Black-water fever : being the first report to the Advisory Committee
appointed by the Government of India to conduct an enquiry regarding
black-water and other fevers prevalent in the Duars / by S.R. Christophers
and C.A. Bentley.

Contributors

Christophers, S. R. 1873-
Bentley, C. A.
London School of Hygiene and Tropical Medicine

Publication/Creation

Calcutta : Superintendent Government Printing, India, 1909.

Persistent URL

https://wellcomecollection.org/works/vask4ssj

Provider

London School of Hygiene and Tropical Medicine

License and attribution

This material has been provided by This material has been provided by
London School of Hygiene & Tropical Medicine Library & Archives Service.
The original may be consulted at London School of Hygiene & Tropical
Medicine Library & Archives Service. where the originals may be consulted.
Conditions of use: it is possible this item is protected by copyright and/or
related rights. You are free to use this item in any way that is permitted by
the copyright and related rights legislation that applies to your use. For other
uses you need to obtain permission from the rights-holder(s).

Wellcome Collection
London NW1 2BE UK

E library@wellcomecollection.org
https://wellcomecollection.org







LIBRARY

Author: CHRIST

Title : H=Wa

_Acc. Ma. : l.“.l:a::e Mark [hate Volume

= - = =3




LLLLL






Digitized by the Internet Archive
in 2015

https://archive.org/details/b21356439






No. 3b.

SecoND Ebpition.
(NEW SERIES.)

SCIENTIFIC MEMOIRS

BY

OFFICERS OF THE MEDICAL AND SANITARY DEPARTMENTS

OF THE

GOVERNMENT OF INDIA.

— s arme s am TE—

BLACK-WATER FEVER.

CAPTAIN S. R. CHRISTOPHERS, M.B., LM.S.

Dr. C. A. BENTLEY,

(Dficers on Special Duty).

BEING THE FIRST REPORT TO THE ADVISORY COMMITTEE APPOINTED
BY THE GOVERNMENT OF INDIA TO CONDUCT AN ENQUIRY
REGARDING BLACEK-WATER AND OTHER FEVERS
PREVALENT IN THE DUARS.

ISSUED UNDER THE AUTHORITY OF THE GOVERNMENT OF INDIA BY THE
SANITARY COMMISSIONER WITH THE GOVERNMENT OF INDIA, SIMLA.

CALCUTTA
SUPERINTENDENT GOVERNMENT PRINTING, INDIA

1G0g



ANAA

Agents for the Sale of Books published by the Superiniendent of Governiment
FPrinting, India, Calcutta.

e
IN ENGLAND. | ERNEST LEROUX, 28, Rue Bonaparte, Paris.
HENRY §. KinG & Co., ﬁj., Cornhill, & 9, Pall Ma“, ! MARTINUS N!_]HOFF, The Hague, Holland.
London.
E. A. ArNOLD, 41 & 43, Maddox Street, Bond | LTHBRIA;
Street, London, W. THACKER, SPiNk & Co., Calcutta and Simla.
ConsTABLE & Co., i, James Street, I'I.'I:"_.‘ Market, | NEWMAN & Co,, Calcutta.
London, W. | 5. K. Lanir! & Co., Calcutta.
P.S. KING & SoN, 2 & 4, Great Smith Street, | R. CAMBRAY & Co,, Calcutta,
Westminster, London, S.W, | HIGGINBEOTHAM & Co0., Madras.
KEecaN, PauL, TRENcH, TROBNER & Co0., Charing | V. KALYANARAMA IYER & Co., Madras.
Crosz Road, London, W. C. G, A. NaTESAN & Co., Madras.
BERNARD QUARITCH, 15, Piccadilly, London, W. | Tuacker & Co,, Lo, Bombay.

| A. ]. ComsrIDGE & Co., Emn!:a}r.
| D. B. TARAPOREVALA, Sons & Co., Bombay.
RADHABAI ATMARAM SAGOON, Bombay.

I YHE T OE NHEd EE#:;I;I:IEL]!I;IE;E;HMendcnt, Nazair Kanun
R. FRIEDLANDER & SOHN, 11, Carlstrasse, Berlin, Rap Samie M. Gurae Sinn & Sons, Mufid-i-Am
N.W. | Press, Lahore.
OTTO HARRASSOWITZ, Leipzig. | Superintendent, American Baptist Mission Press,
KarL W. HIERSEMANN, Leipzig. Rangoon.

5. H, BLACKWELL, 50 & 51, Broad Street, Oxford.
DEIGHTON, BELL & Co., Cambridge.




List of numbers of Scientific Memoris by Officers of the Medical and Sanitary

Departments of the Government of India (NVew Series) published previous
to the present issue.

————f—

Ma. 1. Standardisation of Calmette’s Anti-Venomous Serum with Pure Cobra Venom : the
Deterioration of this Serum through keeping in India, by Caplain G. Lamb,
L M5, and Wm. Hanna, Exg., M.B. Price As. 3 or 2d.

No. 2. Malaria in India, by Captain S. P. Fames, I.M.S. Price Re. -8 or 25. 34.

No. 3. Some Observations on the Poison of Russell's Viper (Daboia Russellii), by Capfarn
G. Lamb, I M.5., and Wm. Hanna, Esqg.,, M.B. Price As. 5 or 64.

No. 4. On the Action of the Venoms of the Cobra and of the Daboia on the Red Blood
corpuscles and on the blood plasma, by Capfain G. Lamb, [.M.5. Price
As. B or gd.

No. 5. Specificity of Anti-Venomous Sera, by Caplain G. Lamb, LM.5. Price As. 3
or 4.

No. 6. First Report on the Anti-Malarial Operations in Mian Mir, 1go1—o03, by Caplain
5. P. Fames, LM.5. Price As. 12 or 15, 24,

No. 7. Some Observations on the Poison of the Banded Krait (Bungarus Fasciatus), by
Captain G. Lamb, L. M.5. Price As. B or gd.

No. 8. A Preliminary Report on a Parasite found in Patients suffering from Enlargement
of the Spleen in India, by Lientenant §5. R, Christophers, f.M.5. Price Re, 1-8
or 25, 34d.

No. ¢. Second Re‘gurt of the Anti-Malarial Operations at Mian Mir, 1901—03, by Lien-
fenant 5. K. Christophers, [.M.5. Price As, 10 ot 15,

No. 10, Specificity of Anti-Venomous Sera (Second Communication), by Caplain G. Lamb,

No.
No.

Nao

Mo.

Mo.

Mo

1.M.5. Price As. 8 or 9d.

. 11. On a Parasite found in persons suffering from Enlargement of the Spleen in
India—Second Report, by Lientenant 5. R. Christophers, I.M.5. Price
Rs. 2 or 3s.

12. On the Morphology, Teratology, and Diclinism of the Flowers of Cannabis, by
Major D. Prain, LM.5. Price As. 14 or 15, 44.

13. Oriental or Delhi Sore, by Capéain 5. P. Fames, [.M.S. Price As. 10 or 15.

. 14. On a Parasite found in the White Corpuscles of the Blood of Dogs, by Captarn
S P, Fames, I M.5. Price As. 10 or 15

15. On a Parasite found in persons suffering from Enlargement of the Spleen in
India—Third Report, by ZLientenant 5. K. Christophers, U5 Price
As, 10 or 15

16. The Specificity of Anti-Venimous Sera with special reference to a Szrum prepared
with the Venom of the Daboia Russellii, by Capiain G. Lamb, L M.5. Price
As. b or 7d.
No. 17. Snake-Venoms in relation to Hemolysis, by Captain G. Lamb, [.M.5. Price As. 6
or 74.
. 18. Hemogregarina Gerbilli, by Licutenant 5. 8. Christophers, M.B., [.M.5. Price
As. 1001 15,

No

Mo

. 19. On Kala Azar, Malaria and Malarial Cachexia, by Captain 5. P. Fames, W.5.,
LM.5. Price Re.1-4 or 15 114,

. 20. Serum-Therapy of Plague in [ndia: Reports by Mr. W. M. Haffkine, C.LLE,, and
various Officers of the Plague Research Laboratory, Bombay, by Licxtenant-
Colonel W, B. Bannerman, M.D., B.5¢c., F.R.CS., LM.5. Price As, 14 or
15, 44.



2

No. 21. On the Standardisation of Anti-Typhoid Vaccine, by Captain George Lamb,
M.D., I.M.S. (Divector, Pastenr Institute of India), and Captain W. B, C.
Forster, M.B., D.P.H., L.M.5. Price As. 6 or 74.

No. 22. Mediterranean Fever in India: Isolation of the Micrococcus Melitensis, by Captain
George Lamb, M.D., I.M.5., and Assistant Surgeon M. Kesava Pai, M.B.,
C.M. (Madras). Price As. 10 or 15

No. 23. The Anatomy and Histology of Ticks, by Capfain S. R. Christophers, M.B.,
L.M.S5. Price Bs. 3 or 45. 64.

No. 24. On a Parasite found in the White Corpuscles of the blood of Palm Squirrels, by

Captain W. 5. Patton, M.B., L.M.5. Price As. 12 or 15 24,

No. 25. On the importance of Larval Characters in the Classification of Mosquitoes, by
Captain 5. R. Christophers, M.B., I.M.5. Price As, 8 or g4d.

No. 26. Leucocytozoon Canis, by Captain S. R. Christophers, M.B., IL.M.S. Frice
As, 1z or 15 2d.

No. 2. Preliminary Report on the Development of the Leishman-Ddonovan Body in the
Bed Bug, by Caplain W. 5. Patten, M.B., LM.5, Price As. Sor od.

No. 28. The Sexual Cycle of Lencocytozoon Cams in the Tick, by Capglfain S, 2. Chris-
toplers, M.B., I M.5 FPrice As. 12 or 15 24

No. 29. Piroplasma Canis and its Cycle in the Tick, by Caplain 5. R. Christophers, M.B.,
I.M.5. Price Rs. 2 or 35.

No. 30. The Theory and Practice of Anti-Rabic Immunisation, by Capéain V. F. Harvey,
M.B., £L.MS5., and Capltain Anderson McKendrick, M.B, [.M.5. Price
As, 12 or 15, 2d

The Development of the Leishman-Donovan Parasite in Cimex Rotundatus—Second
Report, by Captain W. S. FPatton, M.B., I.M.5. Price Re. 1 or 15 64.

Ne. 32. An Enquiry on Enteric Fever in India carried out at the Central Research Institute,
IKasauli, under the direction of Lieutenant-Colonel D. Semple, M. D, and Captain
E. D. W. Greig, M.D. Price Re. 1=2 or 15 04.
No. 33. The Production of Alkali in Liquid Media by the Bacillus Pestis, by Lreufemané-
Colonel W. B. Bannerman, M D., B Sc, L. M5 Price As. 5 or 64
No. 34. Standards of the Constituents of ths Urine and Blood and the bearing of the
Metabolism of Bengalis on the Problems of Nutrition, by Captain D. MeCay,
ME., LM.S. Price As, 12 or 15 24,
. Black-water fever, by Captain S. R. Christoplers, M.B., L. M.§. and Dr. C. A.
Bentley.

s

No. 31,

No.

[
(]

Published by and on sale at dhe Offce of the Sﬂf:ﬂ'ﬂ!er.'-fm! of Gorernment Frinting, India, Calentta
Copies are alse available from all Apenis for the sale of Governnent publications.



SYNOPSIS OF CONTENTS.

PART 1.

INTRODUCTORY.

CuapTER |.—Historical and General

% [l.—Nature of Black-water Fever; Scope of the Present Enquiry

PART 11
BLACK-WATER FEVER MALARIAL 14 ORIGIN.

CHAPTER [.—DBlack-water Fever Conditions . . A . i .

1l.—Black-water Fever—/Etiological .

11l.—Black-water Fever not due to a Special Parasite ; .

IV.—5Specific relation of Black-water Fever to Malaria .

V.—Conclusions in regard to the Factors engaged in bringing about
Black-water Fever . R : . . . .

iy

LR

LF]

i

PART III.

PAGE.
t—10

17—19

i1=—73z
33—45
4754
55—03

65—66

BLACK-WATER FEVER DUE TO THE ACTION OF A SPECIAL HEMOLYSIN.

CHAPTER L.=—Clinical and Pathological Observations bearing upon the nature
of the process concerned in Black-water Fever .

I1.—<The relation of Black-water Fever to other Hmmng!uhinurius
. =—General consideration of blood destruction in relation to Hzmo-

globinuria ; . ; : ; " ; ;
IV.—The Lysemia of Black-water Fever

1]

PART 1IV.

NATURE OF THE HAEMOLYSIN IN BLACK-WATER FEVER.

CHAPTER L—Ha=molysins
Il.-=The demonstration of Autolysins .

11l.—Human lsolysins . . ; : . . .
IV.—The nature of the Black-water Fever Process .

] ]

67 —go
gl—108

10g—121
123=137

130=146
T47—=153
155—171
I73=I75



PART V.

PAGE.
PROPHYLAX1IS AND TREATMENT OF BLACK-WATER FEVER . 177—178
PART VL.
APPENDIX.
Record of cases investigated . 179 —206
Ditto in the Duars o : . 2oy—230
Ditto in Assam 221 =225

REFERENCE TO LITERATURE ol g . 220—229



BLACK-WATER FEVER.

PART .

INTRODUCTORY.
CHAPTER I,

Historical and General.

ISCUSSION of the wtiology and nature of Black-water Fever has occu-

pied a host of authors, and a minute study of all that has been written

on the subject would serve no useful purpose. It will be sufficient briefly to

marshal all the known facts; to indicate the different views that have been held

as to the nature of Black-water Fever; and to see what are the main issues now
open for research,

Broadly speaking four main theories have been held as to the nature and
origin of Black-water Fever; and around these different views can be grouped all
the recorded facts.

These four theories are :—

.—THAT BLACK-WATER FEVER 1S A PErRNICIOUS FORM OF
MALARIAL ATTACK.

The early French observers (1) who first differentiated the disease from
among the other pernicious fevers, and determined that its characteristic sign is
hemoglobinuria, not as had been previously thought the presence of blood or
even bile in the urine, considered as a result of their clinical observations and the
study of the distribution, that Black-water Fever is malarial in nature, evidently
regarding it as a particular form of pernicious access. The American writers
(2), who shortly after described the disease in the United States, did not even
question the relation of Black-water Fever to malaria; but called the condition
“ malarial hamaturia.” F, (3) and A, Plehn (4), who besides clinical observa-
tion made examinations of the blood for malarial parasites, also arrived at the
conclusion that Black-water Fever is some form of malarial attack.

A new phase in the study of the disease was introduced by the re-
searches of several physicians in Greece (5) and of Tomaselli (6) in Sicily,

who recorded cases of hamoglobinuria closely resembling the ha=moglobinuric
B
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fever described by the French and Americans from the tropics. In these
researches the part played by malaria is not emphasized, the point that is incon-
testably proven being the action of quinine in producing these attacks. Never-
theless it is stated that the phenomenon is seen in malarial subjects, and the
belief that malaria is in some way concerned is clearly present; Tomaselli
definitely states that he considers a predisposition the result of chronic malarial
infection to be necessary before quinine can have this action.

The later researches of Koch (7) show the same action of quinine in asso-
ciation with the hamoglobinuria of East Africa ; but Koch is especially concern-
ed that this condition is not malaria.

The idea then held was, it should be remembered, that a paroxysm of Black-
water Fever is a pernicious form of malarial attack ; and even at the present time
there is some confusion on this point, writers sometimes pointing out clinical
differences between an attack of malaria and one of Black-water Fever, as an
argument against the malarial origin of the latter.

Hence, when Koch finding few or no parasites in his cases comes to the
conclusion that it is not malaria, we must interpret hiin as referring to the
disease process itself, with which he was concerned at the moment, and not with
the conditions which may have given rise to it. Koch’s researches were the
first to show definitely that Black-water Fever is, in no sense, an attack of
malaria ; though Grawitz and Kohlstoch (20) had as early as 1892 given up the
use of quinine in the treatment of their cases, because on examination of the
blood they could find no malarial parasites. Since Koch, almest all those who
have studied the disease have come to the conclusion that Black-water Fever is
a condition quite distinct from, and dependent on, a different morbid process to
that concerned in a malarial attack.

[I.—THAT BLACK-WATER FEVER 15 QUININE INTOXICATION.

That quinine under certain circumstances can induce attacks of Black-water
Fever is undoubted. It is usual, however, for Europeans in the tropics to take
quinine when they feel the onset of fever; and it is to be expected that in very
many cases of Black-water Fever there will be a history of previous quinine ad-
ministration ; but a large number of cases are recorded in which, time after time,
a dose of quinine-has been followed with clockwork regularity by the appearance
of hazmoglobinuria,

Even under urdinar}r clinical conditions, it is the experience of most observers
that attacks of Black-water Fever have in most cases been induced by quinine,
the symptoms commencing within four or five hours of its administration- On
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the other hand, a number of cases have been recorded in which the patient had
not taken quinine prior to his attack.

A study of recorded cases seem to point to the existence of two diff=rent
conditions under which this drug may act in the production of hazmoglobinuria.

In one class of case quinine may have even been frequently employed with
benefit in the treatment of malaria; until perhaps one day, when a dose has been
taken for what has been supposed to be an actual or impending attack of malarial
fever, its administration is followed in the course of a few hours by the onset of
hzmoglobinuria. In these cases it frequently happens that subsequent doses
of quinine fail to produce a repetition of the symptoms ; this is the condition met
with in the majority of Black-water Fever cases.

In another category must be placed those much rarer cases where quinine even
in minute doses is invariably followed by the onset of haemoglobinuria.

The view that quinine alone is sufficient to bring on attacks of the disease,
apart from an acquired predisposition, has been upheld by only a few nbservers.
Without exception, even those who have laid the greatest stress upon the part
played by this drug in the production of hazmoglobinuria, have taken care to qualify
their statements by pointing out that a special acquired predisposition is necessary,
So far as we are aware there 1s no record of any case in which the administra-
tion of quinine to healthy persons has produced hamoglobinuria, The ordinary
effects of this drug upon the organism are well known and easily recognised ;
cinchonism or true quinine intoxication is a familiar phenomenon among those
who have to make frequent use of the remedy ; and its occurrence almost always
bears some direct relation to the amount absorbed ; hzmoglobinuria is not a
symptom of this condition, and has never to our knowledge been recorded as
occurring in the case of persons in whom the accidental administration of an
overdose has produced fatal results.

It 1s true that more or less concentrated solutions of quinine will £% vitre pro-
duce hzmolysis of human blood corpuscles suspended in salt solution ; but as will
be seen later, when we give our own observations, it does not exercise this effect
upon red cells suspended in human blood serum ; and there is no evidence to show
that quinine exerts a directly destructive effect upon normal human erythrocytes
within the body.

Obviously the action of quinine in these cases must be clearly distinguished
from that of such a substance as chlorate of potash, which, innocuous in small
doses, in larger quantities produces markedly toxic symptoms, prominent among
which is red cell destruction and hazmoglobinuria (methzmoglobinuria). Admine=
istered in poisonous doses, the action of this substance upon a person can be
foretold with certainty, quite apart from any consideration of such questions
as special predisposition, place of residence, country, or any other circumstance,

B 2
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But quinine never produces hazmoglobinuria except in the case of persons
who are the subject of predisposition, acquired only after residence under
special circumstances, in certain places; and even in such persons the
occurrence of hzmoglobinuria can never be prognosticated with any certainty,
save in a fractional percentage of cases. That cases do exist,in which this
acquired idiosyncrasyis so marked that even the most minute dose of quinine
is followed within a few hours by the passage of hazmoglobinuria urine has
been well established ; and it is the recognition of this fact which has led to the
attempt to distinguish a special form of quinine h2moglobinuria in contradistinc-
tion to the class of case in which therelation of quinine administration to the
onset of this symptem is not so evident, or in which quinine can be definitely ex-
cluded.

Many cases of Black-water Fever oceurring without the administration of
quinine have now been recorded by A. Plehn (4) (twenty-two) ; Cardamatis (5)
(thirty-two) ; Theophanidis (5)(ten), Korylos (5) (three), Shropshire (8) (fifteen per
cent. of apparently one hundred and seventy-seven cases); and many other
observers,

[I1I,—THAT BLACK-WATER FEVER IS A DISTINCT DISEASE DUE TO SOME
SPECIFIC ORGANISM,

As a result of the kindling of interest in Tropical Parasitology, which followed
upon Manson’s and Ross's discovery of the mosquito cycle of ‘the malarial parasite,
protozoal infections in animals (such as the piroplasmoses) have been brought
prominently before the minds of those engaged in tropical research. The impert-
ance of not overlooking new human parasites was still further accentuated by the
discovery of the parasite of Kala-azar, and the danger of confusing diseases of
somewhat like symptoms rendered very clear by the fact that up to this time
infection by the Leishman Donovan Body had been everywhere classed as malaria,

Even in 1898 the apparent resemblance shown by Black-water Fever to the
hzzmoglobinuria of animals associated with piroplasma infections naturally pre-
sented itself to anyon e studying the disease. No one has succeeded, however,
in spite of much attention, in finding in the blood or organs or ‘Black-water Fever
cases a special parasite of this nature. Such a view of the orgin of the disease is
therefore at present not supported by any facts ; and it is even made somewhat
improbable by a study of all that is known of the condition, notably the amount
of positive evidence pointing to a malarial erigin, and the difficulty of fitting ina
special parasite view with what we know of the action of quinine in this disease.
The demonstration of the presence or absence of a special parasite is, however, of
such fundamental importance, that until absolutely disproved the possibility of its
presence must be given every consideratipn.




IV.—THAT BLACK-WATER FEVER IS THE RESULT OF AN INDUCED CONDI-
TION BROUGHT ABOUT BY REPEATED MALARIAL INFECTION LASTING
OVER A CERTAIN TIME.

Most modern observers have accepted this view, first brought forward by
Stephens and Christophers (9) and later strongly supported by Panse (10).

These abservers, while agreeing so far with Koch that the meorbid process
concerned cannot be considered as one bearing any true resemblance to a
malarial attack, formed the conclusion that it was exposure to severe and long
continued malarial infection which brings about the condition of unstable equili-
brium in the blood necessary before quinine, or any other determining factor,
can bring about an attack of the disease.

Since then much confirmatory evidence has been amassed showing that
Black-water Fever is clinically most closely associated with malarial infection.
But this view of the origin of the disease is not universally accepted, and certain
objections have been raised, more particularly by those who maintain that the
disease is a specific one with no real relation to malaria. This being so it will
be necessary to pass in brief review the facts that have been ascertained in re-
gard to the relation of Black-water Fever 1o malaria, and to consider in detail
the objections that have been raised against the theory that it is of malarial
origin.

GEOGRAPHICAL DISTRIRUTION.

The geographical distribution of Black-water Fever we now know to be
very wide. In Europe it is recorded from Italy, Sicily, Sardinia, Greece, and
Spain, from Merv in Russia along the banks of the Danube, in the Caucasus and
from Turkey. In ltaly as Stephens (11) points out it occurs more especially in
Seuth Calabria, where the mortality from malaria, according to Celli, reaches g
to 99 per 10,000, a rate double that n the Roman Campagna and more than
ten times that in Northern Italy,

In Asia the disease has been met with in Cochin China, Tonkin, and Siam,
and it occurs also in India, Burmah, the Straits Settlements, Java, Sumatra, New
Guinea, and the New Hebrides ; it has also been described as occurring among
certain communities in the more malarious parts of Palestine.

Throughout Tropical Africa it is the chiefl cause of mortality among Euro-
peans; and it is found also in Madagascar, Bourbon, Mauritius, Reunion, and the
Comorro Islands.

In the West Indies it was known to the early French observers; and in
Nicaragua, Costa Rica, French, British and Dutch Guiana, Brazil, Central
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America, and Cuba it has been recognised for a considerable time ; while
American physicians from some of the Southern States were among the first
observers to describe the disease, which has a wide distribution throughout the
more malarious portions of that country.

That this distribution of Black-water Fever agrees in the main with that of
the greatest intensity of malaria is evident ; but it has been objected :

(1) That in the case of many of these countries the disease has only
recently been introduced.

(2) That the coincidence with malaria is not exact; and more specially
that there are countries notoriously malarious in which Black-water
Fever is very rare, or does not exist.

The converse of this latter suggestion, namely, that Black-water Fever
occurs in comparatively non-malarious districts has not so far as we are aware
been advanced.

(1) The Lelief that Black-water Fever had a peculiar and restricted distri-
bution has been emphasised in most text-books until quite recent years. To ex-
plain the constantly increasing area from which the disease is now being record-
ed some writers have advanced the view that in many of these countries, as, for
example, India, the disease has only recently been introduced. This does not
seem to us a conclusion warranted by the facts.

In making an examination of the literature of Black-water Fever one cannot
help remarking that the recognition of its geographical distribution has followed
periods in which the different nations became acquainted with the disease in
their various colonial possessions.

The first may be called the French Period, and dates from the time when
Lebeau (12), Daullé (13), and Le Roy de Mericourt (14) first described the
disease “ Fievre Bilious Hamaturique' as occurring in Madagascar and some
of the adjacent islands. Almost immediately other French physicians reported
finding the same type of fever in Senegambia, Senegal, Gaboon, Guiana, the
Antilles, and other parts of the West Indies.

Until 1858 nothing was heard of ha=moglobinuric fever outside French pos-
sessions. But in that year Verratas (15) a Greek, described what he termed
“ Quinine Hzmoglobinuria ”; and two years later a similar communication was
made by another Greek, Papabasilos (16).

The American period commences from about 1860. The disease was first
described by Doctor Cummings (17) of Louisiana in 1859, and it was shortly
alterward srecognised in Alabama and Texas (1866). From this time onward it
was reported with increasing frequency from many parts of the Southern States
of North America.

The Italian period may be said to date from 1874 when Tomaselli (6) pub-
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lished his classic monograph upon Quinine Intoxication, describing cases of
hazmoglobinuria seen by him in Sicily. Almost immediately, interest being
aroused, the disease was shown to occur also in Sardinia and Southern ltaly.
About this time too the Dutch physicians (Jacobs) (18) m Java, Guinea
and New Guiana discovered the presence of the affection in those colonies.
From 18go commences the German period, with Schellong’s (1g) well known
work in Kaiser Wilhelm's Land ; and from this time, co-incident possibly with
the stimulation of German colenial activity, we find numbers of investigators
belonging to that nation recording observations upon the disease from the
Kameroons, German East Africa, and New Guinea. Prominent among the names
of these workers are those of Grawitz and Kohlstock (20), Steudel (21), the two

Plehns (3 and 4), Ziemann (22), and Koch (7).

Upto comparatively recently little or nothing of the disease had been record-
ed from British dependencies although French observers had already reported it
irnm various parts of Africa, Asia, and America ; and though Crosse (224) and
Manson (224) had called attention to the disease in 1892, and from time to time
a few isolated papers upon the subject had appeared in English medical journals,
no adequate account of the condition had yet found a place in text-books avail-
able to the majority of British physicians practising abroad.

But in 1898 as an immediate result of Manson's and Ross's great discovery
a sudden and extraordinary awakening of interest in Tropical Disease was arous-
ed throughout the British Empire, and within the half dozen or so succeeding
years we find Black-water Fever recorded by British observers from British
Central Africa (Moffat) (23), Stephens and Christophers (g),Daniels (24), Hearsey
(25), India (Powell) (26), Seal (27), British Honduras (Brown) (28), Rhodesia,
Uganda (Moffat) (29), Nigeria (Hanley) (z0), British East Africa (Daniels),
the Soudan (Ensor) (38), China (Wenyon) (31) British Malaya (Wright) (34},
Burmah (I'inke) (35), Syria (Cropper) (36), Masterman (37), and elsewhere.
It 1s obvious that a recent introduction of the disease into these countriesis most
unlikely.

(2) In regard to the objection that the distribution of Black-water Fever is
more restricted than that of malaria, Stephens has pointed out that, in many
countries where malaria is known to occur, the inhabitants are not exposed to the
disease in an intense form ; and that if we consider the distribution of intense
malaria we shall find that it coincides very closely with that of Black-water Fever.

It has been stated that the distribution of Black-water Fever is not that of
any of the known varieties of the malarial parasite ; but it is difficult to see how

such a statement can be upheld for all we can say at present in regard to the dis-
tribution of the different varieties of malariais that, as one approaches the tropics,
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one finds infection with the malignant tertian form more and more frequent, a
statement which applies also to the frequency of Black-water Fever; and that
Black-water Fever can arise from only one variety of the malarial parasite we
have at present no proof.

It is then only with the intensity of malaria that we are concerned, and the
only portion of the objection that seems 0 merit consideration is the statement
that there are certain countries which are intensely malarious in which Black-
water Fever either does not occur or is very infrequent. Though it is repeatedly
averred that this is the case, the basis of fact for sucha statement is extremely
slight.

It has been stated that Black-water Fever is rare in Algeria ; but the brothers
Sergent (39) have within recent years recorded 31 cases with 22 deaths, and
Coste (40) has reported another 25 cases, proving that the condition is far
more frequent than has previously been supposed.

Black-water Fever is also stated not to occurin Egypt, a very malarious
country ; but it is significant that it is common in parts of Palestine; and it is
being reported from the Soudan north of Fashoda.

The greatest stress of all is laid on India. It has been stated that, whilst
people in India are much subjected to malaria and are accustomed to take
quinine freely, there is no Black-water Fever; and it is the same view which has
caused this country to be cited so frequently in the present connection.

Manson (42) emphasizing the objection to the malarial origin of the disease
says, speaking of Black-water Fever: It is exceedingly common among
the few Europeans who live in Tropical Africa, it is practically unknown amongst
the many thousands of Englishmen who live in the fever haunts of India.”

These views would no doubt be readily echoed by numbers of medical
men in India, who affirm, and we believe often quite rightly, that they have
never encountered the disease. :

At first sight therefore it might appear that there were grounds for the
assertion that in India while severe malaria is common Black-water Fever is
generally speaking, rare or absent, and should this view prove on enquiry to be
correct, it is obvious that it would form a serious objection to the theory based
upon the suggested intimate relations between these diseases. DBefore giving
weight to this objection it is necessary to consider the history of Black-water
Fever in India and to note the circumstances in which it has appeared.

Maclean (43) in his lectures upon the Diseases of Tropical Climates (1886)
states, with reference to the urine in certain cases of remittent fever, that “ In
some cases recorded by me there was profuse secretion of bloady urine, which
lasted until couvalescence set in.” But Powell (26) was the first actually to
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recognise the disease, when he recorded the occurrence of a number of cases in
Cachar.

A little later other cases were reported from Sylhet. the Darjeeling Terai,
Cachar, and the Duars. Stephens and Christophers, who described four cases
from the Duars, also note in their report to the Royal Society that cases had
been met with in other parts of India, including Hazaribagh, Meerut, Roorkee,
and Secunderabad, while the disease is common among the Europeans in the
Jeypore Hills, They also mention that cas:s of the disease have been seen
from time to time in the hospitals of Calcutta and Madras, though these may
have originated in other places,

Since then Christic (32) has recorded three cases from Canara in the
Bombay Presidency, and DeCruz (33) a further number of cases among hoth
Europeans and natives in the jeypore district,

Nor are these the only places in which Black-water Fever may occur in

India.

In our list of cases given in the present mzmoir we are able to record one
in a European from Purulia in Chota Nagpur; and Colonel C, ]. Bamber,
I.M.S., has drawn our attention to the death of a European officer from
Black-water Fever in the Lower Godavery district, a reputedly malarious part
of Southern India. Doctor Gepal Chatterjee has also told us of two cases in
Bengalis living near Calcutta, where he states there are some very malarious
villages. The family in which both cases occurred had for some time been
suffering from malaria, and he had on several occasions found them to have
malarial parasites in their blood. Doctor Bramacheri has given us particulars
of a case arising in a native of the Burdwan district.

These represent, we feel sure, only a few of the districts in which the
disease may be occasionally met with. Many other likely areas probably have
no European residents; but in others where Europeans and educated natives
reside we suspect that careful enquiry would show the disease to exist.

A common belief, that a discase having such a striking symptomatology
as DBlack-water Fever can scarcely be overlooked, 1s not borne out by
experience; it is only too frequently entirely unrecognised or confused with
other diseases, when it occurs in districts in which it has not previously been
diagnosed, As a rule where Black-water Fever occurs, men are for the most
part living remote from civilization, and the disease being a sudden one and
soon over a case except under special circumstances is often not seen by any
medical man, Again in all such communities “fever' is only toe familiar,
and, even when 2 man is seriously ili, he often thinks it unnecessarv to call in

medical advice though this may be available.
c
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It has been supposed that the patient imself must be stiuck by the extra-
ordinary change in his urine; and no douht he is, if he knows that the disease
from which he is suffering is Black-water Fever ; but in a district where it is
not believed to exist, and among a community who have only heard vaguely of
the dread disease, a man may overlook the condition of his urine and not suspect
that he is suffering from Black-water Fever.

All these points are weli exemplified in the case we have referred to from
Purulia, It was only because he was travelling to Calcutta at the time and was
taken to the General Hospital that this man came under observation ; also in
spite of passing though a typical attack of the disease he did not know that he
had Black-water Fever, and had he been in his own district the attack would
certainly have gone unrecorded, for he and one other European were living
alone in a remote part, many miles from the nearest civil station.

Black-water Fever therefore does occur in India ; but it is evidently con-
fined to certain localized tracts, and there can be no doubt, as has been main-
tained, that it is rare in the practice of the average Indian physician. [n fhis
fact lies one of the most powerful arguments for the view of the malarial origin
of Black-water Fever, yet based on the grounds of geographical distribution.

The areas we have especially mentioned as centres of Black-water Fever
are all tracts at once differentiated from the usual conditions in India h}’ the
intensity of their malaria. Assam, the Duars, and the Darjeeling Terai we shall
consider in detail later. It is only necessary in the present connection to say
that they are notoriously malarious districts.

The Jevpore District is a hilly intensely malarious tract, where the
European and native residents alike suffer severely from malaria.

Canara, on the west coast of India, is also a hilly district with a heavy rain-
fall, and it is interesting to nate that before the occurrence of Black-water Fever
was actually recorded by Christie, Stephens and Chrstophers, judging from
physical and other features, had already indicated this district as one likely
to yield cases of Black-water Fever.

Chota Nagpur is an extensive tract of hill country largely occupied by
aboriginal tribes, mentioned by Hirsch as one ol the most malarial parts of
India.

Later on in this memoir we shall be able to picture what residence in such
districts entails to the Europzan and even to the native of India.

But these conditions are not general throughout India in spite of an im-
pression to the contrary among those who are unfamiliar with life in this country.
Malaria exists as a rule, itis true, but in a degree in no way comparable to its
intensity in the Black-water Fever districts. Europeans also, for reasons inte
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which we need not enter here, are usually but little exposed to such infection as
exists.

Thus one of us, as a result of experience, found it quite unnecessary to adopt
special precautions against malaria while living in the owskirts of Madras; nor
did those living in the neighbourhood suffer, though a certain amount of infec-
tion, by no means great, was to be found in the bazaars, This condition is expe-
rienced in Calcutta, Bombay, and most Indian stations and 1s met with even in
rural districts, for one of us passed two years in a portion ol Assam (Cachar;
without contracting malaria, although no special care was taken to avoid it;
but on moving to Tezpur, a Black-water Fever distriet, he suffered severely until
from necessity he adopted the practice of taking quinine daily. Again in many
large tracts of India malaria may be very rife, but only at certain seasons. Thus
at Mian Mir which is one of the most notoriously malarious stations of the
Punjab, malaria is only really prevalent for two or three months in the autumn;
and this remark applies more or less to the whole North-West, where rainfall is
scanty and there is a long period of drought associated with a cold season.

Briefly stated then we may assert that the great majority of Europeans in
India are not exposed to Black-water IFever conditions, assuming that these are
rife m an intensely malarious district.  An objection has been raised in regard to
the British soldier, who is frequently exposed to malarious conditions and often
suffers severely from the effects of residence in a malaricus station, but appar-
ently does not suffer from Black-water Fever. The British soldier, however, is
under continual medical inspection and is almost certain if he suffers much from
malaria to be invalided or drafted to some healthier place long before the
necessary condition of predisposition has been reached.

It is evident, therefore, after a full consideration of ihe facts, that the argu-
ments raised against the theory as to the malarial origin of Black-water Fever
based upon the geographical distribution of that disease are no longer tenable
in so far as thev relate to India; for an examination of the real facts shows that
where in India there is intense malaria Black-water Fever is also found.

ASSOCIATION OF BLACK-WATER FEVER WITH MALARIA.

That it is among communities living under constant hLability to attacks of
malaria that Black-water Fever is found to exist is very generally admitted; but
it has been urged that this association of the two diseases is only accidental, due
merely to the fact that the conditions favourable for the occurrence and propa-
gation of malana are also suitable for the existence of the special parasite, which
has been suggested as the cause of Black-water Fever. It is a very important
matter then to decide whether the association of the two diseases is mere

cz2
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concurrence or an actual relationship, Stephens, supporting the view of the
malarial origin of Black-water Fever, brings forward direct evidence for such
teal relationship based on the results of the examination of the blood and tissues
in Black-water Fever. He tabulates the results obtained by competent observers
in ninety-five cases, and shows that in g5 per cent. of those observed the day
before the attack malarial parasites were present. He also points out that the
failure to find parasites in cases of Black-water Fever seen ata later stage
in no way invalidates the fact that an initial malarial infection is almost always
present. Both he and Christophers had previously called attention to the
subsidiary signs of malarial infection almost invariably present in Black-water
Fever even when parasites were absent. Thus provided the case be seen fairly
early although no parasites may be detected careful search will frequently demon-
strate the presence of pigmented levcocytes—undeniable evidence of very recent
infection : moreover a differential count of the leucocytes will usually show the
large monenuclear increase commonly met with in malarial bloods. With few
exceptions also examination of the tissues of fatal cases has nearly always shown
the presence of parasites or pigmented leucocytes, the latter being so distributed
as to point to very recent infection.

In acecord with such observations are others of a eclinical nature, and it is
significant that in Italy where the study of malaria has been carried on with great
thoroughness and mmuteness, hewmoglobinuria of malarial origin has been fully
recognised. Marchiafava and Bignami, discussing cases of hazmoglobinuria, draw
attention to the fact that these conditions should be included under post-malarial
phenomena, that is those which occur not only after the cessation of the fever,
but even when parasites have entirely disappeared.

In regard to the disease i the 1rnpic:§ one 1s forced also to the conclusion
that if Black-water Feveris not caused by malariait is closely bound up with it,
so much so that, whenever a case is seen under conditions suitable for accurate
observation, it is almost invariably found that the attack has been associated with
an immediately preceding attack of malana. Panse’s cases are exceedingly
convincing in this respect; studying patients in Europe, who suffered from
relapses after return from Black-water Fever districts, he frequently saw the onset
of Black-water Fever in the course of the malarial attack for which the patient
had been admitted, and with the progress of the case noted the more or less
rapid disappearance of the malanal parasites.

In addition to these there are other facts of a more general nature which
must be given due consideration.

A most noticeable feature of Black-water Fever is that it occurs only in
those who have been resident for some considerable time under Black-water
Fever conditions ; fresh arrivals are never attacked. Berenger Feraud (44), in
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185 cases, has seen only one under three months' resident, the remaining 184
occurring as follows :—

Under one vear . : - : . . . . . 1o
Second year . 2 : i : { : : 3 . 42
Third year . - . . : ; ’ . . - 79
Fourth year . . . ; T o . ; 5 e 17
Fifth year ; ; : : ; ; : i : . 9
At some later date . - . . . . . : . 8

This feature of the disease 1s of the greatest importance from an ®tiologi-
cal point of view, It has been argutd that if Black-water Fever were a specific
disease it would not select persons just at this period of their residence. It is
suggested on the other hand that this peculiar incidence is explicable as due
merely to the accumulating chances of infection as time goes on.  Such a view,
however, seems in':pmb.:l.b]e in the face of the very remarkable umformity in the
length of residence necessary before infection takes place. Later on we shall
see that in India at any rate this peculiar incidence cannot be explained as a
resuit of concomitant circumstances,

Quite a different state of things is found in malaria in which disease it is
customary for new-comers to a badly malarious country to contract infection
very shortl}' after their arrival ; and the same holds good in regard to suscept-
ible animals brﬁugh[ into countries where pirop]:lsmosis is endemic.

Again there are no grounds for the b=het that any single attack of malaria,
however severe, can give rise to haemoglobinuna except in a subject who has
been for some time resident under Black-water Fever conditions; Black-water
Fever cannot therefore be a complication of a mere attack of malaria.

Another well recognised fact in regard to Black-water Fever is that it
atlacks only certain susceptible races whilst the indigenous inhabitants of the
countries where the disease is prevalent apparently do not suffer.  Thus in Africa
besides Europeans, Syrian hawkers, Indians, and even Negroes who have not
been born and bred under these conditions are liable to attacks. This isin
exact accordance with what we know of malaria in such countries as Tropical
Africa, where the adult among the indigenous population possesses an immunity
acquired by repeated infection in childhood. The non-occurrence of Black-
water Fever among these people suggests either an intimate relation of such
immunity to malaria, or the assumption of an exact parallel in the course of
infection by some other parasite,

That a man may develop Black-water Fever, even for the first time, after
his return to Europe, is a fact generally recognised ; and many cases occur too
long after leaving a district to make it likely that the disease has been merely
incubating. Of all diseases known to us malaria excmplifies this peculiarity
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most, and that Black-water Fever also shows it is a point not to be lightly dis-
missed. Panse's observations previously quoted show that such attacks are
invariably preceded by an active malarial infection; and it is of course possible
to explain attacks under such circumstances by suggesting that the malaria has
lowered the patient's resistance to the latent cause of Black-water Fever, which
then asserts.itself : or that the latter has stimulated the malarial parasite into
activity. In either case we must allow that Black-water Fever, like malaria,
can remain dormant in the syvstem.

THE PLACE OF QUININE IN THE MALARIA HYPOTHESIS OF THE ORIGIN
Or BLACK-WATER FEVER.

There is no incompatibility between the view which asseris that guinine
administration may produce Black-water Fever and the malaria hypothesis, if
we admit that the drug is only a determining cause, acting in conjunction with a
condition induced by previous intense malaria. The malaria hypothesis certainly
explains more readily than any other the undoubted action frequently exerted
by quinine in the precipitation of an attack of haemoglobinuria.

Thus far we have summarized the recorded facts relating to the remoter
causes which act in the production of Black-water Fever.

As to the mechanism and the exact process concerned in the terrific
destruction of red cells we have no certain knowledge ; but as may be expected
this has been the subject of much speculation and conjecture.

The earlier writers held that Black-water Fever occurred only when the red
cell destruction, usual to a malarial attack, exceeded a certain point. It was
thought that. the liver, being then unable to cope with the excessive amount of
haemoglobin liberated allowed a portion of this to pass unchanged into the urine.
Modifications of this view are that Black-water Fever is the result of a peculiar
virulence of the malarial parasite brought about by certain conditions, such, for
example, as their transmission through a particular species of anopheles
(Daniels) ; or that it is due to an excess of toxines liberated by the parasite pos-
sibly under stimulation of quinine (Groceo) (45).

The view that asserts Black-water Fever to be a specific disease and draws
an analogy between it and the piroplasmoses hypothecates that instead of the
red cells being destroyed by the malarial parasites or their toxines, the effect is
brought about by a special parasite.

The action of quinine in liberating hzzemoglobin from the red blood COrpuse
cles has been urged, and as Stephens and Christophers pointed out solutions above
a certain strength possess the power to hemolise red cells, Marchoux (46)
moreover asserts that quinine is not excreted during the actual period of Black-
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water Fever ; but that its presence may be demonstrated in the urine as that
condition subsides. Bensaude (63) belives that quinine has no action on intact
red cells ; but that on the breaking up of these cells, it may act on the liberated
hazmoglobin converting it into methzemoglobin, which is at once excreted by the
kidneys as a foreign substance. He suggests that the h:emoglobinzmia result-
ing from an ordinary attack of malaria does not usually produce hamoglobinuria,
normal hazmoglobin being readily absorbed, but that with the presence of quinine
in the blood the reaction referred to takes place, and met-hemoglobinuria results

A theory advanced by Thayer (47) in 1898, and subsequently adopted by
many others as a possible explanation of the mechanism of blood destruction,
assumed that the red cells became less resistant than normal to changes in
the osmotic tension of the plasma, and thus became liable to undergo solution.
Stephens and Christophers, investigating the condition of the red cells in regard
to their behaviour in different strengths of salt solution (isotonic point), found
that during an attack of Black-water Fever they might show an even increased
resistance to solution; though the examination of the red cells of perzons living
under Black-water Fever conditions frequently showed them to possess less than
the normal resistance. They conclude, therefore, that the apparent raised
resistance observed in Black-water Fever might be due to the destruction of
the weaker cells in the course of the disease, witih the result that only the most
resistent cells remain after an attack.  Certain French workers have suggested,
as an explanation of the phenomena observed m Black-water Fever, the occur-
rence of what they termed ' demineralisation of the plasma,” a condition which
they assume a reduction in the amount of salts normally found in solution in the
plasma, the resulting alterations in osmotic conditions giving rise to destruction of
the red corpuscles, More recently McCay (43) has brought forward an interest-
ing hypothesis based on the observation that after the administration of even a
single dose of quinine sulphate, he finds a reduction in the salt contents {hazmo-
sozic value) of the plasma. This he aseribes to the action of the acid radical
and not to the alkaloid, as his observations caused him to believe that the
administration of quininc hydrozhloride does not produce the same effect. In
the main his theory regarding Black-water Fever is in agreement with that of
the French observers previously alluded to, the process of destruction being
supposed to be the result of the ** demineralisation of the plasma.” But up to
the present no observer has given sufficient data to enable an opinion to be
formed as to the part played, if any, by osmotic vanations in the production of
Black-water Fever.

