 1 per cent. sodium citrate solution,
and centrifuging. The trypanosomes are to be sought in the leucocyte
layer. Aspiration of fluid from one of the enlarged glands will often
reveal the presence of parasites. In the later stage the parasites are
to be found in the cerebro-spinal fluid. Some of the fluid is withdrawn
by lumbar puncture and centrifuged. In some cases the parasites are
never numerous, and a negative diagnosis can only be made after
inoculation experiments have failed.

The trypanosomes are readily seen in fresh blood owing to their
mobility. They are stained by Leishman’s method,

Treatment.—In the case of a disease whose mortality is probably
not less than 100 per cent. it is of special importance that preventive
measures should be adopted. The prophylaxis of trypanocsome discase,
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measuring 15 to 40 p in length, 0-25 p in breadth at its widest part.
It exhibits a number of spirals, very commonly eight. The extent
of the bending varies greatly. The organism exhibits extraordinary
motility, being capable of progression backwards and forwards as well
as of performing lateral and rotatory movements,

When faintly stained with a Romanowsky method the spirilla
appear blue, when more deeply stained they are red. They are also
stained by carbol-fuchsin or gentian violet. They are decolourised by
Gram’s method. No details of structure can be detected beyond the
existence of tapering pointed ends and slight inequality of staining
intensity, the central portion staining least. Attempts to cultivate the
spirilla have failed. It is not known how the organisms find entrance
to the body.

Local infectivity is very marked, but the disease seldom spreads
widely. Attendants on the sick are especially liable to attack, and
instances of successive inhabitants of a house or room being infected
are CONMMOI.

The fact that other spirilla are conveyed by ticks has led to inquiry
in this direction. The spirillum has been found in bugs, and is known
to live in them for several days. Infection has been conveyed to
monkeys by injecting the fluids of infected bugs crushed immediately
after feeding, but bugs erushed forty-eight hours after feeding failed
to convey infection.

In an epidemic in India Mackie regarded Pediculus vestimentorum
as the infecting agent, and he found spirilla in the secretion expressed
from the mouths of pediculi from infected persons.

The blood of a patient in the apyrexial period, during which spirilla
are not found, is still infective to monkeys. This has suggested the
existence of spores, but these have not been demonstrated although
“infective granules” have been deseribed. These granules may be
demonstrated by the dark-ground method or by vital staining. Dlood
containing spirilla causes relapsing fever when injected in man,
monkeys, rats, and mice.

Morbid Anatomy.—The general picture is that of severe septicamia.
There are subserous hmmorrhages, and enlargement of the liver and
spleen, and eatarrh of the mueous membranes. The splenie capsule is
distended and smooth, the pulp is firm and the Malpighian bodies are
enlarged, and there is vascular engorgement. Spirilla may be found
free and in polymorphonuclear cells, and are frequently numerous.
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Prognosis.—In uncomplicated cases prognosis is good. In the
British epidemies the mortality was 4 per cent., but it seems somewhat
higher in India. Death occurs usually during the height of the initial
paroxysm, and is generally due to heart failure. A few cases collapse
after the crisis. The disease is more unfavourable at the extremes of
age, FPregnant women abort but usually recover. Pneumonia and
severe jaundice are generally fatal, and a few cases die from cerebral
hemorrhage.

Treatment.—Prophylactic treatment consists of isolation of the
gick from the healthy, and great care must be exercised to avoid
the possibility of transmission of the disease by vermin. There is no
gpecific treatment of the disease. Quinine is useless. Possibly the
gerum of immunised animals might do good. The general treatment
must be along lines appropriate for the management of any severe
febrile affection. During the apyrexial period the patient should be
fed up to the limits of his digestive powers and carefully watched.

Tick FEVER

A disease characterised by febrile paroxysms resembling those of
relapsing fever, associated with the presence of Spirochete Dutfoni in
the blood and caused by the bite of an insect.

Distribution.—The disease occurs throughout the greater part of
tropical Africa, in Asia, Egypt, and Algeria.