Certain other theories have from time to time been put forward, the
mention of which serves to indicate the general confusion and uncertainty that
has for long existed regarding the process concerned in the blood destruction of
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Black-water Fever. Thus Pellerin (49) advanced the view that the kidney was
involved, the hzemoglobin observed in the urine being derived from hzmorrhages
into that organ or from the breaking down of infarcts ; and Plehn has also cited
as a possible explanation a damaged condition of the kidneys in some way
altering their relation to the blood which, in the case of certain malarial subjects
might suffer injury and be deprived of its hazmoglobin in its passage through
them. Yersin (49a) announcing the discovery of a bacillus in the urine suggests
its toxic efiects upon the blood as a likely cause; and Collet (495), influenced
perhaps by the fact that the filtrate from cultures of the B. Megatherium may
excite hmoglobinuria when injected into guinea-pigs, has mentioned possible
infection by that organism as a question to be considered.

But of the real mechanism of Black-water Fever we are still ignorant,
though certain observers, prominent among whom are the Italians, have definitely
formulated the view that Black-water Fever is due to the action of a specific
hzmolysin, and one of them Casagrandi (50) states that he has succeeded in
demonstrating in malarial hamoglobinuria such a hazmolysin masked by the
presence of an anti-haemolysin. The study of the complex phenomena into
which these researches lead us is better discussed in relation to our own later
investigation.
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CHAPTER II.
NATURE OF THE DISEASE., ScOPE OF THE PRESENT ENQUIRY.

Black-water Fever is a disease localised to certain parts of the world ; it is
characterised by hzmoglobinuria. Apart from it hzmoglobinuria in man is rare
being seen only in occasional cases of paroxysmal hmmoglobinuria or as a rare
complication in certain other diseases. On its importance as a bar to Colonial
expansion we need not comment, beyond saying that it is becoming more and
more recognised as a cause of death among Europeans in tropical countries.
Few diseases have a more striking symptomatology, and an enormous literature
has grown up dealing with the clinical features, diagnosis, and treatment of the
condition.

Black-water Fever attacks as a rule men who have been more cr less affected
by the ill-health so frequent in tropical malarious countries, but sometimes the
disease strikes down a man who to his companions seems strong znd robust.

There occur also in most cases what have been called prodromata. It is
stated by Nothnagel that these prodromata which resemble malaria differ in
presenting a more marked cold stage. Our own experience is that the prodro.
mal fever can never be differentiated from an ordinary malarial attack, which
patients themselves almost always consider it. Whether it is so in reality we
must leave for further discussion. In some cases an intermission of the prodro-
mal fever is followed by the Black-water which comes on as though it were the
fever returning, while in others no definite prodrome has been recognised,

Almost invariably a rigor followed shortly afterwards by the passage of
hzemoglobinous urine marks the onset of the disease. In the history of some
cases it is stated that abnormal urine was the first symptom, and that the rigor
followed, but this point we cannot ascertain with certainty. The urine first
passed may be light red in colour or quite dark. Inan ordinary case it is
lighter at first but soon becomes of a deep mahogany red colour or even nearly
black, though even then it appears claret coloured by transmitted light, With
slight variations these characters of the urine continue until hazmoglobinuria
ceases or suppresslﬂn supervenes. At the onset the temperature generallv rises
to 104° F, or even 105° F. and remains high during the greater part of the
paroxysm. DBut sometimes, especially in mild cases, the aisease runs an almost
afebrile course. Throughout the attack there is often extreme thirst, and
usually great nausea; and the bilious vomiting with the jaundice has served to
give the disease the name of ** Bilious H:memoglobinuric Fever.”

In severe cases the patient is restless, complaining of want of air and with
all the appearance of an acute hamorrhage case. A symptom which may he
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persistent and distressing is pain over the epigastrium, and tenderness may be
present over the spleen, which is nearly always enlarged, and the liver.

At the end of the first twenty-four hours or so metimes earlier an ieteric tinge
begins to show itself and rapidiy increases in intensity though it never equals in
degree the profound yellow colouration sometimes seen in obstructive jaundice.

The urine which at the commencement of the attack may be light red, re-
sembling laked and diluted blood, shews on spectroscopic examination the
absorption bands of oxy-hazmoglobin. Later it becomes darker and more
brownish in colour, appearing nearly black when looked at in bulk. After re-
maining for some time more or less uniform in tint the urine often somewhat
suddenly becomes less intenselv coloured and finally quite free from hzmoglobin.
It is common to see in the course of an attack, especially in those that are severe,
one or more periods of exacerbation shown by rigors and a deepening in the
colour of the urine. Not infrequently the urine may clear up only for the hz2mo-
globinuria to return with a new accession of the symptoms. Along with and
after the hzmoglobinuria there is urobilinuria which continues for some days
Albuminuria which during the hzmoglobinuria is often sufhcient to cause the
urine to become nearly solid on boiling continues in a less degree for many days
after, The blood at first not markedly anzmic eventually becomes in a severe
case pale and watery, the red cells being sometimes reduced to less than a
million per c. m., whilst the hzmoglobin value is correspondingly low. Very
early in the attack a few malarial parasites are usually present, but later they are
not found even after the most prolonged search.

If recovery takes place convalescence is rapid, and the patient often hasa
spell of better health than before the attack of Black-water Fever, but if he be
exposed to the same conditions as before a second or third attack is only too
liable to follow. Each time the chances of a fatal termination are very great.

When death takes place it usually follows suppression of urine, the result
of a profound effect upon the kidney epithelium. At other times the enormous
blood destruction itseif leads to a rapidly fatal end. Even if the patient pass
safely through the actual hazmoglobinuria he may die many days later from
obscure causes,

Post-mortem the spleen is greatly enlarged, congested, and dark in colour.
The liver also is enlarged, and congested, the kidneys enlarged and dark purple
in colour. Almost characteristic of the viscera in Black-water Fever is pigment
of malaria, a disease which if it be not the cause of Black-water Fever is every-
where associated with it.

This then is the disease. It is necessary for us after we have summarized what
has been ascertained and surmised by other observers as to its nature to give
our own contribution to its study.
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Owr researches upon Black-water Fever have been carned out in the Duars, a
district which has gained some noteriety in India as one where Black-water Fever
is prevalent. Our first step was to ascertain the conditions under which Black-
water Fever occurred and to collect such general information regarding seasonal and
local incidence, the relation to race, length of residence, and such other conditions as
seemed likely to be of importance in determining the cause and nature of the
disease. Having ascertained as far as possible the general causes bringing
about Black-water Fever there still remained for consideration the immediate
mechanism concerned in the disease precess, and the question as to how that
mechanism was set in action. Lastly, there s the possibility of suggesting a
rational treatment and prophylaxis for the disease.

Three main issues therefore were before us :—

L. What are the causes bringing about Black-water Fever ?

Il. © What is the actual mechanism of the blcod desiruction ?

II1. What steps can be taken to prevent the disease or to cut short its
course once it has declared itself?

The first has hitherto chiefly engaged the attention of observers, and the
state of our knowledge at the present time has been briefly outlined.

The only attempts to explain the cause of the condition which seem at ll
applicable at the present time are .—

(@) The theory that Black-water Fever is a specific disease,
(6) That it is induced by repeated attacks of malaria, quinine occupy-
ing a minor position as a precipitating cause,

On the other hand it is necessary to consider the possibility of its being
due to some other condition not yet indicated.

We have to decide upon the probability or improbability of each of these
suggestions, bringing forward if possible proof of their truth or the reverse,

But while investigating these remote or general causes we wish to approach
the subject of Black-water Fever from a new standpoint, bringing as many
observations as possible to bear upon the mechanism of blood destruction in the
disease, Only on these lines does a true solution of the difficulty surrounding
the wmtiology of Black-water Fever seem possible ; it is also only with a knowledge
of this that we can hope 1o approach the rational treatment of the condition.
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Black-water Fever malarial in origin,

CHAPTER I,
BLACK-WATER FEVER CONDITIONS,

A glance at a rainfall map of India shows at ence two areas where the rain.
fall far exceeds that over the rest of India. Oneis a narrow strip 'along the
Western Ghauts and West Coast, The other is situated along the base of the
Eastern Himalayas and the Garo and Kassia Hills, where these ranges intercept
the moisture-laden monsoon currents from the Bay of Bengal ; within its limits
are included the small districts of the Darjeeling Terai, the more important
tract known as the Duars and the sull more important and extensive Province
of Assam.,

It is this latter area with which we are entirely concerned, since it will be
found to correspond to an area from which cases of Black-water Fever have
been frequently reported. In 1898 Powell {26) records the occurrence of Black-
water Fever in Assam, reporting eleven cases which had come under his obser-
vation in North Cachar. Shortly alterwards Seal (27) gave particulars of a
case seen by him in Sylhet, another district of Assam, and six other cases in the
Darjeeling Terai. In 1goo the Rev. G. M. Crozier, M.D. (51), described two
other cases from Cachar ; and a little later Stephens and Christophers noted in
their report to the Royal Society that the disease was frequent in the Duars,
and also referred to a letter received by them from an Assam planter mention-
ing that it had been recognised for a number of vears in Nowgong.

Since.then the Duars has gained a notoriety far above Assam as a Black-
water Fever country. But cases have come under the personal observation of
one of us in the Darrang district (Assam), while particulars of others have been
sent to us from various parts of the province.

To what conditions does the district under discussion owe the occurrence of
Black-water Fever ; and why is the Duars especially the seat of the disease ?

OPENING UP OF THE SOIL.

The belief that severe malaria 1s often the result of opening up the soil has
long been held. To explain this, it has been customary to note that pools are
generally formed suitable for anopheles to bread in, and that malana s the
result ; yet in reality this is quite an inadequate conception of the true state of
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affairs.  We have heen fortnnate encugh to see in several parts of the Tropics
operations involving *“ Opening up of the soil.” Such operations always involve
certain conditions. The most important is the formation of enormous camps of
coolie labourers and their families, drawn from far and wide throughout the
district, or even from distant countries. In such camps of lar more importance
than mere extra facilities for breeding of anopheles are certain conditions : the
mixture of races and classes involving admixture of susceptibles with the infect-
ed ; the depressing effects of hardship, especially aﬂecting the weaker, who in
-turn by becoming malarial disseminators take their part in the vicious cycle ,
crcwdms_,, of the pepulation into communities larger than occur in ordinary rural
conditions and not large enough to derive the benefits to be got from the urban ;
and many other factors we need not specify, Suffice it is to say that camp con-
ditions play into the hand of maiaria more than any cthers known to us ; so that
in these huge labour camps we find malaria in its intensest and most pernicious
form.

Naturally the Europeans and others emploved in supervision suffer in the
general trouble, since in their ignorance they dwell not apart from but in the
midst of the natives. The belief that malana comes from the opening up of the
soil is therefore based upon fact ; but it is not the miasmatic exhalations or even
the extra facilities for the breeding of anopheles, though this too helps in the
general vicious cycle, thatis responsible. Its origin is bound up inthe general
conditions inseparable from the existence of great labour camps in the Tropics.
To emphasize the condition, which is a very real one, we may call it the factor * of
Tropical Industrial Aggregation.”

Much of the area we are discussing has only been epened np and occupied
within the last fifty lyears and vast tracts are still jungle or virgin forest It
owes its recent importance mainly to the tea industry, of which it is the chief
site ; and our interest in the district centres in the conditions on the tea gardens,
ol which alone we have the knowledge necessary to enable us to speak.

When we come to discuss the incidence of malaria among tea-garden popu-
lations, we find that there are several points relating to the character of such
populations which require consideration. The introduction and gradual develop-
ment of the tea industry has resulted in the necessity of employing large work-
ing populations ; and the difficulties encountered in obtaining a supply of labour
from among the indigenous local population has led to the intraduction of vast
numbers of immigrants from various parts of India.

Fortunately for Assam immigration in this province has gone on under
a system known as “indentured labour " which regulates to some slight degree
conditions of life and period of residence. This system results in an immigrant
population it is true, but one with a tendency to become more or less permanent.
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The degree of permanency, however, varies under different conditions on
different’ gardens and is closely bound up with the malarial intensity, the two
factors forming a vicious cycle. Certain gardens are situated upon grants which
are comparatively low-iying and include land suitable for rice culuvation; as a
result there is more inducement for the labourer to become permanently settled
either on the earden or in the villages which spring up around it. The fixed
character of such populations and their tendency to become spread over a wider
area than that allowed by ordinary garden lines, and the fact that the number of
labourers being usually more than 1s required for the garden work allows greater
individual freedom and emails less arduous work, are all factors tending to im-
prove the general condition of the population and lower the incidence of malaria
among them. In these gardens malaria, alithough present to some extent among
the young children, appears to affect the adult population but little ; and those
Europeans living on such gardens usually suffer comparatively little from the
disease. It is due to preponderance of gardens cf this nature that Assam as a
whole is looked upon by Europeans as fairly healthy.

But in other gardens the yearly influx of new coolies maintains the condition
of a temporary labour camp vear after year. Owing to the vicious cycles thus
introduced the population is invariably of a more shifting nature, the t=ndency to
gravitation of its members to more healthy localities being more marked, the
mortality higher, and the consequent introduction of new immigrants propartion-
ately more frequent and in greater number,

In Assam, gardens under this category are almost invariably situated near
the foot of the hills, such a situation in Assam being therefore generally associ-
ated with intense malaria.

If we ascertain the districts from which Black-water Fever has been
reported, we shall find that cases have almost all originated in gardens so
situated.

Classified according to locality the cases of which we have the necessary
particulars are :—

Morth Cachar . . 11 cases (Powell) : . Gardens near the loot of the
north Cachar Hills,

Budderpore . . 1case : . . Railway servant working on
hill gection,

Kumbhier . . 1 case y : . Foot of north Cachar Hills,

Sylhet . . . Jcases . . . . One ona garden below Jaintia

Hills ; one on a garden near
Lushai Hills ; and one recur-
rence of a Duars case ina
healthy district,
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Bishnath . 3 - pEasEs OR - - . Ona garden near the foot of
the Himalayas.

Tezpur . : . 15 cases . . . . Allon gardens mnear the foot
of the Himalayas,

North Lakhimpur . 3cases . . i . All on gardens near the foot

: of the Himalayas,

Lakhimpur : . 7 cases : : . On places known to be in-
tensely malarious.

Jorhat : . . Icase . s L . Ona garden near the Naga
Hills,

Nowgong . . Scases , . : . On gardens under the Mikhir
Hills.

Garo Hills . : . 3 cases - . « Elevation unknown.

But from the many gardens situated on the plains of Sibsaugor and Lakhim-
pur or other places comparatively healthy as regards malaria not a single case
has been recorded.

In the Duars we find a system known as “ voluntary labour,” a system which
entails a great influx and efflux of labour far beyond that in the worst gardens
on the *‘indentured labour™ system. So marked is the shifting character of
the population under these conditions that we have the unique phenomenon of
the whole i:»crpulation of a district living under conditions which resemble those
seen on any large engineering undertaking in the tropics; and involved in the
general scheme are the Europeans and Babus, who form the subject of our
present investigation, since it is they who, whatever one believes to be the
reason, demonstrate these conditions of industrial aggregation by the oceurrence

of Black-water Fever amongst them.
As it is in the Duars that Black-water Fever is most prevalent, this district
will serve us best for the closer study of the conditions under which Black-water

Fever occurs.

THE DuaArs.

The district known as the Duars lies along the foot of the Eastern Hima-
layas between Nepal and Assam. To the west, and for all practical purposes a
mere extension of the Duars, is the Darjecling Terai. _

The rainfall in the Duars is very heavy, averaging about one hundred and
fifty inches in the vear, and this, together with the configuration of the land
which abuts immediately upon the foot of the mountains, is very favourable
to the spread of malaria. When first taken over by the British about thirty
years ago, the Duars was mainly unbroken forest ; it owes its recent importance
entirely to the tea industry, in connection with which there are in the district some
250 Europeans, a somewhat greater number of Babus, and an immigrant popula-
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tion of about 150,000 coolies. The labour throughout the Duars is obtained under
the “ voluntary system,” a system entailing, as we have seen, a more unsettled
population and a more constant influx of immigrants into the district than the
contract system ; and the constant movements of the population and the contin-
val influx of new-comers have led in the Duars to such widespread prevalence of
malaria as probably does not exist over a like area anywhere else in India.

The most obvious special feature in the Duars is then the prevalence and
intensity of malana infection. If it were not tor malaria, the Duars, for a tropical
country, would be unusually salubrious. There is a cool season lasting several
months, and the hot season is, on account of the heavy monsoon, much cocler
and less trying than it is in Calcutta, Bombay, and Madras. The Europeans live
an open and healthy life, and are not unduly exposed to fatigue or hardship.
Diet is comparatively good; and not lacking so far as we can see in any
essential particulars. Yet Europeans in the Duars die from Black-water Fever,
whilst those in Calcutta and the plains of India, broadly speaking, do not. In
what respect are the conditions different 2 1f diet were at fault the disease should
be as common on the healthy gardens of Assam as among the planters of the
Duars ; nor should Black-water Fever occur among the Babus, who do not modify
their diet with a change of district. If exposure to the sun be a cause, the
disease should nat appear as it does among Babus engaged entirely in office work.
That the mere moisture of the atmosphere unaccompanied as it is by great heat
should produce such an effect is inconceivable,

An idea of the universal prevalence of malarial infection may be gathered
from the following list of garden lines showing the endemic index : —

Mumber . | .
Spleen Parasite
Cardens, Race, I Month. l:hill-;.'rtl'l. rate. ki
Per cent. | Per cont.
Dare | Lim District.
a | Paharias . *J September . s I 20 05 75
Ellenari i {
& | Madeshis + | Seplember . : 46 8o 87
Washabari . : ' i - Oetober | + .. 50 73 I i
Bagracnte . ; . . ke Seplenber . ’ i 67 72
Phulbari . . . : August . ' . L] 02 fiz
|
Pathajera . . . October . . .} 40 | 78 o5
Manabari . ; ] October . - 1 30 | g0 83
|
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Gardens,

Ranacherra .
Rungamutly
Meen Glas . .
Bungalow lines .
Factory lines .
Butabari

Dewars lines

Markati . a

Bull /bari

Moneys Hope .
Sissibari .
Hati-jungle .
Barons
Hazodcherra
Jamadars

Morth Grant

Hyapathia

Chalouni
Sam Sing

Kileot

Indong

Luksan

| Race.

Dam

(L

Losw-lying

. Coles and Sentals

Chelsa

e | Paharias .

|
.4 & | Chota
| puries
[ | Santals

Nags

Nagrakaia

Month,

Dim District.

Oatoler
Angust .

Augrust
August .

August .
August .

Cretober

fardens.
October .

Augu:-'.l'. r

September

Oetober .

October .«

Urctober

January

Distriet,

. Aupgust .

August .
December
December

February

District.

August .

—

Mumber
of
children.

2y

33

28
25
50

104

44

50
=8
5

e —

Spleen

rate.

Per cent.

89
9a
93

a1

a6
g2
84

Q2

%3

39

32
of

T2
72

95
87

Parasite
rake.

Per cent.
8z
58
78

a1

75
o
gfi

35

g8

04
93
&8

i
1

52

33

83
S

8z




|
| Nomber [ "
. [
) ] o : Per cent. | Per cent.
Deuatorsa Disivict, I |
Hiniguri : . . : I Movember i i 53 - 20
Huntapara . !Hpril ; - P 13 . | jo
l.ankapara . . 3 . April . . . [ 50 | 20
Dulsingpara e * : I t May : ' W l 75 i
| |
l Low-lying gardens. I .
Huldabari . ) I | November .+ . 34 | 85 | o4
Telepara . . 1 . — | Movember ’ . 1z 05 . fa
Cayakuta i . | Movember . . of | 03 5
Hindupara . . [ November . i 25 | TV o
Gundapara . : ! | November . i 108 3 ]
Lakhmbari . o 2 % | November . 34 I Q1 04
[
; Torsa Lisirict,
Jaigen . ! May = . : 40 | 75 o
Tslpaiguri Town . | September : 3 20 | 40 23
Nayvabusti . ; s | . September i . 36 i1 36

The rains which are very heavy fall from May or June to he end of Sep-
tember, For several months after the rains there are everywhere small trickling
streams fed by springs and these swarm with the larvae of M. fistoni and some
other species. By January most of the streams have become dry, and from this
time onwards to April or May extremely few breeding places exist except on
certain low-lying gardens where the springs are perennial,  Anophele’s adults are
notably scarce after January, except in these latter situations, and during the
months of February, March, and April they are rarely seen in bungalows ; they
are also extremely difficult to detect in the coolie houses.  During this time, that
is, from January to May, fever among Europeans is at its minimum ; servants
also complain very little of fever; and an éxamination of children's blood shows
scantier infections than one finds later in the year, though the actual percentage
of children infected remains much the same.

Very early in the rains malaria becomes more prominent than it has been :
servants continually absent themselves on this account ; and Europeans begin to

E 2
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sufier severely. In August, September, and October malarial conditions are at
their height, but undergo some slight diminution as the colder weather
approaches, though up to January anopheles can be found without difficulty and
cases of fever are frequent.

What applies to variations of malaria from effect of the seasonis equally
applicable to locality. While on almost all gardens the endemic index is ap-
proximately 100 per cent. there are some where the conditions favouring the
spread of malana are much greater than others, so that Europeans and Babus
are more subjected to infection and coolies themselves suffer more from malaria_
The most noticeably malarious gardens are those so situated that throughout
the whole year they are never free from the soakage of water from springs. In-
stances of such gardens are—Barons, Neora Nuddy, Baradighi, and Telepara, in
all of which the whole garden areas are intersected by innumerable streams and
swampy hollows with running springs ; it will be seen from the list of endemic
indices that the rate on these gardens is more than usually high,

Malaria among FEuropeans and Bengalis —Though the European in the
Duars is generally to all appearances in good health, enquiry will often
show that he is constantly getting what he calls “ touches of fever,”” and even if
he repudiates ever getting fever, it will be found that he is subject to * goes of
liver ” or *“*bile,” which are but the interpretation he puts upon the symptoms of
a malarial attack. Among some sixty persons resident m the Dam Dim distriet
to our knowledge over fifty have suffered from attacks of fever (malaria) during
the year. In many cases the attacks have been very mild, probably because
quinine is now being very generally used as a prophylactic, some forty-five out
of the sixty persons having made more or less systematic use of this drug since
May 1goj.

The parasite most frequently found is the malignant tertian, although among
native children the proportion of different forms of parasite is about equal.
Among effects of malaria in Europeans mav be noted the common presence of
anamia at the end of the ramy season, a large number of observations having
shown that at this time of the vear the average haemoglobin percentage is about
85 per cent. of the normal ; some four or five months later at the end of the dry
weather it approximates, however, to 100 per cent. Enlargement of the spleen
was found in five out of thirty-two residents in the Dam Dim district.

The Bengali Babus are still more subject to malaria. They live in houses
that are generally situated in the very midst of the tea-house lines; and they and
their families suffer often in a terrible way from malaria. So much so is this the
case that it is customary for Babus to leave their families in their own country
or to have them up for a few months at a time only; and the explanation invari-
ably given is that ill-health makes this necessary.
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A liability of Europeans and Babus to pass through periods of more than
usually frequent and severe spells of malaria, the attacks recurring every week or
ten days for months together, isvety commonly observed in the Duars. The
explanation as a rule is comparatively simple and depends more than anything
else on mere circumstance. While malaria can be contracted without difficulty
in nearly every bungalow in the district, there are some bungalows where the
conditions are so favourable to malaria that those who live in them are more than
ordinarily exposed to infection on this account ; but above and bevond this there
are other circumstances concerned.

1. The nature of the population of has servants' /tnes.—It may happen that
his servants are more or less immune and that they have few or no dependants;
on the other hand, owing to pure circumstance he may have not only suscep-
tible adults, but a swarm of voung children in his servants’ lines, When this
happens a European who has stood the climate very well for vears may enter
upon a period of ill-health quite noticeable to himself and his friends.

2. The constitution of the lnbour on the Lines near his bungalow.—~With a
large influx of susceptible coolies there may result in any particular scason or
succession of seasons what is known as an * unhealthy year for coolies.,” If a
European is so situated as to be much exposed to infection from his coolie lines,
he will probably suffer along with his servants from the general exhalation of
infection.

Liability to infection.—A factor which we must emphasise, since it is
to our minds one of the conditions always associated with Black-water Fever
countries, is that, quite apart fram the amount of malaria any resident may appear
to be suffering from, he is exposed almost daily to inoculation with sporozoits.
Anopheles, especially the small dark 3. Listons and M. Funestus, the most
notorious malaria carriers, are not easily detected within 2 mosquito net ; they
are also very persistent in gaining an entrance and they frequently bite by day.
The result is that very few Europeans, even when they take precautions, alto-
gether escape being bitten ; the majority take no adequate precautions and must
certainly become the prey of anopheles night after night.  When it is realised
that the salivary glands of one in every four anopheles may contain sporozoits
(56), it becomes evident that the amount of fever suffered from is not a question
of a man having received a certain number of infections each resulting in
due course in an attack, but one of some interaction between the parasite and
the tissues resulting from time to time in the mastery of the former. It is very
noticeable that in infection with the malignant tertian parasite there is a period
of immunity following an attack so that, however heavily and frequently infected
a person may be, he exhibits actua’ fever only at recurring periods of a week,

ten days, or a fortnight.
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Constant infestation.—The condition in the communities we are study-
ing therefore cannot be considered one of so many infections or separate attacks;
but is a process of continuous infestation calling strongly to mind, if we substitute
anopheles and malaria for ticks and piroplasma, what is recognised as occurring
in the case of cattle living in a piroplasma country.

We append a letter in the form of a diary, received from a planter who was
simply asked for particulars regarding his Black-water Fever attacks :

Arrived in India December 1894,  Age 21
1804-95. Senth Sylhet—
Constant attacks of malaria. Treatment 6o grains of quinine daily during attacks.

Mo guinine taken between intervals of attack, MNo sign of anything ﬂpP'ﬂ]aﬂh-
ing Black-water Fever.
1895-96. Adipur-Ouars—

Constant attacks of malaria. Treatment daily doses of quinine 15 to 3o grains during
and subsequent to attacks. No quininc between intervals, No signof any-
thing approaching Black-water Fever. Constipation general throughout the
year and weight reduced from 12-5 to 11 stone.

1896-07. Alipur-Duari—

Constant attacks of malaria. Treatment 15 to 30 grains quinine daily during and
subsequent to attacks. No quinine in intervals. Malarial attacks culminated
in June in bad attack of Black-water Fever. The disease raged for ten days and
as life was despaired of 1 was carried to railway terminus and taken to Darjeel-
ing. Began to recover rapidly and retvrned to garden six weeks later. Weight
10 stone

Quinine was taken in small lots of 10 to 30 grains on odd days just before the attack
as | felt *“ seedy.” Was treated for liver, dosed with mercury and black draught,
and the day after developed Black-water Fever. Throughout the attack was
given quinine and ‘lincture of Warburg—the former hypodermically when
vomitting badly. Constipation bad throughout the year.

1897 to August 1898. Alipur-Duars—

Constant attacks of lever, with quinine treatment as above.  Attacked by Black-
water Fever in July. Treatment much as before. The disease mnﬁderﬁhl;
lighter than before.  Shipped to Darjecling five days after Black-water Fever
developed and recovered rapidly,  Civil Surgeon refused to allow me to return.
Constipation bad throughout. Weight 11 stone,

August 1808 to April 139g. Lucknrow—

Occasional shght attacks of fever and usual treatment, No sign of Black-water
Fever and health very good. Constipation bad. Weight 12-6.
April 1808 to December 180g.  Sonsh Sylhef—
Occasional attacks of malaria. Treatment as usual. Health very fair. Weight
11-12,
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1899-1900. Dam Dim Duars (Phoolbarrie)—

Frequent attacks of malaria and usuwal treatment. In October a sudden and vielent
attack of Black-water Fever lasting two days only. Cut short by removal to
Darjeeling where recovery was remarkably rapid.

Quinine was taken during the attack and before in the usual fitiul fashion. Consti-
pation as uswal, treatment for this considerably more successful. Weight
tr bo r1-8,

1goo-01. Phoslbarrie Duars—

Frequent attacks of fever throughout the year and usual treatment. A sharp attack
of Black-water Fever towards the end of December 1g9o1. Perhaps the
lightest of the five. Quinine treatment during attack | forget. Constipation
answering to treatment.  Fair health.

1go1-0z.  Phoolbarric Drars—

Usual attacks of fever and usual treatment with quinine. Black-water Fever
suddenly developed in the end of September 1902 and though not virulent it
lasted quite seven days that is of actual Black-water.  Dr. Brown was careful
in regard to quinine and [ think treated me with Cassia Beariana, Constipa-
tion same as last year. Woeight 11 stone.

River trip made me perfectly right in two weeks,

1goz to May 1903. Phoolbarrie—

Fair health.

May 1903 to November 1903, England on furlongh—

Took quinine regularly and no fever.

Note—Up to 1903 all quinine treatm:nt was with erdinary sulphate or bisulphate.
From 1903 on, quinine hydrochloride only was used in S. C, Tabloids.
November 1go3 to December 1904, Kilcoft Duars—

Very careful to take 30 grains quinine and very little fever. Only fair health.
1904-05. Phoolbarric—

Only two attacks of fever in the twelve months,  Most regular in quinine treatment,
30 grains weekly., Constipation responding to treatment,

1go:-06. Phoolbarrie—

I don't think I got any fever this year. [ [ did it must have been slight.  Most
regular with quinine. Constipation as above.

The doses of 15 grains each twice a week on consecutive days constituted a great

strain mentally and physically. Doses of 5 grains dadly passed entirely
unnoticed.

1906-07. Pheolbarrie—

No fever. Most regular with quinine, but substituted 5 grains daily for 30 grains
a week taken in 15 grain doses. Constipation as above.

1907 to July 1908, Rarrackpore—
No fever. Most regular in quinine treatment.
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The experience of this man as regards malaria is not that of a sfecial case,
but represents the life of a great many of the Europeans Nving in the more
malarious parts of the tropics ; it is a good example of what we have come to
look upon aslife under Black-water Fever conditions.

No one who knows anything of India can confuse such a history with that of
the life of the ordinary Englishman in the plains or great cities of India.

It is misleading in our opinion to cite from Black-water Fever countries
cases of men who are supposed not to have sufiered from malaria, or to speak
even in this connection. of men having been exposed to the * chance” of
malarial infection, for we are here dealing with a cerfainty of frequent or even
daily infection without possibility of escape except by the adoption of the most
stringent precautions,

To sum up : we find in the Duars conditions which are already familiar to
us as those prevailing in tropical Africa. The same conditions are seen in the
Jeypore Agency and in just those parts of Assam where Black-water Fever
has been shown by ourselves and otuers to oceur. These conditions are not
rightly defined as merely malarious. We know of several districts where there
is malaria, but where the condition we have tried to picture is not present.
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CHaptER 1].

BLACK-WATER FEVER—/ETIOLOGICAL,

The first published record of Black-water Fever from the Duars were four
cases described by Stephens and Christophers in 1goo. But Dr. Brown,
Medical Officer of the Dam Dim district, assures us that the disease was present
when he first came out to the country in 1887, but that it was not then recognised
as Black-water Fever. The first to name the condition in the Duars was
Dr. Wheeler who had previously seen the disease on the west coast of
Africa,

Owing to the kindness of Dr. Brown we have been able to secure records
of the cases seen by him during his twenty years' residence in the Dam Dim
district ; and from Dr, McCutcheon and Dr. Stone we have obtained similar
information, extending over the last ten and five years, respectively, in regard to
the neighbouring Chelsa and Nagrakata districts.

This information we give n full in an appendix. By means of it we have
been able to form conclusions as regards the seasonal incidence and local distri-
bution of Black-water Fever not obtainable frem a lesser number of cases; it also
serves to show that Black-water Fever was present among Europeans as far back
as 1888.

The increase in cases during the later vears is probably only apparent : in
the first place Dr. Brown had not, when first in the district, charge of the whole
of the gardens ; also a certain number of cases which have occurred during Dr,
Brown's absence have been added h}‘ us, these ht.'ing C]‘]itrﬂ}-‘ recent ones. Aparl
from this there 1s the mmportant fact that everyvone in the Duars now knows
and dreads Black-water Fever, and it is doubtful if latterly any cases in
Europeans have been overlooked, though they might have been ten or more years
ago.

The influence of enquiry and recognition of the disease is well exemplified by
those cases recorded among Babus. It will be noticed that there are but two
cases in Babus in the years 1887—18g8. In 1900 the Duars was visited by the
members of the Roval Society’s Commission on Malaria and two cases in Babus
were seen by them in the space of a fortnight. More attention was then turned
to such Cases, it hm'ing been more or less l:ﬂ-u.-n im‘ grantcd pri_"l.'inusl}' that the
disease chiefly occurred among Europeans. Since this time there have been

F
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one or more cases recorded every year. In 19oj public interest was much
aroused in regard to Black-water Fever, with the result that a great inecrease in
reported cases occurred. We see no grounds whatever for regarding these facts
as indicating a real increase in frequency.

RACIAL INCIDENCE.

The Europeans in the Dam Dim district are about sixty in number. Among
these in the years 1887—i1goy forty-four attacks of Black.water Fever have
been recorded.  In the Chelsa district among forty Europeans there have been
in the years 1898-1guj eight recorded attacks. These figures would give an
apparent incidence of about 3 per cent. and 2 per cent. per annum, respectively,
among Europeans in the district. But as previously noted older residents are
but little liable to the disease, and an allowance has to be made for this. The
number of cases recorded among Babus in the Dam Dim district has been twenty-
four and in the Chelsa district thirteen : but since we have ourselves seen thirteen
cases in these two districts in a little less than a year, it i1s evident that many
cases have previously escaped observation. In the years 1907-2g08 the
incidence of Black-water Fever among the Babus in the Dam Dim district as
shown by the cases seen by ourselves, has been about 10°2 per cent. per annum,
while during the same period it has reached 15 per cent. inthe Chelsadistrict. The
incidence among Chinamen is also heavy, as we have seen two cases in little less
than a year and the number of Chinamen resident in the Duarsis not large.
Among Mahomedan bearers, syces, and other servants we have seen several
cases, but we can give no definite information as to the incidence rate, as the
number of people of this class i1s unknown and they come and go at frequent
intervals.

Black-water Fever seems to be less common among the coolie class than
among the bungalow servants and other natives from the actual plains of Bengal ;
but we have seen three cases in coolies from Chota Nagpur, and the disease
may be more frequent than is apparent, the difficulty in finding such cases under
the labour conditions existing in the Duars being great. Native children from
shortly after their birth are subject to continuous malarial infection, and it seems
probable that the condition might occur among them at the age from six months
to two or three years; among coolie children entering the Duars with their
parents for the first time also the disease might be encountered, for many of
them die in the first two years of residence : but so far in spite of a good deal
of enquiry we have been unable to get satisfactory evidence of hazmoglobinuria
among young coolie children.
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SEASONAL INCIDENCE.

Arranged in the months in which they occurred the cases of which we have
been able to get particulars are —

DhstTrICTS. I
— =
MoxTHS. | | ToTaL.
i Dam Dhm. | Chelsa. |
|
| [
| I-—r - ——
| .
February . ; 2 . . . 4 ! B
. . | J
March ; . : ; ; o I - 8
April 3 ]
May ; i . ; i : 4 | 2 0
| |
June ; | 2 t.|p1b
|
July . o : P , _ ; | 3 1 |_J
August . - ; : ; | 6 | 2 "]
, |
September ; 5 ; . 3 8 5 | kg
October . ; : . : 9 10 3 {J
i
November . 5 1 E‘T
December . - , ; : g 6 4 L25
January = . ; . ; : & 1 ]

In both the Dam Dim district and the Chelsa district therefore the months
that are healthy as regards malaria are notable for the low incidence of Black-
water Fever cases ; whilst in those at the latter end of the year when malaria 1s
rife the incidence is much higher.
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Our own cases seen between August 1907 and July 19o8 have occurred as
follows :—-

August ; - - o 5 - . ; 67)
September : - - 4 : - - 4 lr 13
October . ¢ : : ; : . 5 %
November . : : : . z - ; 1]
December . ; . : - . ; > 5
Januvary - . 3 . ] . : ¥ 2 |
February 3 : 1]
March : - - . ;— 3
April - 2 : : ; A : - 2_}
May : 2 5 ; : : ; : Ie]
June . - : e SN - - : Ef} 6

July . : . . - . - : : 3JI

A closer study of these cases shews up the relation to malarial incidence
still more strikingly. The thirteen cases in August, September and October
were distributed over the gardens Chengmari, Meen Glas, Chalouni, Nagasuri,
Bagracot, Ranicherra, Monabari, Pathajora and Nagrakata, all gardens situated
on high ground, which at this time of the year having many running streams is
very suitable for malaria.

The cases in November, December and January occurred, one case st
Jalpaiguri, the other four in the gardens Baradigi, Bentguri and Hahiapathia, all
low-lying gardens noticeable as still having much water when the upper gardens
were mainly, and in some cases entirely, dry. Meen Glas, for instance, which
gave us 3 cases in August when it was intersected by innumerable small streams,
was found by us in January to be free from water.

Of the three cases in February, March and April, two in Apnl occurred in
low-lying gardens, Baridighi and Ellenbari, notable as gardens where breeding
places still existed when over most of the district they had |-:Jt‘tg dried up.

The case in May just before the onset of the rains was on a low-lying
garden (Huldibari) with perennial streams, Four cases in June and July were on
upper gardens (Mateli, Indong and Monabari) and occurred after the onset of
the rains, at a time when anopheles on these gardens were in great profusion
and the fever season had commenced. The remaining case was in a European
who had a slight attack in May, and a recurrence in June, after returning (from
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a sea trip) to the low-lying garden on which he had contracted the discase,
These are remarkable examples of the close association of malaria and Black-
water Fever, showing that the occurrence of attacks of the latter bear a close
relation to the incidence of the former.

LOCAL INCIDENCE.
This may be shown by a table in which the cases have been arranged
according to the gardens on which they have occurred—

Dam Dim DISTRICT.

No. of residents. Cases of Black-water Fever, impz.if;ﬂ_.fin;;
Gardens, B B I “:::I:;!:;{
Luropean. Babwus. Euwro Babus., Others. | l'-:'-:""-r‘:?‘—r'.’::"'s*
pean, [
B T |
Meora Nuddy . i 5 i 1 ‘ 3 3 . 1 I ' 3
Barons . . : : 4 4 | Fi | a7 I 5 o ! 1"75
Sissibari . : i P . z l 1 1 i i [ 1's
Bullabari . . o 1 . 3 3 i a I ‘ 13
Cheolbari . 3 2 2 s e i 73
Glencoe . ; 3 3 a | “35
Meen Glas . . 3 i 4 I 4 2 - I ; 'S
Bagracote . . z | 3 1 2 i ‘5
Manabari . : ¢ : ; Z 3 [ z } 5
Sungachy . . : 5 - 3 3 1 L
Toonbari . ' P : ' z | z | 1 i ' l ‘5
Pathajora . ; i = i > | = 1 i ‘ 5
Ranacherra . : N : z = i i 3
Ellenbari . c n - : 3 3 I | . ! . | k!
Bentguri . 2 . A - 2 2 | ' 1 l
Washabari . i i : t | 3 I | e |
Rungamuttes - = 5 4 f [ 1 4 i
Hahiapathia g . N o 2 3 E | 2 i
Sylee . . . . . 2 3 | l
MNecdem . . v ! . I j z ;
Narkati . . z . . z | 7
Kumli A - . . z 3
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CHELSA DISTRICT.
| |
Mo, of residents. r Cases of Black-water Fewer. Figure
| eprescoting:
Gardens, e | Troe = | mmaj.tac{{
European. Rabus, Eurapean. Babus. j Others. | E':Tmfnas‘:m
| | i
Engo - . | 1 z 1 . E L
Magasuri . 3 3 2 | 4 | 1 { L]
Chelza i 6 & i 2 ! | : 3
Sathkaya . A 5 2 2 | 1 i . : 3
Kilkote n .| z 3 ‘ 1 | |
Mitale . 4 ] i | | | 25
Baradighi . : | AT ([ | 2 I
Moortee - | 2 2 ! i ! I I
Chalouni . . 5 I 3 a ‘ o ) 2 |
Aibeel : i 2 A e sl I I s
Sam Sing . I 4 4 [ |
Yang Tong N 2 2 I | |
Indang 3 ' < | :' !
Kumal . = 3 2 I =
Leranti . . * ] 3 ane ‘ T
Our own cases have occurred as follows :—
Dam Diem. Chelsa. Magrakata. Dina Torsa.

Meen Glas
Manabari . .
Bagracote . .
Ranacherra .
Pathajora
Hahiapathia
Benlgur

Ellenbari

I
|
|
"5I Baradighi . 4 ‘
2 i Magasuri . Sl i
1 | Chalouni . . 1 |

Moortee . . 1|

1 l Indong ; : T .

Chengmari .
Magrakata .

Huldibari = 1
Tussati . . 1

......
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Before deducing the relative liability of persons on these different gardens
to attack, it is necessary to consider in each case the number of residents con-
cerned and also to separate from among the number of attacks those belonging
to Europeans and Babus, respectively.

The number of Europeans on a garden in any given year varies very little,
and we give the number known to us at the present time, which may be taken to
represent fairly accurately the numbers exposed to Black-water Fever on those
particular gardens. The cases among Europeans probably represent the actual
incidence more or less accurately ; among the Babus, as we have remarked before,
the number of cases reported is probably only a portion of those actually occur-
ring, and this can only be relied upon as a very rough indication of the incidence
for 1898—1go7. The figures for 1go7-08, on the other hand, include most, if
not all, the cases that have occurred, and give a much more accurate indication
of places where Babus are most liable to attack.

The gardens thus prominently brought forward are :—

Neora Nuddy.—This garden is sitvated further south than any of the
gardens of the Dam Dim district. Being a lower-level garden it is correspond-
ingly more waterlogged. It is situated amongst a number of old beds formed by
the constantly changinz courses of the Chel and the Neora rivers, at the june-
tion of which the garden 1s sitvated, and in the months of February, March and
April, when the gardens nearer the hills are practically devoid of water many pools
still exist at Neora Nuddy. One European lives at the garden, which is com-
paratively small. 1In all cases the Europeans have suffered very severely from
malaria, so that the garden has an extremely bad reputation.

Barons.—This gardenis one of three or four, ncluding Bullabari, Sissibari,
Kumli, Glencoe and Hahiapathia situated just where the drainage from the
higher land issues in a line of springs and gives rise to innumerable trickling
streams and to swamps, many of which contain water throughout the whole vear.
The streams which swarm with larvee of M. Lisfons are so numerous that it is
scarcely possible to walk more than one hundred vards without crossing one of
them.

The assistants’ bungalow, where most of the European cases have occurred,
is surrounded on three sides by a deep hollow containing a small stream, which
only disappears for a month or two at the end of the dry season. Within one
hundred yards is a larger stream running throughout the year. This stream con®
tains much vegetation, and anopheles larvae swarm init. At a slightly greater
distance is a small swamp. Within one hundred yards of the bungalow are
extensive coolie lines. In no other bungalow in the Dam Dim or Chelsa districts
are the conditions that favour malaria so striking and pronounced.
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Bullabari—Adjoins Barons : but is on a shghtly higher level though almoest
as intensely malarious.

Sissibari.—Also adjoins Barons ; and is under somewhat similar conditions
as regards malaria.

Meen Glas.—Is a garden at the immediate foot of the hills, adjoining un-
cleared forest. In the dry season there is practically no water except that
obtained from deep wells, but in the rains it is crossed by numerous small
shallow streams, which remain running until December or thereabouts.

Both the manager's and the assistants’ bungalows are very badly situated
as regards malaria, the latter beirg within a shert distance of one of the streams
mentioned above.

The following was the result of the examination of the blood of those Iiving
in the servants’ quarters at the assistants’ bungalow in August:—

Splesn, Parasites,

1. Child, 3 years - : . Spleen . . Benign Tertian Rings.

2. , 5months . : g ; . Benign and Malignant Tertian
mixed.

3. Woman, 22 years . . i ; . Nil.

4o i E - . Nl s . Nil,

5. Boy, 10 months - . Spleen - . Benign Tertian Rings and
Gametes.

6. Woman, 25 years . " e = . . Nil.

= T 26 0 : + Spleen . . Malignant Tertian Parasites,

8. Child, 1 year , . . i Z - Crescents, also Benign and Malig-
nant Tertian Rings.

9. Woman, 20 years g . N . » Benign Tertian Parasites.

10. Sweeper, 25 ,, - . AVl . - Nild,

11, Cook, a5 : - Very large spleen Nil,

12. Mesalchi, 25 ,, . . T o - Nil,

13. Child, 18 months . « Spleen - . Benign Tertian Rings and large
forms.

14. Girl, 4 years : . . Spleen . : Nil,

15. Woman, 25 years . . Niio, . : Nil,

{7 o 25 years : AT 4 il

17. Girl, z years ; . o Nil . Quartan Parasites.

18. Woman, 28 years » T . - Nl

1. o RO ; » Spleen ; . Benign Tertian Parasites.

20, Bearer, No. 1, 30 years ST : - fid.

z1. Bearer, No. z, 28 . Spleen 5 - Nil

22, Syce, 35 years . ; s R - : Nl

23, P foh e 4 . MRS : : Nl

24. Grass-cutter, 14 years . » Spleen 3 : ML

25, i a0 i « Spleen - - Nil.
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In this case all the actual bungalow servants (male adults) were getting 10
grains quinine once a week ; but none of the women or children were doing so.

One of the two European residents in this bungalow had Malignant Tertian
infection with Crescents.

Baradighi.— Occupies the position in the Chelsa district that Neora Nuddy
does in the Dam Dim district, being a good deal further away from the hills, and
at a lower level, than any other gardenin the district. It is situated close to
various old beds of the Neora river, and is cut up by swampy hollows and flowing
streams. Everywhere there is tall jungle and dense swampy growth, the general
effect being more like conditions in tropical Africa than any other place we have
seen in India.

Two of our cases occurred in the Babus’ houses, which are situated close to-
gr:th::r_; one in the bun}';r.'s shop, and one n the tea- houwse lines - all of which
places are within a hundred yards of each other. A fifth case, which we were
unable to see, has since occurred. We first visited this garden in December
getting word of two cases which had occurred almost simultaneously. On
reaching the garden, we found a third Babu, who had been in the garden only a
fortnight, down with an ordinary attack of simple tertian, n the bunya's shop,
where the third case later occurred, we found two out of three of the shopkeepers
with parasites in their blood, it being one of these two who was subsequently
attacked with Black-water Fever.

Without exception, the gardens on which Black-water Fever is more than
usually frequent are those which one would point out as the most malarious.

EFFECT OF RESIDENCE.

Of the 160 cases recorded by us, in which we have the necessary information,
there is only one which may have occurred under six months' residence ; this was
in a Bengali child, who contracted Black-water Fever after about threc months’
residence at Barons, under conditions of the most infense malaria. In
Europeans there have been no cases under six months’' residence, and considering
first attacks in Europeans, where exact data is available, we get the following

results : —
Attacks,
Under 6 months B
Between 6 and 12 months : , : . C LR
Lk 1 a2 a -’-1- 3 = el [ - o 40
s 2y A - . : . . . . 12
?ﬁ d | -1": ik v L] 0 = 5 » = 5

48 ,, bo

La
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Exaniining in detail the cases on the fourtn and fifth year, we find that, in
both cases, the man had been for a period of about twe years under new
conditions ;as for example : —

Case No. 4—One year at Narkati } Both as regards Europeans compa-
Two years at Rangamutee ratively healthy gardens.

Then went to Barons, and was attacked two vears after going there.

The same tendency to bring residence under Black-water Fever conditions
to about two vears is noticeable even in those cases in the third year.

Case No. s.—Kumlai;
then to Barons where he was attacked 18 months later.

In regard to the occurrence of attacks after five years’ residence we have in
Europeans :—

Cases which have occurred during the first five vears . : . 24

Cases which have occurred at some later date : : : T

Of these five cases at later dates, we find that two had been home and
came out eight months and two years respectively before attack : the history of
one of the other cases is characteristic.

Case No. 51.—Had been out 10 years. Went to Neora Nuddy in Decem-
ber 1go1. Went home and came out end of 1goz. Stayed at Neora Nuddy
and had fever. In 1go5 went to Sungachi (Sungachi bungalow is very well
situated as regards malaria) and there had the healthiest year he had had in the
district. In 1906 went to Neora Nuddy and suffered badly from fever; he des-
cribes it as the worst time he had in the Duars with attacks of fever repeated at
shorter and shorter intervals until Black-water Fever intervened,

In Babus the same tendency for first attacks to occur after about 18 months
or two years’ residence is noticeable ; but a large number of cases occur in
Babus who have been many years in the country. The reason for this is not
very clear; it is possible that closer acquaintance with the conditions which in-
fluence this community might throw light on the matter. In many cases we
have noted a special period of infection preceding attacks, suggesting that for

some reason ihe conditions under which a Babu had been living had become
changed (rfde Case X1).

After the first attack there seems a tendency for further attacks to occur
within a few months. Whether this is due merely to a continuance of the con-
dition or argues an induced greater susceptibility is uncertain. A summary of
the periods at which second attacks occurred in our cases shows that there is
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the greatest liability during the first vear, and especially the first six months,
after an imitial attack : —

15t month o
znd , . ; ; ; s : : 2 g S
srd . ; : = ; g i i
Jth ; : 4
sth : ; ; : . . i
Between sixth month and end of first year . . . . 4
Between first and second year =
Over second year : ; . i . : ; ; e

Third attacks are in the Duars much less frequent than second attacks.

That residence for a certain time under special conditions is necessary be-
fore Black-water Fever can be contracted, and that after several vears there is a
greatly reduced likelihood of attack, cannot we shall see later be explained as
being due to mere accidental circumstances ; and, if we decide that this relation
to ]ength of residence is bound up with the essential nature of Black-water Fever
its recognition must profoundly modify our conception of this disease.

COOLIE ANJEMIA.

An extremely interesting condition is we think worth recording. Planters
in Assam have long recognised that a large proportion of new coolies, especially
at the end of their lirst season, and during the whole of their second and
sometimes their third year, are particularly lable to suffer from anmzmia of the
severest type. This tendency i1s most marked among certain classes, notably
North-Westers, Central Province coolies, Ganjamis, and people from the plains
of Bengal ; coolies from Chota Nagpur, the Santhal Pargannas, and the hill tracts
of Madras do not suffer so frequently. The period from the second to the third
season is extremely fatal for new arrivals, but once this dangerous time is passed
and recovery from anzmia has taken place, acclimatization becomes more or less
complete, and by the end of the fourth vear a coolie is far less hable to suffer
from sickness than he was on first arrival. A similar condition may be recog-
msed among coolies coming to the Duars. There is not the least doubt that
this coudition is due almost entirely to malaria, and the length of the period re-
quired for immunisation is very significant in relation to what we have noted of
the occurrence of Black-water Fever in Europeans.

SPECIAL SUSCEPTIBILITY AND FAVOURING CONDITIONS,
It is our experience that those wno have suffered more than usual from
malaria in a Black-water Fever country fall victims in a proportionately short

period to Black-water Fever.
G2
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The following are the cases in Dr. Brown's records in which attacks of
Black-water Fever occurred one year or under from first arrival. A perusal of
the cases in the complete hist (vide Appendix) will show that Dr. Brown has
especially picked these people out as suffering more severely than usual from
malaria :—

Cass 7— My, 7.—Came out from home to Barons., After first few weeks
suffered from repeated and severe malaria. Had Black-water
Fever eight months after arrival.

Case 24— Mrs. G.—Suffered very badly from malaria, and was unable
or unwilling to take quinine on account of pregnancy. Had Black-
water Fever six months after arnival.

Case 58— Mr. T.  (Padre).—Notoriously exposed himseli to infection in
the discharge of his duties, and suffered more than usual from con-
stant attacks of fever, Had Black-water Fever one vear after ar-
rival.

Case 9— Babu 8. —Came with his wife and daughter, aged 8 years, to live at
Barons, North Grant, in the midst of coolie lines situated in the most
malarious conditions of which it is possible to conceive. A few
months after arrival (September) the daughter was attacked with
Black-water Fever, but recovered. In February following, g months
after arrival, the wife was attacked with Black-water Fever and
died. In June, a year after arrival, the Babu was attacked, but
recovered. In December the daughter was again attacked and

died.

Case 49— Mr. P.—A Frenchman from Pondicherry. Lived at Neora
Nuddy and suffered a great deal from fever. Was attacked with
Black-water Fever after eight months.

The same association with malaria also applies to questions of change of
residence, of season, and of locality, to the existence of Black-water Fever
houses, and the special susceptibility of relations, and of persons living in the
same place, to incur attacks of Black-water Fever; for such cases seem always
most simply explained by the amount of malarial infection that has been
experienced. .

Whatever explanation be given it still remains a significant fact that, not
only is the general distribution of Black-water Fever and malaria in India close-
ly related, but the investigation in detail of such a district as the Duars shows
that Black-water Fever is most frequent on the most malarious gardens, and in
the most malarious seasons; also that it tends to occur early and to be severe
in the case of those who have been especially subject to malaria.
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The more minutely we enquire into conditions we find therefore not discre-
pancies, but an even closer relation between the incidence of Black-water Fever
and the intensity of malania ; and this is so marked that one is forced to believe
that, even if the diseases possess a different origin, they must none the less be
dependent on almost similar conditions for their propagation.

That any ecircumstances of a general nature are likely to be concerned in the
causation of Black-water Fever we have seen to be improbable; and we are left
therefore with the alternative hypotheses :—

(1) That Black-water Fever is due to a specific organism.
(2} That it is of malarial origin.
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ChaptEr 111,

BLACK-WATER FEVER NOT DUE TO A SPECIAL PARASITE,

Infectivity of Black-water Fever.—There is nothing in  the general
clinical picture of Black-water Fever to suggest that it is an infectious disease,
such as Yellow Fever, or Spirillosis ; epidemics have, it is true, been described,
but with a want of accurate and detailed observation, which renders it impossible
to judee whether hey have been merely the result of large numbers of persons
being placed simultaneously under Black-water Fever conditions, or due to the
spread of infection,

If malaria will produce Rlack-water Fever i 50 per cent. of the new-
comers in a small community, there is no reason why in the case of a large num-
ber of susceptible persons brought more or less simultaneously under Black-water
Fever conditions, there should not result a large number of cases simulating
an epidemic. To quete, without particulars, epidemics of the disease on railways
or in armies has therefore little bearing upon the question.

In the Duars attacks occur quite mdependently of one another in widely
separated gardens and districts.  The incidence, as we have pointed out, shows
a frequency directly relative to that of malaria ; and we have seen that attacks
are more frequent in certain bungalows, in which there 1s especial danger of con-
tracting the disease. In such bungalows, attacks occur generally at long and
irregular intervals ; but in regard to length ol residence of those attacked they
conform to the general rule,

HISTORIES,

Neora Nuddy.—A bungalow with rarely more than one European.

P. attacked September 13g7, after 3 months’ residence.

L. attacked October 1905, alter 7 months’ residence ; second attack in December

1905.

5. attacked Januwary 1907, after one year’s residence,
Note the early onset of the discase under especially intense malarial conditions.
Harans—

(@) Assistants’ bungalow. Two men resident.
Mr. C., attacked May 1889 . : . 2 vears' resident.
second attack, September 188,

Mr. McL., attacked August 18yo - i

Mr. E., attacked October 135” . 5 e 2y I
second attack, March 1892

Mr. D, attacked October 1899 . : e i

second attack, Febrovary 1go1,
Mr. G,, attacked May 1901 . . 18 months” |,
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extra-vascular lyseemia, Part 111} ; we have therefore to bearin mind Spirochete
or even Baetersa. H=moglobinuria is also described in certain fluke infections
(Dantec) (54) , and it is now recognised that in Anchylostomiasis the anzmia
may possibly be due to the action of hazmolytic bodies produced by the worms :
there is thus considerable scope in the possible parasitic conditions that may
give rise to Black-water Fever. But it is the analogy of the parasitic hzmoglo-
binurias of animals, which has chiefly influenced conceptions of the disease ; and
if such an analogy is found not (0 hold good, there is a greatly diminished proba.
bility of Black-water Fever being a disease of specific origin.

EXAMINATION OF THE PERIPHERAL BLOOD,

In these observations we used very carefully-made films stained by Giemsa's
stain, with and without the addition of a trace of alkali, which greatly enhances
its staining power. Our lenses were Zeiss apochr. f. =1'50 N. A, =130 with
compensation eye-pieces Nos. 6 and 12.

But the most minute and exhaustive scrutiny of the red cells, the plasma
and the leucocytes of our cases has failed to give any indication of the presence
of a piroplasma-like organism ; yet several of our cases have been seen quite
early in the course of the attack, and two only a few hours after the onset.

The use of neutral red in two cases, one of which was a severe one with
intense haemoglobinuria, has shown corpuscles stained in a charaeteristic manner
(vide Spherocytes, Part III': but the closest secrutiny showed no included
parasites.

EXAMINATION OF SPLENIC BLooOD,

In all eases where it was possible we obtained splenic blood by puncture
during life within a few minutes of first seeing the patient. The particulars of
these observations are as follows :—

Case X/A.—An extremely mild case. Spleen punctured shortly after
onset of hamoglobinuria (8 to 1o hours) and shertly before its
cessation.

Case XX.—A severe case.  Spleen punctured about 43 hours after onset
and 48 hours before hzemoglobinuria ceased.

Case XX/I.—A severe case seen 30 hours after onset. Spleen
punctured while hazzmoglobinuria still continued. :

Case XXIV.—A severe case seen on fourth day just before the hazmo-
globinuria ceased.
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Case XAV [.—A severe case seen on 2nd day and about 46 hours before
hzmoglobinuria ceased.

Further details regarding these cases are given in Part I1l and in the
Appendix.

The same minute attention was given to these films as we gave to those of
the peripheral blood. The red cells, the intervening spaces, the leucocytes and
macrophages with their inclusions were in turn scrutinised, several days being
devoted fo the examinaiion of a single filn.

Beyond such malanal parasites as are recorded later, and the presence of
malarial pigment, we failed to discover any foreign body. On the other hand,
we encountered large numbers of red cells engulfed in macrophages and
leucocytes many of which were absolutely normal in appearance ; and none of
which showed any contained parasite,

Observations with regard fo the possibilily that a Black-waler Fever
Parasite has been mistaren for the Malarial Parasife.—In experiments among
pariah dogs with P. canis we frequently encountered infections which did
not give rise to hmaemoglobinuria; we had also been struck by the fact of the
occasional quite decided, but superhicial, resemblance of prroplasma to certain
young forms of the malarial parasite. The contention that special parasites
had been sometimes seen bur mistaken for malarial parasites seemed to
us therefore to have some slight possible loundation.

It was therefore necessary not only to carefully scrutinise any apparent
malarial parasite seen in Black-water Fever ; but also to ascertain if any parasite
not malarial occuried inthe blood of persons living under Black-water Fever
conditions, or in the natives livine around them. In order to ft ourselves for
this we studied very closely indeed the younger forms of the malarial parasites,
and especially the malignant tertian variety; for the more advanced forms of
simple tertian and quartan it was impossible to consider anything but what they
seemed.  The result of this study we hope to publish later.

It is sulficient for the present to state that our own cases of Black-water
Fever have shown typical examples of ordinary malarial parasites and in most
of our cases recent malarial pigment was present. These observations are in
accord with the results obtained by many other workers in whose recorded cases
the presence of malarial pigment seems to preclude the idea of the parasite
being other than malarial,

The study of a large number of blood specimens taken from the adults and
young children living in the imme-diate neighbourhood of the houses in which
Black-water Fever cases had just occurred likewise faled to demonstrate the
existence of any but undoubted malarial parasites,



The results of a number of such exam inations

Babus

Bunyas A -

h2

BARADIGHI.
[ Batu 1
S .
1l

L]

Male, 17 years

i’
g

are recorded below :—

Black-water Fever.

Simple

Quartan

parasites.

Tertian  parasites.
Late

had Black-water Fever.,

Children in small groups of |
huts near Babus ' houses.

Children in Santal lines near
houses and bunya's shop.

T T No parasites.
2 O Simple Tertian  parasites.
{ 3vears Simple Tertian.
( Groap' I 1o months % =
4 years T 1
2 LEd LF ] iF
7 . o 1
6 months . 7 "
| 4years . Simple Tertian and
Group I 4 J crescents.
A . Malignant Tertian and
l crescents.
i | tycar . Simple  Tertian and
crescents,
3 years . Simple Tertian.
Male, 45 vears Nil.
T Nel,
Group Il Eoy, 12 Nil.

Habu&"{

2 years
(4 months
3 Fi
6,

2 years
-5 1.2

2 ny

7 »

5 months
1 year

2 years

1 vear

2 years

Man, 20 years

. Simple Tertian and Quartan.
. Simple Tertian.
. Malignant Tertian swarming.
. Simple Tertian.

) w and Quartan.

1§ 1y

NiL"

. Simple Tertian and crescents,
» Quartan.

. Simple Tertian,

. Quartan.

. Simple Tertian,

Woman, 30 years. Pigmented leucocytes and single

5|]'|.ﬂ." I'i |]g+
i'i‘r.-l'-'f.
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( 1 year 3 . Simple Tertian and crescents.
Children in Nagpuri lines near] 7Years . . Simple Tertian.
bunya’s shop. B : . Duartan,
[ S ; . Simple Tertian,
Boy, 18 years . Duartan,
Servants' lines near bunya’s shop . L Year MR el
s 2 years A i
W B ' Nil,
BARONS.
[ 5years . . Simple Tertian,
1 year - . il (but enlarged spleen and
anemic),
2 years . . Simple Tertian.
3 . Quartan.
6 5 = b
o . . Simple Tertian.
3 5 . Quartan.
) . . 5w . Malignant Tertian rings.
Lines near assistants’ bungalow % 5 : . -N¥] {new cooly).
g » Duartan.
(e : . Crescents.
1 year . . Simple Tertian.
3 years . i 13
T 5 : . Nl {mononuclear increase).
4 . . Quartan.
6 ., . . Simple Tertian,

\ o . . Quartan,

BENTGURL
rlIuImmcdan 30 vears, large spleen, no parasites.
[ T iz 4, i 1 i
Manager's bungalow servants .4 Cooly class 18 ,, no spleen -
" 25 =u ¥ i
L‘:’u}'v;f; (Bengali) enlarged splecn .
Mohamedan 32 years, Black-water Fever.
" 20 ,, Simple Tertian. Intensely
anLmic,
Assistants’ bungalow servants | Syce [Bengali) 18 ., Simple Tertian. Intensely
anmgmic,

Waterman  Malignant Tertian.  Fever at times.
European. Aged 4o. No parasites. Living at Manager’s bungalow.
European. Aged 25. Anamic. No parasites. Living until recently at assistants'

bungalow.
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The examination also of a number of Babus living under Black-water Fever

conditions, the results of which are given a hittle later, showed the presence of
none but typical malarial parasites.

These observations appear to us to exclude the possibility that Black-water
Fever is due to a human piroplasmosis. They do not, as we are aware, abso-
lutely preclude the existence of a special parasite in Black-water Fever; but
they tend to show that the hypothesis which puts this view forward must confine
itself to the suggestion that the disease is not an ordinary piroplasmosis, or due
toa blood parasiie visible to critical microscopical examination. With this
modification of the specific disease theory we shall deal later.




CHAPTER 1V,

SPECIFIC RELATION OF BLACK-WATER FEVER TO MALARIA.

It 15 sometimes stated in recorded cases of Black-water Fever that the patient
had not previously suffered from malaria ; this statement, if true, is evidently a strong
argument against Black-water Fever being the direct outcome of constant mala-
rial attacks. Our own experience had led us to doubt very much whether such
histories are trustworthy. For reasons already given we think it is very improb-
able that a man could live for several years in any Black-water Fever country known
to us without contracting malaria ; the ordinary European does not take precau-
tions, and infection with malaria is one of the conditions imposed by residence,
which few, if any, can escape, but which shows itsell more prominently in some
than in others. This must be exceedingly clear to all who have experience of the
countries in question.

But since the reasons on which we base this view do not seem to be generally
recognised it 1s desirable to emphasize them. .

There are three conditions tending to obscure the frequency of malarial
attacks in a highly malarious country—

(1) Familiarity of the patient with attacks which cause him altegether 1
ignore their importance.

(2) Refusal under certain circumstances to acknowledge the disease,

(3) Non-recognition.

It frequently happens that when European residents in an intensely malarious
country are questioned as to whether they have suffered from malaria or have had
any recent attacks they give a denial to the direct question, but on more closely
cross-questioning them they admit a history of repeated * bilious attacks,”
* headaches,” * touches of the sun " or fits of retching, or dyspepsia.

Without going into further detail we may say that, in our experience of mala-
rious countries, “ biliousness,” * retching,”* vomiting,” ** headache,” ** touches of
the sun,” and even “ influenza,”” and * colds,” are nol necessanly ** masked ™ mala-
ria, but as a rule the symptoms of typical though more or less mild attacks of the
disease. In one case a medical man in Africa told one of us that he was feeling a
“bit bilious"’; on examination of his blood a considerable malignant tertian infec-
tion was found.

We could, were it advisable, multiply such instances by the score; though
such a want of recognition we feel bound to state has not been a feature jin the
Duars, where several of the medical men use the microscope freely in diagnosis.
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Our motive for entering into a somewhat long discussion on this point is to
emphasise the fact that histories of Black-water Fever patients, who profess not
to have suffered from malaria, are to be treated with grave caution.

In all of our cases we have every reason to believe that, prior to the Black-
water Fever, the patient had for some considerable time been suffering from
repeated malarial infection. :

In the great majority there is very strong probability, as shown by the his-
tory, that an actual attack of malaria immediately preceded the Black-water Fever.
This view was amply confirmed, wherever early examination of the patient was
possible, as will be seen from the following tabular abstract of our cases :
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It is impossible to overlook the fact that in the majonty of these cases
malarial infection has been present, and that this has disappeared in the pro-
gress of the attack.®  Of ten cases seen on the first day six showed actual
parasites and two more showed abundant recent pigment. Of the seven
observations on the second day, none showed parasites; but in six there were
pigmented leucocytes. On the third day out of five observations three showed
a few pigmented leucocytes, none showed parasites. Of five observations on
the fourth, fifth and sixth days only one showed evidence of malaria and this
on splenic puncture. In both of the cases, where we have been able to study
the organs, abundant recent pigment was present in the macrophages and
leucocvies of the spleen and liver, though parasites had then disappeared.

These observations do not stand alone ; they reproduce very closely the
relation shown by Stephens (55) in his summary of observations upon this

point.
Stephens’ tabulation is as follows :—
DAy REFORE GHSET, | DAY OF ATTACK, i 34 AFTER OXNSET.
Obscrver. f— f = e - e p—
| Total. I Positive, Total, Positive, | Total. Positive,
A, Plehn © . . i i i 5 | 3 5 3 10 2
F. Plahn . : s = 1 o | o | 21 T 10 | 3
Koch g . : : | 5 | < 8 0 i | 1
Stephens and Christophers . 1 i 1 | 0 2 | 16 | o
Danicls i 4 : 0 . 3 3 | 3 t | z | 0
Panse : - - 5 = i} 8 : 17 ) i 20 | 5
N — |
TaoTal : 23 2z ! i3 36 (4 P
e Sl = J— B
. |
Percentage positive . 050 per cent. | i1 °g per cent. 17°1 per cent.

Similarly treated a tabulation of our cases shows :—

; : . SECOND AND THIRD FourtH To s15TH
L¥a¥ BEFORE DNIET, | I"IRST D iy, DAY, DAY,
Trital. J Pasitive. | Total, Positive. Tatal. *ailive. Tatal. Positive
= LA _ | | = —
Parasites : : Nl T 0 1 I io 1t
| ]
Percentage positive SrenEy | fis per cent a per cent. | 10 per cent

B Note.—Cawee NXV=XXVPI are not includad as films have aot yot been '.|-'J.~:|||.1.Lr;l:|' examined,

# Splenis puncture, & single paras’te.
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| SECOND AND THIRD | FOURTH A
| DAY BEFORE ONSEL, FiEsT DAY, I o mf'i' SIKTH
‘ Tota'. | Positive. Tetal. | Poutive. | Tutal. | Positive. | Toial | Positive.
e o . Lot P |
Parasites ard pigment Nil l 1o 8 7 (i} 10 | 4
|
|
Percentage | T | 8o per cent. 35 7 perc 40 per cent.

Classifying the parasite finds the preponderance of malignant tertian is

very noticeable—

Malignant tertian . : . ; ; : ; : = b
Benign tertian . . ; _ ; -
Quartan I

It is obvious that the significance of these observations depends upon
whether such an amount of evidence for malaria would be found in any indis-
criminately selected persons of the same race and class. Our experience of
blood finds in adults opposes such a supposition.

The examination of forty-five Babus and their servants in August, Septem-
ber and October, the most malarious part of the year, gave as follows :—

Not infected . - ] ; : : - : . . 34
Benign tertian - . . : c F . ; A
Cluartan . ; : ; : : . . . p
Malignant tertian . . .

Total 24°4 per cent. infections.

Of five Babus examined in May and June, one showed malignant tertian

mfection.
The examination of sixteen Babus in January gave :—

Benign tertian ; : . . . . . . e U
Oluartan : . . : ; ' . . o
Malignant tertian . : . " ; . . . A
Pigmented leucocytes . . . . : : . o 0
No evidence of malaria . - : 4 : - : L

Total 12°5 per cent. infections,

As we have already noted, Black-water Fever is frequently seen in Babus long
resident in the Duars ; our cases have been as follows :—

Under five years : - : ' : : : i 3

=]

Five years or over .
Ten years or over . : ; - : : : : 3
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Since therefore the length of residence has played but a small part in this
incidence of Black-water Fever the series of cases of Black-water Fever in Babus
is comparable with that of the series examined for malaria, quoted above.

We have therefore evidence of a—

(1) Greater incidence of malaria among Black-water Fever cases than the
rest of the community.,

(2) A special relation to the course of the attack shown by the disappear-
ance of the signs of malaria during the progress of the disease.

Granting the relation of malarial infection to Black-water Fever, which seems
to us established, there are but two explanations possible, either that the malaria
has a causal relationship to the Black-water Fever, or thatthe attack of Black-
water Fever, on the analogy of Red-water in Rinderpest, by lowering the resis-
tance brings on an attack of malaria in a subject already containing parasites in
his system. We can only judge of the relative probability of these alternatives.
If Rlack-water Fever only induces a malaral attack it is difficult to see why the latter
disease should always precede the former, and be already over before the morbid
process which called it forth has disappeared. [t is obvious also that the conclu-
sions in regard to the malarial origin of Black-water Fever are not altogether depen-
dent on the proof of the association of the disease with an attack of malaria, which
1s the point demonstrated by the f1cts just given.  The conclusion that Black-water
Fever has a malarial origin is largely bound up in considerations given by us
in preceding chapters, questions of similar distribution and intimate association.
That some cases should yield no evidence of malaria on microscopical examina-
tion, or even be unassociated with an attack,1s no bar to the view that they have
come about as the result of much antecedent malaria.






Caapter V.

CONCLUSIONS IN REGARD TC THE FACTORS ENGAGED IN BRINGING ABOUT
BLACK-WATER FEVER.

A consideration of the facts presented forces us to the conclusion that in Black-
water Fever we are dealing not with a specific disease, but some stage in the progress
of malarial infection long continued and corstantly repeated. Stephens has already
voiced this conception when he says that malarial infection displays its intensity in
Black-water Fever, men dying in Africa not from malaria, but from the resulting
Black-water Fever. This conception is alse in harmony with the ideas suggesied
by Marchiafava and Bignami (50-a) in their description of malarial hamoglobinu-

Fla.
That in Black-water Fever, though induced by malaria, we see a distinet

morbid process, and not a mere malarial attack, is shown by the relation of the
condition to malarial infection. It is impossible to discard the evidence proving
this relation ; and once this view, that in Black-water Fever we have a disease not
malaria, but malarial in origin is admitted, every known fact inregard to it is em-
braced in the theory : a statement which cannot be made of any other hypothesis.
As we have thus unhesitatingly decided in favour of the malarial origin of Black-
water Fever, that is of its being the outcome of the malarial conditions pictured in
our second chapter, it may be thought that we have done so in face of a certamn
number of objections. This we do not allow: for a careful consideraton of the
facts regarding Black-water Fever show no real objections ; but, on the contrary,
the closer such apparent objections are studied the more obvious does the truth
of the malaria view appear.

Numberless objections have been raised on the misconception that Black-
water Fever is in some way an attack of malaria, Such, for example, as that
differences in the clinical manifestations of the two diseases prove Black-water
Fever not to be malarial : or that a disproportion between the number of malarial
parasites and the hamoglobinuria showed that the presence of the former bore
no relation to the latter.

These objections are foreign to the point at issue, and apply only to theories
of the disease no longer held by any recent worker on the subjeet.

The series of objections that relate to alleged want of coincidence between geo-
graphical distribution and seasonal incidence of Black-water Fever and malaria
we have shown do not exist. It cannot be suggested that inrecent researches too
much has been taken for granted in relating Black-water Fever to malara; the
more pleasing solution would undoubtedly be the demonstration of a specifie

organism ; but the trend of evidence is steadily in favour of a malarial, as against
K
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a specific, origin, so that it seems to us reasonable to recognise the probability of
its being after all malarial. :

Before reaching our final conclusions regarding the remoter causes which bring
about Black-water Fever, it is necessary to refer once more to the theory which
maintains this disease to be of a specific nature.

We have seen that no piroplasma-like organism can be found, either in the
peripheral or visceral blood ; though in the parasitic hemoglobinurias of animals
large numbers of these organisms are to be found in these situations: that nothing
in the peripheral or splenic blood suggests that a minute form of piroplasma is con-
cerned : that the examination of many hundreds of blood films from children and
others within the endemic area, and more careful search in the case of numbers of
people of the susceptible class, together with children and others living in direct
association with Black-water Fever cases or immediately around their neighbour-
hood, has likewise failed to disclose the existence of new parasitic forms.

In the face of these facts those who still maintain the specific nature of Black-
water Fever must do so apart from the analogy of piroplasmoses in animals, an
analogy which fails at the eritical point. It appears to us idle to discuss in detail
the arguments for and against this contention. Those who assert Black-
water Fever to be specific must be prepared to assume the existence of an
organism distinct from the piroplasmata and a disease endemic like malaria but
not directly infectious nor epidemic like Yellow Fever. [t must require even under
the most favourable conditions many months or several years' exposure to
infection for its inception, and possess the seasonal and local incidence of malaria
and a geographical distribution confined to countries and areas where intense
malaria occurs ; its manifestations must be invariably associated with coincident
malarial infection, and it must possess the power like malaria of lying dormant in
the system and of asserting its presence in subjects who have left the endemic area;
its attacks must in the majority of cases bear a specific relation to quinine administra-
tion, and their prevention by the systematic use of quinine must be explained
(vide Prophylaxis, Part V) ; immunity to its action must be acquired not by recovery
from attacks, which instead seem to render the subject more susceptible, but be
associated with the occurrence of immunity to malaria. It must in fact always
exist side by side and be inseparable from malaria and yet be distinet.

‘The probabilities of such an hypothesis being the true explanation appear to us
to be extremely remote.




Part IIL.

BLACK-WATER FEVER DUE TO THE ACTION OF A SPECIAL
HAEMOLYSIN.

CHAPTER |,

CLINICAL AND PATHOLOGICAL OBSELVATIONS BEARING UPON THE NATURE
OF THE FROCESS CONCERNED IN BLACK-WATER FEVER,

The features of an attack of Black-water Fever have been broadly outlined
in the introduction ; but it is necessary to consider the disease in greater detail,

L—SYMPTOMATOLOGY.

Variations in the general character of an attack.—An attack of Black-water
Fever as a rule pursues a very definite course, the hiemogicbinuria usually lasting
two or three days. But, especially in the case of Bengali Babus, the disease ex-
hibits considerable variations in the degree of intensity of the process, all grada-
tions between attacks of great severity and those of the mildest character being
seen, [n a case of this latter type the temperature never rose above 100°F. and
in many cases the hazmoglobinuria has lasted only twelve hours or less.

The two cases among European children of which we have particulars were
both extremely mild (v/de Cases XI1l and 67), the hremoglobinuria being of the
most transient nature and accompanied by very few symptoms.

Relapses coming on within from one to ten days or more are very common,
They are often of equal duration with the first attack, but generally milder in
character. They appear to follow chiefly n the more severe cases.

Temperature.—With the onset of the rigor that ushersin the Black-water
Fever there is a rise of temperature to 105" or thereabouts. Taken as a whole
the curve for an attack usually extends over about forty-eight hours, falling more
or less gradually towards normal.

But the temperature does not necessanly cease with the hamoglobinuria ;
very commonly there is even severe and continued fever lasting many days after
the hazmoglobinuria is over, a condition termed by Daniels (24) " post-hazmo-
globinuric " fever. This has been noticeable in some degree in most of our cases.
1t is doubtful if it is malarial in nature, as it usually does not yield to quinine nor
are parasites usually to be found. In mild cases the temperature does not rise
above 100° or 102° as in one case recorded by us: Case VI. Afebrile tempera-
tures have also sometimes been recorded. ¢
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When a relapse occurs the temperature again rises and the history of the
first attack is repeated.

Splenic enlar gement—In all our cases there has been splenic enlargement.
In some cases there was a history of this condition being present before the attack,
and in two the spleen reached nearly to the umbilicus before the onset of the
Black-water Fever. In one case this organ was seen to enlarge very markedly
during the paroxysm ; and in several others we have seen a reduction in the size
of the spleen take place (vide cases) as convalescence set in.  In none of our
cases has splenic enlargement been absent.

Epigastric pain—This very characteristic symptom is practically always
present in greater or less degree. Pain is complained of not over the spleen and
liver, but over the pit of the stomach and behind the sternum. If there is a
return of the hemoglobinuria, there is generally a return of the pain. The renal
pain mentioned by some authors has not been remarked by us.

Increased pulse fension —There is with the onset of hamoglobinuria, an
almost invariable increase in the pulse tension, which lessens as the paroxysm
abates. With a recurrence of the hamaglobinuria the high tension pulse
returns.

Jcterus.—lcterus is rarely present until a certain time has elapsed after the
onset of the hwmoglobinuria. In some cases it may be confined to a slight
yellow tint of the conjunctivae. It is associated with the existence of an intense
yellow colouring of the serum ; but not with the presence of bile salts in the urine,
The icterus of Black-water Fever is generally very transient, lasting only afew
days after the cessation of the blood destruction ; but sometimes a shght bronz-
ing of the skin may remain for long period.

II.—URINE CHANGES.

Hamoglobinuria.—The first urine passed may be light red or quite dark,
In the latter case it often shows on the removal of the hz2moglobin by acidifying
and boiling a considerable amount of dark brownish pigment. The same brownish
yellow colour is sometimes seen in the urine passed at the height of the attack,
Later on, clearing by acidifying and boiling shows that this is not present, the
urine resembling ordinary high coloured febrile urine.

When fresh urine passed early in the disease is examined by the spectro-
scope, the bands of oxy-hazmoglobin are well marked, and can easily be reduced
and reinstated by shaking ; but the band in the red indicative of met-hzmoglobin
is often very faint, and only becomes pronounced after the urine has remained
standing for some time. The condition in Black-water Fever seems therefore to
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be essentially an oxy-haemoglobinuria, the formation of met-hzemoglobin being to
a large degree a secondary process.

The amount of urine passed varies greatly ; some cases exhibit polyuria, in
others the amount of the wrine is normal or diminished ; in some suppression
occurs very early in the disease. In the most typical condition dark urine is
passed at short intervals during the first twenty-four hours, the total amount
being in excess of the normal.

The amount of h:emoglobin passed, calculated in terms of blood necessary
to produce the colouring matter, 15 less than would at first sight be expected.

An estimation of the amount of hzmoglobin passed in two tvpical cases
showing as follows ;—

| Percentage Hae- Ammoiint of llood
Case XX, Cluantity. maglobin in terms represented,
of bloosd, cc,
Per cent.
Urine passed prior to—
1T A, 16th January 1gof . . N . b 1o iy
11 F.ul., e - = . ] 750 i 1] so°
g a.M., 17th January 1908 . - . . RS0 Gl ar
7 E.ML, " . . . . 550 I L ar
12 E.M., " ; : . . 350 | 66 23
12 A, 18th January 1908 . . . 450 | 5 225
|
12:50 F.M, i . . : : 300 25 3
f'
Total quantity of bload represented . p . 1855 cc.
| Pereentage Hu-
. . o Amount of blood
Case XX | waLntity. moglobin in i
| 2 terms of blosd, represented.
I PR
| ' |
Per cent.
Urine passed to— :
4 a0, zand Febroary 1gof | 2 5 i 3o 2z fha-
7 An—E=30 4.4, . : : . i 630 3 189
10 x50, . 5 . i 3 5 1 280 [ 5 14°2
1 Pou—2 F.M. . - . : d . 570 | 5 13
|
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Case XXNT. | Cruamtity. Hi:nrgﬁ::i‘i{: in m?ﬂo:;; L
terms of hiood. represcnted.
i Per cent,

3 P.AL—4-30 F:M. + . . . - 510 3 15°3
G P, . . f £ . : . | 280 3 By
7 BAM.—30 F.M. ' : . . | G5 3 19°5
10-30=>0 .M., 236d February 1oo3 - : I 510 = 153
7 AN : : = - ; : o 310 2 bz
0 AM. . . . . . . . 300 3 '3

Total quantity of blood represented : . 338 e

As in an ordinary case the red cells are reduced to at least half rheir normal
number the amount of hazmoglobin passed in the urine can represent but a por=
tion of the full destruction. Yet if this amount of approximately zoo c.c. of
blood were dissolved in the total plasma it should make a solution of at least
10 per cent. This we shall see is much greater than was the hzmoglobinzmia
actually present in any of our cases at any given time, Such a want of relation
most probably indicates that excretion is more or less keeping pace with the
liberation of free hzzmoglobin, and may explain observations wherein the hazmo-
globinzemia has not been noted.

Urobilinuria.—Throughout the attack urobilinuria is present. In estimat-
ing approximately the amount of this substance we employed dilution of the
zincurobilin as produced in the qualitative test, until the bands could no longer be
determined with certainty. In cases in which the quantities were estimated after
boiling the acidulated urine to remove the hazmoglobin, the amount of urobilin
seemed as great in quantity in the first samples passed as later when hazmoglo-
binuria had ceased, the bands being easily visible on twenty fold, but not on
further dilutior.

For many days alter the hxmoglobinuria has ceased, although hamoglobin
may not be demonstrable in the serum, urobilinuria continues. It does not there-
fore seem to be dependent upon the actual presence of hazmoglobin in the
plasma.

In several cases of fever (malarial) where it was doubtful whether there had
been hazmoglobinuria, we were able to detect the presence of urcbilin in the urine
in quantity as large as that found in Black-water Fever, We do not know

enough to state what relation to the Black-water Fever process this condition
may bear.
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Albuminuria.—Albumen is of course present in large amounts when the
urine contains heemoglobin, A considerable quantity is also present for a certain
time after the excretion of ha:moglobinuria has ceased. Some interest attaches
to the question of whether the passage of albumen is limited to that associated
with the hamoglobin or passed as a result of kidney changes,  Our observations
in this respect are limited, but the followingexample (Case XX) shows a remark-
able proportion between the percentage of haemoglobin and the amount of albu-
men as estimated by Esbach’s process :—

F |
Peycentase :
Cases . ity | gemepertive | Seecf
| {maormal). 1Esba<h) il
— - - ! ——
Per cent.
First urine passed 1%5th January 1008, . ’ 10 1 105 1018
Uring up to 15 P30 . " . . . . i ] 1orh
Urine up to 9 am., I7th January 1908 : . Gt 3 tory
" o FEAL . . a B . & - tord
= e 12 P.M. . ' . . . . i iy 1o
= w 12 aM., 13th January rgod . - 3 s 1018
w passed at 12-350, - i * - . s "5 1020

Sediment.—The sediment of the hazmoglobinous urine is of some signifi-
cance, Thereis u:;u;ﬂl}-' a charactenstic locculent dupus[t bccmnj“g more abun-
dant as the haemozlobinuria continues and giving place eventually even before this
ceases to a heavy deposit of febrile urates. Microscopical examination of the
first urine shows among amorphous debris an occasional granular cell, and these
later increase in number. Granular casts of a characteristic nature (so called
haemoglobin casts) are present; but in many cases at the height of the hzmo-
globinuria the urine deposit contains  mainly isolated degenerated granular cells,
without doubt derived from the kidney.

Hamosozic value of the urine.—If the urine were hypotonic, any hamor-
rhage into the urinary passages would give rise to a condition resembling hzemo-
globinuria ; and hezmorrhage nto the kidney has been advanced as uxpl:ma‘mr}r
of the haemoglobinuria of Black-water Fever [Pellerin (49)]. We have there-
fore in several cases estimated the hzemosozic value of the unine, the result in
terms of sodium chlornde buing as follows .—

Case XIX— Per cent,
First urine passed . c . . . . . - + 1°2%
Urine toward end of attack . . . . o i . ‘83

Case XXV II—
First urine passed . . . . . : - . « 1728
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The hzmosozic value of the urine therefore even when h@zmoglobinuria
is present, 1s far above that at which red blood corpuscles are hazmolysed, and
the urine could not on account of its osmotic effect dissolve red cells.

Agglutinating and globulicidal effect ¢f wrine.—In Cases XXVI and
XXVII the effect of the urine upon the patient’s corpuscles and upon normal
corpuscles was tried ; but no agglutination or recognisable hazmolytic effect was
produced. The addition of normal serum (complement) to the mixture of urine
and red cells led to no further result.

Presence of preservative bodies in the urine.—A remarkable feature of the
urine of Black-water Fever, is that it often shows little or no tendency to putre-
faction and can be kept with but little change for a long period.

[1[.—BLOOD CHANGES.

Recorded observations upon the blood changes in Black-water Fever are
very meagre and do not throw much light upon the nature of the process,

The relation that hzemoglobinzemia bears to the disease is still uncertain,
and recorded observations upon the changes in the red cells and leucocytes are
vague and couched in very general terms, most observers having confined them-
selves to noting the presence or absence of malarial parasites and pigment,
estimating the loss of hamoglobin and red cells, and recording the numerical
changes occurring among the white blood corpuscles, both relative and absolure,

Especially are observations made at a very early stage, and those relating
to different phases of the attack needed. Forit is obvious that observations
upon blood taken after the cessation of the hamoglobinuria, although interest-
ing as regards the evidence of the occurrence of previous blood destruction, are
unlikely to give any indication of the process; the same applies to cases seen so
late that one cannot be certain that the. elimination of hamoglobin by the
kidneys may not be the only active process.

Paying special attention to these points we have been able in several of our
cases to obtain blood, koth peripheral and splenic, within a few hours of the
onset, and to follow out the changes from day to day.

Reduction in the number of red blood corpuscles,—There are only two
possible sources of hamoglobin in the body, namely, the red cells of the blood
and the muscles. The very obvious reduction in the number of the former in
cases of Black-water Fever enables us to say that the condition is due to the
des:ruction of the red blood corpuscles. This destruction is very marked and
may proceed until the number is less than 1,000,000 per c.m,

The reduction is quite obvious to the naked eye and in severe cases is
sufficiently well marked to introduce diffculties in the making of goed blood
films.
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Hemoglobinemia,.—-In paroxysmal hzmoglobinuria the serum is generally
stated to be of a red colour. In Black-water Fever there 1s some doubt as to
whether this is necessanly the case; and one of us with Dr. Stephens has
recorded cases where hmmoglobinemia was not evident. The examination for
hemoglobinemia is generally made by allowing the blood to clot and then
examining the seram. But this method is open to grave fallacy; for we have
not infrequently seen rosy serum exuded from the clotted blood, when by placing
the same blood in 5 per cent. citrate of sodium solution and centrifuging
hzemoglobinemia was not to be detected.  The red colour of the serum was
due in these cases then not to hmmoglobm present in the plasma during life
but to changes which have taken place alter withdrawal from the body. (Vide
extra-vascular lysemia, Part 111, Chapter I1l.) Examination of the blood in
Black-water Fever has shown without exception the presence of true hamoglo-
binemia, demonstrated by the centrifuging of blood reecived into hypertonic
citrate solution : the serum after f.‘.!:‘}lﬁng has also ;11“'51}‘:% shown hazmoglobin
provided the hzmoglobinuria was still in progress, but in both cases the amount
was usually small and more or less masked by the extraordinarily intense yellow
colouration of the serum.  We have only once (Case XXVII) seen hemoglobin
so great in amount as to give arosy colour to the scium and its presence
is generally only indicated by an orange tint.

Owing to this fact it is difficult to estimate with accuracy the amount of
haemoglobin present; butin most cases secn by us it does not seem to have been
more than the equivalent of a 1 per cent. solution of normal blood,

In the one ecase in which the serum was rosy red the percentage of
hzemoglobin was as high as a 3775 per cent. solution of blood.

The amount of hazmoglobinzemia in the serum exuded from the clot has not
in our cases exceeded the amount shown by centrifuging the citrated blood. In
none of our cases have we seen solution of the clot as described by Hayem in a
case of Paroxvsmal Hazmoglobinuria ; it was on the contrary very noticeable in
all our cases that however long the clot was left in contact with the serum short
of putrefactive changes, no solution of the red cells took place. The amount of
hzmoglobinemia and its relation to hmmoglobinuria in our cases has been as

follows : —

Case XIX (mild attack)—

(1) Ten hours after onset serum a deep vellow. A trace of hazmo-
elobin shown by the spectroscope. Citrated blood centrifuged
shows a trace of hiemoglobin by spectroscope,

(2) Next morning hamoglobinuria has ceased. Serum lighter yellow in
colour, Presence of haemoglobin in serum doubtful

81
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Case XX (severe allack)—

(1) Seven hours after first rigor serum a deep orange colour. Hamo-
globin tint can be detected with the naked eye. Citrated blood
centrifuged shows a similar amount of hzmoglobinzmia.

(2) Next day, serum markedly yellow with orange tint, hazmoglobinzmia
present.

(3) Day of cessation of hazmoglobinuria, hzmoglobin not demonstrable
n the serum of plasma.

Case XXI (severe case)—

Six hours after onset, Serum markedly yellow with orange tint. Spec-
troscopically shows well marked bands of oxyhamoglobin.
Citrated blood centrifuged also shows haemoglobinzemia marked
by vellow tint.

Case XXV (severe case)—

(1) Fourth day, hzmoglobinuria nearly over, suppression threatening.
Serum shows a characteristic orange tint and bands of oxyhamo-
globin.

(2) Fifth day, serum yeliow, no hemoglobinemia.

Case XXV (severe case)—

Second day. Hamoglobinuria in progress, serum rosy red. Citrated
blood cenrifuged shows same degree of hamoglobinemia. Cal-
culation of amount of heemoglobinzzmia by cecmparison of tint with
laked blood, diluted to various degrees, gave 3'75 per_cent. hemo-
globin.

Inereased coagulability —Though we have made no accurate estimation of
the coagulation rate, we have in a number of cases noted a distinct increase in
the rate of coagulation early in the disease. Later on this is less noticeable and
there may be delayed coagulation. In one case it was sufficient to cause buffy
coat clot.

IV.—CHANGES 1IN THE RED BLOOD CORPUSCLES.

Some of the earlier descriptiors of the blood in Black-water Fever, remark
upon the profound alterations in the shape and condition of the red cells. There
can be little Joubt that some of these descriptions referred to artifects ; for as has
since been frequently stated the general appearance of the blood in Black-
water Fever is that of normal blood. The very normal appearance of the blood
cells in a disease so obviously dueto an acute blood destruction is one of the
striking features of the pathological picture,
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During the early stage of the disease it is often only after prolonged scrutiny
and systematic examination of a number of microscopic fields that we can appre-
ciate the few changes which otherwise may easily pass unnoticed.

In films taken within two hours of the onset of a fairly severe attack we failed
to detect on the most careful search any abnormality whatever ; nor was there a
single “ shadow " found in filty microscopic felds. .