Etiology.—The disease may be caused by the bite of the horse tick,
Ornithodorus moubata, and by the Persian poison bug, drges persicus.
It is probable that infection may also be conveyed by lice and fleas,
The bite gives entrance to a spirochete, S. Duffoni. The parasite is
identical morphologically with S. Obermeieri, but each of the two
forms confers immunity against itself but not against the other.
Inoculation of 8. Duttoni into monkeys leads to a much more severe
disease than S. Obermeieri. 8. Duttoni can be cultivated outside the
body in special media, such as broth containing mouse blood and yolk
of egg.

Ticks may transmit infection from animals which they have bitten
during the afebrile stage. Leishman® has found that ticks may be

1 Lancet, 1st January 1910,






CHAPTER XLII
FILARIASIS

A CONSIDERABLE number of filarize are parasitic in man but only a
few are pathogenic. The embryos of F. Bancrofti, F. loa, F. perstans, and
F. demarquayi are found in the blood. Filuria medinensis, the guinea-
worm, causes dracontiasis. Filaria volvwlus is found in lymphatic
vessels and gives rise to cystic tumours.

Firariasis Dug 10 Finaria BANCROFTI (FILARIA SANGUINIS
HoMINIS OR FILARIA NOCTURNA)

Filaria Bancrofti causes disease of lymphatic vessels and glands,
chylous extravasations, orchitis, and elephantiasis.

Distribution. — Filariasis is widely distributed throughout Asia,
Australasia, America, and Africa. In Europe it is said to exist near
Barcelona and in Turkey. The endemic areas are curiously cireum-
scribed for some reason not yet understood.

Etiology.—The condition is caused by the introduction into the
body of filaria by means of a mosquito bite. Many different species of
mosquito are capable of carrying the disease. Cwler faligans is the
common infecting agent in the West Indies, Myzomie fossii in India,
Panoplites Africanus in Central Africa, and Pyrefophorus costalis and
Stegomyie fusciata in Nigeria.

The filaria develops in the thoracic muscles of the mosquito and
passes to the labium. When the mosquito bites, the filaria works its
way though Dutton's membrane on to the skin, There it may find
its own way through the skin or it may pass through the puncture
made by the mosquito. No more is known of the filaria till its adult
condition is reached. Adult males and females are found lying together
in lymphatic vessels. Females usually preponderate. The females

produce the embryos or microfilarize, which pass through the thoracic
867






FILARIASIS 269

trophic power, so that inflammation and even abscess formation are
not uncommon.

An interesting theory is that smooth-gkinned elephantiasis (E. glabra)
is due to blocking of the channels in the lymphatic glands, while rough
elephantiasis (E. verrucosa), in which the skin is coarse and nodular, is
due to blocking of small skin capillaries.

Symptoms.—Symptoms vary very greatly according to the part
involved. Lymphangitis with cellulitis and erythema associated with
fever is common. Lymphadenitis, usually inguinal, in which the glands
are enlarged, soft, elastic and tender, often occurs. In some cases the
glands may reach an enormous size. Microfilarie may be obtained
by aspiration with a hypodermic syringe. Lymphangiectasis is common
and usually affects the serotum (lymph-serotum). The condition begins
with fever and local inflammation. The part becomes swollen and elastie,
and the skin shows clear vesicles containing lymph or chyle and showing
embryos. Orehitis and hydrocele frequently occur.

Chylous Extravasations—As the result of dilatation and rupture of
lymphatic vessels extravasations of chyle may occur. A frequent seat
of extravasation is the urinary passages, and chyluria or heemochyluria
results, Chylous diartheea, chylocele, and chylous ascites are more
rare.

Elephantiasis—As a sequel to repeated attacks of lymphangitis the
affected part fails to return to its normal size, and in time may become
greatly enlarged. The condition then becomes known as elephantiasis.
The skin surface may be smooth or rough. The lower limb and the
scrotum are the usual sites of the condition. Much more rare s
elephantiasis of the vulva, breast, arm, or scalp. Pendulous ecir-
cumseribed masses due to filarial disease have been noted in many
situations.