Later in the attack certain changes are generally to be made out ; but they
are by no means so conspicuous as one might be led to expect. Thus in the
blood taken about four hours after the onset of a severe attack we found, among
approximately 20,000 red ceils, 150 large shadow corpusecles, 129 small shadows,
and 16 markedly anemic cells.  After the second or third day the blood changes
are much more obvious and they coften reach a maximum when polychromasia of
a marked degree is established. It is these later changes, almost certainly
regenerative in nature, which have been emphasized by most observers,

We shall for the sake of clearness differentiate the early changes from these
later ones, which are usually even more marked in convalescence than during the
continuance of the disease.

Early changes.

Size of the red c2lls,—In order to ascertain whether in spite of the perfectly
normal appearance of the blood cells to ordinary microscopic examination, there
might be some changes found on actual measurement of the cells, a senes of
observations were made on normal and abnormal bloods, including that of Black-
water Fever.

Films of different bloods made with as great uniformity as possible were
used, and portions were chosen for observation where the red cells were distri-
buted so as to be alittle distance from one another. The cells were then passed,
slowly across the field of a screw micrometer eye-piece, partially occluded by
means of an Ehrlich's stop, and each cell measured carefully. This method,
though rough, gave fairly uniform resnits which enabled one to ascertain
better than by mere microscopic examination, variations in the size of the different
cells.

An improvement in the method consisted m the use of a Leitz drawing eye-
piece whereby accurate tracings of the outlines of corpuscles in a number of
microscopic fields were made, and afterwards measured and compared.

Hayem (57) has descnbed cells of three sizes, large, medium and small,
measuring 6'5, 75, and 8'5 microns, respectively, of which the proportions in
normal blood were large and small 12°5 per cent. each, and medium 75 per cent.
In our cases it was easy to distinguish three sizes of cells, but the greater number

L z
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measured about 67 microns, only a few being below 6 microns and a somewhat
larger number about 8 microns. At times all three measurements were propor-
tionately increased but never diminished. Apart rom polychromasia, associated
always in our experience with an increase of large forms of red cell, these ob-
servations have not shown any obvious variation in the proportions of the different
sizes in Black-water Fever, or in those exposed to black-water conditions, but a
peculiar phenomencn we have several times observed may be here remarked
upon. In comparing the drawings described above it became evident in several
instances that in series of films taken at short intervals within the first twenty-
four hours of the onset of Black-water Fever, all the elements of the blood, both
red cells and leucocytes, were on a larger scale in those taken later on the attack
than in the earlier ones. At first 1t was thought that some accident might
account for this condition ; but careful scrutiny of the films did not bear out this
supposition, for our films from long practice exhibit very little variation in the
conditions under which they are made, and the increased anzmia of the later
stages would lead us if anything to give less pressure to the needle at the time,
so that a reduction, not an enlargement of the elements, should therefore be
expected, While at the present moment we do not care to place too great stress
upon this phenomenon, which we intend to study more closely, we believe it
indicates some definite change, either in the cellular elements or in the plasma.

Shadow corpuscles.—Shadows of red cells are frequently very indefinite and
may easily escape notice. They are sometimes exceedingly large, pale, and
irregular, appearing at first sight like mere empty spaces among normal
corpuscles ; for careful seiutiny shows these spaces to be occupied by corpuscles
which have evidently become enormously swollen and softened, apparently during
the process of dissolution, for they stain very faintly except at the periphery
where they become moulded by the normal corpuscles surrounding them.

At other times shadows are but little larger than a normal corpuscle; but
they almost always appear diffluent and are moulded by surrounding corpuscles.

In addition to these large shadows there are even more characteristic quite
small fragments, markedly wregular stellate or elongated in form, evidently of
very soft consistence and staining more feebly than normal red cell substance.

That these are not artifects we are convinced, for we do not find them in our
films of normal or malarial blood, nor in the blood of Black-water Fever cases
except at certain stages. Many of the small shadows also exhibit appearances
that we do not find even in carelessly or badly made films, where of course
shadows and fragments may be numerous. .

Spheracytes and other abnormal conditions of the red cell seen early in the
disease.—Small deeply staining round cells have been described by many authors,
In pernicious anzmia and other conditions very small corpuscles may be present,




77

but these are not necessarily of the type to which we are now referring, so that
the term microcyte would be ambiguous. These cells it is true when seen |
films are smaller than the normal red cells; but this appearance 1s due mainly if
not altogether to changes in their elasticity, which prevent them from becoming
as flattened as the normal corpuscles.

As such cells, as we shall see later, are a sign of most important pathelogi-
cal changes, we have thought it desirable to have a name to designate the
condition and have termed them spherocytes.

Though a spherocyte can be picked ou: from among normal cells by its
small size, associated with its altered staining properties, there is no hard-and-
fast line of demarcation between a normal cell and others showing in various
degrees this change. Restricting ourselves to the well-marked condition we can
note the following alterations as characteristic of spherceytes. (1) They are
among normal corpuscles conspicuous from their regular circular outline.  This
is not infrequently aceentuated by a circular crack produced by shrinkage of the
serum from the unyielding corpuscle. (2) They not only stain more deeply, but
frequently show a gradually increasing depth of colour towards the centre of the
cell. (3) In fresh films they resemble the * globuli-rossi 7 seen in malaria and
can be picked out by their darker tint and the absence of the plate-like appear-
ance of normal corpuscles.

Among corpuscles stained by adding a few drops of blood to a saturated solu-
tion of neutral red in 5 per cent. citrate of soda solution, are some which take on
a deep brown as compared with the light yellow tint of the great majority of
cells. Most frequently cells with stain in this way appear to be spherocytes ; but
we cannot definitely state that this peculiar reaction is one confined to sphero-
cyles. )

Cells of normal size, but showing an irregular, often pear-shaped outline and
pale stained centres are also seen, Cells of normal size and shape but with
markedly pale staining centres are also occasionally observed.

The most distinet feature of the blood in Black-water Fever is the oceur-
rence of the shadows we have referred to.

Spherocytes are by no means conspicuous in the peripheral blood |, though
as we shall see they may form a very important feature in the blood from the

spleen.

Late changes.

Polychromasia and allied conditions.—A peculiarity of red cells which
under suitable conditions of stain causes them to take on a bluish or slate colour,
instead of the ordinary eosin-red, has been termed polychromasia. Maragliano
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(73), Castellino (73), and Ehrlich (73) have considered the condition a sign of
degeneration. But Engel (73) and others look upon these cells not as degenera-
tion forms, but as a stage in the formation of the ordinary red cell ; and according
to Engel polychromatic cells appear when very rapid formation of red cells is
demanded.

We have every reason to believe that the polychromasia seen in Black-
water Fever is quite unconnected with degeneration and is due to regenerative
changes.

Cells showing polychromasia in its most marked form are of very large size,
measuring up to 10 microns or more, and taking on with most Romanowski’s
stains a more or less pale bluish purple colour. They are rarely of normal shape
being more or less irregular and showing a distinet tendency towards lobulation,
a feature which may be accentuated by an appearance of three or more faint lines
which divide up the cell into several portions. In the most extreme cases there
is a central stippling with Romanowski red, arranged in a more or less stellate
manner. Though such cells may form quite an appreciable percentage of the
whole, the majority of the polychromatic cells exhibit these features in a lesser
degree. Associated with the polychromasia there are always a considerable
proportion of more or less normal cells of a larger size than usual and others
exhibiting every gradation between normal and polychromatic cells. Unless
associated with the presence of spherocytes, there is therefore with presence
of polychromasia a general increase in the size of the red cells, very noticeable
under the microscope at the first glance,

During the early stages of Black-water Fever, polychromasia is rarely seen;
it begins to be apparent after the second or third day and reaches its maximum
most often when the patient is convalescent, usually several days after the
cessation of the hamoglobinuria.

Nucleated red cells are not usually seen, if at all, until late in the disease;
except that they contain a nucleus they resemble in all respects polychromatic
red cells. In certain cells of this nature the usual densely staining circular
nucleus is not present, but its place is taken by a pair of small densely staining
nuclear masses, one invariably larger than the other, but never measuring more
than about 2 microns. These nuclear masses are always associated with the
reddish stippling of the cells before alluded to,

So called basophilic degeneration has been recorded in Black-water Fever.
In our experience it is a late and somewhat rare condition generally associated
with polychromasia; and we doubt if it has any relation to susceptibility to
destruction of the red cells, a suggestion sometimes made.

The extent of these changes will best be gathered from the following case,
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But the discussion of the significance of the condition is best postponed until we
have studied gur subject on a basis cf experiment—

Case AX.—Hzmoglobinuria cnntinu[ng for three days, A case in which we were
able to examine the blood early on the first day of the attack and regularly on the
succeeding days until the patient was convalescent.  Exa mination of the blood
on the first, second, and third days, respectively, showed among 20,000 red cells
counted on each occasion the abnormalities noted below—

First day. Second day.  Third day.

Large shadows ; ' : i 15 51 2
Small shadows . . . 20 33 27
Anzmic cells . . . 15 35 15
Deformed cells of normal size . . 103 48 84

In this instance it will be noticed that the blood changes were not by any
means marked, although at the time when the blood films were obtained hzmo-
globinzmia was present.

On the third day  after onset polychromasia began to be conspicuous and
large cells measuring 8 microns were as numerous as medium sized cells, On
the sixth day there was an extraordinary degree of polychromasia, large poly-
chromatic cells forming a considerable proportion of the total. Basophiles were
also present.

Per cent,
A comparative counl gave—
Markedly polychromatic cells . , . 18
Large sized corpuscles : - . . 23
Medinm = i 1 E 7 . 53
=mall = i . 4 . . g 4

Case XX/ —(1) In films on the first day, six hours after the onset of hamoglobinuria,
the following were found, among 20,000 red cells :—
Large shadows 5 i = = 4 : : i 4]

. L5
Small shadows . . q ¥ . ; " . : 23
Angmic . . c - ¢ . ; - . 16
Deformad cells of normal size . " . : 129

(2) A second film taken on the same day but several hours later showed no in-
dication of blood destruction, for in an examination of 120 microscopic fields
{approximately 20,000 red cells) we were unable to find either shadows, microcytes
or anzmic cells,

{3) A third specimen of blood obtained after a further sixteen hours with hazmoglo-
binuria still continuing showed among 20,000 red cells—

Large shadows i . ; . i F : a I2
Small shadows . - - - - . ' i
Anzmic cells : - : . " . . . . f
Deformed cells of normal size . . . i ' “s v 20

It may be noted that during the interval between the taking of the second and third
specimens a slight rigor had occurred.
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In this case it is of special interest to note that at no time during the pas-
sage of hamoglobinuria in this primary attack, did the blood show the presence
of polychromasia, granular degeneration of the red cells, or nucleated red corpus-
cles. But five days later a relapse took place, and at this time polychromatic
red cells were present m large numbers, together with numerous nucleated red
corpuscles of various sizes and a marked general poikilocytosis of the erythro-
cytic elements.

Case XATV.—(1) Examination of films taken some hours after onset shows nothing
abnormal. No shadows or spherocytes or other observable change.

(2) Films taken on the third day, while h2moglobinuria - was still in active progress

show :—
Per cent.
Large shadows . : : - . . . . 4
Small shadows ; : - - - ; ; : fy e
Sperocytes . . ; . - - . . ' . 53
Microeytes . : : . . : - : : + 05

(3) Films taken on the fourth day after cessation of the haemoglobinuria showed no

shadows.

These observations are in accord with thsse described by Grocco (45) in
paroxysmal hazmoglobinuria, in which he found little or no evidence of bload
destruction on microscopical examination, although marked hzmoglobinemia
was present in the plasma at the time.

V.—CHANGES IN THE LEUCOQOCYTES.

Specimens of the blood taken very early after the commencement of an
attack of Black-water Fever generally exhibit a relative large mononuclear
leucocytosis, consisting chiefly of the ordinary typical large cells with kidney
shaped, or incurved, and somewhat eccentrically placed nuclei, an increase of
which has been so often noted as occurring during the course of a malarial attack,
Sometimes, as has been remarked elsewhere, certain of these cells may be found
containing malarial pigment. A little later in the attack certain large mono-
nucleated cells of a different type appear in the general circulation; and it i1s
coincident with the appearance of these new elements that phagocytosis of red
cells and shadow corpuscles may be observed.

At a still later stage enormous irregular endothelial plaques appear, giving
rise to the impression that ‘a more or less extensive desquamation of the endo-
thelium has taken place.” With the cessation of hzmoglobinuria and the ap-
pearance of polychromasia and nucleated red cells there is a more or less rapid
disappearance of these abnormal types of cell from the blood, though the ordinary
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large mononuclear leucocytes may still be found in excess. At this stage also
true lymphocytes and cosinophiles which have been reduced almost to the
vanishing point during the paroxysm of hzemoglobinuria once more appear, some-
times in increased numbers,  Many of the polymorphonuclear neutrophile elements
which have possibly shown diminished granular staiing of their protoplasm
during the attack, now appear more densely granulated, a condition shared by a
large number of the transitional and mononuclear elements, many of whieh latter
approach the myelocyte type. Some of these also show a distinct tendency
to ecsinophile granulation; and should perhaps be described as eosinophile
myelocytes.

The most striking of these phenomena is undoubtedly the appearance of the
large mononuclear cells and macrophages. The disappearance or great reduc-
tion of certain of the leucocytes, and the appearance of transitional forms and
myelocytes, also requires some further mention.

Increase 1n the large mononuclear elements —This relative merease which is
also seen to a marked degree in malaria has been sometimes considered a sign
of protozoal infection; but it has been described by Hayem in a case of met-
haemoglobinuria of chemico-toxic origin, and it appears to us possible that it
may in some way be related to the occurrence of red cell destruction.

‘Poch (60) has shown that it occursin a most marked degree in benign
tertian and quartan infections. being less marked in malignant tertian malaria.

In Black-water Fever the increase is always distinct though not necessarily
very great, The following tabular statement gives the result of counts in Black-
water Fever cases. Most of these counts include, among the large mononuclear
leucocytes, cells of the macrophage type :-—
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Macrophages —These cells which usually appear within the first twenty-four
hours after the onset of an attack of Black-water Fever are of several types—

Type (1).—Cells resembling the ordinary large mononuclear leucocyte, but
ranging from 15 to 25 microns in diameter.

They possess a large oval, indented, or kidney-shaped nucleus placed
usually a little eccentrically and surrounded by a large amount of hya-
line or faintly granular protoplasm. In the larger of these cells the
nucleus may measure 15 microns in the long diameter. These cells
sometimes contain malarial pigment, and they may also be found
occasionally with engulfed red cell shadows.

Sometimes the nucleus of these cells has divided, forming a pair of round
twin nuclei.
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Such cells whose appearance is that of very large specimens of ordinary
mononuclear leucocytes form a marked feature in the blood of Black-water
Fevers.

Type (2).—Large irregularly circular cells with a compact roundish or
rhomboidal nucleus situated more or less centrally in a mass of
pale staining protoplasm.

They vary in size from 15 to 20 microns or more, while their nuelei
generally measure 10 to 12 microns in diameter.  The larger cells
of this type are frequently vacuolated while many of them contain
the debris of what seem to be red cells along with distinet red cell
shadows. The smaller cells of this type are evidently markedly
phagocytic and may sometimes be found containing engulfed red
blood cells, but little altered in appearance.

Such cells resemble except in size the small mononuclear leucocytes with
hyaline protoplasm.

Type (3%, — Large cells with irregular or polygonal nuclei, which lie either
to one side or stretch right across the cell body.

They may attain enormous dimensions, often measuring from 2o to 30
microns in diameter.  They also possess phagocytic properties
frequently being found with engulfed and altered red cells, and what
appears to be red cell debris,

Endothelial plagues.-— The macrophages described above which appear
comparatively early, usually within the first twenty-four hours of Black-water
Fever and are still to be found in dimimshing numbers after the actual hiemoglo-
binuria has ceased, appear to be free cells which have for some reason appeared
in the peripheral circulation. But there are certain cells which seem to be
desquamated endothelial plaques. Many of these cells are of very large size,
and plaques composed of two or more joined together side by side are not
uncommonly seen.

The nucleus of these cells is large and frequently stretches nearly across the
cell and exhibits considerable irregularity of outline. The protoplasm which is
hyaline in nature often shows extensive vacuolation and may contain red cells,
debris, and shadows. Such cells resemble those found in the splenic and
hepatic veins post morfem and endothelum cells of the visceral capillaries.

Their presence in the peripheral circulation appears to point to the action of
some irritant (possibly free hazmoglobin) upon endothelium as a result of which
a more or less extensive shedding of its elements takes place,

Reduction in number of certain forms of lencocyles,—Coincident with the

increase in large mononuclear elements, which is most marked during a fall in the
M 2
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patient's temperature, but is usually persistent throughout the attack, theré is
generally a decrease in the polymorphonuclear leucocytes. A most interesting
phenomenon, which we find to hold good in a number of cases, is the great
reduction of true lymphocytes, as opposed to small mononuclears, and the frequent
partial or total disa ppearance of the eosinophile cells during the early stages
of the disease followed by the reappearance of these elements, sometimes in
considerable numbers at a latter stage.

Transitronal cells and myelocyfes.—=Towards the end of the attack a large
proportion of the polymorphonuclear cells contain nuclei much less lobulated
than normal, and such cells appear to be immature forms of polymorphonuclear
leucocytes. Other cells of similar nature are of more or less purely mononuclear
type, and as we have noted, appear to be neutrophile myelocytes. Their
presence at this late stage of the disease seems to indicate an attempt on the
part of the blood forming organs to repair a loss occasioned by an extensive des-
truction of the polymorphonuclear forms during the earlier stages of the malady.

Red ceid phagocytosis in the peripheral blood — Although red cell phago-
cytosis may not be conspicuous on casual examination of the blood of Black-
water Fever cases, some evidence of its occurrence can mvanably be found on
careful search especially during the earlier stages of the disease.

Such evidence is generally in the formn of large clear engulfed stromata of
red cells which are more or less devoid of hazmoglobin.  But in a few mstances
m:l_r_:ruphngus may ba found cunl-’jiiling but lictle altered red cells. Later in the
disease when endothelial plaques have made their appearance, a large proportion
of the=se elements may be seen containing one or more engulfed and decolourised
red corpuscles,

Extrusion of nuclear matier in cerfain types of cell —Before leaving the
question of the bload changes observed in Black-water Fever we must record a
peculiar feature of the small mononuclear leucocytes observed in one case only
in blood films taken on the fourth day of the disease,

In these specimens a large proportion of the small mononuclear leucocytes
which possessed a considerable amount of protoplasm exhibited a deeply staining
mass of nuclear like substance lying for the most part just within the protoplasm
at the periphery of the cell. In some instances there was an indication of some
fine protoplasmic threads extending from this body towards the cell nucleus, and
in one it appeared as though the body might have been just extruded from the
cell. In general these masses were quite minute, measuring no more than one
to two microns in diameter, though afew which appeared to be of a more
elongated shape were slightly longer, Judging from their appearance and stain-
ing reactions it is probable that they are of the nature of nuclear extrusions
associated possibly with cell proliferation. The slightly indented form of the
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nucleus of the leucocytes containing them seems to give some warrant for this
idea. '
VI.—THE EXAMINATION OF SPLENIC BLOOD.

In a previous paper we have recorded the result of an examination of the
splenic blood taken at an early stage in the course of an attack of Black-water
Fever. The most promirent feature in this case was the presence of phagocytosis
of red blood corpuscles, many of them quite normal in appearance, both as
regards the absence of parasites and the possession of their full hamoglobin
value. Since this cbservation we have had further opportunities of studying the
splenic blood in Black-water Fever. The examination of splenic blood in regard
to the existence of a special parasite and evidence of malarial infection we have
already recorded; n our present connection it is the changes likely to throw
light on the nature of the mechanism of Black-water Fever, which concern us.

The red cells.—~Unfortunately puncture of the spleen in Black-water Fever,
except in one case, has given us only sufficient blood for the preparation of flms.
In Case XXVI, however, sufficient blood was obtained to enable us to stain a
portion by the neutral red method already described.  In this case the character-
istic small dark cells were far more numerous than we have seen under any other
condition, but they still formed only a small proportion of the whole,

Spherocytes have been a marked feature in almost every case, reaching
a proportion tc the total cells much greater than in the peripheral blood.

In one case at least there was a distinct tendency for the red cells to be
gathered into groups (agglutination), such as is seen in the case of dogs injected
with specific hemolysin (Part 111, Chapter 11).

Splenic celis.-—Many distinct types of splenic cells are distinguishable, and it
only appears necessary to refer to those that seem concernzd in the Black-water
Fever process—

Type(r).—Large cells with a nucleus somewhat resembling  that of the

| large mononuclear leucocytes, but considerably larger, and with
more or less voluminous finely granular protoplasm. Two varieties
of these cells are seen ; those whose protoplasm is compact like that
of the erdinary mononuclear leucocytes, and others in which the
protoplasm is full of vacuoles resembling bubbles of all sizes.

But the compact and vacuolated forms have similar nuclei and may not
infrequently be seen as neighbour cells in a detached fragment of endothelium,
1f our conception of their nature be correct, they are the product of the fixed
visceral endothelium. They are extremely active phagocvtes, and actively
engage themselves in the engulfment of red ceils, and more especially of red
cell shadows. Cells resembling these but usually of the smaller type are seen
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in the peripheral blood ;they are also very abundant in the capillaries of the
liver, where they are seen laden with malaria and blood derived pigment.

Type (2).—Cells with irregular or polygonal nuclei similar to type (3)
described as accurring in the peripheral blood,

Type (3).—Very large cells with round nuclei asd voluminous more or
less granular and homogenous protoplasm, often showing many inclu-
sions, They often contain masses of malarial pigment and are not
seen in the peripheral blood.

Phagocytic endothelial ceills.— Quite di-tinct from the large apparently
¢ fixed” macrophages are cells which take a much more active part in the
phagocytosis of red cells. Prior to the inclusion of red cells, they are seen as
quite small cells somewhat resembling lymphoeytes. They constantly show
a projection of their somewhat scanty protoplasm indicating that they are
actively ameeboid in nature. Their nuclei and protoplasm also show certain
differences which enables one easily to distinguish them from lymphoecytes.
Many of these small cells are seen to contain a single red blood corpuscle, a
body which would seen almost too large for them to ingest. With their included
red cell, they appear of circular outline ; their protoplasm being stretched
in a narrow arch round the engulfed erythrocyte, whilst the nucleus from the
pressure of this same body had become crescentic.

In spite of the apparent discrepancy between the amount of their proto-
plasm and the size of the bodies they include, these cells ingest sometimes two,
three, or more red corpuscles and all stages are seen up to cells that have
engulfed a dozen or more of these. Even in the latter case, the nucleus is
still quite small; and the protoplasm is only just sufficient to retain the engulfed
corpusczles. The exact nature of these cells is not clear ; but they appear to be
concerned especially in red cell phagocytosis. They are rarely seen in the peri-
pheral blood.

Phagocylosis of ved cells.—Phagocytosis of red cells has been described
in a number of diseases. A certain degree of this condition has been found
even in health, especially in old age. In several spleens of more or less patho-
logical interest and in the spleen of animals we have found a certain amount of
red cell phagocytosis, but in proportion negligible, when compared to the
extent of the condition present in Black-water Fever.

Several distinct conditions are to be seen—

() Engulfed cells more or less normal in appearance.

(6) Large, clear, circular spaces, that have been occupied by red cell

stromata, now completely decolourised.

(¢) Numerous small fragments of red cell substance, and small vacuoles

which appear to owe their derivation to previously ingested red cells,
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The included red cells in thes= circumstances are either quite normal in
appearance, or partially decolourised, but rarely shrunken or deformed, Many
such cells are evidently spherocytes. In the case of the phagocytic endothelial
macrophages, cells containing hazmoglobin seem to be engulfed, and to undergo
decolourisation within the ingesting cell. If, for example, a phagocyte of this type
is seen to contain several red cells, one may be unaltered, while the others show
all gradations between this and complete decolourisation.

But the cells of large mononuclear type and mononuclear leucocytes,
though found with apparently unaltered cells, are most frequently seen to
contain a number of the decolourised stromata described. The appearance
presented by these cells is therefore in considerable contrast to that of the
larger phagocytes, whose proteplasm is stretched by unaltered and partially
altered red cells.

The actual observations, so far made, have been as follows :—

Case X/X.—Extremely mild. Spleen punctured shortly before the hzmoglobinuria
ceased, and about 3 to 1o hours after the onset—

Per cent.
Large shadow corpuscles ., - - . . . . 05,
Small poikilocyte shadows - . ; . . . 2
spherocyies . ; . . : . . . L5

No tendency to agglutination of red cells observed.
Enguliment of red cells and stromata fairly conspicuous, included cells being nearly
all very small spherocytes.
Case XX.—A severe case.  Spleen punctured about nine hours after first rigor and
about 48 hours before cessation of haemoglobinuria—

Large shadow corpuscles

. . 5 F Not at all eonspicuous
Small poikilocyte shadows
Spherocytes . * . . . . . 7 per cent,

Tendency to agglutination not observed.

Engulfiment of unaltered red cells by phagocytes extremely noticeable (vide case in
Appendix}, The small type phagocite containing a single red cell very conspi-
cuous. Shadow inclusions less conspicuous though numerous.

Case XXII.—A severe case. Spleen punctured about 30 hours alter onset of the
hemoglobinuria which was still in progress—

Per cent,

Large shadow corpuscles . . . . . o e
Small pnik“{.‘lt}"ln.‘ shadows . . ' ' - « IL§
Spherocytes . . . F . ' ; i AR
Large pale cells apparently decolourised and not resembling
polychromatic cells . : : ‘ : o W

Agglutination not noticeable,
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Immense macrophages, with included red cells and engulfed small mononuclear elements,
Macrophages contain a considerable amount of malarial pigment (malignant
tertian) including segmenting reliquats, but red cell inclusion not very noticeable.
Vacuolated macrophages of mononuclear type contain numbers of colourless red
cell stromata.

Case XX/V.—Case seen on fourth day. H:aemoglobinuria continuing, but showing
signs of clearing up.

Splenic blood examined.

Shadows very numerous, but film having been made from very small amount of blood
artifects cannot be excluded.

Spherocytes . c : : . . . 00 per cent.

Agelutination of red cells very distinct, the cells being in clusters such as those observ-
ed in dogs injected with agglutinating serum.

Blood more profoundly altered than in any case vet seen, Recent severe malignant
tertian infection evidenced by the abundance of segmentation reliquats (pigment
blocks) and by the finding of a segmenting malignant tertian parasite.

Case XXVI—A severe case ceen on second day. Spleen punctured about 36 hours
before haemoglobinuria ceased.

Large shadow corpuscles : . : 3 . . ‘I per cent.
Smidll poikilocyfe shadows . - . . . Sy 10
Spherocytes . - ; : : : : ot s

Agglutindtion marked.

Eed cell phagocytosis conspicuous.  Engulfed colourless stromata in large vacuolated
macrophage of mononuclear type very noticeable.

These cases serve to show that in the spleen there is not any greater evi-

dence of blood solution (cell shadows) than in the peripheral blood. The pres-
ence of agglutination and spherocytes together with the phagocytosis of red cells
and stromata, as will be seen later, are of extreme significance.

Macrophage inclusions.—Since every observation relating to the conditions

present in Black-water Fever may have value, we have studied the inclusions to
be found in the various macrophages.

The most notable are :—

(@) Included red cells, colourless stromata, and malarial pigment.

(#) Greenish masses undoubtedly derived from red cells which have under-
gone shrinkage and change in staining reaction. This appearance is
seen in other than Black-water Fever conditions, in which disease
it 1s not a very conspicuous feature.

(¢) Particles of substance staining like chromatin.  Many of these resem-
ble blood platelets, to others it is impossible to assign any exact sig-
nificance. They are seen in other conditions than Black-water
Fever and are not apparently of any special interest.

(d) Engulfed cells,
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Engulfment of nucleated cells.—In several of our cases this has been a very
conspicuous phenomenon. The great majonty of the included cells are found in
the endothelial plaques, which may contain three or even four or five of these
bodies.

The included cells are, in the great majority of cases, very small mononu-
clear cells, but occasionally what appear to be polymorphonuclear leucocytes are
seen. Such included cells lie as a rule in a vacuole and the nucleus takes on the
very intense stain characteristic of necrotic nuclear matter. The condition will
be referred to later when discussing the examination of the liver in sections.

VIL—EXAMINATION OF THE TiSSUES,

The tissues of Black-water Fever cases have heen described by a number
of observers. The most obvious recorded appearances are those due to the pre-
ceding malaria ; but certain changes are peculiar to the Black-water Fever pro-
cess, notably an abundant deposit of yellow pigment in the liver cells, and certam
changes in the kidney.

Our own experience has been limited to two fatal cases now described (Cases
Il and IIT). Both of these cases were very suitable for study in that death
occurred during the actual course of the disease and while hamoglobinuria was
in progress. Unfnrtunatuljﬁ wWe were r_ml}-' able to obtain very p;{r[ial ;[u‘[ﬂ:"“:{jg S0
that only the spleen, liver and kidneys have been examined

Spleen.—In both cases recent malanal pigment was abundant. More
important in our present connection was evidence of red cell phagocytosis. This
was most marked in Case II1, but was also presentin Case 11. Inthe former almost
every macrophage showed included red cells, whilst smaller mononuelear cells
containing one or more were frequently seen lying free in the splenic sinuses.
Large cells containing many red corpuscles as wellas smaller cells containing
one or two of these were also very noticeable in the radicles of the splenic vein,

Liver —The lobules showed no marked general changes. In the smaller
radicles of the portal canal system especially in limphoid-like tissue were many
cells loaded with malarial pigment. The lobular capillaries contained an almost
continuous chain of large oval swollen cells, lying free like polypi in the lumen. In
many cases in which the capillaries were seen in cross section these cells appear-
ed nearly to occlude the lumen. The cells which were quite distinct from the
capillary endothelium appeared tobe attached toit ata single point. Some of
these cells contained malarial pigment, others engulied red cells. Most conspi-
cuous were included nuclear masses staining an intense black with Heidenhain's
hzmotoxylin. Many such inclusions, seen in every field of the microscope, gave
avery p::r:uﬁar appearance to specimens viewed under a low power,
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Many of the liver cells, but not all, contained granules of alight golden yellow
or dull yellow pigment. The granules lay in clusters, often in vacuolic areas,
either diffused through the cell or more or less aggregated. Many of the liver cells
showed fatty globules.

In the large perilobular vessels were a few macrophages ; and in the hepatic
veins large cells containing many red cells, as well as others containing included
nuclear masses, were not uncommon. '

Both the hepatic and portal venous radicles contained a great deal of granular
matter in which apparently normal red cells lay embedded.

Kidney.—The kidneys in Black-water Fever have recently been closely
studied by Werner (58).

The glomeruli and the upper portions of the convulted tubules according to
this author show a finely granular exudation. As the tubules are followed in their
course the granules are seen to become coarser, and in Henie's tubules are seen
coagulation like masses of the same substance. There is also a general distention
of the tubule and in severe cases degenerative changes in the epithelium.

In both of our cases similar appearances were present.

In the glomeruli a faint pinkish eosin stained granular substance was present
_containing a few desquamated capsular cells. In the upper convoluted tubules a
similar substance was seen with very little evidence of epithelial desquamation.
As one passed downwards profound changes in the epithelium were to be seen,
and the lumen was loaded with cast off cells. Also in addition to the fine granular
matter were granules of a peculiar consistence, and those absent in the upper parts
became larger as one approached the collecting tubules,

In Henle's loops the substance formed a more or less adherent mass lying
around the periphery of the lumen.

In the straight ducts of Bellini the granules were nearly the size of red blood
corpuscles and had somewhat the appearance of red cell substance.

In the vessels of the glomeruli and of the rest of the kidney the red cells ap-
peared normal and there was little or no granular material in the lumen of the
veins, these containing red cells of normal appearance.

A great many of the conditions we have described are evidently but the
necessary results of blood cell destruction.

Thus hzemoglobinemia of a certain degree is responsible for the h&moglobi-
nuria and for the icteric tinge. Other changes may, or may not, be necessary
consequences of blood destruction.

It is evident that before we can make use of the data outlined, it is necessary
to study the process of blood destruction or ha@molysis, and especially the con-
ditions other than Black-water Fever in which hamoglobinuria occurs.
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CHapPTER L.

THE RELATION OF BLACK-WATER FEVER TO OTHER H/EMOGLOBINURIAS.

[,—PARASITIC HAEMOGLOBINURIAS.

In the ox, dog, horse, and sheep hzmoglobinurias due to piroplasmosis are
well known. Infection by piroplasma may however occur in an acute ora
chronic form ; it is in the former only that hzzmoglobinuria occurs.

Cattle introduced into a Red-water country rapidly contract the acute
disease. The animal is intensely ill, its temperature is raised, andit passes
hamoglobinous urine. In the case of death the tissues are pale and tinged
with yellow, the blood watery, and the spleen greatly enlarged. In Red-water
countries hzzmoglobinuria in cattle is often associated with an attack of Rinder-
pest; the explanation usually advanced being that the Rinderpest, by lowering
the resistance of the animal, allows the latent piroplasma infection to assert
itself.

Piroplasma infection in the dog is very frequently associated with hzmo-
globinuria, especially in the case of susceptible animals. Dogs newly introduced
nto a country where piroplasmosis is endemic are very apt to contract the
disease a very short time after arrival. We know of thirty hunting dogs brought
out from England to Madras, all of whom within three weeks of their arrival in
India were found to be suffering from piroplasmosis; a few weeks later they had
all either died or been destroyed as useless, Native dogs suffer less often from
hemoglobinuria though the presence of parasites in the blood especially among
Puppies is very common.

As in cattle a susceptible dog attzcked by piroplasmosis is severely ill. If
it gets over the initial disease it may die after a long period of chronic infection,
and many of those which eventually survive do not recover at all quickly but
remain for a long time emaciated and intensely feeblle. In our experience if a
dﬂg has passed the first acute pﬂriod of the disease he may die but he will not
suffer from hazmoglobinuria.

The hemoglobinuria is always associated with an immense number of
parasites which, however, may become greatly reduced in number after the
access ; but a young dog may die from a severe infection in twenty-four hours
without exhibiting hzemoglobinuria. In a dog dying of an acute infection thereis
marked pallor of the tissues, and in the case of haemoglobinuria a vellow tint.
The blood is watery and the spleen more or less enlarged.  1f haamoglobinuria
has occurred, the kidneys are maroon roloured and swollen; but this is not
present in attacks, however acute, unaccompanied with hzemoglobinuria.

N 2
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With the cendition in the horse and sheep we are not familiar : but
parasites are demonstrable in the blood in both cases without difficulty.

A resemblance of this disease 10 Black-water Fever is evident ; but closer
examination reveals an important difference in that the experience of all
observers shows parasites to be easily demonstrated both in the blood and
organs.

In Black-water Fever we have seen that the closest observation fails to
show a piroplasma like parasite in the blood and tissues; and that this disease
1s not due to any direct action of the malarial parasite is shown by considera-
tions already given. There seems then at first sight but little connection
between the mechanism of parasitic hamoglobinuria and that seen in Black-
water Fever.

Il.—Divscrasic HEMOGLOBINURIAS,

Hamoglobinvria eccurs in man in other conditions than Black-water Fever,
The n.ost important from our point of view is paroxysmal hzmoglobmuna.

Paroxysmal ha:moglobinuria was first studied by Harley in 1864 (61).
Since then many observers have contributed to our knowledge of the condition,
the exact nature of which is still unknown. After an exposure to cold, the
patient has a wviolent rigor with chattering of teeth and spasmodic action of the
respiratory muscles ; at the same time the number and hypogastric regions
become painful. The face and extremities are cyanosed, The urine at first
reddish becomes later dark or blackish in colour. It is devoid of blood cells
and contains both ha&moglobin ard met-hazmoglobin.

After the crisis the urine becomes clearer again but is somewhat darker
than normal; and contains albumen. The crisis is accompanied by arise in
temperature. Tumefaction of the spleen is frequently present; and there may
be some enlargement of the liver. In severe attacks there is a subicteric tint
of the integuments ; but no Gmelin’s reaction is to be obtained with the urine,
Urobilinuria is in these cases habitual.

An ordinary attack of paroxysmal hzzmoglobinuria lasts a few hours only.

An autopsy described by Hayem showed the kidneys sepia coloured, with
the convoluted tubules and loops of Henle infilirated with haemoglobin.

We have then a disease which except in its atiology and its comparatively
mild nature is a close counterpart of Black-water Fever; and as Black-watep
Fever is generally induced by quinine, so this condition is precipitated by so
simple a cause as exposure to cold. The serum in paroxysmal hamo-
clobinunia has been cbserved by Ehrlich (62) and others to possessa
“ youge cerise” colour and an'' aspect lague”' But Bensaude (63) notes that
this is not constant, while in one case the serum was more coloured in the
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mtervals between the attacks than during the attacks themselves. This “ ronge
cerise " colour is also seen in other affections, notably certain infectious diseases.
As previously pointed out we have seen it when the blood received into citrate
solution and centrifuged showed no haemoglobinaemia to the present.

Bensaude states that the reason for the phenomenon is the solution of the
clot in the serum ; this we have seen does not take place m Black-water Fever.

In paroxysmal haemoglobinuria the blood destruetion is an indirect effect of
the cold which has induced the attack ; for blood exposed to cold does not exhibit
haemolysis. Bensaude also points out some difficulties in the way of the ordinarily
accepted view of the disease. He shows that the actual red cell destruction and
the hzemoglobinaemia is small and yet hamoglobinuria results ; whereas in the dog
it is necessary to inject distilled water to the extent of twice the total volume of
the blood before h@moglobinamia is intense enough to cause haemoglobinuria.
The most recent work on paroxysmal hzemoglobinuria is that of Widal and Rostaine
(64), who satisfy themselves that the condition is due to a lack of protective body
“ antisensibilisatrice " in the blood, a condition which they were able to rectify by
the prepared serum of a rabbit containing excess of this substance. The result of
this treatment was that after the injection of the rabbit’s serum the patient could
plunge her hands into ice-cold water, without bringing on an attack ; whereas
previously such an act was always followed by a cnisis.

Hazmoglobinuria of the same nature has been observed in connection with
Raynaud's disease. Barlow (63) records a case of Raynaud's disease in which
there was hemoglobinuria, epigastric pain, and temporary splenic enlargement :
and Dickenson (66) notes a case where an attack of paroxysmal hzemoglobinuria
was replaced by local axphyxia of one hand.  Jaundice is also recorded following
lacal asphyxial conditions.

It is interesting to note that Barlow calls attention to the relation of “ ague "
to Raynaud's disease, several cases baving occurred at short periods after
recovery from tertian ague.

Another condition in which hemoglobinuriz occurs is after extensive burns.
The earlier observations on the blood in such cases, ascribed the distortion, sub-
division and granulation of the red cells present in the condition to the effects of
trauma. Later observers do not find sufhicient changes in the red cell to account
for their death and believe toxic substances to be developed in the blood and
issues. Locke (67) shows that an immediate decrease of 1,000,000 to 2,000,000
red cells may take place in severs cases and up to 4,000,000 in fatal cases.

A dissolution of the leucocytes has also beenrecorded. Duodenal uleer asso-
ciated with burns has been suspected by Hunter (68) to be caused by the secretion
of toxic substances in the bile as a direct result of the absorption of damaged
blood and tissue cells.
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Hzmoglobinuria following transfusion is a well known condition. Diseases
in which hzmoglobinuria occasionally occurs are syphilis, septicemia, yellow
fever, malignant jaundice, enteric fever, scarlet fever, typhus fever, variola, scurvy,
epidemic hazmoglobinuria of new born infants ; and a few cases have been recorded
as having been met with in association with influenza, leucocythaemia, pernicious
anemia, and Wenkel's disease. Other conditions in which it has been known
to occur are sunstroke, exposure to excessive cold, and to the X-rays. A condi-
tion of considerable interest, of which unfortunately but little is known, is
hemoglobinuria of horses. This disease, which is only met with in well bred
animals, appears to result largely as the result of rich diet with insufficient exer-
cise, [t occurs when horses that have been stabled for some time are exposed
somewhat suddenly to fatigue. The hzzmoglobinuria is associated with congestion
and rigidity of the muscles, especially of those of the hind quarters. Lucet (6)
believes the condition to be a kidney lesion, but there seems little ground for this
view,

Poor conditioned horses fed on low diet do not develop the condition in spite
ol fatigue or exposure.

II.—HEMOGLOBINURIA DUE TO OSMOTIC CONDITIONS,

H:emoglobinuria following the injection of distilled water into the blood
stream has been described by Ponfick (6g) and Hunter (68). Ponfick found it
necessary to use water to more than twice the blood volume before hz2moglobinuria
resulted; he also noted that before hazmoglobinuria was produced there must be
intense hamoglobinemia.

Hunter records hzzemoglobinuria in rabbits as the result of the intravenous
njection of quantities up to jo c. ¢, of distilled water; but the hazmoglobinuria
appears to have been transient and its presence shown chiefly by the guaracum
reaction, and the production of a yellow deposit which Hunter believes to have
been hamoglobin.

In these rabbits injection of 70 c. c. of water was not followed by any visible
change in the blood or by the presence of ghosts. But the spleen was in some
cases dark and swollen. In the case of one rabbit a large number of red
corpuscles showed bud-like projections, and similar buds were seen free and en-
closed in cells.

These experiments, it must be acknowledged, scarcely reproduce the condi-
tion of a general lowering of the hzemosozic value of the plasma to such a point
as to cause hamolysis, but they serve to show the comparatively small effect of
the injection of water unless in very large amount.



95

IV.—Toxic H.EMOGLOBINURIAS.

A large number of chemical substances destroy red blood eorpuscles and
many of these cause within the body intense blood destruction, often associated
with haemoglobinuria. Some substances cause simple liverition of the hamo-
globin ; others have a special action on this substance converting it into met-
hzmoglobin or other compounds. A close study of chemical and other effects
of these poisons is not necessary except inso far as they are likely to throw
light on the nature of blood destruction in the body and the causation of hamao-
globinuria.

Of experimental work on these lines the most instructive work known to us
is that of Hunter (68). It will be necessary to consider somewhat fully his
results.

Glycerine—Hunter observed that the injection of a small dose of
glycerine into the blood of rabbits is followed by hzmoglobinuria, though the
destruction of corpuscles may be so slight in amount that scarcely any evidence
of it is to be found in the blood or elsewhere.

Upon this and other facts he bases his conclusion that hazmoglobinuria is
the result of liberation of hzemoglobin in the systemie circulation, however small
the amount may be ; thus differing in his conclusion from Ponfick, whose results
have been alluded to.

Toluylendiamin.—Injection ol large doses of this drug into rabbits is
attended with great blood destruction ; but rarely with hzemoglobinuria. In the
cat very small doses cause intense haxmoglobinuria. In the dog it causes
jaundice without hazmoglobinuria.

In rabbits the evidence of haemolysis is confined to the spleen, except in the
case of large doses when it extends to the portal blood within the liver. No
evidence of blood destruction is to be seen in the peripheral blood, either during
life or after death.

In the spleen the red blood corpuscles are seen to throw off buds, and many
stromata and globules derived from the red cells are present. Cells packed with
red corpuscles are noted in some instances. A remarkable fact demonstrated
by Hunter was that excision of the spleen does away to alarge extent with the
poisonous effect of toluylendiamin on rabbits. Chemical investigation, however,
did not show that the drug accumulated in the spleen in greater amount than
elsewhere ; but that on the contrary in three hours the amount in the spleen had
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become too small to be estimated. From these facts Hunter comes to the
conclusion that toluylendiamin acts in rabbits in some indirect manner.

Pyrogallic Acid.—When injected into rabbits pyrogallic acid leads to intense
blood destruction associated with albuminuria and blocking of the renal tubules
with hazmoglobin. The blood shows enormous numbers of globules derived
from the red cells, and many of the corpuscles are markedly altered. The
spleen is swollen, dark in colour, and contains enormous numbers of splenic
cells filled with pigment. Red cell phagocytosis is also a prominent feature
recorded by Celli and Marchiafava (g5). The liver cells do not show the
pigment seen in toluylendiamin poisoning.

The part played by the spleen in the blood destruction by pyrogallic acid is
emphasized by Hunter who noted within three minutes after injection a swelling
of the organ sometimes to three or four times its normal velume. Also, as
early as fifteen minutes after injection, cells enclosing many red blood COI’PUS'Clt.’SJ
often only slightly altered in appearance, were seen in the spleen ; but notin the
liver or elsewhere. The corpuscles in the peripheral blood in many cases were
perfectly normal, showing no crenation, while the plasma was quite free from
granules, In the spleen, on the contrary, many of the corpuscles were crenated,
of dark colour and exhibited other changes. Unlike poisoning by toluylendiamin
that by pyrogallic acid was not prevented by excision of the spleen. But follow-
ing excision globules derived from the red blood corpuscles were more frequent-
Iy seen in the peripheral blood.

These experiments show that pyrogallic acid, which directly affects the red
cells, acts by causing these to be held up immediately by the spleen, and that
evidence of blood destruction and alteration in the peripheral circulation is very
slight.

In the case of rabbits poisoned by toluylendiamin the drug does not act
directly upon the red cells; but the toxic substances, whatever they may be, are
derived apparently from body cells under the stimulation of the drug.

To the action of other poisons producing hzmoglobinuria it is necessary to
refer only briefly.

Most of these substances as a result of direct action upon the blood produce
met-hazmoglobinzemia. A certain number act indirectly like toluylendiamin,
Others have a resemblance in their action to specific ha=molysins.

Saponin Group.— Bodies closely related to the glucosides which act upon the
lipoids of the blood corpuscles. All cause hamolysis, some in dilutions of 1 in
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100,000. Some produce hazmoglobinuria; others do not. After experimental
injection of such substance a latent period has been observed, lasting 24 hours
or more, before the onset of symptoms of blood destruction.

Snake venom.—The snake venoms are related to the bacterial and specific
blood toxins. They possess in varying degrees a hamolytic action and in con-
nection with viperine poisoning in particular, haemoglobinuria may occur,

Post morfem examination shows changes varving with the venum used.
In the case of daboia venom there is intense cedema and extravasation of blood
at the site of the injection, the blood is dark, and the organs congested.  Histolo-
gically are found, in addition to other conditions, vessels plugged with thrombi
composed of more or less haemolysed agglutinated red blood corpuscles,  Lamb
(72) has shown that if an initial small dose of daboia venom is given, coagula-
bility is diminished ; but that when a fatal dose is rapidly absorbed coagulation
1s increased.

Bacterial Hemo-toxin: —VFischer an i Adler (73) have obtained an intense
anazmia in rabbits after injections of cultures of streptococei; and Grawitz (74)
have observed a reduction in the red cells to 300,000 in a case of streptococcus
septiczmia.

Experimental injection of filtrates or cultures of typhoid, cholera, anthrax,
and megatherium may produce hamoglobinuria.  Special haemolytic substances
have been isolated from cultures of certain bacteria.  Among the best known
are tetanolysin, pyocyanolysin, staphylolysin and typholysin,

V.— HAEMOGLOBINURIA FOLLOWING THE INJECTION OF SPECIFIC
) HEMOLYTIC SERA.

In the consideration of the toxic haxmoglobinurias we have dealt mainly
with the conditions in which the blood is destroyed in a way more or less
artificial and greatly different from that which is likely to be concerned in Black-
water Fever.

_ The nearest approach to hazmo-toxic conditions likely to anse in the course
of a natural'morbid process is to be obtained by the use of specific hzmolytic
sera. In 1898 Belfanti and Carbone (75) showed that the serum of a horse
injected with red cells’ of the rabbit acquires a special toxicity for rabbits ;
subsequently many other observers extended these observations. [t is now
generally recognised that whenever the blood of an animal A is injected into that
of another species B, the serum of the latter becomes capable of causing pro-
found intoxication when injected into any animal of the same species as A.

Bordet (g5), Gruber (85), Ascarelli (85), Landsteiner (25) and Von Dungern
(85) have specially investigated this form of toxicity together with Levaditi (7€),

Q
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.Celli, Cassagrandi and Carducci (77), while the reactions of the same nature, to
be observed ¢n vifre, have occupied a host of workers, prominent among whom
are Ehrlich and Morganroth (78).

It seemed to us important, in order that we might obtain an insight into
the processes concerned in Black-water Fever, to undertake certain experiments
of this kind, and to ascertain, if possible, the mechanism of the hazmoglobinuria
that can be produced in animals by the use of these specific haemolytic toxins.

The experiments carried out by us have been made on dogs injected with
the serum of a goat immumsed by repeated injections of defibrinated dog’s blood.
The goat received a number of such injections repeated at intervals of a few days,
which had the result of producing within a month a serum both hemolytic in
vitre, and markedly toxic /n wive.

Our experiments with this serum are as follows :—

Dog. 1. Weight 3} lbs,
6 p.m. 10th February 1908.—Received 4 c.c. goat's serum,
& am. r1th February 1908, —Dog quite well.  There is no distinct pallor of
tongue. Received anothor 275 c.c. serum,
& a.m. i2th February rgo8.—Tongue pallid. Conjunctiva pale.
10 a.m. i2th February 1908 —Pallor much increased. Blood watery, dog
dazed, resembling a case of acute airoplasmosis_
Urine pale.
11 am. 12th February 19od.—Autopsy,
[Tissues pale.
[Spleen enormously enlarged. Weight 20 grammes. Firm
and black in colour with a tuberculated surface,

Liver not obviously enlarged, Dark in colour,

Kidneys normal in appearance.

Urine in bladder free from hazmoglobin or urobilin.

Mediastinal glands are many of them dark red in colour.

Blood resembles a weak emulsion of corpuscles. That flowing from the
hepatic vein shews to the naked eye an agglutinated appearance. Received
into - salt corpuscles are hamolysed.

H:zemoglobinzmia as tested by receiving blood in 1 per cent. salt solution
and centrifuging not detectable in any of the following situations :—

Peripheral blood.

Heart blood,

Elood from mesenteric vein.
Blood from hepatic vein,
Blood from inferior vena cava.
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But blood separated from clot of peripheral blood was rosy red.

Microscopical exammation of organs.

Spleen.—In section the organ is seen to be engorged with blood. Beneath
the capsule and near the trabeculz is a layer of fused red cell substance. In
other parts the splenic sinuses are packed with more or less normal looking
corpuscles. Everywhere are seen large cells gorged with red blood corpuscles,

In (lms are seen small phagocytes containing each a single red blood
corpuscle more or less normal in appearance.  Also very large cells containing a
dozen or more red cells. A count made from blood ebtained with a 5}rringe from
the spleen when first exposed as follows :——

Per cent.
Polymorphonuclears and transitional cells . ; : : 26
Largemononuclear leucocytes . i ; d : i . 4
Macrophages ; 5 : : ; g : = 4'7
Small mononuclear cells of various types . . . . . 26
Undifferentiated cells and nuclei . . . . ; w 34
Srrall phagocytes with red cells " ¢ : - ; ; ‘a
Large macrophages with red cells i a 2 . < 2

The microscopical appearances in these films resembled extremely closely
those seen in films from splenic blood in Black-water Fever.
Liver —A count of cells seen in films omitting hiver cells gave :—

Per cent.
Polymorphonuclear leucocytes . : - . ; . 136
Mononuclear cells and macrophages . : : - . ; 3
Small mononuclea® cells of various types . . . . . 25
Undifferentiated cells and nuclei . ‘. . . . . 13
Smal' phagocytes containing red cells : : : : 4
Large macrophages containing red cells . - i - ; 1

In many of the large macrophages were granules of greemsh pigment
resembling that seen in these cells in Black-water Fever,
Kidney.—A few phagocytes with red cells i all cases much altered.
Bone Marrow.—One altered red cell only found in 3 mononuclear cell after
some search.
Peripheral blood.—A leucocyte count gave :—
Per cent.

Polymorphonuclear leucoeytes. ' : : : ; i g4
Larg{h mononuclear Il.:u{;i:lc}‘lc'ﬁ . 45
Macrophages . . . - ! . . 5 : 5
Small mononuclear leucocytes . . 35
Lymphocytes . . . . ‘ : : . - 45
Transitional cells . . . ; . . . . T

= I T
B
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There was marked polychromasia an average of 2 or 3 large cells with
central red stained stippling (Giemsa). :

Visceral blood.—In the blood from the hepatic veins are large numbers
of small and large phagocytes containing red cells. Some of the latter are more
or less globular with the nucleus deformed and pushed to one side by masses
of included red blood corpuscles. Large scale like endothelial cells contaming
red cells and @ébris are common. The red cells are agglutinated in masses and
between the masses are many stromata.

Dog I].—A somewhat emaciated dog. - Had a large spleen resembling that
found in chronic piroplasmosis but no parasites were found. No engulfment of
red cells such as seen inthe last case. Macrophages contained only much
altered cells or débris.

Blood received into 5 per cent. citrate,

5 times diluted. ' No tint of h&moglobin.

Blood allowed to clot. Serum rosy red.

Dog TV —Weight, 4}lbs.

10 a.m., 2nd I!arc.h 7908 — Received subcutaneously 15 c.c. goat's serum.
: lzotonic point . . : ; . "525 salt,
1 am., 2nd Mareh 1908.—Dog seedy, shivering.

Ditto Anzmia, but no hamoglobinuria or hemoglobinamia.
Ditto Corpuscles in 1% salt at 37, no hamolysis in 2 hours.
itto Isotonic point . . . 71 salt

2 am., 2nd March 1908 —lsotonic pomnt shows a trace 1:;[ colour at -3 salt. No
haemoglobinemia.
5 @, 2nd Warch 1go8. —Dog killed.  Tissues pale, blood watery.
Spleen greatly enlarged, firm, black in colour, surface tuberculated.
A trace of hazmoglobinamia in the peripheral blood and in the blood from
the splenic and hepatic veins,
Urine in bladder not hazmoglobinous.
Hzmosozis value very high, being over T
per cent. salt,
In this dog hamoglobinamia appeared to have only just supervened, It
was already present in all situations. The urine was not yvet hazmoglobinous.
Dog V.—Weight 5 lls.
10 AM., 2nd March 1908 —Received 3 c.c. goat's serum intravenously.
Dog dead in 30 minutes.
Tissues pallid, spleen enlarged, dark purple, soft and not tuberculated as in
dogs 1 and 4.
Liver dark purple.
Intestine purplish. In the veins can be seen agglutinated masses of cor-
puscles fioating in Llf:ar fluid plarmu
Ventricles and auricles filled with pale clot.
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Dog VI.—Weight 41 lbs,

10 g.m., 2nd Mareh 1908, —Received 3 c.c. goat’s serum subeutaneously.
7 an., 2nd March 1908 —Isotonic point - i . « 475 salt.
ro awmr., 3rd Mareh 1908, —Seen to be passing h:-:mo*lu')muus urine.
Dog killed.
Autopsy —

Spleen enlarged, biack in colour, firm consistency, surface tuberculated
Kidueys dark purple in colour.
Hzmoglobinous urine in bladder.
Haxmoglobinmemia in all situations.
Blood corpuscles from hepatic vein at 37 in g per cent salt—slight haemolysis,
Blood corpuscles from engorged spleen at 37 in ‘g9 per cent. salt--marked
hazmolysis.

Microscopical appearance—

Spleen. Phagocytosis of unaltered red cells extremely marked.
A count of Soo cells gave:—

’ + '4 perdent.
Small phagocytes

{ unaltered red cells

altered red cells » i L
Large macrophages containing many altered and many more or less

unaltered red cells £ - = " « b

altered . 0O
Polymorphonuclear cells containing red cells .
unaltered + ‘B per cent.

Of large mononuclear cells and macrophages 7 per cent, contained red blood
corpuscles, Many contained masses of hamoglobinous material formed from

fused red cell substance. Many of the cells were so packed as to resemble
masses of hazmoglobin.

Liver—

Small phagocytes 5 per cent. of total cells not including liver cells.
Large macrophages 2 per cent. of total cells not including liver cells.
Lungs—

Extensive engulfment of red cells, The small macrophages and molymor-

phonuclear cells containing red blood corpuscles being especially noticeable, A
count of oo cells gave :

Small phkagocytes containing red cells .
Large macrophages containing red cells

E

. "3 per cent.
L] - L) * * 3‘? i
Polymorphonuclear cells containing red blood corpuscles were also frequent

This dog showed that the capillary system of the lungs is the site of very
considerable engulfment of red cells,
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Dog VII—Weight 4 lbs.

10 a.m., and March 1908 —Received 1 c.c. of goat's serum subcutaneously.

1t am., sth March rgo8.—Dog for the last few days has been getting more 'and’
more seedy with progressive angmia, Weakness
of hind legs as in canine piroplasmesis,

1-30 a.m., 5tk March 1908 —Ilsotonic point has risen so that considerable hamoly-
sis takes place in *83 salt. No hamoglobinzmia.

2 pm., sth March 19o8.—Gave 1 grain quinine sulphate with sufficient diluted acid
to dissolve it. No hemoglobinuria resulted up to
8 p.ML

& a.m., 6th March 1 go8 —lsotonic point between 1 per cent. and ‘71 per cent.
Dog not so seedy,

8 a.m., 5th March 19o8. - Anzmia less marked. Dog improving in health. There
is a trace of hazmolysis in "gr per cent. salt but
marked h®molysis does not occur till the blood was
placed in "525 sa't.

Washed corpuscles in ‘g per cent. salt at 37. No he-
molysis in two hours,

11 aom., 7th March r9o8.—Gave 1} grains quinine sulphate dissolved in diluted acid.
No apparent effect,

&th March rgof.—lsotonic point *71.

oth Mareck 1908 —Isotonic point "55 red cells; half are nearly all large cor-
puscles and definitely polychromatic cells of large
size average 7 per field.

r#th March rgo8.—No trace of haemolysis in '5 per cent. salt, Red cells
normal in appearance.,

In spite of a greatly raised isotonic point a dose of quinine sulphate equi-
valent to a dose of over 30 grains given to a man had no effect in inducing
hzmoglobinuria.

Dag VI —Weight 5 lbs.

rr am., 5tk March 1908, —Received 3 c.c. goat’s serum.

#-30 p.m., 5tk March rooS.—lsotonic point at “83 per cent. salt.
Hxmosozic value *876.

& a.m., 6th Warch rgo8.—lsotonic point at 1 per cent. salt. No tint of
hamolysis in § per cent. salt.

§p.m., 6th March roof.—lsotonic point at ‘91. Dog recovering.

& a.m., 7th March 1908, —Anzmia still marked but much improved. Dog
better. Washed corpuscles in 1 per cent. salt at 37.
No haemolysis in two hours.

4 pm., 7th March 1g08.—Polychromatic cells average about 10 per field.
Marked contrast between large type of red cell and
small round dark cells.

5 pm., 7tk March r9o8.—Autopsy. Spleen dark red, weight 7 grammes.
Blond from hepatic vein, No h®moglobinzmia. No
tendenzy to agglutination.
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Hazmoglobinuria not detected. Owing to imperfect arrangements for
observing the urine it cannot be affirmed with certainty that it did not occur in
the night of 5th March 1goS.

Dag IX,—Weight 6} Ibs.

5ih March 1go8.—lsotonic point below 45 per cent. salt. Hamosozic
value 11168 per cent. salt.

& a.m., 6th March 1go8.— lsotonic point *425 per cent. salt,

g, 6fk March 1908, —Received b coe. goat's serum sul}r.‘ul;mc-nusl}*.

sam., 60 March 1905 —lsotonic point unchanged. Dog shows no symptoms
OF anemia,

8 a.m., 7th March rgo8.—lsotonic point at ‘71 per cent, salt. Washed
corpuscles in 1 per cent. salt at 37. No hamolysis
in two hours.

ro-g0 a.m., 8th March r908.—Isotonic point at ‘83 per cent. salt or even a trace
gt per cent. salt, Dog quiet. Anemia marked
but not profound. Small round corpuscles from the
majority of blood cells. Polychromatic cells average
5 or 6 per field.

Gave 1} c.c. goat's serum.

1-30 aan., Stk Mareh 1908 —Pallor of tongue greatly increased, dog profound-
ly ill. Profound anamia.

5 am, 8th March 1908 —Hwemoglobinuria. Plasma tested showed hazmoglo-
binamia. lIsotonic point showed marked degree of
haemolysis at *g1 per cent. salt.

6 am., Sih March rgo8.—Autopsy. Bladder full of hzmoglobinous wurine
resembling that in Black-water Fever. Spleen }
gram, dark red colour but not black, firm surface
not markedly tubercular.

Liver —Blood in liver obviously richer in corpuscles being of normal blood
consistency whereas peripheral blood was extremely watery. Organ not
obviously enlarged or markedly congested, Gall bladder full of bile of the
colour of iodine liniment.

Kidneys.—Dark purple cortex. Medulla pale.

Lungs—Colour a bright brick red, some parts being darker than others.

Heart.~No antemortem clot.

Hemo-Lymph glands.—None detected in this dog though frequently found
in other dogs.

Haemoglobmamia. --Tints obtained by adding 20 c. m, of blood to } c. c.
citrate solution compared. The amount in splenic and peripheral blood approxi-
mately the same. The tint in the hepatic and renal veins blood is a little deeper.
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(rhos!s.
Peripberal blood—
large cells 42 per cent,

Red cells 1,496,000 per c.m.
small cells 58 =

Ghosts 110,000 per c.m.

Splenic blood—

small cells 85 i
Ghosts 308,000 per c.m.

Hepatic blood—
large cells 8 .

Red cells 6,164,000 per c.m.
small cells g2 s
Ghosts 1,782,000 per c.m.

Kenal blood—
large cells 13 n
Red cells 6,072,000 per c.m.

large cells 15 -
Red cells 3,080,000 per c.m. . . :

; small cells 87 e
Ghosts 1,144,000 per c.m.

Blood =
From inf. vena cava and heart clot rapidly.

Clot shrinks quickly, leaving rosy red serum. Diluted in same proportion as
citrate test employed above gives about the same tint. The rosy red serum in
this case is a true indication of the haemoglobinzzmia present.

Hamosozic value : . ‘834 per cent salt.

Liver blood received into its own volume of 5 per cent. sodium citrate—-
centrifugalised and films made of the deposit shows up especially well the
agelutination and the differences between large new  cells, small dark cells, and
cell shadows.

The blood corpuscles in the hepatic blood were chiefly aggregated into
clumps, the size of the clumps varying from those composed of a dozen cells to
large masses of zo or 3o. In the spaces between the clumps were many large
somewhat polychromatic cells. The centre of the clumps were mainly composed
of small dark cells, and there were frequently seen leucocytes which had formed
it would seem a nucleus of agglutination.

Ghosts are seen of all sizes, some being slightly larger than red cells, but
they are mainly smaller and often evidently composed of portions of cells only.
Polymorphonuclears containing red cells are frequent. Cells are as follows .—

Per cent.
Polymorphonuclears . , : [ ! - . : . oo B 5
Small mononuclears - . ‘ : AT : - - . R &
Transitional ] - : : - : AR ’ ; an v S IR
Large mononuclears, many with included red cells . it % w1

Macrophages
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Heart blood.—Shows groups of red cells massed about leucocytes. Be-
tween these groups and to a large extent free are large and polychromatic cells.
The groups, however, are smaller and less conspicuous than in the hepatic blood,
Very few examples of red cell engulfment are met with in heart blood.

Splenic Vern.—Large crowded macrophages very conspicuous. Most of
the included cells are evidently the small round type. A large proportion of the
total cells are leucocytes or splenic cells.

Spleen.—1,000 cells counted gave the following :--
Per cent.

unaltered cells ., 7
Small phagocytes .

altered cells . N7l
Large macrophages with red cells . 2 . . . . B
Folymorphonuelear lencocytes with included red cells . < ; . 17

Occasionally polymorphonuclear leucocytes contain 2 or even 3 red cells.
In thicker portions of films large masses of fused red cells are seen, and many of
the macrophages almost consist of this material held together with a minimal

amount of protoplasm,
Lung —Red cells seen mainly of small dark type, large and polychromatic

cells not at all conspicuous. Mononuclear cells with green pigment very notice-

able.
Bone Marrow.-—Little evidence of cell engulfment. A few included cells
chiefly in large mononuclear leucocytes seen on searching. :
Kiduey.— Substance resembling haemoglobin in various sized globules from
minute droplets to bodies half the diameter of a red cell scattered throughout
films. They are mainly derived from the ruptured epithelial cells of the kidney

tubules many of which are loaded with similar granules,
ﬂ‘ﬂ_g .T,—\Vi.:ighi _1{ 1bs,
wth Warch 19o8.—Isotonic point "475 per cent. salt,

5 poan. 13th Mareh roo8. —Received 3 C.C ooat's serum.

10 am., 1¢th March rgos.—At site of injection but little reaction.  No notice-
able anmmia. ‘Temperatore 100, Polychro-
matic or large cells about 1 per field. Many
S]'I'I.H." IE:!I"E:C I:.'I.:'l.]:;.

Isotonic point *59 per cent. or possibly 71 per
" cent. salt.
r5th March 19o8.—lsotonic point "9 per cent. salt. Dog not very ill
but there is marked pallor of the tongue and a con-
siderable amount of anemia.
Temperature 1o1°8,
rpom., 15tk March i19o8.—Isotonic point g1 per cent. sait. No hzmo-

elobinuria.
] F:
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9 pom., 15tk March rgod.—Ilsotonic point -33.

g p.m., 16808 March rgo8.—Dog much better. Isotonic point “83.

g pom., 7th March 1908.—~Blood received into 3 c.c. 1 per cent. salt to
which one drop of goat's serum was added
left in incubator 1§ minutes; no hamolysis.
It was then centrifugalised and isotonic point

of—
Corpuscles—"525 salt = no hamolysis Accurate observation interfered
*375 ,, = marked ha2molysis with by agglutination,

Placed in incubator in ¢ per cent. salt agglutinated corpuscles do not hzemo-
lyse.
Deg XI.—Weight 34 Ibs.
5 pom, 138k March 1908, —Received 6 ¢ .c. goat's serum,
10 a.m., 1gth March 1908.—Swelling at site of injection slight.
There is some pallor of tongue and some anzmia*
Temperature 101°2.
lsotonic point is *gt. Polychromasia about 5 per
field, cells very irregular in shape, small badly
displayed though film is a good one. Tenden-
cy to form masses of 20 to 50 cells, the major-
ity being the small round variety.
Iopay 1gth March 1908 —~FPassed hazmoglobinous urine, Hazmoglobinzmia not
observable in i dilution, but seen on using larger

quantities of blood.
Isotonic point is "9 per cent. salt, but in place of
“h" it shewed only * tr.”

4 pon., 1gth Mareh rgo8.=Ilsotonic point is ‘91, but shows trace only at both
g1 and "83. Some more urine passed, but con-
tains less haemoglobin than last.

Autopsy—
Tissues pale.
Spleen—10 grams, Blackish colour. Pulp tarry. Serface with tubercula-
tions.

Liver —Dark in colour. Weight 75 grams.

Contains blood much richer in red cells than that in the argan generally.

Portal and renal veins and inf. vena engorged.

Kidneys dark purple, Medulla pale.

Lungs.—Brick red.

A few hamolymph glands seen, the largest not more than the size of a lentil.

Bladder contains dark urine not very haemoglobinous.

Hezmoglobinemia present in all sitvations. Most marked in renal and
hepatic veins, especially the former ; but only a trace visible in 10 dilution.
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Hepatic blood—
Red cells 2,904,000 per c.mm. : . Ouly 2 per cent. large cells.
Ghosts 88,000 per c.mm.
Renal blood—
Red cells 1,822,000 per c.mm. - - Very few large cells.
Ghosts 196,000 per c.mm.
Portal blood—
Red cells 1,000,000 per c.mm. ; : Unly 2 per cent, large cells.
Femoral bload—
Red cells 836,000 per comm.

In 1,000 cells counted ghosts were encountered as follows :—

Portal - - - - - - - . 21 ghosts.
Hepatic . : . : < - : . 26 .
Splenic : . . . . . 7 -
Femoral . ; : ’ : . : . 10 ¥
Renal from portions of kidney : : i 03 o
Pulmonary % ; 15 e
Renal from renal vein ; - : - . Jo i

{1) Washed blood corpuscles from portal vein+serum of normal doz=no hem olysis
or agglutinaiion,

(2} Washed corpuscles from portal, hepatic, and renal veins and from ventricles left
in sugar and salt solution at 37° C., no haemolysis or agelutination.

{3) Washed portal blood corpuscles+ crushed liver substance = marked agglutination,
no haemolysis.

(4) Washed spleen pulp in sugar and salt solution at 37° C. no haemelysis, doubtful
agglutination.

Hemosozic value is absut "33 per cent. salt,

Centrifugalised renal blood shows tendency to form agglutinated masses with
free polychromatic cell.
Centrifugalised portal blood showed a good deal of red cell phagocytosis.
Dog XIT.—Weight 41 Ibs.
5 pom, 13tk Mareh roo8.—Received 3 c.c. goat's scrum 10 c.c, normal serum.
ro aan., rglh MWareh rqof —Site of injection of 3 c.c. specific serum muoch swallen,
Site of injection of 1o c.c. normal serum not nearly so
markedly swollen,
No noticeable pallor of tongue. Anzmia swollen
moderate.
Isotonic point *59 per cent. salt.
Large-and polvchromatic cells about t per hield, many
small round cells,

4 pomn, 1gth March 1;08.—Temperature 1oo'y. Extremities cold.
g po, 1gbh March roo8.—lsotonic point 83 per cent. salt.
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1 pom., 15th Mareh 1go8.—lsotonic point *gr per cent. salt, slight hazmolysis at
83 per cent. salt.

5 p.., 15th March 1908 —Received 3 c.c. goat's serum.

16th March rgo8.—Blood very anzmic. Dog very seedy.
Isotonic point *g1 per cent. salt; more marked
hemolysis at "83 per cent. =alt.

4 pon., 16tk March rgo8,—Blood shows marked hazmolysis in "g1 per cent. salt
and there is a trace of free hamoglobin in the
serum, Shortly after dog passed hzmoglobinous
urine.

Awutopsy—

Urine in bladder lighter than that passed shortly before.

Spleen,—l11 grams, dark colour, not very tuberculated.

Engorgement of wvisceral veins, portal, renal, and inf. vena cava very
noticeabie,

Blood from different sources diluted 5 times with 5 per cent. citrate solution
and centrifugalised showed —

Splenic ; : . ; : F . tint.

Portal : : : : : : . tint.

Hepatic 2 - . - . . slightly darker tint.
IZenal : ; ! : : . marked red tint,

The number of red cells in blood from different sources counted in the
Thoma-Zeiss apparatus gave 1 —

Splenic Vein—

Large cells . . . ! . . . 149,600
Small cells ; : ; : . « 127,600
Ghosts : - : : 5 ; . 13,200
Eenal Vein-
*Large cells | . : . - - . 40,000
Small cells . : : : : - . G1,600
Ghosts ; : - : : . 127,600
Portal Vein—
Large cells . . - . x - . 528,000
Small cells . " - . 13,200
Ghosts : ; - . . . . 4,400
Hepatic Vein—
Large cells . : : y : - . 448,800
Small cells . " : . ; . . 130,400
Ghosts - . . F . : ¢ 8,800

Difference between large and small cells very striking.
The significance of these experiments will be discussed in the following
chapter.
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ChartER 111,

GENERAL CONSIDERATION OF BLOOD DESTRUCTION IN RELATION TO
HAEMOGLOBINURIA.

Levadite (76), studying the result of the injection of specific hamolytic sera
concludes that the principal cause of the anemia in animals so treated is an
intense phagoeytosis of the red cells in the spleen. The fact that such an
intense phagocytosis takes place will be evident from a study of our experiments
upon dogs. [t is even more important in our present connection to note that
hzmoglobmaemia was not necessarily associated with this form of blood
destruction.

As soon, however, as hamoglobinzmia came about hazmoglobinuria followed.
In these experiments then the hazmoglobinuria was no mere measure of the
amount of hmoglobinazmia, but an indication that such a condition had supervened.

This conclusion 1s supported bv our observations upon Black-water Fever,
for in this discase h®moglobin is excreted in the urine even when hemoglo.
binzemia is scarcely to be detected by the spectroscope. Hunter (68) also
comes to the conclusion that haemoglobinzemia i the peripheral circulation how-
ever small in amouncleads to he nozlobinuria. Oa these grounds it appears reason-
able to conclude that haemoglobinuria and hemoglobinemia are concomitant
phenomena, the former necessarily following the appearance of the latter,
Against this view there are the observations of Ponfick (69) who found that on
injecting laked horses blood into dogs no hmmoglobin was excreted until the
amount tree in the circulation reached one-sixtieth of the total haemoglobin of the
body. But that these experimental data do not apply in Black-water Fever is
certain, since haemoglobinuria commonly occurs as we have seen with an amount
of hamoglobinemia much less than would be caused by the presence of one-
sixtieth of the total hamoglobin, und may be present when the amount of
hamoglobin in the plasma is so small as to escape detection.

Again in many conditions heemoglobinzemia has been described as present
without the occurrence of hamoglobinuria; but these observations seem all to
refer not to the recognition of hwemoglobin in solution in the plasma, f.e., true
haemoglobinzemia, but to the presence of hiemoglobin in the serum exuded from
the blood after this has clotted.

Such observations as we have previously pointed out are open to grave error.
They may relate, indeed, to quite a distinct condition, the recognition of which
is in itself of great importance, namely, that, on clotting of the blood, solution of
a certain number of red cells has eccurred. Murri and Justus allowed blood
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obtained by venesection from thirty syphilitic patients to clot at a high and a
low temperature. In the former twenty-eight out of the thirty showed a reddish
serum, but in all the latter a clear serum exuded. Here then the reddish serum
was not an indication of the existence of true h&moglobineemia. Other examples
are given in the case of dogs 1 and 2 (7zde experiments).

Until therefore we have observations specifically noting the presence of
hazmoglobinzmia in the plasma as against its presence in the serum after clotting
we are unable to judge whether in such cases true haemoglobinamia unassociated
with hamoglobinuria is prezent.

Another very important point emphasized by these experiments is that
until hzemoglobinuria supervened, the most severe blood destruction was unas-
sociated with the presence of hamoglobinzemia. Even very large doses of the
hzemolytic serum though they produced a correspondingly more rapid and intense
ana=mia did not on this account give rise to hzemoglobinzemia, and the anmmia
seemed due almost entirely to removal from the circulation of damaged corpuscles
and their eventual engulfment by macrophages. Since hzmoglobinzmia does
not m_-ccss:qri]}' result from the most intense blood destruction its appearance
must depend upon some new factor or super-added condition. This new condi-
tion seems to us to be the solution of the red cells in the plasma, in contra-distinc-
tion to their retention in the organs, and their ultimate phagocytosis and intra-
cellular digestion.  Therefore we have two forms of blood destruction to consider.

(1) The holding up and immediate, or ultimate, phagocytosis of red cells,
apparently unassociated with any extra-cellular solution.

This method of red cell destruction we propose to call for convenience of
description * ERYTHROCATALYSIS."

(2) That condition, in which the red cells undergo solution in the plasma,
and inwhich results true hzmoglobinemia followed by hazmo-
globinuria.

This condition we propose to call “ LYS/EMIA,”

The condition met with where true hazmoglobinzemia 1s not present, but
where the blood after clotting shows the presence of ha2moglobin dissolved in the
serum may be appropnately named, ' EXTRA-VASCULAR LYS/AEMIA."

[.—ERYTHROCATALYSIS.

The condition seen in the spleen and other organs of animals inoculated
with specific hemolytic serum resembled in a remarkable degree that which we
have already described in the spleen and liver of Black-water Fever,




The cells in which ingested red blood corpuscles are seen have the same
general characters as those seen in Black-water Fever. They are:

i1) Comparatively small cells containing a single red corpuscle, which
is generally either normal in appearance or only slightly altered.
These cells possess the same crescentic nuclei and scanty proto-
plasm, just sufficient to surround the engulfed red cell, already
noted in those seen in Black-water Fever.

(2) Large cells evidently of the same type, but containing many more red
cells exactly resembling those described in the spleen in Black-
water Fever.

Besides being present in the splenic pulp and liver capillaries, cells of this
nature were extremely abundant in the blood from the splenic and
hepatic veins. They appear to be actively engaged in transporting
engulfed red cells, As large numbers are present in the hepatic
blood, but are not seen in the peripheral circulation, it seems
probable that many of them are stopped in the capillary systein of
the lungs.

Many cells of this type are found surrounding dense masses of red cell
substance. The nucleus 1s pushed to one side and the protoplasm
forms a scarcely perceptible envelope. They more nearly resemble
masses of haemoglobin than cells,

{3) Endothelial plaques which often consist of several imperfectly differ-
entiated cells.  They are almost certainly derived from the visceral
(splenic and hepatic) endothelium.

Like the last mentioned cells they are common in the splenic and hepatic
veins and occur occasionally in the peripheral blood.

They contain @ébris of various kinds, including altered and unaltered
red cells, vacuoles and fragmenting masses of nuclear matter or
engulfed leucocytes.

(4) Polymorphonuclear cells.—These are actively engaged in engulfing
red cells and may be seen with one, two or even three included cells.

We have not seen this type of cell in active red cell phagocytosis in
Black-water Fever.

The included red cells are often at first sight quite normal in appearance,
But a closer inspection shows that many are a trifle paler than normal, while
others are smaller and darker. Most of the cells become eventually clear
vacuoles, which later become contracted to smaller and smaller dimensions.

But in some case the engulfed red cells takes on a greemsh tinge, and
gradually becomes converted into a dull greenish mass; this latter change is,
however, not very frequently seen.
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Engulfment is most active in the spleen, it is somewhat less so in the liver
capillaries; and is but little in evidence in the kidneys and bone marrow.

In the lung capillaries it was very conspicuous, and some of them were filled
with rows of macrophages and polymorphonuclear cells containing engulfed red
cells.

Erythrocatalysis in Black-water Fever is not then very noticeably different
from that seen in the experimental conditions we have described.

I[.—Lvs.s=MIA.

We have previously drawn attention to the fact that once hazmoglobinzmia
15 established hamoglobinuria follows. In order to ascertain the site of this form
of haemolysis, observations were undertaken in regard to—

{1} The existence of stromata,

(2) The degree of hamoglobinzmia,
in different parts of the circulation. A peculiar point at once became evident,
namely, that, whilst the peripheral blood was intensely anemie, that in the liver
and kidneys and to a less extent the spleen was much richer in corpuscles. This
is very evident from the counts given for dogs (11 and 12).

Though stromata were occasionally seen in the peripheral blood and in the
spleen, they were more numerous in the portal and pulmonary veins ; they were
most numerous of all in the kidney and hver. It will be seen from the experni-
ments given in full at the beginning of this chapter, that the amount of hamo-
globinemia followed very closely this distribution, being greatest in the blood of
the hepatic and renal veins. The accumulation of shadows in the organs may
occur, however, without it necessarily following that they have been produced in
this situation, and the concentration of the blood in the liver and kidneys may also
account for the slightly greater amount of hazmoglobinzemia seen in the blood
from this portion of the circulation. The evidence of shadow corpuscles and the
amount of haemoglobinemia therefore suggests though it does not prove these
organs to be mainly concerned; and the fact of greater concentration of the
blood in these situations is also sigmificant.

The agglutination of corpuscles so noticeable in the blood from the hepatic
vein seems at any rate to show that it was chiefly in passing through this organ
that the blood was acted upon by agglutinins which were present in the specific
serum employed.

II.—THE EFFECT OF THE INJECTION OF HAEMOLYTIC SERUM AND
SNAKE VENOM UPON THE [soTonic PoOINT.

To explain hzemolysis in certain diseases, reduced resistance of the red cells
has often been hypothecated ; and this reduced resisting power has been very
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generally considered as bearing a more or less definite relation to their resistance
to laking by salt solutions; or in other words to be associated with alterations
in their isotonic point.

Variations in the isotonic point have been deseribed by Viearelli, Limbeck
(82), Castellino, and others, and this point may reach in certain pathological
conditions ‘66 % salt solution (normal "46 %, vide page 124).

We are not aware that any observer has assigned a definite reason for these
changes, so that even apart from any relation the discovery may have to our
present studies, it is a matter of considerable importance and interest that in dogs
and rabits a raising of the isotonic point to 7 %, '8 %, or even 'g % salt solution
is observed as a result of the injection of specific hmo-toxins,

&
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In order to see whether this effect, clearly demonstrated upon dogs, was of
general application, we used another species of animal, namely, rabbits. As we

had not at hand a

specific serum hzemolytic for rabbits blood we utilised (1)

daboia venom, (2) cobra venom lecithid. The results of these experiments in

regard to the isotonic point were as follows :—

Rabbit I.—Weight

Experiments with daboia venom.
3 Ibs,

4 .M. Received 50 m. grms. dried daboia venom in solution.
6 p.M. Animal breathing rapidly. Cyanosis of ears.
g P.M.  Animal died.
IsoToNIC POINT.
" a-r:: B3 1-|I-c.- "y .JI: 2 -|r¢ ‘53 D-'lq 45 ﬂ.ll-g 4 I:fa
= L= : — = e
i ' ,
4 F.M. o [ a irace hh complete
6 r.m. e | o o marked nearly com- | ecomplete
| plete.
0 rM. | 0 o | nearly com- mearly com-
| i plete. plete.

No hazmoglobinuria.

Rabbit [1.—Weight 2} Ibs.
8-30 AM. Received 25 m. grms, dried daboia venom in solution.

11 AM. Died.

IsoToNic POINT.

W T a . .

11 &M, (just before death)

Gz r|r: 52 l:'|'_' | 45 I:\I-r:l- 43 i||'.-.| 4 '}.I'.p
= o 0 h nearly com-
plete.

marked | nearly com- I nearly com= | nearly coms
plete. plete. plete.

" .
-

No haemog

lobinuria.

Rabbit [1l.—Weight 2} lbs.

8-30

aM, Received 10 m. grms. dried daboia venom in solution.

1t 2.M.  Died.




|
| B 71 % || Gz % w1 % 45 % 425 & 4
— | -— | - — =
! |
B oa.m T o ] o O o] Ir nearly com-
plete.
4 P.HL. . o Ir vearly com= | nearly com- | nearly coms
| plete. | plete. plete.
| | |
No hazmoglobinuria,
Experiments with cobra venom lecithid,
fKabbrt Na. J'.—“’Eighl 3 Ibs. At B-30 AM. 01 grm. cobra,
At 4 Py, 15 grms. lecithid.
No noticeable effect produced upon the animal,
IsoToNIC POINT.
':l 3 ‘iz - 45 ..ll o %
12 A.M. c . . . . | 0 o ir h complete.
4 P.M. : . : . o 0 0 tr complote.
| :
g F.M. s . . L | 0 LU LL] Le] !'Il_"."!ll}" Codnl =
plete.

Rabbit No, 2.—Weight 2 lbs. At 8-30 4 M. 03 grm.
At | P M. "3 grm,

Animal showed no ill effects,

lsoToNIC POINT.

cobra lecithid.

L G2 5 ‘ £ % 45 & 4 3
| |
12 kM. . r : ; : o | 0 ir complete
|
4 P.M.. - i A o L] h hh ﬂ-.'.ll:l::prl_'h_r.
|
Y P.M.. | o o [+ nearly coms
| plete
| 1

The raising of the isotonic point seems therefore to be a frequent concomi-
tant or result of specific haemotoxic action on the red cells. The absence of any
change in the case of the non-toxic cobra venom lecithid we shall refer toin

Part 1V,
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An important deduction to be made from these results is that, if a raised
isotonic point be shown in Black-water Fever, it would not necessarily show
lys@mia to be the result of changes in the osmotic relations of the plasma and
corpuscles, but it would be presumptive evidence of the presence of a hemotoxin.

[V.—RELATION OF IsoToNIC PoINT TO LvS.EMia,

It has been noticed that by the injection of specific serum or snake venom,
the isotonic point of the red corpuscles is raised in varying degree, It must also
be remarked that when this raising of the isotonic point had reached a certain
value, #,e., about *‘g per cent. salt solution, hzmoglobinuria resulted; so long
however as the isotonic point remained below this, animals exhibited neither
hazmoglobinazmia nor hemoglobinuria.

Several estimations gave the hzmosozic value in dogs at about equal to
"g per cent, to 1 per cent. salt solution, It seemed therefore possible that, in
these experiments, lyszemia was the result of the solution of red cells whose power
of resistance to hypotonic salt solution was s/, and occurred at the time when
the isotonic point had reached the haemosozic value of the plasma,

Another interesting point in regard to the isotonic changes in experimental
hzmoglobinuria 15 seen in animals that have recovered from the effects of
hzmolytic serum. In such cases the actual isotonic point, i.e., the salt solution,
just insufficiently weak to cause any hamolysis, remains high for two or three
days, whilst the amount of hzmolysis in the upper tubes of the series becomes
less and less, so that before any considerable laking takes place one has to
descend nearly to the normal salt value. Finally quite suddenly one day the shght
hazmolysis seen in the upper tubes disappears, In such cases it is easy to see
that the phenomenon is due to the existence of two types of red cells, a diminish-
ing number of dark small corpuscles and an increasing number of large and
more or less polychromatic cells.  With the disappearance of the former the
1sotonic point of the blood returns to normal or nearly so (vide Dog VII).

These experiments show that the large polychromatic cells are not de-
cenerated corpuscles, but the newly formed ones.

Their appearance seems therefore a phenomenon exactly similar to the out-
put of polychromatic and large ceils after an attack of Black-water Fever,

It is not difficult to understand that the slight decrease noted by us as some-
times seen in the isotonic point of Black-water Fever blood may be dueto this
outpouring of new corpuscles into the circulation, rather than to the more resis-
tant cells having been left untouched by the blood-destroying process, the ex-
planation usually offered,
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No such association of lysemia with the isotonic point seems to be present
in Black-water Fever, in which disease there 15 as we shall see no obvious
change or variation in the isotonic point during hemoglobinuria.

V.— CHANGES IN THE RED CELLS.

Though marked anzmia was evident even to the naked eye, examination
of the blood showed very little change in the red cells, until with recovery there
was an outpouring of polychromatic and very large corpuscles,

In the viscera much more noticeable changes were seen; very characteristic
was the marked contrast between very small and very large cells.  In stained
preparations  the former appeared as small dark very round cells (spheroeytes),
the latter either polychromatic or very much larger than normal.

In dog No. VII as recovery took place the small cells disappeared giving
place to a remarkable influx of large and polychromatic cells.  That  these
latter were newly formed corpuscles seems undoubted, and the presence of
similar cells during convalescence from Black-water Fever has already been
commented on.

When hzmozlobmuria is in progress shoals of ghosts or shadows are seen
in the renal and hepatic veins, but they are not conspicuous n films from the
peripheral blood. Where agglutination oceurs as in the hepatic vein blood, the
groups of auglutinated cells are all spherocytes.  These are often grouped about
one or iwo leucocytes. The larger cells lie on the outskirts of the cluster or
quite free in the spaces.






123

CHAPTER V.

ThHE LyvSEMIA OF BLACK-WATER FEVER.

The facts we have broucht forward throw a good deal of light upon the
nature of the Black-water Fever process. It becomes evident that it is not the
mere amount of blood destruction but the nature of the process that is the funda-
mental factor in the causation of the hzmoglobinuria of Black-water Fever.
Viewed in this light it is no longer difficult to see why in the severest attacks of
malaria, although blood destruction may be very great, hazmoglobinuria does not
result. The loss of red cells in an acute initial attack of malaria may amount
according to Kelsch (73) to 1,000,000 per c.m. in one day, and Dionisi {73) has
observed a fall of 500,000 per c.m. n twelve hours ; yet these cases showed no
hzmoglobinuria. On the other hand cases of hamoglobinuria have been ob-
served in which the maximum loss of red cells amounted only to 129,c00 per c.m.
(Bristowe and Copeman). In malaria we have an example of what we have
termed * erythrocatalysis ™ ; in Black-water Fever the process is essentially a
lysamia.

In malignant tertian malaria some of the most noticeable features of the
condition are—(a) the tendency to accumulation of infected corpuscles in the
visceral capillaries, (%) the excessive rarity of sporulating bodies in the peri-
pheral circulation, and (¢) the frequently recorded marked alteration in  he
infected red cells and active enguliment of these by phagocytes.  All these
peculiarities are evidently due to the specially pronounced action of the malig-
nant tertian para:&itﬁ n hringing about eryt hrm:;ltnl_v:-:[:-c._

In quartan and benmign tertian malaria, onthe other hand, there is not the
same tendency for infected red cells to be held up in the visceral capillaries ;
segmenting parasites, especially in the case of quartan infection, appear very fre-
quently in the peripheral circulation, and phagocytosis of infected red cells is so
rare that Thayer states that he has neverobserved it. From such considerations
we should judge that the quartan parasite had an effect even feebler than that of
the benign tertian parasite in bringing the infected corpuscle to the state in which
‘it becomes subject to erythrocatalysis.

In pernicious anamia according to Hunter there is solution of red cells in
the portal circulation, due to the action of hazmolytic substances absorbed [rom
the gastro-intestinal tract; in other words, a portal lysmmia takes place.
Whether in Black-water Fever the lysmmia occurs in the portal vein, but in
such large amount as to produce general himoglobinamia; or whether the

hepatic or peripheral circulation forms the site of the process we do not know.
Rz
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It still remains for us to ascertain, if possible, the actual nature of the
lysamia of Black-water Fever, whether it is due to change in the osmotic rela-
tions, chemico-toxic bodies, or to the production within the body of some specific
hazmolysin.

BLACK-WATER FEVER XOT DUE TO CHANGES IN OSMOTIC RELATIONS OF
THE RED CELLS AND PLASMA,

Hamburger (73), Von Limbeck (8o), and others have studied the behaviour
of red blood corpuscles in salt solutions of different strengths. [If blood corpuscles
be placed in salt solutions weaker than the plasma in which they have been bathed
they do not necessarily become destroyed ; only when the salt solution is con-
siderably weaker than the plasma does this happen. Human serum, which for
all practical purposes in this connection, may be considered as approximately
representing the condition of the plasma, is estimated to have an osmotic tension
equal to g per cent. sodium chloride solution (Hamburger), But human red
cells become hazmolysed only when a salt solution below about 46 per cent,
salt so'ution is so used, Such a percentage which is just above the strength of
solution necessary to cause laking has been called the * |sotonic point.”

[t will be obvious that the isotonic point in itself represents no real quality
but measures only one kind of resistance of the red cell, the limit ef its power to
resist want of osmotic relation between its own substance and the plasma.

This resistance is we have just seen so great that for hamolysis to take
place in the body by a reduction in the osmotic tension of the plasma would
require, provided the isotonic point remained the same, a reduction of the salt
content of the plasma to one-half or more of the normal. This fact explains why
under normal eircumstances an equal volume of distilled water added to one of
blood does not result in marked laking, and also makes it evident that enormous
r=cluctions in the salt content of the plasma may take place without any danger of
haemolysis.

But if the power of the red cells to resist laking vary, as indicated by the
isotonic point, so that they can stand less osmotic strain, then so much the more
is reduction in the salt content of the plasma likely to lead to heemolysis  In
investigating the condition of the blood in Black-water Fever it is Necessary
therefore to consider both corpuscles and plasma, and to estimate both the
isotonic point on the one hand, and the h®mosozic value (osmotic tension of
plasma) on the other.

Isotonic point. - In our observations we have estimated the isotonie point by
adding measured quantities of blood (10 to 20 c.in.) to known quantities of salt
solutions (5 or 1 c.c.) of various strengths, shaking, allowing to stand for a few
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moments, and centrifuging. 1t is well known that all the blood cells are not of
equal isotonicity so that a considerably weaker salt solution is required to produce
complete or nearly complete hazmolysis than to show a tint due to solution of the
few less resistant corpuscles. In our experiments using fused sodium chloride
the first trace of laking in normal blood was generally distinetly visible ina
salt solution equal to "449 per cent. A quite distinct colour was given at ¥ or
‘417 per cent,, and as a rule marked but still incomplete haemolysis at X or N,
Estimates of the percentage of haemoglobin set free at each dilution of the series
were made by comparison with standards, prepared with known percentages of
the blood in distilled water, )
With slight variations they usually showed as follows :—

N b N M
LE | LE ] | i i i
Nl Nl { 5 Lo 10 per cent. 15 to 30 per cent. | 4o to 50 per
cent.