Blood Changes.—The red cells show no changes unless there is
hemochyluria or severe diarrhea which may lead to anmemia. A
fair rise in the number of white cells may occur. Polymorphs,
Iymphoeytes, and ecsinophils are all increased in recent cases. The
lymphocytes are most increased, so that the polymorph percentage
seldom exceeds 70 per cent. KEosinophils vary from 4 to 10 per
cent. as a rule, but as many as T0 per cent. have been recorded.
Their numbers appear to correspond with the number of embryos in

the circulating blood, and as these are usually most numerous at
24
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(Leucoeytozoa). Wenyon, Parasitology, iii. 1910 (Lencocytozoa). Henry,
Jowrn, of Path. and Bact., xiv. 1910 (Hmmoprotozoa of British Sea Fish).
Welsh and others, Journ. of Path. and Bact., xiv. 1910 (Hemogregarinida of
Australian Fauna). See also various abstracts, Folis Hemalologica, iv.
supplement, 1907,

HALTERIDIUM DANILEWSKYI

These parasites are found in the red corpuscles of birds. Schaudinn,
in 1904, concluded that they were stages in the life-history of trypano-
somes. A cerfain amount of support has been given by others to this
view, but on the other hand most observers consider that Schaudinn was
misled by a double infection of a halteridium and a trypanosome.

LITERATURE

A good account of morphology is given by Welsh, Journ. of Path. and
Bact. 1911.

ANAPLASMATA

A minute protozoal parasite, the anaplasme marginale, has been
shown by Theiler to be the cause of the diseaze known as gall sickness
which affects cattle in South Africa. Similar bodies affect cattle in
North and South America. Anaplasmata were at one time thought
to be a phase in the life-eyele of piroplasma bigeminum, but they appear
to be distinet, although there is a close association between the two.
Thus an animal inoculated with piroplasmata invariably develops
anaplasmosis from twenty to thirty days after the red water reaction.
A special variety, anaplasma centrale, has been discovered by Theiler,
and its virulence seems to be less than that of the marginal parasite.

Anaplasmosis is transmitted by ticks. In South Africa, the blue
tick, Boophilus decoloratus, is the carrier.

Anaplasmata are spherical bodies which seem to consist entirely of
chromatin. They vary in size from a minute point to about 1 p.  Some
of the bodies are marginal; some are central, but the majority are
found a short distance from the edge of the red corpuscle. :

Considerable discussion has arisen in connection with the discovery
of similar bodies in the blood of a large number of domestic and wild
animals. The question which arises is whether spherical intracorpuscular
bodies staining like chromatin are to be regarded as anaplasmata
or Jolly bodies. A large number of observations on different animals
has been made by Dodd. He found very numercus chromatin bodies,
varying in size from 1 to 4 p, in marsupials, and considers that these






APPENDIX A
SPLENECTOMY IN PERNICIOUS ANAEMIA

WhHILE proofs of Chapter XIV. were in the press the question of treating
pernicious anmmia by splenectomy began to assume some importance, and
a number of cases in which improvement has followed the operation are now
on record. Eppinger reports two cases in which there was an immediate
rise in the number of red corpuscles which reached normal, an increase of
body weight, and a disappearance of subjective symptoms.

V. Decastello records the case of a woman, aged 52, with typical symp-
toms and blood picture (red corpuscles, 1,236,000). Under treatment by
the ordinary therapeutic measures the red cells fell to 750,000, Hb. 17 per
cent. There was mdema, ascites, and drowsiness, and death seemed immi-
nent. Splenectomy was performed. In ten days the wdema and icterns
had disappeared. The blood showed a large invasion of normoblasts, and in
eleven weeks the count had risen to 4,032,000 with Hb. 83 per cent.