In later observations we used a regular series of percentage solutions varying
by "oz5 per cent, These allowed greater accuracy than normal solutions in
which the intervals towards the lower end of the scale are far too wide. Sub-
sequently we adopted for convenience in preparation a series of dilutions prepared
from a 1o per cent. solution of sodium chloride.

Every case upon which we have based conclusions has been contrasted with
one or more control bloods, and we have also frequently repeated our observations
in regard to the more critical points, In Black-water Fever a difficulty is intro-
duced by the intense yellow colour of the serum, and the presence of hmoglo.
binzemia giving a tint in all tubes independently of any laking by the salt solution.
The anwmia too renders the tints obtained not comparable with those from nor-
mal blood, but this difficulty refers only to the amount of hamolysis in the differ-
ent tubes; in ascertaining the limit of hamolysis (isotonic point) and the main
facts regarding the behaviour of the blood to salt solutions it does not interfere,
A rough allowance for the anmmia was made by comparing the patient's blood
with normal in given volumes of distilled water.

As regards the tint due to the colour of the plasma in Black-water Fever,
this was allowed for by considering the first increase of tint observed in the series
of tubes as ::quiwl_](:nt to that produced by :“I salt solution on normal blood.

The isofonic point in Black-water Fever.— Marked changes in the isotonic
point have never been found by us in Black-water Fever, By marked changes
we refer to such changes as have been given in our animal experiments where
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from about 5 per cent. the isotonic point has been raised to "7 per cent., '8 per
cent. and even -g per cent., when its determination becomes obscured by the ex-
istence of hzmoglobinemia. In Black-water Fever then our researches have
been confined to the recording of comparatively minute variations which it must
be confessed cannot be considered as affording any appreciable support to the
idea that the hamolysis in this disease has any relation to osmotic variations in
the plasina, though they may indicate, as we have seen, the action of hzzmo-
toxins.

Our observations in this connection on Black-water Fever cases are as
follows® :—

IsoTonic PoiNT oF BLACK-WATER FEVER.

| |
Strength of salt solution, H !.q: .h! :: i\; IN‘I
r! ~
Caze XVII , . | Four days after onset . tr hh inc H
n  XVIIT Five days after onset Nl ir tr h hh
] . | Day after onset. Mild case. | Nl il h me H
fr::muglubi.nuria OWET.
Sy R TR « | Day of onset. Hburia tint tint incre-tint  anc H
e : .| Day after onsct. Hburia . incr-tiny incr-tint  jnc H |
L s . . |2nd day.  Hburia tint tint h hh inec H
| D | 1= | 40% |
T . .| 3rd day. 6 hours after ces- | Nil Nil h ik inc H
| sation. Hburia. | |
— I — " |
Percentage of salt ‘525 5 ‘475 45 425 | 4
== A ] 5| [ il i ST Sl
| 1
Case XXI . | O hours after onset.  Severe| tint tint tint tin: incratint| inc 4
case. |
S T | .| Day af:er onset. Hburia .| tint ' tint tint tint tint incr-tint
Control . . . | ...... Nl Nil Nil Nk tr h
—— "—'l- — o — o oY ks
i Percentage of salt 470 454 34 H 416 *-|.. 384
— A =ty — shdn fos =
Caze XXVII - | Day after onset tint tint  iner-tint incr-tint| inc H
|
T .| 2nd day. Hburia tint tint tint iner-tint| ire H
Cantrol - | e Nl Nl Ml h hh inc H

SNoTF, = Fide lootnole on page 114.
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Again in cases of malaria we have sometimes seen small variations which
may, or may not, have significance in so far as they demonstrate the action of

this disease on the blood.

IsoToNic POINT OF EUROPEANS RESIDENT 1N THE DUARS.

Of large variations at all likely to lead to hazmolysis
in a condition of even markedly lowered strength of the plasma we have no
evidence. In such persons whom we judge to be possible subjects of Black-
water Fever in the near future, again we find only changes of extremely small
degree. These facts will be clear from the following list of observations :—

Serres 1.

Mew-comer .

Mew-comer .

Old resident

Resident

El

Strength of salt solution.

Has had no malaria for
many years. Control 1

Has had no malaria for a!
long period.  Taking |
quinine 5 grs. daily. Con-|
trol 2.

20 years in the Duars -

5 yenars in the Duars

FE, L1] ar

2 yvears in the Duars suffer-
ing  much from fever,
Anxmic.  Heterogeneity
of corpuscles marked.

1 vear. Much fever

SEries 2.

Old resicent

Control 2

Aftergfatiguing journey .

Next  morning 10 @S
quinine  the pievious
night.

« | Jalpaiguri. Healthy con-

ditions.

Nel

Vil

Nl

il

Nil

ir

il

Nil

ir

Mil

tr

Nl

Ir

Nii

Nii

—

tr

hh

ir

fif

N N
LS ' T ] ¥
|
|
inc H | inc H
inc H inc H
[
hh inc H
ing H i
e H
ine H
inc H
h | ELE LR T
inc H |
_J
h | Hhh
ir h
Vil tr
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IsoToNIC POINT OF EUROPEANS RESIDENT IN

THE DUARS—contd.

Percentage ol salt. L LA 434 416 : K] 184
Series 3.
Resident « | 2 years in the Duars Nl Nl ir h hh
| |
T . .. 6 monthz, Much fever Nil Nil Nl tr h
1. . . lt‘: years . . . w1l SN N tr hh inc H |
01d resident « | Had Black-water Fever Nri Nil tr ] inc H
3 | ONe year ago., | |
| { |
|
I 1
Control 1 .| Some hours before onset Nl kr | h hh ine H
of malara.
IResident = L !ﬁ months ; taking quinine = wil Nil il ir
| 5 grs. daily. i |
! |
Old resident - | Many years in the Duars . | Nl ir h hih
. i |
[ [
IsoTtonic POINT @F BEnGALl BABUS RESIDENT IN THE DUARS,
.- 2 |
Fercentage of :ale, 415 45 [ 425 4 =ik ]
Serres I.
Bengali Babu +| & months'  resident. Enlarged Nl tr h ine H
spleen.  jo per cent. Hb.
" " «| 6 months® resident o5 per cent. | Vil Ir h hh =
b,
v " ‘| 4 years' resident. 75 per cent ir h hh irc i
Hb.
i X | Mumerous M. T, rings, crescent=. Nil il e h e
Enlsrged :pleén. o per centi.
Hb,
" " « | Many years resident . « Mt Nil tr h
L] L1} 1 in ] 3 HIIE .ﬂ"i‘: h‘ ]'I h.
T " - * 7] BB 8 # ,“LTI‘.E N!-'! ﬂvl.j Lr
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IsoToxIC POINT OF SERVANT CLASS.

|
Strength of salt solution. :\_ ?;‘ 16 :";:_ :";
: i
Madrasi First awtack of fever . 2 ; ir T, i ineH |
= Mext morninr. Fever till 5 a0 M | h inc H
Benign tertian parasites. Had [
19 grs. quinine previous night. |
o o | 5 days later ¥ - . ' Nl Nl ir hh
Control Vil | ar L] e H
|
Percentage of salt : . .| s s 475 45 | 423
| 1
—— . =
Marwarn . .| 5vears in the Duars. Arnsemic. Nii | e hh inc H
Spleen three inches below costal
margin, [
[30TONIC POINT OF COOLIE CLASS,
Strength of salt solution T' \. \" ,-" -“J
Series 1. |
Coalie Fever. Benign tertian parasites il Nl v ! h =
- z Fever. M. T. infection 3 g il Wil ir h
Control 1 S Nl i ] inc H
Coolie Anzmia . . . . < Nl Ml tr
e Nyl Nl ir
Mative child 8 years old. Anmzmia, Fever . il Nl ir
I 1
Percentage of salt - ; o R | I "45 425 4 375
| Siries 2. Janrndiee. Serum bright yellow, Ml Nl el il ir
Bilein wrine. A few M. T, rings,
Coolie n Ancmia. Enlarged spleen. Many Nil Nl Nl ir -

nucleated red cells.
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IsotoNic PoIRT oF COOLIE CLASS.
Strerpth of salt solution. ::q,- . -?rs :‘I. g 1:;‘
: | )
Coolis 1 vear resident, Fever. Enlarged Nl Nyl Nil il tr
spleen. Nuomerous 5. T. ring=
- 1 year resident. Ouartan parasites| Nyl [ h hh
o . , Aqmmin. MNumerous 5. T. para- I Nl Nl Nl ir o
sites, |
Bhutta: o Ul Nl Nt tr
Control 2, .| 1 month resident. 5. T. parasites Mt | Nt tr hh
Coalie Next day after 13 grs. quinine Nil Nil tr hh
P . . Nt i h inh
| | |

IsoToxIC POINT OF AFTER ADMINISTRATION OF QUININE.

The following are observations upon the effect of the administration of qui-
nine sulphate upon the isotonic peint :—

Normal person.

Strength of zalt solution. },‘, :: :1- TF
Immediately after taking quin‘ne 1) tr h inc H
4 hours alter administration of quinine sulph. 15 Nl Nil h inc H

grs. and dil. sulph. acid m. 15. 1
4 hours ditto il ir h inc H

Resident 5 years. Gigem 15 grs. gquining sulph. and m. 15 dil. acid sulph,

Etrength of salt selution,

—

Immediately before 1aking quinine

t hours after administration 4

Mext day

it

A i

N N N

13 w 13

tr h e H

0%/, 25" . 40l

tr h inc H

tr h inc H
2% L 0%

S
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The action of quinine on the isotonic point, if it exists, is a small one that
can have no effect in regard to hazmolysis by osmotic variations,

Hemosozic value.—~Hamburgher estimated the osmotic tension of the plasma
by adding small quantities of normal blood corpuscles to various dilutions of the
serum to be tested. Later Ruffer (S2), Wright and Kelner (83), Wright and
Ross (84), McCay (48) and others have studied in greater detail this value
which Ruffer has named the *“ Hemosozic value " of the serum,

Wright and Kelner's method of estimating the hzmosozic value, which is
also used by MecCay, is briefly as follows : —

In a number of capillary tubes a series is made by mixing 1 vol. of blood
with 2 vols. of different salt solutions of greater and greater dilutions and noting
at which point hzmolysis takes place. The serum to be tested is then diluted
until 1 vol. blood plus 2 vols. of the diluted serum gives haemolysis.

It is obvious that the serum diluted to the extent noted is supposed to act in
the same manner as the particular strength of salt solution determined in the
first estimation.

If for example :—

1 vol. blood + 2 vol. - salt just gives hamolysis and 1 vol. blood+ 2 vols. i
just gives hemolysis,

Serum

then =same strength as ; salt solution ;

r Bersin

or 2 =gy,
i.¢., the serum=4 (*194) or *776 per ceat. salt.

In practice there are a number of difficulties in getting accurate results.

1. Want of fixed point as index.—We have already noted that there sno
fixed value in regard to the point at which all red cells are haeemolysed.

Thus in —— or "417 per cent. the least resistant cells are already hamolysed.

In - or "324 per cent. there are still many cells undissolved, so that in
ascertaining the salt solution in which hamolysis takes place no fixed point can
be determined.

Wright makes use of a change in the colour of the blood as an indication,
but this represents no fixed point, because it can be shown by centrifuging that
hzmolysis has already commenced before any definite change in the tint of the
blood can be observed. MecCay uses the point at which complete solution of all
cells has supposedly taken place. But this is unsatisfactory owing to the ex-
traordinary persistence of the most resistant cells as shown by the following
series of observations :—

1 1 vol. bload 2 vols. distilled water : Hamolysis incomplete.
2 ,, T it o A

3 ¥ "4' L1} L e LY ] b ]

4 " 5 m ] " T

5 T {1 T .t ,J ' complete,
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In each case although there was an increasing amount of hemolysis observ-
able this was incomplete until ten volumes of distilled water had been used.

11.—IVide limit of error.—Since the question of a fallin value of 1 per cent.
zalt in the osmotic tension of the plasma may be an important point, as suggested
by McCay's observations, it appeared highly necessary that we should be able
to measure the hazmosozic value within known limits with accuracy, otherwise
the uncertainty attaching to our observations would prevent conclusions being
hased upon them. This has been extremely difficult even in the case of varia-
tions as great as ‘2z per cent. salt, by the use of either McCay’s or Wright's
methods. An example of the wide limit allowed by Wright's method will be
apparent from the following instance :—

144! [} J\I- [l
Suppose <% behaves as would an ;- salt solution
& ]
and that Eﬁ--";'t"t i T ) oon ]
Then the estimation will give serum (a) : . 1'248 per cent.
serum (&) : : L Iy ey
Difference due to one dilution extra - : - . "2o08 per cent.

It is of course possible to make intermediate dilutions; but, taken together
with want of fixidity of the index, it is clear that there is much to be desired
in regard to delicacy and accuracy. By using a volume of blood with 2 volumes
of the differént salts, centrifuging and taking the first distinct tint a greater power
of detecting differences in the same blood is given, but the most satisfactory and
simplest of all methods tried has been a modificationof the original method of
Hamburgher. -

In the isotonic point of one’s own blood we possess an index capable of
being accurately determined at any moment. Whether one takes the first trace
of liberated hzmoglobin or a more marked hzemolysis is immaterial so long as
measured quantities of blood and solution are used and the tints compared.

By the use of a sharp spear-pointed lancet or other suitable pricker it is easy
to obtain one, two, or even more cubic centimeters of the blood to be tested. This
blood is allowed to clot in a suitable tube under conditions which preclude any
drying action and the serum is used in preparing a series of dilutions. Of these
dilutions 1 ¢. e. are arranged in small tubes and 10 c. m. of one’s own blood added.
Alter centrifugalisation one has a series comparable with another series of one’s
own blood put up in the ordinary way for the estimation of the isotonic point,
thus ;—

™ N N - . i
% c.c. of P Y E isolunic series
} .o, ol S SETUM SCrics
Gt .l 2 2 23 5

The index 1 this ease is absolutely fixed ; and as one is using a considerable
quantity of serum, dilutions of any degree can be made,
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Heamosozic value in Black-waler Fever.—The following are estimations of
the hazemosozic value in several Black-water Fever cases,

The exact relation to the period of onset, etc., will best be seen by reference
to the cases given in the Appendix.

Fer cent.

Case XIX—End of mild attack. Wright's method ! . 1mab

Case XX—Omset of severe attack ; ; ; . LB
Case XX —Next day : : : : . ; . 1'258
Case XX—Day following . : ; . . - . 125
Case XXI—Alter onset of severe attack . . . 1°258
Case XXV —Middle of attack . . . . . . I'14
Case XXVII1{-—Middle of severe attack. Scrumrosyred . 103

In Black-water Fever even quite early in the attack notably in Case XX there
is no marked if any lowering of the hamosozic value of the serum below the
normal, and certainly no such lowering as could conceivably result in hzemolysis
by osmotic tension. That there is not some raising of the hazmosozic value during
the attack is less certain,

Neither in the isotonic point nor in the hamosozic value do we find variations
such as might suggest that haemolysis was due to alterations in the osmotic
relation of the corpuscles and the plasma,

Hemosozic value affer guinie administration.—In our earlier estimates we
used Wright's method. In many cases no change was obtained, in others there
appeared to be some reductionin the value after quinine sulphate administration.
Since we dare base no conclusions on these earlier data it is unnecessary to give
them.

The following estimations bave been made with an unlimited supply of serum,
and the results rendered absolutely certain by the greatest care in dilutions and
the repetition of the observations.

Estimation by Wright’s method modified by blowing out tubes into hyper-
tonic citrate solution centrifuging and comparing tints of the two senes,

(1) Eurupcan. ]_"n‘:x'iuusl:.' no q:lininu,
Hamosozic value before taking quinine 1168 per cent. salt,
Hamosozic value § hours aiter adiminisiration of —
15 grs. quinine sulph.
15 m. acid sulph. dil. 1"168 per cent. salt,
(2) European. Has not taken guinine fer 15 days,
Hamosozic value before taking quinine 1°4 per cent.
Hmxmosozic value 8 hours after administration of—
15 grs. quinine sulph.
15 m. acid sulph. dil. 1°35 per cent.



(3) European.

Native,

sulphate grains 10 admimistered.
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Has not taken quinine for some time.
Hamosozic value before taking quinine 1°28 per cent.
H:amosozic value next morning after takihg night previous—
10 grs quinine sulph.
10 m. acid sulph. dil. 1-28 per cent.

ESTIMATION BY A MODIFICATION OF HAMBURGER'S METHOD.

Previously no quinine. Blood drawn at g A.M. Shortly after g A.M. quinine

Blood again taken at 5 P.M.

s IS S | | ;
—_ | = - "475 per cent.| *45 per cent. ‘425 per cent. '4 percert.
2 T n o 2'25 |
0 AM, a ; trace distinct o o trace distinet
5 T.M. g o trace | distingt o o | trace distinct
1

*5 .. dilutions of serum. || *5 c.c. salt solutions.

Next morning observations repeated with different blood as an indicator gave exactly
the same results with several trials.

Therefore the h®emcsozic value equals 2 (
European.

"45 per cent.) or "9 per cent. salt.

No quinine for several months previously. Blood taken at o Am.

Shortly alter, quinine sulphate grains 15 with minims 15 dilute sulpharic acid was admia-
istered. Blood taken at 12 A.M,, 5 P.M,, and next morzing.

5 ¢. ¢ serum diluticns. | 5 c. c. salt solutions

I |
- S [y 475 45 425 4
22 T I Z5

—_— 7 — | - e—

10 &M, . il \ trace | distinct il | Wil trace distinct
Hxzmosozic value equals 2°2 ("5 per cenl) or "og per cent. salt.
i |
At ! 12 4.M. | 5 B.M Next morning serum gave
5 I 5 5 5
[ 2°2 | 2°3 22 2'3
il il il trace

Hemosozic value therefore equals 22 (45 per cent.) or “00 per cent

. salt.
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We have not therefore been able to find the reduction in the hamosozic
values noted by McCay after the administration of quinine sulphate. These ob-
servations are, however, at present few in number, and further work will be re-
quired before it can be decided with certainty whether some reduction does not
take place. In the meantime there are strong reasons for disbelieving that this
supposed action of quinine sulphate has the slightest influence in the causation of
Black-water Fever.

That an attack may follow upon administration of the hydrochloride as well
as of the sulphate of quinine 1s shown by reference to the literature. Vedy (gb)
gives two cases where Black-water Fever occurred after administration of the
hydrochloride and three out of the six cases investigated by Werner (58) were
after 1 gramme, *4 gramme and *6 gramme respectively of quEnEne ]1ydr0{;i1[ﬂridu,

Again if shght alterations in the salt contents of the plasma are shown some-
times to take place as a result of the ngestion of sulphates, we have no reason to
believe that the alteration can extend to such a range of osmotic tension as
separates the isotonic point and hemosozic value in Black-water Fever ; nor are
we justified in concluding that such a reduction bears any causal relationship to
an attack.

It is of interest to note in this connection that whenin one of the experiments
on dogs the isotonic point as a result of the injection of specific serum had been
raised nearly to the hazmosozic value (7.e., an izotonic point of "83 per cent. salt
solution and a haemosozic value of about "9 per cent. salt) a dose of quinine sul-
phate equivalent in amount to a 30 grain dose in man dissolved in dilute sulphuric
acid did not precipitate the onset of hazmoglobinuria (vide Dog 7).

BLACK-WATER FEVER NOT DUE TO CHEMICO-TOXIC ACTION.

The great majority of the chemical hazmolytic bodies give nse to met-hzmo-
globinuria. A case of met-h®moglobinuria in a human subject has been des-
cribed by Hayem (83).

In this instance the substance giving rise to the condition was unknown, but
it was some poison exerting a profound effect upon the red cells, causing met-
hzmoglobinzemia and the appearance of this substance together with oxy-hazmo-
globin in the urine.

To microscopical examination the red cells appeared small, deformed and
brownish in colour and were collected into groups. Decolourised elements were
also to be observed, and leucocytes were very abundant, many of them being of
great size. In dried films the alterations in the red cells appeared even more
marked. They showed fragmentation and abnormal colouration. Polymorpho-
nuclear cells were relatively diminished, but abselutely increased in number. The
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proport'on of mononuclears was notably increased, this increase being principally
due to elements of large size with clear protoplasm. At the same time the blood
as a whole was greatly diminished in spite of an absence of excretion. This re-
duction was also associated with anamia, the red cells being a little over 1,000,000
per c¢. m.

The serum showed the spectrum of met-hamoglobin together with that of
oxy-hzemoglobin,

It is evident that though in Flack-water Fever a certain amount of met-
hzmoglobin may be present in the urine, the process is one of a liberation of
oxy-hazmoglobin. Not only is the serum tinted with oxy-hazmoglobin, as shawn
by the spectroscope, but, if the urine be examined shortly after it is passed, it is
quite commen to find only the merest trace of met-haemoglobin ; athough oxy-
hazmoglobin is pre:ent in abundance.

We can therefore eliminate from among the possible causes of Black-water
Fever most chemico-toxic substances ; even did the elinical evidence not enable
us to do so.

The only substance that it is really necessary to consider in this relation is
quinine, which has often been credited as the cause of Black-water Fever.

The hazmolytic effect of quinine hydrochloride has been shown by Stephens
and Christophers, who found that it extended to four or five dilutions of a
saturated aqueous solution. We have repeated and confirmed this observation,
and have made other experiments both with the hydrochloride of quinine and the
pure alkaloid.

The latter is extremely insoluble but suspensions in 'g per cent. salt solution
appear to exert no hemolytic effect upon canine or human red cells.

With regard to the action of saturated solution of quinine hydrochloride the
following procedure was adopted. A saturated solution was first prepared
containing approximately 5 per cent. (Attheld (86) states that this salt is
soluble in 34 parts of water.) This saturated solution was then made up by the
addition of sodium chloride until it contained g per cent. of the latter salt.

On the addition of 200 c.ms of this solution to suspensions of 10 c.ms. of
human blood in & c.c. g per cent. salt solution nearly complete hazmolysis took
place, both in the case of a normal and a Black-water blood.

But when in the case of both normal and Black-water blood suspensions,
the addition of 150 ec.ms. of (@) normal and (%) Black-water serum was made
prior to that of the quinine solution, a reaction occurred accompanied with the
precipitation of the quinine as a fine white powder. Prolonged centrifuging failed
to entirely clear the supernatant fluid which remained shghtly clouded but showed
no trace of hazmolysis. In what form quinine may exist in the circulating blood
we do not know ; but Stephens and Christophers found that cinchonised serum
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taken from a healthy subject shortly after the administration of 2 grms. of quinine
when subjective symptoms were present, exerted no hzmolytic action upon the
blood of a Black-water Fever case. A consideration of these facts, together
with those already referred to in Part |, seems to exclude the action of quinine
in itself as being the cause of the lyszemin of Black-water Fever.

The indirect action exerted by this substance in the production of this con-
dition must be left for future consideration.

BLACK-WATER FEVER DUE TO THE ACTION OF A SPECIFIC HEMOLYSIN.

The resemblance between the action of specific hazmolytic serum and
Black-water Fever is very stnking.

It is easy to understand that ina crudely prepared serum (containing all
the elements of the blood) wherein especially powerful agglutinins existed, the
prominence of the erythrocatalytic process might be more accentuated than in
Black-water Fever.

But though lysaemia is the characteristic feature of Black-water Fever our
observations show that both processes of blood destruction, which seem charac-
teristic of the action of blood destroying toxins acting in different ways, are con-
cerned in Black-water Fever.

Parasitic, osmotic and chemical actions we have excluded as causes and it
seems to us therefore most probable ‘that Black-water Fever is due to some
specific hemolysin arising within the body as a result of the conditions we have
pictured in the earlier parts of this memoir.
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Panrt IV.
Nature of the Hamolysin in Black-water Fever.
CHAPTER L

HEMOLYSINS.

We have previously referred to sera which are able to destroy red cells of a
particular animal both i vifre and in vive.

It is necessary before going further to study more closely these specific
hazmolytic bodies. Bordet (85) was the first to show that the serum of guinea-
pigs, after they had been injected several times with 3 c.c.to 5 c.c. of defi-
brinated rabbit’s blood, acquired the property of dissolving rapidly and intensely,
in a test tube, thered cells of a rabbit : whereas such action by normal guinea
pig serum is either absent or very feeble. This acquired property Bordet
showed to bea specific one, but based upon a principle of general application.
An animal of species A injected with the red cells of an animal of species B
developes in its blood a greatly increased or entirely new solvent power for red
cells of species B,

The study of this specific hzaemolytic action has since gone on hand in hand
with that of the bacteriolysins and other phenomena connected with immunity.

Bordet discovered that heating the hamolytic serum to 35 Cent. for half
an hour destroyed its solvent action; but that the addition of normal serum,
itself devoid of hzemolytic power, restored this lost property.

Since then there has grown up a large body of facts relating to the
“immune body,” “sensibilisatrice ¥ or ‘ amboceptor,” the thermostable body
in hazmolytic sera and the ““ cytase, " “alexine” or “complement” the
thermolabile substance, which in combination with the immune body or ambo-
ceptor forms the complete and active hamolysin.

: In a literature so extensive as that relating to haemolysis it is undesirable to
follow the increase in our knowledge step by step. But it is necessary, in ordey
that our own observations may be more easily followed, to give the chief facts
known regarding the action of hemolysins, The principal fact, the existence
of two separate substances combining to form the active haemolysin, has already
been noted.  According to Ehrlich’s theory, which in its main propositions is
now generally accepted, a hzemolysin consisting of an amboceptor plus a suitable
complement can only act upon red cells which possess side-chains” or
“receptors "’ which fit the * haptophore group " or cell combining affinity of the
amboceptor. We have thus to deal with three essential factors in hazmolysis by
specific hamolysins,
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RECEPTORS.

These according to Ehrlich’s 1heory are side-chains in the central proto-
plasmic molecule of a cell, ‘capable of combining with other free or external
groups or receptors. Itis upon these combining affinities that the cell is depen-
dent forits normal metabolism ; but their existence also exposes it to the ioxic
effects we are discussing. The receptors of one species of anima are foreign
matter in the hody of another species ; but, provided the cells of the animal into
which foreign blood has been injected possess side-chains or receptors capable
of combining with those of the injezted blood cells, combination at once takes
place. But when the combination between the cell receptors of the injected
amimal and those of the foreign blood czlls has taken place, the former cells are
stimulated to produce new receptors to take the place of those already occupied.

These receptors are generally produced in excess and may be thrown off
becoming free in the blood, and thus giving rise to an anti-body, specifie for cells
similar to those that stimulated its production. This anti-bady possesses the
power of combining with such foreign cells both /# vifre and when injected #n
pige; and if the necessary complement is present their combination will result in
hazmolysis,

It is equally evident that uponthe presence of suitable receptors will depend
the effect of the injection of such specific toxins as the h&molysins, We have
seen that the injection into an animal of foreign blood cells, with their receptors,
will cause the cells of the animal injected to produce and throw off an excess of
receptors capable of combining with cells similar to thos« injected. These free
receptors are amboceptors specific for similar foreign bloods, which necessarily
possess receptors with which they can combine. If then such free amboceptors
be injected in turn into an animal whose blood cells possess the suitable recep-
tors, combination will ensuz under certain conditions we shall further indicate.

If, on the contrary, the blood cells of an animal into which such an ambo-
ceptor is injected, possess no receptors with which it can combine, combination
cannot occur and no reaction will ensue.

It will be necessary to refer more fully to the subject of receptors later on.

AMBROCEPTORS.

These, as we have already seen, are the free cell receptors that have been
cast off in response to sumulation by foreign receptors. They possess in
general certain properties which it is necessary to study—

(1) The power of combiming with cells by means of a cytophile affinity.

(2) The power of combining with complement by means of their comple-

mentophile affinity.
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Usually their cytophile affinity is stronger than their complementophile
affinity, for they can combine with cells in the cold at a temperature of 0 Cent.
at which temperature they will not combine with complement.

Amboceptors are as we have seen specific, they can enter into combination
with only one kind of cell, that is cells possessing like receptors. But ambo-
ceptor alone, although it may enter into combination, cannot effect any definite
change in the cell to which it becomes bound by its eytophile affinity. [ts fune-
tion then appears to be the linking up of a cell to complement or cytase, in such
a way that this latter body which has toxic or ferment-like properties, can act
and destroy the cell to which the amboceptor has united it. ‘

We have seen therefore that amboceptors are not in themselves toxic,
because they possess no “zymotoxic group,” and cells plus amboceptor remain
apparently undamaged and capable of performing all their normal functions.

We have also seen that amboceptor possesses such a strong affinity for cells
with suitable receptors that it will enter into combination with them at exceeding-
ly low temperatures,

Combination of red cells and amboceptrr in vitro.—(1) To a suspension of
red cells in '8 per cent. salt solution, specific hamolytic serum previously
heated for 3 hour at 55° Cent. is added and the mixture is allowed to stand for a
time. The red cells remain apparently unaltered, but on the addition of a little
normal serum, which can be shown to have no action upon similar red cells
without treatment, rapid hamolysis ensues.

(2) Toa :‘.u:-'.!)[!n:iit)ll of red cells, unheated specific serum, capable of
producing hamolysis, is added and the mixture is maintained at a temperature
of o° Cent. for a time. No hazmolysis occurs. The mixture is then centrifuged
and the red cells separated from the supernatant liquid. The red cells are
applarcnt'l}' unahm’trd, hut, on the addition of a little normal serum, :;p.:fd.-,,-
haemolysis takes place. If the mixture of h:aemolytic serum with red cells has
been made in suitable amounts, the r-;:rp;ir;tt:rd supernatant ]iquid will show, on
further examination, that all the amboceptor has combined and been removed
with the red cells, but that free complement still remains, its combination with
the amboceptor having been prevented by the low temperature, at which there-
fore no hemolysis occurred.

By a series of experiments such as these Ehrlich was able to show that red
cells possess the power of combining with far more specific amboceptor than is
sufficient to cause hamolysis in the presence of complement. The amount
taken up by them varies in different cases, but may be even one hundred times
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in excess of that required in combination with complement for their complete
destruction.

2. Combination in the living body.—In the absence of suitable complement
it is theoretically possible, though such a condition has not, so far as we are
aware, been described, for cells such as the red corpuscles to become laden with
amboceptor in the body, such a combination producing no hamolysis.

But a phenomenon of this nature has been recorded by Metchnikoff (87) in
the case of guinea pigs inoculated with guinea pig spermatozoa. As the result of
this inoculation, spermotoxin is formed in the blood serum ; and this is shown to
be toxic to the spermatozoa of the injected animal as well as to those of other
guinea pigs. Although living and active spermatozoa may be seen in the
epididymis and testes of the injected animal, they are no longer normal, for if
placed in normal guinea pig serum, in which healthy guinea pig spermatozoa will
live for several hours, they are immediately destroyed.

Thus although to all appearance normal, they have in reality become laden
with immune body (amboceptor) which exposes them to rapid destruction in the
presence of normal serum containing complement.

COMPLEMENT.

Complement is, as we have already seen, a constituent of normal serum, In
the presence of immune body (amboceptor) it can act upon various cells causing
bacteriolysis, haemolysis, etc. A number of different conceptions as to its exact
nature have been put forward from time to time, some of which it will be
necessary to discuss in greater detail later, when we are considering the treat-
ment of Black-water Fever. But here we need only note thatin its power of
entering inte combination with amboceptor it displays far less specificity than
does amboceptor in combining with cells. Thus many different normal sera will
provide complement that will combine with one specific amboceptor.

Although complement can be demonstrated in most sera, its existence in the
plasma is a matter of discussion. Metchnikoff believes it to be derived from the
dissolution of leucocytes, and to be a constituent of living cells, not of the plasma.

Leaving the nature of these cells an open gquestion, we may say that this
view seems to be generally admitted.

ApsoRrpPTION OF COMPLEMENT.

Complement can be absorbed 7n vitre, either by specific combination with
amboceptor as in hamolysis or bacteriolysis, or by the addition of a variety of
substances ; thus by digesting a serum with yeast cells, its complement may be
entirely removed.
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In specific absorption a fitting amboceptor must be present; and use is
made of this reaction in testing for the presence of an amboceptor fitted to act
against any given organism. In certain diseases absence of complement in the
serum has been observed. Examples of this condition are syphilis and trypano-
sOmiasis.

HAEMOLYSIS IN VITRO AND IN VIVO.

Hz=molysis i vifre has been the subject of much study, and has led to clear
conceptions regarding the mechanism of the reaction under artificial conditions ;
but the factors which regulate hamolysis within the body are still very obscure.

There is often a notable want of relation between action in vifre and action
tn wive. Celli, Casagrandi and Craducci (77), while investigating experimental
hazmoglobinuria, found that a serum, possessing no action im 2ifro, may on
injection into an animal cause intense blood destruction, hiemoglobinuria and
death. Lamb (72) notes that daboia venom is less haemolytic in vifro than
cobra venom, but more so 1n vive.

At Major Lamb’s suggestion we have tried iz 2/20 the action of cobra-
lecithid. This substance has all the components of a complete hzmolysin
(amboceptor plus complement) and is #n vifre strongly hazmolytic to rabbit's red
cells.

But when injected into rabbits in doses of from ‘o1 to °3 gramme it causes
no observable blood destruction and does not produce the raising in the isotonic
point of the corpuscles observed after the injection of daboia venom. Another
illustration of want of relation between action sz 9ifre and in v:v0 15 shown by
the injection into rabbits of a serum strongly haemolytic #n vifre.  This serum
we produced by immunising a calf against rabbit’s blood.

Injected into rabbits in doses of “15 c.c. it appeared to have no action.
Possibly the formation of anti-complements produced co-incidently with the
amboceptor during the process of immunising the calf with defibrinated rabbit's
blood may have prevented action in this case.

In the case of the cobra-lecithid it appears possible that its apparent want of
action in vive may be due to its absorption by cells other than red cells possess-
ing perhaps greater affinity and thus switching off the hmolysin and preventing
hamolysis.*

The injection of a specific serum 1s, except in very large doses, not imme-
diately followed by symptoms of blood destruction.

* Arrhenius states that “ normal rabbit serum is itself a little antitoxic to cobra-lecithid ™; a property
which it loses on heating for 30 minutes at 64° C.
{Immunochemistry by S. Arrhenius, page 213: New York, Macmillan Company, 1907.)
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The following are observations of Celli, Casagrande, and Carduc.
Dog of six kilogrammes.

25th August.—Injected 5 c.m.c. of serum.

26tk Angust.—Dog remains well.

25th August. —Injected another 5 c.m.c. of serum.

28tk August.—Sick, pallor, etc.
Dog of 55 kilogrammes.

2tk August.—Injection of 1 c.m.c. of serum under cu;njum:liv.l.

zoth Awgwst.—Injection of 1 c.m.c. of serum.
158 September.—Death.

Cur own experiments show :—

Dog 1.
6 pm., 10th February rgod.—Received 4 c.c. goat's serum,
Morning, 11th February 1g08.—No distinct pallor of tongue. i

& am., r1th February 1908, —Received 2 5 goat’s serum.
& a.m., r2th February rgo8.—Tongue palid, conjunctiva pale.

LDog I'V.
10 a.me, 2nd March 1908 —Received 15 cc. goat’s serum.

r pan., 2nd March 1908, — Dog shivering. Anzmia present.
5 p-m, 2nd March 1908 —Tissues pale, blood watery, etc.

Dog VI.
10 a.nt., 2nd March 19o8.—Received 3 c.c. goat's serum.
ro am., 3rd March 1908. —Passing hemoglobinous urine.

Dog VI{.
10 a.m., 2nd March 1908.—R.eccived 1 c.c. goat’s serum.
11 an., 5th March r908.—Dog has besn gradually getting more and more
seedy.
Progressive an®mia now with weakness of hind
legs as in piroplasma.

Dog VIl
i1 am., 5t March 1908, —Received g c.c. goat's serum,
4-30 p.m., 5th March rgo8.—Isotonic point at *83 per cent. salt,
& a.m., 6th March rgof.—lsotonic point at 1 per cent. salt.

Dog I'X.

11 a.m,, 6th March 1908, —Received 6 c.c. goat's serum,

5 pom., Gth Marck 1908 —Dog shows no symptoms.

ro-30 a.nt., 8th March rgo8 —Dog 'quiet, anzmia marked but not pmfuund
received 1°5 c.c. goat's serum.

1-30 p.m., 8th March 19o8.—Pallor increased, dog profoundly ill.
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Log X.
5 pom., 13th March rgof.—Received 3 c.c. goat's serum.
ro a.m., rgth March 1908.—No noticeable anzmia.
15th March rgo8.—Marked pallor of tongue and a considerable amoun t
of anzmia.

Dog X1,
3 pom, r3th March 1908 —Received 6 c.c. goat's serum.
ro a.m., 14th March 1908.—Some pallor of tongus and some anzmia.
i poo, rgth Marci 1908.—Haemoglobinuria.

Dog XIT.

5 pom, 13th March 1go8.—Received 3 c.c. goat's serum and 10 cc. normal
goat's scrum.

10 a.am., gth Mareh r9o8, - Moderate anzmia.

4 p.m., 14th March 1908, —Extremities cold.

5 pm., 15th March 1908, —Received 3 c.c. goat's serum,

16th March 1908.—Blood very anemie, dog very seedy.

There is thus a variable period, during which the action of the poison is not
apparent or slight, followed many hours or even days later by intense blood
destruction.

To bring the facts relating to hazmolysis in the living body into harmony with
the results of haemolysis iz vi#ro is not easy, We have seen in Part 11 that the
injection of a hzemolytic serum does not necessarily lead to solution of the red
cells but only to their engulfment. Whether engulfment takes place before
there has been time for solution or whether the haemolysin acts at all under these
circumstances we do not know.

Barrat (88) has suzgested that red cell phagoeytosis is often stimulated as a
result of the action of substances of the nature of opsonins often present in
immune sera.

We think that the changes are to a certain extent due to agglutinins or
possibly other bodies which accompany specific sera such as we are dealing with.
It is however the conditions which give ris2 to the lyseemic form of blood des-
truction, the characteristic feature of Black-water Fever and paroxysmal hemo-
globinuria that more especially demand our attention,

What determines this condition we can as vet only surmise. The most
import :nt consideration as a basis for further work is the possible concerning of
complement in the process.

In the absence of complement from the plasma, whether as a result of non-
production {Metchnikoff we have seen denies that it exists free in the plasma) or
of ahsorption, amboceptor, specific for the red blood cells if produced within the
body, though it might combine with red cells could not bring about their extra-

cellular solution.
L
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If now under certain circumstances complement is suddenly produced and
set free in the plasma whether within an organ or the general circulation, it will
at once, combine with the amboceptor laden red cells, producing their rapid dis-
solution,

Whether such a combination of amboceptor with the red cell ever occurs or
indeed what exactly happens in the case of a h&molysin in the body we shall see
to be an extremely difficult matter to determine,

The condition which we have turned extra-vascular lyszemia is also of extreme
interest.

We have already seen that the condition generally deseribed as hzmoglobi-
nemia does not mean the presence of heemoglobin dissolved in the plasma during
life. None the less the auto-solution of h&zmoglobin in the serum during clotting
of the blood may be of great significance. It is essentially the hemolysis of a
certain number of corpuscles consequent upon the act of coagulation; and this
process we know to be associated with the formation of complement, a substance
whose existence in the circulating blood is problematical.

If we conceive then of the liberation of complement in the presence of ambo-
ceptor-bound red cells within the body there might result lys:emia or true hzemo-
globinzemia, but in the absence of complement from the plasma we may have the
state of affairs giving rise to extra-vascular lyszmia.

Some support of this view 1s given by certain clinical facts. It has been
frequently noted that in parexysmal hzemoglobinuria the so-called hzzmoglobinzmia
was present when no attack was in progress. Bensuade (63) describes one case
in which the serum was more coloured between than during the attacks, an
observation which suggests that the red colouration of the serum is due to a
condition characteristic of the blood in this disease, rather than to the liberation
of haemoglobin responsible for haemoglobinuria.

In syphilis Justus (79) has shown that h@moglobinzmia can be caused by
producing stagnation of the blood in the vessels; and that blood removed from
the median basilic vein after lightly constricting the arm for a few minutes may
vield a reddish serum.
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CHaprrer |L.

THE DEMONSTRATION OF AUTOLYSINS,

‘The demonstration of isolysins is not fraught with any particular difficulties.
Itis essential only that a fitting complement and certain other conditions be
present, and that there should be no anti-hazmolysin present. In the demonstra-
tion of autolysins on the other hand the greatest difficulty is encountered.

[n the investigation of certain diseases in which haemolytic action appears to
be concerned, many observations have been made regarding the power supposed
to be exerted upon normal red corpuscles by the pathological serum. Evidence
of hazmolytic action has been considered an indication of the presence of the hz-
motoxins which have initiated the blood changes in the patient.

Ehrlich (78) endeavouring to gain some insight into the nature of haemolytic
bodies which may arise within the body as a result of morbid processes, injected
certain goats with large quantities of the blood of other goats.  As a result he
was able to produce haemolysins within the bodies of the inoculated goats, but
these hzemolysins had no action upon the corpuscles of the goats in whose bodies
they arose ; they were isolysins therefore and not autolysins.

From these experiments Ehrlich concludes that the demonstration that the
serum of a patient possesses the power to dissolve the red cells of another person,
does not prove that this action has had any relation in the patient to the occur-
rence of anamia or any blood destruction.  On the contrary it only demonstrates
the presence of what is probably only an isolysin.

It is clear then that if we are to ascertain the exact mechanism of the blood-
destroying process in Black-water Fever, we must especially study autoly-
sins. '

But before approaching the subject of autolysins it will be advantageous to
study conditions that have resulted from the introduction of artificially produced
h:emolysins in the body, and to see by what means apart from the recognition of
its effects we may be enabled to demonstrate the presence of a hmemolysin that
has once been introduced and absorbed into the system.

THE DEMONSTRATION OF HEMOLYSINS ARTIFICIALLY INTRODUCED
IN THE BODY.

Cﬁ'“i, CEIS»Elg[‘andi, and Carducei f_?ﬂ, u:iir:g dogri inj ected with the serum
of rabbits previously treated with dogs' blood were the first to attempt to re-

isolate or demonstrate the presence of the hazmolysin under these conditions
vz
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At the outset they determined that the serum of a h2moglobinuric dog has no
action either upon a healthy dog's corpuscles or on those of a hzmoglobinuric
dog.

The serum of a hzmoglobinuric dog plus the spleen of a healthy dog
plus the corpuscles of a healthy dog was also negative. But the serum of a
hmoglobinuric dog plus the spleen of a healthy dog plus the corpuscles of a
hamoglobinuric dog, gave marked hzmolysis.

Applying these facts to the demonstration of a malarial hzmolysin in man,
these observers got no result.

Approaching the subject afresh we sought in our own experiments on dogs
to demonstrate the presence of the hamolysin that we had ourselves injected.
The corpuscles of the dog are very fragile, and if left standing for a few hours
they are apt even in the case of the normal animal to show a certain amount of
laking. This we obviated by the use of the solution of salt and sugar recom-
mended by Blasi (go).

The results of our experiments were as follows :—

(1) The serum of dogs suffering from intoxication and hzmoglobinuria
was not hzemolytic to the washed corpuscles from a healthy dog.

There was therefore no evidence of free hamolysin.

(2) The addition of normal goat serum to the above did not bring about
hzmolysis.

B
-

Therefore the absence of hzemolysis was not due to lack of complement but
to absence of amboceptor, for normal goat serum contained fitting complement
for the goat derived amboceptor we were using.

For @ priori reasons also it appears hardly conceivable that any amboceptor
could remain free in the presence of red cells which possessed suitable receptors
for its cytophile group or affinity.

(3) The washed corpuscles of dogs suffering from intoxication were
left at 37° Cent. suspended in salt and sugar solution, No hzmo-
lysis or agglutination took place.

(4) Washed corpuscles from the hepatic, portal, renal, and heart blood
were left at 37° Cent. in sugar and salt solution, No hamolysis
or agglutination resulted.

The red cells in neither the peripheral nor the visceral circulation were
bound with hamolysin (amboceptor and complement) for had they been so
bound they should have dissolved after a short time.

(5) Pulp scraped from the spleen and washed to remove free h2moglo-
bin, and then left in ‘9 per cent. salt solution, showed marked
haemolysis, but when placed in the sugar and salt solution no
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hamolysis occurred. Some agglutination appeared to be present,
It is doubtful if even the red cells collected in the spleen were on
the point of hamolysis such as occurs in vidre,

(6) Washed red blood cells from the portal circulation plus crushed liver
substance from a treated dog, showed very marked agglutination
but no hamolysis,

Agglutination of red cells was frequently very marked in the blood from the
hepatic veins. There was also asimilar tendency observed in blood from the
kidneys, but an agglutinating effect of the injected dog’s serum upon normal
dog’s corpuscles was never obtained.  Agglutinins were, however, readily demon-
strated in the cedema fluid about the site of the injection.

The demonstration of an injected hamolysin or even the presence of agglu-
tinins is therefore fraught with great difhculty. Nevertheless in spite of the
absence of ha@molytic phenomena itis to be noted that the red cells of the
treated dog could be shown to be abnormal by their behaviour on examina-
tion as regards—

(1} Change in the isotonic point,
(2) Change in appearance and staining re-action.

(3) Appearance of agglutination,

THE DEMONSTRATION OF AUTOLVSINS IN CHRONIC MALARIA.

Innumerable attempts have been made to demonstrate the hzmolytic agent
in malaria, but with results either quite negative or unconvincing.

Celli, Casagrandi, and Carducci and later Blasi (g1) testing the action of
the serum of malaria patients against normal corpuscles failed to find evidence of
hzmolytic power.

Similarly Capogrossi (94) I!,SCC‘TI.'Li['tiI'Ig the agglutinating power of malarial
serum against healthy corpuscles came to the conclusion that the appearance of
agglutination was not diagnostic of malaria.

More recently Casagrandi claims to have discovered a hamolysin masked
by an ante-hmolysin in the blood of a case of malarial hemoglobinuria.

Examining the blood of a number of persons suffering from malaria and
malarial anemia we found the serum to possess no action upon healthy corpus-
cles, producing neither haemolysis nor agglutination,

It seemed to us also that such a possibility as the occurrence of free ambo-
ceptor circulating in the plasma was very remote ; for if both amboceptor and
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complement were present they would at once combine with the red cells, and
hazmolysis would result.

But the possibility that in malaria as in trypanosomiasis complement might
be so far absorbed, and that thus failing the completion of the hamolysin,
amboceptor might be bound by the red cells suggested to us the idea of searching
for the presence of amboceptor-bound red cells in malaria.

The observations descrited by Metchnikoff, previously referred to in which
guinea pig spermatozoa became bound with amboceptor within the living body
in the absence of complement appeared 1o indicate the condition which we might
possibly find in the red cells of malarial patients.

Ehrlich suggests the complements can disappear during certain patholo-
gical conditions in consequence perbaps of a more rapid destruction or a slower
production

In the constant blood destruction of malaria the using up of complement
appeared an extremely likely phenomenon. Under such circumstances the red
cells might become bound with amboceptor though te all appearances normal.

If such a condition were present it would only be necessary to add to wash-
ed malarial corpuscles a little normal human serum, and hazmolysis would occur,

When we came to examine a numbetr of malarial patients we found that as a
rule their red cells exhibited a great susceptibility to the action of normal serum
so much so that rapid hz=molysis took place in some cases when only 50 c. m. of
serum from certain normal subjects was added to § c.c. of a five per cent. sus-
pension of their red cells in “8 per cent. salt solution, This hazmolysis was also
invariably associated with a marked agglutination.

A reference to the literature showed that a similar susceptibility had been
noted in the case of the blood of anzmic subjects in Italy by Ascoli (8g).

On further testing the action of the serum of the malarial subjects we found
thatit not only failed to produce any hazmolysis of healthy blood corpuscles,
but even in very small quantities inhibited the action of powerfully acting normal
serum upon susceptible red cells.

OBSERVATION ON THE BrLooD 1IN BLACK-WATER FEVER.

Our results with the blood of Black-water Fever cases have been as follows.
Further details of the cases are given in the Appendix :—

No hzmolysis
Black-water Fever serum + Washed normal cor- = {N o
o agglutination.
puscles. EEsnauLen
r r No hazmolysi
Black-Water Fever serum + Normal corpuscles and= ceble el

e ol iy No agglutination.
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That 1s neither alone, nor with the undout ted presence of complement, had
the Black-water Fever serum any action on the normal corpuscles used. (Class
A., wide next chapter.) :

Washed Black-water Fever cor- +  Allowed to stand in No hamolysis.
puscles, ‘9% scalt at room temp. {Na agglutination,
Washed Black-water Fever core 4+ Black-water Fever serum = No effect,

puscles.

These cells had therefore neither been already acted upon by an active
haemolysin, nor did the patient’s own serum have any action upon them.

Black-water Fever corpuscles + Black-water Fever serum = No hemoivsis,
and normal serum (com-
plement).
~ ) . . No hemeolysis,
Elack-water Fever corpuscles 4+ Serum of malarial patient = No agelutination.

Black-water Fever serum + . Washed corpuscles of = Marked agglutination.
malarial patient.

Case XX—

Black-water Fever scrum + Washed normal corpus- No hemolysis.
cles, 5. R. C. o { No agglutination,

Black-water Fever serum + Washed normal corpus- No hamolysis.
cles, C. A. B. = 1 No agglutination,

Black-water Fever serum + Washed normal corpus- No hamolysis.
cles and normal serum — U No agglulinatiun.
(complement).

Black-water Fever serum + Washed Black-water Fever _ [ No hamolysis.
corpuscles and  normal No agglutination,
serum (complement).

Washed Black-water Fever 4+ Allow to stand in ‘g _ [ No hwemolysis.

corpuscles. per cent. salt at room  &No agglutination.
temperature,

Black-water Fever serum + Washed corpuscles of Slight haemolysis.
malarial patient. — | Marked agglutination.

Normal serum, S. R. C. + Washed corpuscles of = Marked agglutination.
malarial patient.

Normal serum, C. A. B. + Washed corpuscles of = Marked agglutination,
malarial patient,

Washed Black-water Fever 4  Black-water Fever serum = Some hamolysis,

corpuscles, and extract of dog's
spleen.
Normal corpuscles + Normal serum and extract = Some hamolysis.

of dog’s spleen.



Case XXII—
Washed Black-water Fever
corpuscles.
% c.c. washed Black-water
Fever corpuscles emulsion.

+

+

} c.c. washed corpuscles native 4

} c.c. washed corpuscles very
anzmic native.

Case XXIV—
i c.c. washed Black-water

Fever corpuscles emulsions.

} c.c. washed Black-water

Fever corpuscles emulsions.

Washed Black-water Fever
corpuscles,

Case XX V—
} c.c. washed Black-water

Fever corpuscles emulsions.

Washed Black-water Fever
corpuscles.
Case XXV I—
Washed Black-water Fever
corpuscles.

Black-water Fever corpuscles

g c.c. washed Black-water
corpuscles emulsions,

! c.c. washed Black-water
Fever corpuscles emulsions.

1 c.c. washed Black-water Fever 4+ 150 c.m. nermal serum=

corpuscles emulsions.

Case XXV II—
Washed Black-water Fever
corpuscles,

Washed normal corpuscles

-+

.,.I_

+

+

+ Allowed to stand in 'g =
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Normal serum = Hamolysis.

(50 c.m. Black-water Fever_
normal serum) at 37 for 15
min.)

150 c.m. Black-water
*Fever serum.

t50 c.m. Black-water Fever=
serum.

No_hzmolysis.
Agolutination.

No hzmolysis.
No agglutination.
Agglutination.

150 c.m. normal serum = Rapid hzmolysis.
(150 c.m. normal serum, _
50 c.m. Black-water Fever
serum (at 37 for 15 min.)
Allowed to stand in g per =

cent. salt.

No hzmolysis.
Agglutination,

No hzmolysis.

150 ¢.m. normal serum, No hamalysis.
= R.C. No agglutination.
Undiluted normal serum, No hamolysis,

S. R. C.

No agglutination.

Allowed to stand in ‘g per =
room tem-

No hzmolysis.
cent. salt
perature.

Black-water Fever serum No hamolysis,
No agglutination.

150 c.m. normal serum = Complete hazmolysis.

150 em. normal serum, =
50 c.m. Black-water Fe-
ver serum (at 37 for 15 min.)

Hzmolysis slightly
retarded,

No immediate hzmolysis_
Slight after some hours.
Agglutination,

100 c.m. Black-water
Fever serum (at 37 for
15 min.)

No hamolysis,
per cent, salt at

room ltmp.

Fever serum,

+ Undiluted Black-water — { No hemolysis.

No agglutination.
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Washed normal corpuscles: + Undiluted Black-water= { No hamolysis.
Fever serum (at 37 for | No agglutination.

20 min) L'trnlril'ugq:il
. normal serum.

} c.c. washed Black-water Fever+ 150 c.m. normal serum =  No hemolysis.

corpuscles emulsions, {No agolutination.
Washed Black-water Fever + Undiluted normal serum= No agglutination.

corpuscles.
} cc, washed corpuscles, native 4+ 300 c.m. Black-water = {Z\'n haemolysis,

(Class B). (Fide next chapter.) Fever scrum. Marked agglutination,
} c.c. washed corpuscles, pative 4130 c.om, normal serum, = Complete hamolysis,

(Class B). - R
} c.c. washed corpuscles, native 4 50 c.m. normal serum = [ No hazmolysis.
(Class B). 50 c.m. Black-water  { No hazmolysis.

Fever serum fat 37
for 15 min.)

4 c.c. washed corpuscles, native+ 130 c.m. normal serum = Hamolysis.
(Class B.) 2o c.m, Black-water
Fever serum (at 37
for 15 min.)

In this case there was therefore antibody, m spite of the fact that the blood

was a modified Class A (vide next chapter).
These results were intelligible only after we had gained the further know-

ledge detailed in the next chapter.
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CHAPTER III.

Humaxn [SOLVSINS.

When we found that the red cells of peeple anzmic from malanal infection
were characterised by a marked susceptibility to ‘hzmolysis on the addition of
normal serum we at first considered that this observation pointed to a binding
by them of amboceptor, which, on the addition of normal serum ¢ontaining com-
plement, resulted in their speedy haemolysis.

We have since added to our observations with the result that our original
idea has been shown to be untenable. But our observations have served to point
to a condition we believe not generally mcﬂgnlsﬂd_ and of which we can find no
indication in the work of Ehrlich and others. Isolysins in man have generally
been considered an occasional phenomenon due to some pathological condition
of the person whose serum was isolytic.  That the red cells aganst which such a
serum was lested mighf he an r_‘qlml]}’ impm‘tmnt factor has not gtn&rn"_v been
taken into account.

If therefore in the serum of a Black-water Fever case we were to demonstrate
isolysins it might be thought that we had shown a point of pathological im-
portance.

Again we have seen that in malarit we appeared to have found red celis
bound with immune body (amboceptor) since on the addition of normal
serum they became raoidly haemolysed. ;

But the real facts possess quite a different significance and make all work
on pathological isolysins undertaken in ignorance of them, open to constant
error.

And the same may be said of any attempt to demonstrate the presence of
autolysins in disease,

The following experiments will make this clear.

[ —Experiments to shew susceptibelity of washed blood corpuscles of Class B
bilvods te hemolysis and agglufination by Class A serwm and want of action
either haemolytic or aggiutinant of Class B serum npon washed corpuscles

of Class A or Class B blood,
SERIES [,

Case I.—Child ; jaundice and anemia.

Child's washed corps.  + Small quantity normal = Marked agg‘;utinitinn.
serum, S. K. C.

Washed corps., S. R.C. + Small quantity child's = Nil.
serum.
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Washed corps. child in = Nil.
‘g per cent. salt,
Washed corps. child + Child’s serum = Nil.

Case N .—ddult ; extreme anzmia (malaria).

1 c.c. emuls, corps. + 2o c.m. normal serum, = Marked agzglutination,

S.R.C.

1 ¢.c. emuls. corps. + 120 c.m. normal serum, = Rapid and complete hazmolysis.
Al ]

1 c.c. emuls. corps. = Nil,

I c.c, emuls. normal 4 120 e.m. Serum, No. 2 = NNEL

corps.,, 5. R, C.

Case I1f.—Adult ; fever and eniarged splecn, no parasites.

i c.c. emuls. corps. 4+ 1 c.m. normal serum, = Agglutination.
S E
boce o, o + 5cm. o . = Trace of haemolysiz and aggluti-
nation.
g C.C. o = 20000 1 = 1 i 13 1
FEIEE Ly e + 4o0cm. i = Considerable hemaolysis.
dce o, o + Bocm. b = Nearly complete hzmolysis.
Yec ., = 4+ looc.m. n = Complete hamolysis in } hour,
Yice ., i + 1 c.m. normal serum, = Nel.
C. A. B.
oo, . 4+ sem. - o = Trace of hamolysis.
dcc o + 2o0cm. o = Slight hamolysis.
¥t i + 4oem. o = Marked hemolysis,
Yce. = + Gocm. ~ = = 2
} cc. ,, normal corps. + 20 serum No. 3, = T,
5. R.C
i c.c. ,, normal corps. + 120 serum, Case 3 = Nl
oA Bl

Case IV.=Boy ; Simple Tertian infeclion parasites average 1 per field.

§ c.c. emuls, corps. + 10 c.m. serum, S, R. C. = Agglutination.

e 1 + 4o cam. » = ”
RECIC L 4+ 200 C.M. , " = Almost complete ]lmmnIfsis,
}ceocorps, 5. R.C.  + 200 c.m. serum, Case 4 = NiL
Case V.—=Adult : anemic.
§ c.c. emuls. corps. + 150 serum, SRC. = Hamolysis.
b, " + 130 o Caze 3= Nt
| o Case 4 + 2o i o = Nil
it S ] = 10 ,, 5 = Nk,
- L + 250 s o = Nil,
b o, TR B {1 " = il
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Case VI .—Adult; Enropean visitor to Eie Duars.

i c.c. emuls. corps, Case 4 + 20 c.m. serum, Case 6 = ﬁgglutinnliun.

oo i = = + 1oocam. i = Marked hazmolysis.
oo m w B 4+ 20em , SRC = N,
fee. T - 4+ 100cm. A = Nil,
1ec. i - i + 250 cC.m. - i = Nil,

Case VIL.—Adult ; enlarged spleen, prisoner, Falpaiguri jail.

} c.c. emuls, corps, Case 74+  150c.m, serum, S5, R, C. = Slight hamolysis ; agglu-

tination.

Lec . . s+ 130cm, Case 8 = Fair hcmolysis; agglu-
tination.

feco i w 4+ Is0cm, e — Nil.

Case VIH . —Adult; no splecn ; ana ia; prisoner, Falpaiguri jacl.

 c.c. emuls. corps,, Case 84 150 com. serum, 5. R C. = Nil.
L e P ) i + 15¢c.m. , Case 7 = Ml
oo 1 " 4+ 150 C.m. s R — Nil.

Case 1X.—Adult ; slightly enlarged splecn ; prisoner, Falpaiguri jail.

1 c.c. emuls. corps.; Case g + 150 c.m. serum, S. R. C. = Complete haemolysis.
fec. i 5 + 130cem. ,, Case 7 = Slight o
| o 7 4+ I50cCm. o, i T — Complete |,

Case X.—Adult; no spleen ; has lived many years on an wnkealthy garden in the

Luars.

L c.e. emuls, corps. + 150 c.m. serum, 5.R.C. = Marked himolysis,
Fce o + 1oocm ., C.AB. = - o
jcec. " + 1350cm. ,, Case 3 = Nt
e, i + 150com. w = Marked haxmolysis.
R EC o + Ispem. . & = < "

fct: i + 130cm. ;0 = Nl

b o = + 150 cm. ,, o Th = Marked haemolysis.
Lec: - 4 + 150 com. i b = Nl

Il —Experiments to show the existence of an antibody in the serum of
Class B preventing hamolytic effect of Class A serum upon Class B corpuscle
but not agglutination,

(@) Class B serum preventing the action of Class A serum against its own corpuscles,
} c.c. emuls. corps,, Case 104+ 100 c,m. serum, S.R.C.  =Nearly complete hazmoly -
sis,
{100 com.  serum  and

b I " T
REE o Al T | 50 c.m. serum No. 10 )

=Trace of hemolysis,
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100 c.m. serum, S.R.C.

} c.c. emuls, corps,, Case 10+ 50 cm. serum No. 10 = Nl

) at 37 for 1§ m.
fec: o y 124 20 ¢,m. serum, S.R.C. = Agglutination.
Ficics Loie = + 50cm. N =Fair hemolysis ; agglu-

timation.

T R i o + 100 .M. 4 - = Marked hazmaolysis.
Cts F o + I150cm. = 1 7

= Nearly complete hemoly-

oy er m, H 12 -
5 c.m, serum, Case e

AL

* Gl " " 1)

I50 €.m. Serum, SRE}

at 37 for 15 m

t-,ﬂ c.m. serum, S R.C.J =Ni/ at first, bot slight
PR T T + c.m. -ET11m. Case 12 after standing some
15 m. time ; agglutination.

150 c.m. serum, S.R.C. } = No hamolysis ; agglutina-

.M. Ser a5¢ I2 .
30 e E L1om.

at 37 for 15 m.

(#) Class B serum preventing the action of Class A serum against other Class B
corpuscles.

i c.c, emuls. corps, Case 104+ 150 com. serum, S.R.C. :Ncarlv complete hazmoly-

+ C.C. 3 X 1] =

150 c.m.serum, S.R.C.
ISG C[n Herun1 Case 12
7 for 15 m.

i50 ¢.m. sernm. S.R.C.
Lcic. o o =+ { 50 ¢ m. serum, Casge 12 o =

=No haxmolysis ; agglutina-

o 3 i + tion.

at 37 for !5m

£50 c.m. scrum, 5R.C. = Slight hemolysis ; agglu-

o =
4 C.C. i 1 i 20 c.m, serum, Case 12 FrEE
at 37 for 15 m.
150 e.m. serum, S.1%.C.
L P i + 5 c.m, serum, Case 12 » =Fair hemolysis; aggluti-
at 37 for 15 m. nation.

Il —Experimenis to show that {he hemolytic action of Class A serum
upon Class B corpuscles 1s destroyed by heating fo 55°.

} c.c. emuls. corps., Case 104+ 130c.m. serum, S.R.C. =Nearly complete hzmoly-

sis.
150 c.m. serum, S.R.C.Y _ :
S ! 2 heated to 55 for 36 m, § — L
Ycic. o, o w 3 4+ 150 cm.secum, S.R.C. = Complete haxmolysis.
Sl 150 c.m, serum, S.R.C.7 _ .
gz iy 2 ks + {hcatcd to 55 for 20 m. §f — N,

TV.—Experiments fto ascertain whether the hemolytic effect of Class A serum
upon Class B corpuscles is due to the addition of complement,
Experiment I

Serum of No. 18 series 2 (strong Class A) + corpuscles of C (susceptible) kept on ice

for 1 hour. The supernatant fluid and corpuscles being then rapidly separated by centri-
fugaﬁng.
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Supernatant fluid + Corps. C = Trace of haemolysis only.
Corps. separated by + Serum No. 23 series 2 = M.
centrifugalisation, (Class Bj.
Ditto + Serum No. 13 series 2 = Marked hzmolysis.

[Class A.)

Experiment 1.
Serum 5.R.C, (Class A) corpuscles No, 23 series 2z (suscept.) kept onice for 1 hour
Supernatant fluid rapidly separated.
Supernatant fluid 4+ Corps. No. 23 series 2 = Nl
Corpuscles + Serum No. 23 series 2 = Nl
The amboceptor appears to have been removed by B corpuscles from the A serum.

Experiment 11,
6 cc salt solution 4+ 6 em., S. K. C. serum |J|-;,1.|;:L.'{i on e, When cooled to u‘:'_
added excess of corpuscles Mo, 33 series 2 (susceptible).  Left on ice for 1 hour and
pipetted off clear fluid left by settlement of the corpuscles,

Control -3 c.c. salt + 150 cam. 5. K. C serum lelt on ice for 1 hour.
Supernatant fluid + corps. No. 33 series 2 = Ml

Control + e o 33 series 2 = Complete hemolysis.
Inactivated S.R.C. serum 4 experimental Auid and

COTpS. No. 33series 2 = Distinel IIiEl“ﬂE}'EiS.
Complement appears to be still present after digestion dt 07 with excess of susceptible
cells.
These experiments are therefore in favour of the view that the hemolytic effect is due
to an isolysin in Class A bloods acting upon class B corpuscles.

V.— Experiments to show thal there is no amboceptor in Class 5 serum capable
of being bownd by Class A corpuscles.
Experiment 1.

50 c.m. serum No. 10 series | + S.R.C, corps. contained
in & c.c. emulsion = N/

jocm. " i + S.R.C. corps. contained
Keptat o°C for z hour in 4 c.c. emulsion = N/,
corpuscles  washed | S50 &m . " + S.R.C. corps. contained
and left in Class A in 1 c.o. emulsion = Nl
serum 37°C. socm. 0, " + S.R.C. corps. contained

in 14 c.c. emulsion = Ny/

Experiment I1.

Corps., S.R.C. <+ Pure serum an®Emic coolie = N/,
with susceptible corps.
centifugalised and corps.
washed,
Washed treated corps. +  15¢ c.m, serum, 3.K.C, = No haemolysi
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VIe— Experiments to show thal Antibedy acis betler against the isclytic serum
than as a protectrve body to corpuscles.
! c.c. emuls, corps.10 series |

+ 150 c.m. gserum, S.R.C. = Fair hamolysis.
50 c.m. serum 12 series L.

150 c.m. serum, S.R.C, }

1 c.c. emuls, corps. 1o series | 4+ { 50 c.m. serum, No. 12

= Nil.
at 37 for 15 m,
} c.c. emuls. corps. 12 series|
: » + 150 c.m, serum, S.R.C, = Slight hamolysis.
O C.m, SErum 12 SET1es I F
150 c.m. serum, S.R.C
} cc. emuls. corps, 12 series 1  + < 50 eum, ser. No. 12 at = Nl
37 for 15 m.
20 c.m. emuls. corps. an@mic . .
e o P + 150 c.m. serum, S.R.C. = Slight hamolysis.
150 c.m. serum, S.R.C. 1
c.c. emuls, corps. znzmic + <4 20 C.M. SErum anEmic = Nl
coolie. coolie. }
VI1I.—Experiments fo show that Antibody ts not destroyed by heating to 55° C.
L c.c. emuls, corpe. 1o series I + 150 c.m,, S.R.C. serum = Nearly complete
hazmolysis.
150 c.m. serum, S.R.C. 1
eirs 0 w o 1 4 < 100c.m.serum No, 12in- = N
activated at 37 for 15m. )

VIII—To show that there is a binding by susceptible corpuscles of substances in
Class A serum when these are foo small in amount to produce hemolysis.
‘4 c.c. of a 4 per cent. emuls. + 150 c.m. serum, Class A = No hzmolysis;
agglutination.
Allowed to remain at 37° for 15 m. centrifuged and corpuscles shaken up in "3 c.c.
fresh *g per cent. salt,

*4 c.c. of a 4 per cent. emuls.
treated corpuscles + 150 c.m, serum, Class A = Hm=molysis.
Control + 150 c.m. serum, Class A.

Il

No hemolysis.

IX.—To show that the amount of hemolysis is dependent on :—
(a) dilution of the serum ;
(b} amount of corpuscles.

*4 c.c. of a 2 per cent. emuls. corps. + 150 c.m, serum Class A=Fair hazmolysis.

e, g 2 " i w +30 , 4 5 p=Rapid and nearly
complete h=zmolysis,
II"I' E'E" EL 4 LE] LR LE; + Isﬂ F¥ 1 L] Ji=ﬂgglulinatinn ﬂnl_}"
T e T o W R LT o n  w=Complete hzmolysis.
i e 2 3 T i A N
Ffi;; i 1 +1i50 ,, e w n=Nearly complete but

4CL 5 0 o alt b | delayed.
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X.—Experiments to show uniformily of behaviour of Class A and Class B bloods

fo one another.
SERIES 2.
Espopaan soldiers six weeks in India.

EMULSION OF WASHED CCRPUSCLES 1IN 0 PIR CENT. 5ALT,

. | e T = e p—— e
Eﬂnfmr? soldier (Saldier |Soldier [Soldier [Soldier Saldier Ealn:linrlsulllilrr E!D'lr.'lmr IS-nldu'r Snb:ll:r:r Wdll.'r
[ 2 3 4 5 o | 7 | 8 | ]l | SR.C.
| | i
3.K.C. Nl | H h il h Nl H H | NI | NiE | N Nl | Al
Soldier 1 I Nyl ol S
i i
1] - | i Il FEn ¥ ~'|J - I i
[
|
. 3 ' | |
| L -
|
1] 4 |
[ | |
] 5 I wan i H
P {l J‘ﬁ"ﬂlg mns 51 ! ams ann e rm | nas J wan anr am i
.'
e 7 Nil |
|
. 3 Nil [ | i
l ; ’i ' i
Be ‘:' | e | | 1
| | '
] I bad h I
S ‘ h | [
| | |
ST [P e e s he b Rl s o] sl
Actfon of the aborve sera nfon washed corpusclesof “ C" a Class B natfve bloed.
i
— - | i z | 3 4 L] : 6 7 3 0 1o te 12 S.R.C
| | I L] | |
150 em. | H Nl I h h Nt | Ak | el | Nk H H & H H
sgrum  § |
c.t. emuls. | | |
corps.” C."| | |
| ' | | et |
& |
Class - A B ‘ B A | B A [ I A A I A A A
]
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1 { C.C. RMULSION OF WASMED CORPUSCLES [N ') PER CENT. SALT. Broops 13 To 24
150 c.me | .-__I.-. ! : ) Hesen e = : - e | il
Serem, Soldier |-oldier |Scldicr |Scldier | Soldier |Soldier |Soldier Soldier |Soldier |Soldier | Soldier |Soldier
| 13 | 14 | 15 1t 17 18 | g b -1 I [ | a3 | =4 | CABR.
. | |
— P — _—I""—-—-—— - —_— ——
| | [ | |
SRC. | h ho| Nl | Al N | NéI| NI| Nil| Nid| h | H h | N
| | | |
| | i | .
Soldler: 3 | e | oo | BREYL T G| e e e A | S |
[
g i Nl | - o] WG
nl o i0g h ! | N
1 |
T ) R [t sl S i s R e NG
- |
-l SRR R

PO T T B IR T e (R R R (R R
PR | R e (B | AR (Sl (BRSSO T | e

S o L H e

R G (5 G (S (B Y | e Bl R B I (Bl et | e |

|
" 23 ! * I " Ll
|
|
w24 | N L e o Ml ., - e o
|

Action of sera upon washed cﬂrll‘rn'h:fl:s of “C " a Class B, native dlood.

—_— 13 14 15 16 17 13 19 20 a1 3 23 24 | C.A B

150 cC.m.

SET, h I H H H H H h H h Nil| Nd| H
4 c.c. emul.
corps. "L,"

Class | B L1 A A A A 1A A 1A B B B A
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Y | S - L
SR.C. C.a.B. corps, C,
% oo, emul. corps. of Soldier 25 H 150 c.m. strum of 25 Nil
i " 5 i 20 Nil v o 26 Nil
v om o i 27 Nil = ,., 27 Nl
"o " " 28 h H e 28 Wil
o . 5 o 0 Nil Nt T T 25 h
i i " 5 3o Nif i e A 30 h
" " " " 31 LT ] ] a1 H
" = -, ' 32 . Nl m . 32 h
T » » 33 H H " o 43 Nil
woom a " 34 Nl 3 a4 h
w oo " 5 35 H we " " 35 h
- " i = 36 il ,,. (i 30 Nit
I n u " a7 H " . 37 Nl
W N " " 38 H " n 18 Nl
wooom " " 39 Nil " " 39 Nit
”" " " # 40 H =5 o - 40 Nl
»oom ” " 41 h " ,, 41 Nil
1 5 " " 42 H i e 42 Nl
Woow " " 43 il i W 43
= " " 44 Nl " " 44
oo " P 45 Nil " i 45
..k " - 40 Nil - - 46
o = 4 47 I s " 47
2 » " 48 H " - 45
o o = o 49 H - - 47
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SERIES 3.

European Sailors.

| i ¢c.c. emulsion washed corpascles,
150 €.ma SEraii.
Sailor Sailor | Lailor Sailor Sailor Sailoar

. 1 [ 2 [ 3 4 5 6
|
| — i =
- |

SR . . il h _ MNit H h h

5 A B T Nit | h ' Nil H ' h

¥o. 10, series 4 I H | it H

Ko. 12, series 4 . 7 H o

| . | h

No. 2, series § |

No. 4, scries § . o H i

Wo. g, serles 4 .

| |
150 € . SeTUm. 1 | B | & | 4 | L
! ; | i
I__ ‘- b= i L |
% cc. emuls, corps. h : Nil | 11 H Nl
T {-.-.-“
|
R R | PSSR B
. .
I |
Details of Blood No. 4—
150 serum 1
b e.c. emuls, corps. 4 + 50 Serum 4 —
at 57 for 15 m.
e o w4+ 150 serum I = Marked hauslysis.
150 serum |
| S = N i C 50 serum 4 = Nil,
at 37 for 15 m.
i c.e, o w 5 150 serum 1 = Slight h.emolysis,
lee o St e 150 serum 4 = Fair hamolysis,

Blood 4 is susceptible to A sera and has antibody against these, but it is also
isolitic to certain B corpuscles.
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SERIES 4.

Long term prisoners in Calcutta Presidency Fail.

i e, emuls,
COrps.
[Prisoner 1
" =
" 3
" 4
“ 3
. G
) 7
o 8
B 9
» T
# Il
= 12
" 13
w14
" 15
]
wo A7
i H:
w19
~ 20
1] a1
o 33
w23

3.R.0.

Nif
it
Nil

Nil

Ol & DT

Nl

Nil
Nil

C.AR.

B

Nil
Nil

Nil
Nil
Nil
Nil

150 c.m. 3&ram af

Mo, 2

series 3,

]
11

Nil

Nt
it

Prsoner 3.

Nil
Nl
H

Nil

Prisoner zo.

BEE

150 ©.m,
SErilm,

P SN T S X

e |

21
22

23

i c.c. el
corps. C.

Nk
H
H
H
Nt
Nt

il
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SERIES 4—conid.

SR.C

Prisoner 24 . a8 n
T h

oy ) h |

| l
B 2P I H
u 28 . E H
n 20 . H
B i : H
w 31 . . h
S - h
# 33+ | H
T e
W 3EG . h

{ c.c. emula, corps.

Nl
Nil
H

Nil

150 can. Serum of

| Prisoner | Prigsoner | Prisoner
4. 27. 2.
Nil Nil
h
Nil
h L]

|
|
150 M. 1§ e emuls. corps, C.
Pr];::‘“ SEfum, | P
Nel 24 h
25 Nil,
20 Nil.
27 Nl
vos 28 Nil.
; £0 h
30 Nil.
v 3t Nil,
12 Nil.
33 Nil.
34 Nil.
35 h

X I.— Condition of Blood in Restdents of the Duars.

SERIES s.
150 c.m, 150 €.m. 150 c.m.
4 ¢, emuls, corps BEUM SETUTT HETUm Antibody.
SRLC | 1. C.AB.
{ = S —1
1. Babu, 24 years’ rcsident Nl
2. Babu, 2 years® pesident H
150 c.m. serum, S.R.C.
3. Babu, 1 year's resident . H H Apg. 20 cm. 3 + rﬂ;pﬁ- 3
at 37°C. for 15 m, Nil,
4. European, 5 years' resident H o Agg.
5. Babu, 6 months® resident . H A .
150 c.m. serum, 5.8,
6. Babu, many years' resident H o 50 c.m. serum C.A.B. 4 co ps 3
at 37°C. for 15 m. =H.
150 c.m. serum 7 + corps. 8=No H,
7. European, 25 years' resident Vil 150 com. seram, S.R.C,
150 €. Serum 7 4+ corps.
at 57°C. for. 15 m. = H.
8, European, 13 years' resident H e
1 attacks of Black-water
Fever.
9. European, new arrival Nil Nl Nil
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SERIES O.
o 150 ©m 153 .M. 150 €.m.
} coe. emuls corps, SETWET, LT LU .Fll'lELlL‘l'l.r}'.
Sml 3 7e
e N g0 ——— I e —_—
1. Babu, 26 years' resident H
2. Babu, 20 years’ resident H e |
3. Babu, 4 years' resident (5 I |
{ 15.::. serum 7 ";
4. Babu, from birth . il : 50 C.M. SETUM 4 +corps. G=H.
[ l_ at 37°C. for 13m.
5. European, 6 years® resident H
150 £, Serum 7 e
&, Buropean, 1o months’ resis H Vil .'H S o (serum ) } +corps. G=H.
dent. 2 l:,l:l cam. serum
‘ i50 cam. fetum O }+cﬂlrpﬁ. o=h.
| at 37°C. for 15 m,
7. European, 13 years' resi- | Vil
dent, Black-water Fewer 1 {
yvear ago, taking 5 grs. | |
quining  daily for last 6
months, |
8. European, 12 years' resident] Vil ara ‘
z00 ¢.m, serum, 3.R.C, .
9. European, 4 months’ resi- H { 50 C.M. SErUm 0 -E-C'Ur 5. 0=
dent. at 37 for 13 m.
| mnq_.m serum, 5 R.C.
10. Europeam, 1 vear resident H 50 ¢.m. serum 10 }+L‘m}p o g=
at 'g;.i for 15 m.
& COrps,
1.!'riﬂ5 J'- =€l
150 c.m. serum, 5.
11. Eurcpean, 5 months’ H { 50 Cam. serum Ll }+cnrp3. 11=
resident.  Contracted severe at 75 for 15 m.
malaria st fortmght, Arme-
mic.
r 150 .. seram, S.R. C. +c ps. 1z2=
| S0 c.m.seram 1 Some|
I at 47 fon 1 s5m. } E‘].‘I} a
12. European, 13 months H 4 |
after return  from  home. | 150 c.m. serum, S.R.C. corps. 12=
Five months at [Neora, 100 C07. SE5rgm 12 1 Some
Ndy. Seedy, having fever. || &t 37 for 15 m. } delay.
| "l 150 coo serum, S5.R.C.
| 20 c.m serum 13 } -I-—mrp's 13=
= | at 37 for 15 m.
13. Babu, 5 years’ resident.’| H 41
Case 20. Four months | t50com. serum, S.R.C.
after attack. | || oo com. gerum 13 } -|-|:m e I3=
Il atayfor 15 m.
[ 150 com. serum, 5.R.C.
20 €. serum 14 } mrpg 4=
: | at37 for 15 m.
14. Ewropean, old resident H {1
[ | 150¢.m. serum, S.P.C. }
| G cm. serum 14 +cor, 4=
L | P

at 37 for 15 m.




168

SERIES 7.
XII.—Condition of Blood in Native children.

% c.c. emuls, corps.
1. Child, © month's resident. PFever =, T.
parasites. Mo enlargement spleen.

s, Child, 3 months' resident. Fever. Quartan.
Mo enlargement spleen,

3. Child, 1 rgenth's resident. Spleen palp.’ .

4. Child, 1 month’s resident. Enlargement
spleen,
5. Child, 3 months® resident. Enlargement

spleen.

\6. Child, born in Duars, Very large spleen .

150 com. |
sequm |

Antibhody.

S.R.CL

il

H

.....

| 200 e.m. sers 5. R, C.
1 5O .M. SEF. 5

}+mrps. 5=Nil,
at 37 lor 15 m,

XI1l,—Cond:ition of Blood in Native Coolie. Strong Antibody.

1. Coolie. Intense anmmia. Ascites
legs. Qunrmn parasites.

Dropsy cf l

!

4

150 c.m. ser, 5.R.C.
100 .M, SCr, §

}+1:nrp5. 1=No H Apg.
at 37 for 15 m.

150 c.m. ser., 5.0 C.
10 .M. Ser. F +corps. 1=H alter some
at 37 for 15 m. howur:.

{

T .. SeE,

150 c.m. ser, S R.C, 'E

+corps. 1=H after some
at 37 for 15 m. ,}r

hours.

To show that Class A biood may be associated with mlense anemia,

1. Coolie, intensely anzmic ; cedema of face.

% €.C. emuys, corps, 4150 c.m. ser, 5, R, C.
+ 300 c.m. ser., S. R.C.
Washed corps. 4 Undiluted ser., 8. R. C,

Ditto

Anchylostome ova in faces :—
=No hxmolysis, no agglutination.
Ditto,

Ditto.

—
-—
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We have therefore a condition (A) seen in health, characienised by insuscep-
tible corpuscles together with the presence of a natural hezmeolysin, amboceptor
plus complement, in the blood of the same person. This hazmolysin acts upon
the susceptible red cells of other persons, therefore it is an isolysin.

On the other hand we have a condition (B) in which the red blood cor-
puscles are susceptible to the isolysin referred to above. In this case there is
not only an absence of isolysins directed agamst any of this (B) or the other class
A blood, but there also exists n different degrees a powerful antibody, which
appears to be of the nature of an anti-complement or anti-amboceptor directed
against the complementophile group of the amboceptor. This antibody can
reutralise the action of serum of class (A} upon susceptible corpuscles of class
(B).

The exceptions to this general rule may be mostly embraced under the fol-
lowing additional generalisations :—

(1) A class (A) blood may possess little or no isolytic action. Examples
of such bloods are No. 6 in series 2.

But very often if these sera are tested against very susceptible corpuscles
they will give evidence of isolytic action.

(2) The serum of a not very susceptible class (B) blood may act upon the
corpuscles of a very susceptible (B) blood. An exampleis seen in
No. 3 series 2.

In only one instance No. 4 series 3 have we met a condition apparently
diametrically opposed to the general rule.

Here not only were the corpuscles very susceptible, but the serum also acted
upon class (B) corpuscles.

We appeared here to have a special isolysin in association with a blood of
class B.

These facts appear to us to have some bearing upon the question of the
existence of autolvsins, for we have an isolysin which from its frequency in quite
healthy conditions seems to be of physiological significance. For some reason
many persons possess red cells which are susceptible to this isolysin and almost
invariably the organism seems to have protected itself in these cases by the pro-
duction of antibody, which will neutralise the isolysin.

But it is impraobable that the organism would produce an antibody directed
against a hazmolysin to which it had never been exposed so that the very exis-
tence of this anti body suggests the previous action on the blood of a hamolysin
with cytophile and complementophile groups similar to those of the isolysins
present in the serum of class A bloods.

QOur experiments show that the re-actions are not dependent upon race, age,

sex, or upon the existence of mere anamia. They also show that the condition
Z
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isnot a transient one but remains the same mn }an}' individual case for long
periods.

That class A is the normal condition 1s suggested by the fact that six Euro-
pean visitors all had class A blood, and in one case of class B blood we have
seen a slowly diminished susceptibility follow quinine treatment and recovery
from a condition of marked malarial anazmia.

But the number of persons with class B blood seems to preclude any direct
relation to malana,

Nevertheless as will be seen from the following observations there isa re-
markable preponderance of class B over class A bloods among European re-
sidents in the Duars

Table X/ V.—Sf'mmfﬁg' Lhe relative frfgu{:ng_}i qf class A and class B blood in
VAFIOUS COMMUNILICS,

ClassA. | Class B,
i A _ iludi
Non-resident 'l".un-F-r:.'l.n:-‘ who there is every reason to believe have not recently G e
suffered from malaria or been exposed to infection.
Euvropeans, resident 3 months to 3 years in the Duars suspected or known to o 13
have suffered from malaria recently or to have been exposed to infection.
European, over 5 years' resident inthe Duar.ﬂ...mnny af whom are known to 5 11
be exposed to infection.
Eurcpeans, resident in the Duars little exposed to infection, apparently in 4 2
gocd health, taking quinine or otherwise escaping malarnia.
Babas, new-comers and old residents in the Duars in various coaditions as f 18
regards health. -
Other native residents of different races including Chinamen, Paharias, Sikh, 4 3
and Beharis.
Chota Nagpur coolies inthe Daars resident 1 —3 years. : i 2 3
Matives in Jalpaiguri., . - c : : . . - : 3 9
English Scldiers, Calcuita ; F i : ! : : ] .| 23 26
: . : |
English Sailors, Calcutta, - ; . - . - . ' ' z 4
Natives, Calcutta Jail . o ik 7 28
Europeans, resident in the Duars : : P , 9 26
Europeans, non-resident in the Duyars pEa : ; - 31 30
MNatives, resident in the Duars . : . 14 33
Matives, non-resident in the Duars - 1y a8
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In our experiments we have laid stress on the occurrence of hzmolysis,
but the observations apply equally to agglutination so that in the vast majority
of cases if we know with what class of blood we are dealing we can deduce
whether or not, in any given case, agglutination will occur. It is obvious that
work such as that of Capograssi's who investigated the agglutinating action of
the sera of malarial subjects must be enormously modified by knowledge of the
facts we have set forth.

Whether these facts have any relation to the conditions which give rise to
Black-water Fever we are unable to say. The change from a state of class A
to one of class B blood seems to us to be fraught with possible danger, and
residence under Black-water Fever conditions seems associated with the occur-
rence of this change.  In Europeans also the amount of anti-haemolysin present
under the conditions we have investigated is much less than that usually found
in natives, especially those with the most markedly susceptible corpuscles.

At present the most important application of these results is that, in at-
tempting to demonstrate hazmolysins in disease, it is necessary to give dve
consideration to the conditions we have indicated.
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CHAPTER 1V,

THE NATURE OF THE BLACK-wWATER FEVER PROCESS.

All our researches point to Black-water Fever being the effect of poisoning
by a ha2molysin.

Nor does it seem to us that this hzzmolysin poisoning should be conceived
of as some vague process spoken of without recognition of the method of action
of these poisons.

We have already seen that in Black-water Fever the blood destruction 1s
mainly of that nature to which we have given the name lysemia.

It is not simply the action of a hmolysin but a h@molysin acting under
special conditions. The fact that in Black-water Fever the hazmolysin has not
been demonstrated, is for reasons we have shown not remarkable, For in the
case of dogs actually injected with haemolytic serum it is quite impossible with
the knowledge we possess to demonstrate, apart [rom its effects, the presence
of the substance (hazmolysin) that we have injected; though in vitro its
presence is casily demonstrable.

As regards the hemoglobinuria in Black-water Fever we have seen that to
look upon the presence of hxzmoglobin in the urine as an indication of the
amount of blood destruction is quite misleading ; that hamoglobinemia does not
necessarilly result from even the greatest amount of blood destruction; that in
malaria although an enormous amount of blood may be destroyed this is mamly
due to the corpuscles being retained and broken down in the organs and not to
their solution in the plasma ; and that for h&moglobinuria to ensue only a trace
of hzmoglobinemia is necessary. We have seen also that this hzemoglobi-
n@mia 1s a sup-.zrimpujs:;d condition of blood destruction, characterised by
solution of the red cells or Iysiemia ; that this 1s not due to osmotic variations
in the plasma, to changes in the resistance of the red cells to salt selutions or
to invasion of these cells by any parasite. Coming to broader issues we have
‘seen that Black-water Fever results from a condition induced tn 101}:}:11:.;1
attacks or infections by n‘mlﬂrm that it _is precipitated by an acute attack of

L

malaria, Lspucmllv when und:,r certain cundnmm this is associated with the

admlmstr'ﬂ”m'l of quinine.
Wc have seen that quinine in itself 1s mnocuous and cannot have such an

efect on a Subj'f."l:l'. ‘not_previously prepared; that the consistent use of the
?EHE?];E_} a wmrnumt} may even diminish the n‘u:tdcrn:ﬂ of Black-water F :-ul-
by reducing the liability to malanal infection,

The p pruductmn of the ha:mﬂl_-,rsm we have seen 1s in some way the result of
malaria, and it is generally considered by those who take the malarial view that

it is in the form of a toxin derived from the malarnal parasite.
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Such a toxin has never been demonstrated and the fever and other
symptoms of malaria are explicable without assuming its presence. Also if such
a toxin were the cause we should not expect length of residence to play so
important a part in the =tiology of the disease, for there seems no reason why
the action of qumnine m a severe attack of malaria, in a new-comer, should not
bring about the liberation of a hazmolysin from the malarial parasite, with result-
ing Black-water Fever ; the length of residence suggests changes produced in the
body itself.

It is desirable to consider what are the possible changes that long-continued
malaria might bring about. In the injection of goat's blood into goats for short
periods Ehrlich was once able to demonstrate an autolysin.

It is by no means improbable that malaria which gives rise to periodical
destruction of red cells might have the same effect in man. No other patholo-
gical condition known to us is so likely as malaria to give rise to an autslysin.
It, more than any other disease or experimental condition, demands of the
organism the repeated destruction and the absorption of its own red cells.

We have seen that there is a close resemblance between Black-water Fever
and paroxysmal hazmoglobinuria; both are conditions of unstable equilibrium,
the one apparently natural to the subject, the other induced ; in both the exciting
causes are such as under normal conditions produce no effect.

In paroxysmal h&2moglobinuria mere local cold is sufficient to cause hzmo-
globinuria. This is an indirect action, for cold acting upon blood has no such
effect ; and the hazmolysin responsible for the blood destruction must therefore
be thrown out by the body cells in response te stimulation.

Such considerations suggest reasons why the malignant tertian parasite
should be chiefly concerned in Black-water Fever. For it isin infections by
the malignant tertian parasite that we find the organs most actively engaged in
holding up the infected red cells, the very perniciousness of infections by this
parasite being suggestively bound up with such an action.

If we conceive of the haemolysins being derived not from the parasite but
thrown out as a result of the constant phagocytosis of red cells, we shall also
understand better why it is that the apparently robust should suffer, Able to
make good the loss of his red cells the actual infection by the parasites affects
the well-fed adult Evuropean or better class native but moderately and the very
power of reaction which we know to be associated with healthy rather than
diseased conditions may be his undoing.

If haemolysins are formed against the blood there seems no agent so likely
to effect this as the endothelium which everywhere is the tissue in contact
with the blood and is largely concerncd in regenerative and phagoceytic
functions.
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This view receives support on a consideration of certain conditions asso-
ciated with paroxysmal hmmoglobinuria, Raynaud’s disease in particular, where
local vascular spasm is connected with the occurrence of the disease.

In this connection malaria again comes prominently to the fore as a factor
likely to have a marked effect upon the vascular endothelium. For months and
years this tissue has to experience the constant association with altered and
broken down red cellsand parasites, with consequent stimulation to active phago-
cvtosis of these bodies.

Our work shows, however, that whatever the origin of the h@molysin (hz-
molytic ambocepter) may be we have still to ascertan why the lysemic condi-
tiog results, If we consider the possibility of its being due to the sudden libera-
tion of complement in the living body many otherwise inexplicable facts become
readily understandable, but such an hypothesis at present rests upon ne actual
data.

In few diseases do we know the ultimate working of the morbid process,
so that because we do not yet know the whole mechanism of Black-water Fever
it does not follow that wz are totally ignorant of the nature and origin of the
disease.

Our researches we think have helped to make this nature of the discase
clearer than it has hitherto been. We have as a result of our ohservations come
to & truer conception of the conditions under.which the ha=moglobinuria of Black-
water Fever occurs, than has previously been possible ; and this conception of
the disease is a strong incentive to further experimental work.
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Part V.

PROPHYLAXIS AND TREATMENT OF BLACK-WATER FEVER.

We have still to discuss what steps are possible in regard to the pro-
phylaxis of Black-water Fever and in regard to the treatment of the condition
when it has once arisen,

FProphylaxis.—If our cenclusions as to the origin of Black-water Fever be
correct the prophylaxis of the condition is simply the prevention as far as
possible of malarial infection, and the prompt and efficient treatment of this
disease, with the view to prevent the occurrence of relapses.

[t would be foreign to our purpose to enter fully into the large question of
anti-malarial samtation in this memoir, but it will not be without interest to
ascertain as far as possible whether in actual practice there are any examples
of a reduction in the incidence of Black-water Fever due to the adoption of
proyhylactic measures directed against malaria, especially to the active pushing
of quinine, the very drug which is generally looked upon as largely responsible
for the occurrence of Black-water Fever.