Klemperer and Hirschfeld report three cases. One, a woman aged 63,
died of bronchopneumonia.  Both the others improved. In one the cor-
puscles rose from 930,000 to 1,730,000 ; in the other from 1,100,000 to
2,680,000. In all three there was an enormous normoblast reaction and a
great number of corpuscles showing Jolly bodies,

Klemperer subsequently records ten cases. Two died immediately after
operation. In eight there was improvement in health which was reflected in
the blood, but in only one case did the blood picture of pernicious anemia
disappear.

Huber had a case in a woman, aged 34. She was at first too weak for
operation, and was treated with intramuscular injections of defibrinated blood.
There was temporary improvement, followed by a high temperature and the
appearance of petechim. As a last resource the spleen was excised. She
stood operation well, and rapidly improved. After five weeks erythrocytes
numbered 2,500,000, Hb. 50 per cent. Three months afterwards the patient
could walk, but prognosis was apparently not good. At a discussion in the
Berlin Gesellschaft fiir Chirurgie, W. Tiirk stated that if in pernicious
angmia the spleen had an injurious action it was different from that in
hemolysis and some other agent had to be assumed. Splenectomy, however,
played a part. Patients recovered at first, but the state of the blood never
became normal again, Miihsam referved to eleven cases. One died from
purulent bronchitis, two from a hemorrhagic diathesis, one from myelitis ; in
a fifth the blood went from bad to worse. Six cases were alive, and had
regained some strength, but were not in good health. It is unnecessary to

refer to further cases, e
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narrow a basis, especially in a disease so uncertain in its prognosis as pernicious
an@mia. The more recent statistics bring out both the dangers and the
ultimate failure of the procedure to produce complete cure. Patient treat-
ment along the ordinary lines would probably have produced results at least
as good as those in Miithsam’s series, and possibly better, certainly without so
large a percentage of immediately fatal cases.

We conclude that as the seat of the disease is the bone-marrow and not
the spleen, a cure is not to be looked for from splenectomy. The utmost
benefit that can be expected from the operation is a stimulus to the marrow
from hamorrhage, and a moderate lengthening of the sojourn in the circulating
blood of certain red corpuseles of doubtful value to their host.

We are unable to say that such henefit is ever likely to be worth the risk
involved in obtaining it.

LITERATURE

Eppinger, Miinch. med. Woch., 1913, p. 1236 ; Berlin. klin. Woch., 1913.
V. Decastello, WFein. kin. Wock., 1913, p. 951. Klemperer and Hirschfeld,
Therapie d. Gegenwart, 1913. Klemperer, ilid., 1914, p. 1. Huber, Berlin,
Kin. Woch., 1913, Tiirk, Deut. med. Woch., 1914, p. 371. Miihsam, Deut, med,
Waoch., 1914, p. 377. Ranzi, Miinch. med. Woch., 1913, p. 2819. Barbier,
Bull, de la Soc. de Méd. de Paris, 1913, p. 355. Harpole and Fox, Surg. Gynec.
and Obstet., 1914.

APPENDIX B
A NEW STAINING METHOD

IN examining films of myelocythaemia, one finds that none of the zingle stains
in ordinary use are sufficient to give a complete picture. Ehrlich's triple
stain gives the best picture of myeloeytes, but has the disadvantage that
lymphoeytes are very poorly stained, and the basophil series not at all.  On
the other hand, it is very difficult, in films stained with Jenner, to distinguish
with certainty between some of the myelocytes and the cells of the lympho-
cyte series. With Leishman and other Romanowsky stains, the difficulty is
even greater, and one finds the differential counts made with Ehrlich on the
one hand, and a Romanowsky stain on the other, from the same blood, show
wide differences even in the hands of skilled observers. We find that this
difficulty can be got over by combination of the triple stain and Jenner.
The films are fixed with heat, and we prefer to use Cabot’s method of doing
so, bringing the films to 140° C, in an oven with fair rapidity, and then
allowing them to cool rapidly. Stain with triple stain for three to five
minutes or longer, wash quickly in distilled water, then in Jenner, without
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