According to Deaderick {g2) such a reduction is reported by Mercier in
German East Africa, by Ziemann in the Kameroons, by A. Pleha in Togo and
by Kohlbrugger in the Malay Archipelago.

Quinine prophylaxis, it is obvious, to be of any use must be effectively
pushed. In the Duars already a large proportion of the European population
has taken to the systematic use of quinine. The result has so far been not only
a much reduced amount of malaria amongst those taking the precaution but a
very small number of cases of Black-water Fever in this community.

The only three cases which occurred among Europeans during the past
twelve months were among those who professed not to believe in quinine and
only took it when they felt unwell.  Whether the explanation we have given be
the correct one will be shown in time.

Treatment.—It is not our intention to touch upon the ordinary palliative
treatment of Black-water Fever, Our object is to show that there are excellent
reasons for believing that good results may be expected from serum therapy.

We have shown that a toxin derived from the malarial parasite 1s an unlikely
cause of Blackswater Fever and that the active agent is probably one derived
from auto-immunisation against the organism's own red cells.

The attempt to produce an anti-amboceptor against the cytophile group of
a hzzmolysin which we are unable to isolate seems to us at present useless, It is
otherwise, however, as regards the production of an anti-complement or an anti-
amboceptor directed against the complementophile group.  Ehrlich in his studies

upon complement has come to the conclusion that these exist in any serum in
2 A
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great variety. Observations upon the absorption of complement show, however

* that in spite of this multiplicity, the whole of the complement in a serum may
be abstracted by a single type of amboceptor, provided that its cytophile
group is able to combine with a suitable receptor. The received explanation of
these apparently contradictory results has led to a further modification in the
coception of the amboceptor and complement. In arecent paper Ehrlich and
Sachs (g3) conceive of the amboceptor as having a single specific cytophile
group but a large number of complementophile groups which vary considerably
in detail but in their entirety represent a uniform complex. This compiex is
reproduced in all amboceplors of the same serum.

Anti-amboceptors directed against the complementophile groups and obtain-
ed through immunisation with any particular amboceptor will act against all
amboceptors of the same ammal species, no matter whether these amboceptors
are normally present in the serum or have been produced by immunisation.

Immunisation of small animals with human serum should offer no insur-
mountable difficulty, but until a considerable number of experiments have been
carried out it is not possible to say whether by such means we might be enabled
to produce an anti-amboceptor or anti-complement swuitable for use in the treat-
ment of Black-water Fever.

That treatment on these lines is not chimerical is shown by the work of
Widal and Rostaine (62) on paroxysmal hzemoglobinuria, who made use of a serum
obtained by the immunisation of a rabbit against human serum. The administra-
tion of this serum to the subject of the paroxysmal hamoglobinuria served to
counteract the effects of exposure to cold which previous to its use was invari-
ably followed by hazmogl obinuna.

In Black-water Fever we have a condition often lasting several days during
which the blood destruction steadily continues. To be able to check this-
destruction early in the disease would be no small achievement and enormously
increase the chance of a favourable termination.

The feasibility of these suggestions, however, can only be shown by further
experiment,
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ParT VI,

APPENDIX,

RECORD OF CASES INVESTIGA TED.

Case /—Chengmari Garden. August 1907.
Bengali Babu.

Seen on 3rd day. Hamoglobinuria over. No malarial parasites. Scanty pig-
mented lewcocytes.  Decolourised corpuscles in cells of menonuclear and macro-
phage type. Leucocytes.

Per cent.

Polymorphonuclears : : ; : 57

Large mononuclears . . . . 240
Small mononuclears : ; . . 166
Eosinophiles . . : : : : 1'5

Macrophage type conspicuous.
Case J1.—Chengmari Garden. August 1907,
Uriah mali. Age 35.
Native country.—Cuttack.
Length of residence in Duwars.—3 years.
fistory.—Had suffered from fever and enlarged spleen. Was treated for about
a month, but has had no treatment for last two months.
On 28th July got high temperature with diarrhaea, bloody urine and vomiting of
green bile,
Seen by Dr. Babu on 3oth July. He then had suppression of urine. Died 31st
July.
Awtopsy~Liver very congested, enlarged, granular and friable.
Spleen much enlarged, soft, tumid, and greatly congested.
Kidneys greatly enlarged and dark purple in colonr.
Much malarial pigment in macrophages and mononuclear cells of liver and
spleen,
Many macrophages and large mononuclear cells in the liver loaded with greenish
pigment. Liver cells themselves contain similar greenish pigment.  Sections
shew many engulied red cells lying in large macrophages.

Case I1].—Meen Glas Garden. July 1907.

Babu's servant.

History.—Came on 26th July to Meen Glas looking for work, Was obviously very
ill and was sent by the manager to the Dr. Babu. Was given 1o grains of
quinine, mid-day, 27th July. When seen that night he had high fever, vomit-
ing and some jaundice. Urine was then seen to be black, Died 28th
July.

2A2
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Autopsy.—Made by Dr. Babu who supplied us with portions of the liver, spleen and
kidneys.

In films macrophages and mononuclear cells are seen loaded with malignant
tertian pigment scattered and in blocks. In sections immense numbers of
engulfed red cells are seen in the macrophages of the spleen and liver but
especially in the former, red cells are also seen in small cells lying in the
venous sinuses of the splenic pulp. Almost every macrophage in the spleen
contain also one or more nuclear masses which seem to be engulied and altered
portions of leucocytes ; these masses stain very intensely but often shew 5
somewhat clear central or eccentrally placed space. Yellow or greenish-
yellow pigment is seen especially in large macrophages in the hepatic capillaries
and in the liver cells.

The hepatic veins contain much granular matter.

Case 1V.—Chalouni Garden. August 1907,
Dhoby. Age 21.
Native country—Muzuffarpur,
Length of residence in Duars—Nine months.

History—Was noted to be suffering much from fever Ly Dr. Bahu in April. His
5P]uq~.n was found enlarged in June, but may have been so earlier.

On srth Angust  rgoy—Complained of fever. 'Was given quinine, but it is uncertain
if he took this.

On 5tk August igoy.—Again complained of an attack of fever, and is stated to have
swallowed two tabloids of 5§ grains each quinire sulphate at g-30 A.M.,, but to
have vomited these undissolved at 10 A.M. He was noted on this morning to be
very aniemic, reduced, and jaundiced. At 6 p.M. the urine brought to the Dr.
Babu was dark-red. He states that the first red urine was passed at 2 P.M.

7 p-m.— Temperature 1048, Pulse 174. Respirations 44. Spleen and liver
enlarged,
12 Mid-night—Temperature 106, Pulse 152, Respirations 56. Thirst—
Vomiting. Later unconscious.
5 a.m.— Temperature 100, Pulse gb. Respirations 26, Bloed showed many
pigmented lencocytes. No parasites on first examination, but one small
malignant tertian accele form found subsequently.

17tk August 1907.—Red cells g42,000. Hamoglobin 15 per cent. A few pigmented
leucocytes still present,

Blogd—
16th Aungust 1907 —Leucocytes counted joo.

Per cent.
Polymorphonuclears . ; . 3 . 50
Large mononuclears : - . : 20'g
small mononuclears p : . . 20
Eosinophiles . - : . . . . '5

Macrophage type abundant.
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Case V.—Meen Glas Garden.  August 1907.
Bengali Babu.

Length of residence in Duars.—Twenty years.

fistory.—~Has been 7 years at Meen Glas. Had lately been having lever and
was getting 10 grains quinine a week for this. Ten days prior to attack
had fever.

roth Awugust 1907~ Was given 10 grains quinine ; the same day he had a slight
rigor, vomiting, and passed dark urine which contained hzzmoglobin, He
refused (o believe he was suffering from Black-water Fever because his

urine was not exactly “ the colour of ink.””

Seen by us within a few hours of the onset of the attack. Examination of his
blood showed a few malignant tertian rings and many leucocytes showing
included red cell shadows. Twelve hours later the number of parasites
was much reduced.

On the day following the attack no parasites were found. Hamoglobin was
44 per cent. Red cells 2,460,000.

Ten days later he had a malarial attack with malignant tertian parasites which
was successfully treated with quinine.

Conditions under which the case occurred. The patient’s house was close to
extensive coolie lines.  For some months his children had been living with
him. Both were infected, one with malignant tertian and one with simple

tertian parasites.

Blood—
roth August rooy.—Leucocytes counted 500.
Per cent.
Polymorphonuclears . : . . . - - 49'7
Large mononuclears . : . . - ‘ : 263
Small mononuclears : . - - . . 23'8

Eosinophiles . - : - . = - < 2
4 cells containing shadow corpuscles. 48 pigmented cells of which about one-
third are small cells resembling small mononuclear leucocytes,

One small malignant ring parasite.

17tk August 1907.—Leucocytes counted 550.

Per cent.
Polymorphonuclears . . . . . . . 543
Large mononuclears . : . - . 4 ; 27°4
Small mononuclears . 4 . A ’ - . 183
o

Eosinophiles . - . . .
4 cells containing shadow corpuscles.

87 pigmented cells.

No parasites.
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18th August 1907.—Leucocytes counted Goo.

Per cent.
Polymorphonuclears . . ; ; ‘ ; : 556
Large mononuclears . i . : . - ' z1'h
Small mononuclears . : - : . - - 22'8
Eosinophiles . : : : - : : : o
A few cells with included shadow corpuscles and a few pigmented leucocytes
only.
roth August rgoy.—Leucocytes counted Goo.

t
Polymorphonuclears . . . . - - . 536
Large mononuclears . ; . . ; ; : 166
Small mononuclears . : g - . 5 : 24

Eosinophiles . : - - . - - : 56

A few pigmented cells. Many small mononuclears show an accessory nuclear
(?) mass,

Case VI.—Meen Glas Garden.  August 1907.
Mohamedan bearer,

Native country.—North-West Provinces.
Length of residence in Duars—Two years.

History—States that he has had no fever this year though he previously had
a geod deal. The manager states that he has had fever. Was taking
10 grains of quinine a week.

Friday night had a little fever.

Saturday took his weekly dose of quinine. In the evening had a slight attack of
fever but did his work.

Sunday morning the Dr. Babu gave him :o grains quinine. His master seeing
that he had fever gave him another 10 grains quinine, About mid-day he
had a slight chill and passed dark brown urine containing ha2moglobin.

H=moglobinuria was over in less than twenty-four hours, Temperature
never rose above 100,

Seen by us on the following day. Spleen enlarged. No malarial parasites. Four
pigmented leucocytes found in a count of 500 cells.

Was given quinine subsequently without return of condition.

Case Vi/.—Nagasuri bazaar. September 1go7.

Bengali shopkeeper.

Length of residence in Duars.—Five years.

History.—Had been getting much fever and went to Calcutta for a change. On
returning was taken with fever in the train, and took 10 grains of quinine.
A few hours alter passed dark urine.
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Seen by us on the third day when hamoglobinuria had ceased. Blood showed
pigmented leucocytes. A few red [corpuscle shadows in leucocytes
A count of 300 leucocytes gave as follows: —

Per cent.
Polymor phonuclears - i . : : ; 538
Large mononuclears ; ¢ ; ; - : 285
Smal! mononuclears . : A ‘ : : 172
Eosinophiles . . . . . ; . . 2
Case VIi.—Bagracote Garden. Sezptember 1g07. :

Bengali Babu.

History.—Was at Chalouni for five years. Went to his country for several months,
and on returning to the Duars went to Bagracote, where he had been living
for three months before his attack.  Whilst at Bagracote had a geood deal
of fever. Had an attack of fever a fortnight before the Black-water Fever
for which he had taken quinine after the fever was over.

Since Friday had had fever. On Sunday for the first time took 15 grains quinine,
Quinine was taken 7 AM. At 11 AM. had a severe rigor, vomiting, and
passed very bLlack urine.

Seen by us on first day.  His blood taken within four hours of the onset showed
malignant tertian rings.  Later on on the same day no parasites could be
found, During the attack the spleen underwent considerable enlarge-
ment and was very painful. Epigastric pain very marked and vomiting
very severe.

Hemoglobin when first seen 7o per cent.  Foilowing day it was 3o per cent. and
subsequently at the cessation of the Black-water Fever it was still lower.

Hn:mnglubi.nuria ceased on the third day and the urine became clear. Suppres-
sion of urine then supervened. Death followed., No autopsy.

Blood—
Fer cent.
15t day Leucocytes counted 500.
Polymorphonuclears . ; : - . = . 457
Large mononuclears : ; " : 231
Small mononuclears - : . . , . i 3a2'2
Eosinophiles . . . . - . . . g

Malignant tertian parasites and a few pigmented leucocytes. A few red cell

shadows in mononuclear cells.
2nd day Leucocytes counted 500.

Per cent,
Polymorphonuclears ; : . ’ Gog
Large mononuclears 3 : 181
Small mononuclears i : ; ; : i 21°9
Eosinophiles . i ; ; : I

No parasites. Pigmented leucocytes and cells containing red blood corpuscles
more numerous than on first day.
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Condition under which attack eccurred.—His wife and three children had been
with him for a fortnight. Two of the children were infected. The house
abutted on coolie lines. Twenty-five children whose bloods were examined
were all infected, eleven showing simple tertian, thirteen quartan, two
malignant infections, Fifty yards away a Paharia child was found whose
blood was swarming with crescents.

Case VIII—(a)

Dikoby.—Living within one hundred yards of where the last case occurred was
noticed to be suffering from anemia with a temperature of a 100°F.
Examination of the biood showed nucleated red cells. No parasites were
present in spite of the fact that he had not been getting quinine., His urine
contained albumen.

History—He had come to the garden somewhat over a year ago. Up to ten
days ago he had been doing his work though on enquiry it was found that
he had suffered from frequent attacks of fever. A few days before he
was seen by us he was seized with shivering biliovs vomiting and
passed dark urine. He died two days later.

Case VIII—(b)

On the railway line in the garden a Paharia boy intensely an@mic and jaundiced was
found dead by the police.

Case FX.—Ranachera Garden. September 1go7.
Chinaman,

History.—~Has had two previous attacks of Black-water Fever. Had fever for
thres days. On the second day took quinine. The next day no guinine.
The day following at 10 A.M. tock 10 grains quinine. At twelve noon had
a slight rigor and at 2 P.™. passed black urine,

Seen by us at 4 P.M. Spleen not palpalble al this time. Five hours later the
spleen was two finger breadihs below the costal marsin. The next
morning if was a hands-breadth below. There was marked pracordial
pain and breathlessness.

A single small malignant ring found after a long search and few pigmented parasites
A count of 500 showed :—

_ : Per cent.
Polymorphonuclears . . g - - : : 6673
Large mononuclears » . ; : . : - 278
Smail mononuclears z : : : : : - 4'7
Eosinophiles . . ’ - L e . . 12

Second day.—Hgbn. 55 per cent. Red cells 2,560,000. White cells §,6g0.

Hxmoglobinuria continued for three days followed by fever for about a week, After
an apyretic period more fever occurred, but no parasites could bLe found at this time.
Quinine also had no effect on this fever. After eight or nine days during which he was
still getting fever he went to Calcutta.
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Case X.—]alpaiguri. September 1go7.
Police Constable.

Length of vesidence in Duars—On survey duty in Duars for six months.

Histary.—Himsell, wife, and daughter all suffered much from fever. States that as
a result of taking quinine he had ircedom from fever for a time. A month
before his attack he began to suffer again. Ten days belore his attack he had
fever, and also for the three days preceding the DBlack-water Fever, On
account of a police case he had to go up to Jalpaiguri. About 7 A.M. on the
day of his case he took quinine. Going to the police station he was taken ill,
about 11 A, with Black-water Fever,

Seen by us on second day. No parasites but two pigmented cells seen in counting

00 !mu.-m:ytr:.-a.
A count of leucocytes gave :—

Per cent.
Polymorphonuclears . - - . - - . 484
Large mononuclears - i - . . . ; 266
Small mononuclears - . - : : . : 24
Eosinophiles . : ; ; ! ; ; : - I

Case X/.—Monabari Garden. October 1907.
Bengali Babu, Age 50.

Native conntry.—Dacca.

Length of residence in Duars.—18 years.

History—Relore coming to Monabari he was seven years at Bagracote where he
states he did not get much fever. During the three months he spent at Mona-
bari he had ronstant fever, not less than two attacks every month.

Black-water Fever occurred on the evening of Saturday six hours after taking 10
graing of quinine. Urine at first was very dark but it cleared up in less than
twenty-four hours.

Seen by us on the sccond day sixteen hours after the onset of the attack. No
malarial parasites but 15 pigmented cells seen in a count of 500 leucocytes.
Cells containing included red cell shadows were also present.

Leucocytes were as follows ;=

Per cent.
Polymorphonuclears - : ; : . . . Gr
Large mononuclears . - - . : . . . 33
Small mononuclears . . : .
Eosinophiles . = : - o

Had a second attack six months later. Frde Case XXVIL
Case X1 —Pathajora Garden. October 1yo7.
Malpaharia Sirdar.

Native country. =Santal Parganas,

Length of residence in the Duars.—15 years.

History.—~Had been working lately at water works at the foot of the Pathajora
gorge. He got severely chilled and got bad fever for which he was given

2B
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quinine, There was no history of a rigor, but severe vomiting and for
twenty-four hours he passed reddish black urine.

Seen by us on the third day when the he2moglobinuria was over. He was an®mic
and slightly jaundiced. The temperature was still high. The spleen was
enlarged. No parasites and no pigmented leucocytes. Engulfed shadow
::orpm-'.t'h‘: prr.::a_-nt.

A count of lezcocytes gave (—

Per cent.
Polymorphonuclears . . g . - . ; F 49
Large mononuclears g : . : . : : 246G
Small mononuclears . . ' . . . . 21
Eosinophiles : : . . . 54

Case XII[.—Nagrakata Garden. October 1go7.
European child. Age 3 years.

History—Had two attacks one on the 14th October and one on the 22nd October,
in both of which there was very transient hazmoglobinuria and the child very
slightly ill. It being noticed that the urine was red samples were on each
occasion sent to Dr. Stone who noticed the nature of the condition.

Blood examined on the first day showed quartan parasites and pigmented leuco-
cytes,

Case XIV.—Jalpaiguri. November 1goj.

Police Constable. Second attack following that recorded as Case X.

Seen by us on the third day. No malarial parasites, Four pigmented leucocytes
seen in a count of 500 cells. Engulfed red cells including one apparently
unaltered present in mononuclear cells,

Leucocytes count as follows :—

Per cent.
Polymorphonuclears . : - - . : : 50°4
Large mononuclears : : - : - . - 2604
Small mononuclears ; . : : ; 5 : 80
Eosinophiles . - : . ; . . . - 56

Case XV.=Moortee Garden. February rgo8.
Bengali Babu.
Length of vesidence in Duars.— 7 years.
History.—States that his wife and himself had been constantly getting fever,
Seen by us on 4th day when hzmoglobinuria was over. Urobilin present in urine.
No malarial parasites and no pigmented leucocytes. A few engulfed red cell
shadows scen in mononuclear cells.
Leucocytes count gave :—

Per cent.
Polymorphonuclears 4 - & 5 - o SiE
Large mononuclears : - . F i . 248
Small moenonuclears % L ; : ; . 208

Eosinophiles . - - - . - . . ‘2
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His wife seen at the time had also urobilin in her urine.

Case X VI —Chota Nagpur. December 1g07.

European.  Age 27.

In * Timber,”’

History—~Formerly a planter in the Duars, Has lately been living at Kalunga
above Purulia, Chotx Nagpur. Was quite well up to ten months ago whep
he began to get fever characterised by vomiting. At first these attacks
lasted three or four days. They then became more frequent but the attacks
were not so bad. Had fever a few weeks before his present attack. On the
right of his attack he was travelling to Calcutta, and, feeling scedy, took
quinine, This was about g P.M.  In the night he was attacked with Black-
water Fever, and was admitted into hospital next morning. Temperature
104. He exhibited all the characteristic signs of the disease. Urine hamo-
zlobinous. Spleen 31 inches below the costal margin,

Seen by us after the hazmoglobinuria was over, but two films taken during the
hemoglobinuna were kindly given to us by Major Rogers, [.M.S.

Blood —No malarial parasites or pigmented leucocytes.  Occasional included red
cell shadows seen in mononuclear cells. Four nucleated red cells seen
whilst counting 300 leucocytes,

A count of 2,000 lencocytes gave i:—

Per cent.
Folymorphonuclears . . . - : . sb3
Large mononuclears ' ' . . : = GIgy
Small mononuclears ' . ; . p . 2853
Eosinophiles . =

Associated conditions,—One other European lived at Kalunga, He also was stated by
the patient to suffer from constant fever.

Case XVII.—Baradigi Garden. December 1907,

Bengali Babu. Age 28.

Native conntry.—Ferakpur,

Length of restdence in Duars.—3 years with intervals on leave at home,

History.—Had " jaundice ™ in the Duars four vears ago. This came on suddenly
after fever and left him very weak,  Last retuen from home December 1906,
Was ten months in Central Duars where he only remembers having fever
once. He has been six wees at Baradigi where he states he has had no fever.
On 15th December 1907 was feverish, and was given 15 grains of quinine on
this and the following day. This last dose he took about 3 P.M. On 16th
December 1907 he felt fairly well, until shortly before 3 p.u. when he passed
some reddish black urine. With this he had “ ague,” headache, and a
temperature of 104, He passed dack wurine four times during the night.

On morning of 17th December 1907 his temperature was 99 and the urine was clear
but with a sediment. Early in the morning was given 5 grains quinine. He

2B2
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was seen about 11 A.M. by Dr. McCutcheon who took blood films and noted
the temperature to be 105, About 12°30 P.M. the patient is stated to have
passed some more slightly red urine.

On morning of 15th December 1907 the temperature was normal,

Seen by us on the 1gth. Mucus membranes anemic, yellowness of conjunctive

distinct. Spleen three fingers-breadth below costal margin.

laod. —sotonic point f;- No malarial parasites, but pigmented leucocytes present,
On the 19th large endothelial plagues and mononuclear cellz, many of them
containing shadow corpuscles, were very conspicuous.

Leucocyte count gave :—
17th December 17, igth December igoy.

Per cent. Per cent.
Polymorphonuclears . . 4890 biz'g
Large mononuclears : . 308 223
Small monenuclears : . 2ol 127
Eosirophiles : . . -2 24

Case XV f/f.—DBaradigi Garden. December 1907.
Bengali Babu, Age 30.
Native connéry —Nadya.
Length of residence tn Duars.—g years.

FHistory .—No history of previous attacks. Has had enlarged spleen for ten years or
more. Was recently home for eight months. Has been back in the Duars for
15 months, six at Sissibari, one at Bentguri, some months near Darjeeling, and
two months at Baradigi. Since return from home has been getting fever
once a month or so. At Sissibari had five attacks.

r3th December 19o7.—Felt a little fever and ague for whick he took 10 grains of
quinine,

rgfh December rpoy.—Ielt all rizht.

r5th December 9oy —Was all right and working in the tea-house, but at 3 .M.
passed reddish black urine and had ague. His temperature shortly after was
105. He passed dark urine three times up to 10 P.M.

rfth December 1907 —Urine clear. Temperature in the morning g7, at evening 100.

17th December 1907.~5cen by Dr. MeCutcheon, who took a blood film. His tem-
perature on this and the next day was normal in the morning but rose to 100 in
the evening,

Se n by us 19th December 1907 —Anamia not marked. No distinct yellowness.
Spleen five fingers below the costal margin. Blood taken on the 17th showed
no parasites or pigmented cells, nor were engulied shadow corpuscles seen,
Large mononuclears numbered in aca of 1,200 leucocytes 18 per cent
Some myelocytes were present.

Case XIXA . —Bentguri Garden. January 1go8.

Mahomedan Bearer, age 32.
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Native conntry.—Mongyr District.

Length of residence in Duars.—12 years,

History.—~Went home on leave on account of fever and spleen. Suffered severely
whilst at home from fever. Came back to Bentguri five months ago, and has
been |i'|.'itlng at the Assistant’s I'_11.1HH.1.]D'I.'|.'J until six weeks ago when he moved
with his master to the Manager's bangalow.,

He is believed by his master t 0 have had previous attacks, but he himself denies
this.

28th December rgo7.—Had slight fever and took 10 grains of quinine, States he
has had no quinine since except two doses of spleen mixture which he took four
davs before the onset of the present attack.

oth Fanuary r9o8.—In the evening about 6 p.M. had a litile fever and was given
10 grains phenacetin by his master.

8th Fanuwary rgof.—In the morning felt all right and worked till 10-30 Am. At-
this time he had a severe rigor lasting about two hours with an intermission
during which he sweated profusely. Urine passed at 1-30 p.M. and in the
afternoon hemoglobinous. His tamperature at 2 and at 4 P.M. was 102,

Seen by us about 8 .M. Spleen two finger-breadths below costal margin,  Tem”
porature 101, Splenic puncture gave a small quantity of blood very rich
in cells.

Blood —Serum separated from clot, deep yellow colour, with a reddish tinge,
No solution of the clot in serum, or deepening of red colour of serum took
place even after many hours. On morning of gth January 1908 serum is
lighter in colour. Hezmoglobinemia doubtflul.

Isotonic point on morning gth :—%

Fer cent.
Hazmosozic value at g A.M., gth January :go8 ' « 106

Films ol peripher:l blood taken 8 p.M. on §th January 1908 show no parasites and
no pigmented leucocytes. No parasites or pigme:nted leucocytes were found in the splenic
films.

A count in each case of boo gave as follows :—

8 pa, 0 AM. 4=30 B,
8th January oth January gth January
1908, 1go§. 1908,

Per cent. Per cent. Per cent.
Polymorphonuclzars : . B3 G753 54
Large mononuclears : : g 8 13
Macrophages : . ; "3 yos
Small mononueclears ; 6 15 30

Eosinophiles ., . . o b5 3
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Measurement of red cells showed as follows : —

e, 4-30 P.M."
fth January gth January
1go8, 1908,
. Per cent, Per cent.
Large cells measuring i4o . » . . 49 17°5
Medium cells measuring 120 : - . 46 70
Small cells measuring 100 . - . - 5 75

Examination of splenic films showed two somewhat doubtful malignant rings but no
pigment. The following type of cells are distinguishable :—

1. Large macrophage type. Protoplasm light coloured] containing small vacuoles,
diffuse reddish stippling and a few larger reddish granules. Many of these cells contain
decolourised red cells end gr‘.’!hﬁ.&l] MASEES, T]‘ll‘ﬂughmlt the film are many globular masses
formed of detached protoplasm of this and the next type of cell.

2, Large cells with rounder nuclei and with protoplasm which takes a deeper stain and
is firmer in consistence,

3. Small mononuclear cells with voluminous clear hyaline protoplasm, similar to small

mononuclear leucocytes.,
4. Small mononuclear cells with scanty deeply staining protoplasm. Lymphocyte

ty pe.
o 5. Still smaller cells with very deeply staining proteplasm containing a few red
granules.
6. Polymorphonuclear leucocytes and transitional cells.
Some stromata of red cells are seen resembling these sometimes present when hlood is
treated with hypotonic salt solutions,
Haemolysis experimenis.

Black-water Fever serum . normal corpuscles . . mnermal serum MNil
1 woon . washed normal corpuscles : . . Nil.
o e i washed corpuscles of a malarial » Marked
subject. agglutination.
Black-water Fever corpuscles washed serum of malarial subject . N
rine—

First sample passed 1-30 p.M., Sth January 1908 —When first seen a somewhat
impure rosy red, Showed marked oxyhaemoglobin bands with a faint band in
the red and a broad band in the blue end of the spectrum. Next morning the
band in the red (indicating met-hzemoglobin) was much more marked.

Second sample dark brown hamoglobin bands present with distinct band in the red,

Heaemosozic value of nrine :—
Per cent. salt.

Urine passed, 1-30 P.M., 8th January 1go8 s : 251

Urine passed, morning, gth January 1908 . - 834
Associated comditions.—The patient was one of four servants who had been living
with their master at the Assistants’ bungalow, but had recently come to live in
the servant lines at the Manager's bungalow, the master having changed his

quarters temporarily on account of constant fever,
The Assistants’ bungalow was situated in the bend of a small rivulet swarming with
anopheles and within 50 yards of large cooly lines,

—
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The condition of the other people living here was 1—
M. F—IHad lever recently, is taking quinine, blood anzmic.
Bearer.—Intensely anemic,  Enlarged spleen.  Simple tertian infection.
Syce. ~Intensely anemic. Enlarged spleen.  Simple tertian infection.
Waterman. —Fever at the time.  Scanty malignant tertian rings. Enlarged spleen.
It was evident that all these people at the Assistants' bungalow had been subjected
latterly to malarious conditions of great intensity.

Case XX.—Hyatpatha Garden. January 1g08.
Bengah Babu. Age 20.

Length of residence in Duars. —35 years.

History.—No history of previous sttacks, Has been ten months at Hyapatha.
Three months ago had “liver” and was yellow in the eves. He has had
enlarged spleen for one year.

r3th Fannary roof.—At 11 AM. had fever with ague and nausea. Did not attend
work after this on account of sickness.

r4th Fanuary rgo8.—Took three tabloids of quinine, 5 grains each.

15th Fanuary rgo8.—Took [our tabloids of 5 grains ecach.

16th Fanuary 19o8.—Took two tabloids at 8 A.M. and a dose of spleen mixture at
g AM. At 1o AM. had ague. At z2-30 P passed dark red urine and
continued to pass urine of a dark ruby red all day.

Seen by us at 7 P.M. Complains of epigastric pain. Spleen below costal margin.
Pulse full and of high tension, Cu:‘u_;_;u]aliou of blood I'L'iafkﬂ{”:.' increased ,
Temperature 1043,

Splenic puncture was performed within a few minutes of our arrival.
Blood—
Coagulation markedly increased.
Hemoglobin@mia shown by receiving blood into one per cent. salt and centri-
fugalisation.
Serum separated from clot of an intense orange colour, bands of oxyhazmo-
globin being visible on spectroscopic examination.

Isofonic point—

N by M N M
o 1z TF T TE
tint tint tint increased tint marked H,

Hemososic value—~1'12 per cent, salt.
r7th Fannary 1gof.—Passed haemoglobinous urine all day.
Tsotonic poinf.—g AN,

N Y N N ™
] iz I = T4 TS
tint tint  increased tint  increased tint  marked H.

Hamososic value~1"255 per cent. salt.
Coagulation not so noticeably rapid as yesterday.
Serum separated from clot markedly vellow with orance tint. Hemoglobinemia .

shown by receiving tlood into % citrate and centrifugalising.
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Temperature varies between 1016 and 104, falling after 5 P.M. to g8:8,
18th Fanuary 1908.—~Hzmoglobinous urine passed up to 12-50 P.M.  After this the
urine contained albumen and urobilin but no hzmogiobin.

fsolonic point.—9 AM.

™ N Il 3] ™
T T T TS T
tint tint h hh inc H.

15 per cent, 40 per cent,

Hawmososic valne—1702 per cent. salt.

Coagulation delayed. Buffy coat present.

Hamoglobinzemia not demonstrable.  Yellow coloration much less intense,

Spleen about the same size. No noticeable enlargement of liver.

roth Fanuary rgo8.—Urine contains much pink urates. No hzmoglobin but much
urobilin albumen present. Blood shows 17 per cent. large mononuclears and
many endothelial plagues,

Isofonic point.—6 P.M.
N N N N N
I T3 T TF I
Nil Nt h hh inc H.

zznd Fannary rgof.—After several days convalescence temperature rose this after-
noon to 1oo and the urine hecame brown, but no urobilin could be detected,
Spleen only just palpable. Polychromasia and presence of large cells extremely
conspicuous. No mononuclear increase. Some leucocytosis.

Went home for 21 days after his attack and was seen again on 2oth May 1go8.
States that he had no fever until the previous day. Fever commenced at 10 A.M.
continued all night until 3 P.M, yesterday at which time he took 15 grains
quinine.

20th May 1908 —No noticeable aniemia. No enlargement of the spleen to { e made
out. No parasites.

{sotonic poinf—

*4706 per cent, *454 per cent. *434 per cent, *4 per cent.
Nil Nil trace hh

Emulsion of washed corpuscles hemolysed by Class A serum. Antibody 20 c.m. not
quite protective against 150 c.m. 5. R.C, serum.

Examination of splenic blood taken 4} hours after passing the first sample of urine.

No malarial parasites.

Pigment (simple tertian) in endothelial cells and mononuclear leucocytes,

Phagocytusis of altered and apparently normal red blood corpuscles a very conspi-
cuous feature.  Small cells with crescentic nuclet c:}ntﬂining each a single often quite normal
looking blood corpuscle are abundant. These cells have but little protoplasm and what
there is is extended around the engulfed cell,

In some of the cells the protoplasm shows some fine red granules. The cells vary

.somewhat in size, the larger ones approaching in appearance mononuclear leucocytes, but
the most numerous are small and nearly globular in shape.
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The included red cells are generally quite unaltered, a little paler than the free cells in
the neighbourhood; others are pale with a faint vellowish tinge or show a rim of darker
staining substance around the periphery. The elosest scrutiny failed to show in these cells
either malarial parasites or any indication of contained bodies.

Cells resembling these are seen, which in spite of the small quantity of protoplasm they
possess have engulfed two, three, or even four red cells, and others of the same type are
seen packed with a dozen or more red cells in various stages of decolouration.

Of macrophages there are two types :—

1. Cells of the nature of those just described which appear to be free cells and are
generally more or less globular,

2. Large endothelial plagues often having two nuclei and containing besides red cells
various vacuoles and included masses.

In both types of cell the red cells vary from normal to small dark celis and cellz in
various degrees decolourised.

Occasionally a shrunken cell of a greenish tinge i= seen. A differential count of 2,200
cells in the spleen gave :—

Per cent.
Large macrophages . 3 : § : g5
Small mononuclear cells of various t} pes ; ; 49'8
Largf: mononuclears lencocyvtes . = . . 4'4
Polymorphonuclear leucocytes - : i i 37
Eosinophile leucocvtes : i 3 ; g4
Large cells with basophilic |:-rc-taplasm : : i 8
Cells of doubtful nature, free nuclei, etc. : : 240
99'9
Large macrophages containing red cells - 5 1'7
Small mononuclear cells containing red cells . . '3
The condition of the included red cells is shown by the following :=—
Unaltered cells . . {Large MaeEapliges o % R
Small mononuclear phagocytes 37
Partially altered cells Large macrophages . . 10
Small mononuclear phagocytes g
Vacuoles derived from en- ¢ Large macrophages . . 22
gulied red cells. Small mononuclear phagocytes 5

Small mononuclear cells which appear to be of the same type as the small phagocytes
already noted were numerous. They appeared very frequently to have been in active
ameeboid movement when fixed by the drying of the film.
£Blood—

Count of red cells gave on different dates—

toth January 19th January 22nd January

1908. 1908, 1908,
Per cent. Per cent. Per cent.,
Polychromatic cells Nl 2 1%

1]
]
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16th January 1gth January

22nd January

1gof. 1908, 1go8.
Per cent. Per cent. Per cent.
Large corpuscles 46 34 23
Medium corpuscles 52 40 53
Small corpuscles 2 24 4

Counts of 500 leucocytes gave :—

16th January 17th january 18th January 1gth January 22nd Jan-

1go8. 1go8. igod. 1908, uary 1ge8.
Per cent. Fer cent. Fer cent. Per cent, Per cent.
Polymorphonuclears 637 61°7 574 404 73
Large mononuclears 23 287 22 25'3 g
Small mononuclears s a5 14 18 g
Eosinophiles 18 21 16 5 5
Macrophages 2 . 5 3
Urine.— Estimation of amount of hzmoglobin.
. Albumen yos Percentage | Total Ha=mao-
-1 Spccllﬁc Lnrp: | : o
Tt Cwevey, | SRS | ouaiy. | LR GRS
Per cent. |
[
2-30 P.3., 16th January 1god o . 1705 fio ce. Io 6 c.e
11 P.x. 1018 6 754 C.C. R 50 C.E
0 a.M., 17th January 19o8 : . a| 1017 W | 550 €. GG 37 L
7 PM. ‘i ’ . ' - HOTE:] ‘2| 580 ce. 66 17 c.C.
12 F.M. 1020 7| 350 ct. (4] 23 &b
|
12 voox, 18th January 1908 1018 5| 450 c.c. 5 22°5 L,
12-50 F.M. T v 5 . 1020 o 300 C.C. 2°5 g .
Totar .| 1835 ct.

Urabilin shown by sinc test,—Zine urcobilin bands visible on ten-fold dilution in all the
samples.

Urine deposit—

z-30 p.m. 16tk Fanuary r1g9o8.—Casts not noficeable,
minule globular masses.

rip.am., 16th Fanuary 1908.—Deposit similar to last but contains a small number of
epithelial cells.

g a.an., 17tk Fanuary 1908.—Deposit contains many cells. Cells with double nuclei
common. Cells appear to be kidney epithelium.

7 p. o, 17th Fanmwary rgo8.—Deposit largely composed of such cells and cell dééris.

12 noon, 18th Fanuary rgo8.—Many cells and granular urates.

Phosphates—Much increased in latter samples.

Deposit chiefly formed of




Case XX!.—Ellenbari. February 1yof,

Eurepean. Age—3s.
Length of residence tn Duars.—s5 vears.

History.—Was at Faskowa, Eastern Duars. Went home; returned in November
1907. Has taken quinine since coming out on Mondays and Friday:. Says he
was previously quite fit, but was noticed by his medical adviser to have been
looking latterly  very seedy.” He states himself that he has had a heavy
cold which has made him feel weak in his legs (temperature ?).

z2rst February rgo8.—Late at night took his ordinary dose of quinine.
2and February 1908, ¢4 a.m.—Had a rigor and passed hemoglobinous urine.

Seen by us at 1o A.M. on the same day. Spleen several inches below costal margin.
Complains of severe epigastric pain. Yellow tint just noticeable.

Blood. —Serum of an intense yellow colour with orange tint. Blood received in 5 per
cent. citrate and centrifugalised showed haxmoglobinzmia.

fsofonic point.—First definite increased tint at ~425. Marked hamolysis at "4 per
cent. salt.

H .z mososic value.—1255 per cent.
Films taken at 10 A.M., 4 P.M. and 0 P,M. showed no parasites or pigmented leucocytes.

A count of 500 leucocytes gave :—

Polymorphonuclears z . _ . . 736 per cent.
Large mononuclears . : ; . . - 200 =
Small mononuclears . . : ; - ; (S &
Eosinophiles : , : . : . . . iz

Urine.—Hzmoglobinous urine passed all day.

z23rd February r9o8.—Urine hamoglobinous up to 10 AM.  Spleen just below costal
margin. Marked yellow colouration of the conjunctivae and skin. Anemia
much more pronounced than yesterday.

a4th February rgoS.—Patient convalescent. Temperature 99. Spleen just palpadle .
Urine free from hamoglobin.

25th February 1905.—At night had a rise of temperature to 103.

27th February r9o8.—Given 2} grains of quinine at g=30 A.M., 1-30 P.M. and 5-30 P.M.

28¢h February rgo8.—Given 2} grains of qtﬁ'uinu at 2z AM., 6 A.M, 10-30 AN. and
2-30 P.M.

5 PB.M., slight rigor.

5-15 P.M., passed 8 oz. hemoglobinous urine,

Hamoglobinuria continued till 10 p.M.  There was a second rigor at 6-50 P.M.  Urine

at 1 A.M. next morning iree from hzmoglobin, but temperature remained betwesn 10t aad
103 throughout the whole of the 2gth and showed an eveaing rise to 100 on [the following

two days.
2C 2
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Estimation of amount of hameglobin in urine—

equivalent.)
Per cent.

; 22nd February 1908, 4 a.m. ; : : SR | 312 c.c. 2 625 c.c.
- 7 .M. b0 Be30 4.0, . . 5 625 c.c. 3 1875 ce.
= 10 A.M. : ¢ o | 284 cc 5 14’2 cC.C.
i I B, bO 2 PM. : g | 570 C.C 5 2B'r e
. 3 F.M. L0 4-30 P.M. . . ! 510 c 3 153 €.
- G P : 285 c.c 3 85 oo
- 7 P.M. L0 -0 .M, I 655 C.c 3 106 c.c.

k o 10-30 F.M. 1 . . A

Lo '} 510 CC. 3 153 ©cC.
23rd February 1008, 6 a.M. : . . . ol
2 AL . ) A 210 CiC. 2 G2 ce.
- g AM. i 300 C.C. 5 L
TuTaL ‘ 1336 coc.

Lase XX[I.—Baradighi. April 1908.
Marwari. Age 18.
Native country.—Hissar district, Punjab.
Length of residence in Duars.—g months,

History —Suffered ever since coming to the Duars from repeated attacks of fever.
States that he had fever two or three times every month. In December this
man was seen by us and found to have enlarged spleen and quartan parasites
in his blood. Another man in the same house had a simple tertian infection.

Takes rice, dhal, chappattie, and butter, never fish or meat.

In his own country cannot remember feling ill.

About a fortnight ago being feverish took zo grains quinine in two days. Ten days
later he got high fever and was given diaphoretic mixture. Next day in the
morning when his temperature was down was given 1o grains quinine sulphate.

23rd April 1908.—Just afternoon had high fever again with rigor, headache, and a
temperature of 104. At this time passed reddish black urine.

24th April 1908.—Passed four specimens of reddish black urine.

Seen by us about 6 P.M. on this day.—Pallor marked. Yawning. Spleen below
umbilicus. Splenic puncture performed shortly after seeing patient. Film
showed scanty crescents, pigmented endothelial and mononuclear cells, also
large macrophages with engulfed red cells and many included nucleated cells
resembling very small mononuclear leucocytes.
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Washed B.W.F. corpuseles. Normal serum. Hzmolysis.
} c.c. Washed B.W.F. corpuscles (150 c.m. normal serum + No ha&molysis.
emulsion, 50 c.m. B,W.F, serum at 37° for 15m.) Agglutination,
1 c.c. Washed corpuscles native. 150 com. B.W.F. seram. No haemolysis,
Agglutination.
1 c,c. Washed corpuscles very 150 c.m. B.W.F. serum. Agelutination,

anzmic native,
25th April 1908.—Temperature fallen to g6, Urine free from hemoglobin,

Case XX1I1.—Baradighi. April 1908.
Coolie. Age 58,
Native country—Ranchi, Chota Nagpur.
Length of restdence in Duars.—14 years.
History.—Unknown.
2nd April 1908.— Had fever with temperature of 104.
grd Apri! rgo¥,—Temperatare 104, Vomiting. Passed reddish black
urine,
gth April rgo8.—Continued to pass black urine. Jaundice.
5tk April 1g9o8.—Temperature in the morning 102,  Urine alittle clearer.
6th April 1908.—Temperature in the morning go, in the evening 102.
Scen by us on this day.—Marked acmemia. Slight jaundice. Hzmoglobinuria
ceased. Films of peripheral blood showed some engulfed red cells, shad ows,
endothelial plaques, polychromasia, and uncleated red cells. No parasites or
pigmented leucocytes.

Case XX7V.—Huldibari. May 1908,
Chinaman. Age 15.

Native country.— China.

Length of residence in Duars.—3 years,

History.—States has had much fever at first but not so much latterly. Had two

days fever recently.

=th May rgo8.—Seen by Dr. Babu who found he had a temperature of 105°
and was passing hazmoglobinous urine. Temperature in the evening
103

Sth and oth May 1908 ~Temperature still high.

Seen by us next day.—Was passing very small quantities of very dark, nearly
black hazmoglobinurious urine. Anzmia. Marked vellow coleuration
of conjunctivae. Spleen slightly enlarged. Splenic puncture performed,
Spleen blood showed much recent malignant tertian pigment, both
scattered and in the form of reliquats, also a segmenting malignant
tertian parasite.

Blood.—Serum showed orange tint characteristic of haemoglobinemia. No
tendency for clot to dissolve in serum. Blood received into citrate
solution shows hemoglobinzmia.

Films of peripheral blood show some large endothelial plaques and some
included red cell Shadm\‘s.r



"A count of 500 cells gave :—

Polymorphonuclears . : : . : - e
Large mononuclears : i ; ; : v Jo1reg
Emall mononuclears : : - - : S
Transitional . = - . : . . S A '5
Eosinophiles - - 5 : 3

Films of splenic blood showed distinet a{fglur.maimn and many spherocytes. Some de-
colourised included red cells present. Macrophages contain engulfed sinall mongnuclear
cells. .

Hamolysis experiments.

1 c.c. washed B.W.F. corpuscles 150 c.m. normal serum. Rapid hamolysis,
emiulsions. ;
t c.c. washed B.W.F. corpuscle 150 c.m. normal serum 450 c.m.  No hazmolysis.
mulsions.
B.W.F. serum at 37 for 15 min. Agglutination.
Washed B.W.F. corpuscles Allowed to stand in ‘g per cent. No hiemolysis.
y salt.

11th May 1908.—5Small quantity passed free from hazmoglobin, Hamoglobinzmia
no longer to be detected. Serum bright yellow but free from hzmoglobin.

Case XXV.—Nagasuri. May 1908,
Bengali Babu. Age 30,
Native country.— Murshidabad.
Length of residence in Duars—s5 years.,

History—At his home scarcely had one attack of fever in the year; in the Duoars
had two or three attacks every month. Has been one year at Naga_t:.un living
in the midst of coolie lines.

‘29th May 1908.—About midnight he had an attack of fever but with a more severe
sensation of cold and shivering than usval. In the morning noticed that
his urine was red.

Joth and Sist May and 15t Fune 1908, —Passed hemoglobinous urine. Had severe
epigastric pain and much vomiting, especially on the 31sl. Jaundice was first
noticed on the joth and was very marked on the 3ist.

2nd Fune 19o8.—Urine dark in the morning but subsequently cleared. Blood film
taken by Dr. McCutcheon.
Seen by us on the 3rd.—Hamoglobinuria over. Spleen enlarged. Yellew coloura-
 tion ol conjunctivee present. Marked tenderness over the liver, less so over
the spleen. Serum yellow., No hxmoglobinemia. Clot dissolved to syme
extent overnight though it did not do so in a control blaod.

Hamolysis experiments. :
c.c, washed B.W.F. emulsions + 150 c.m, normal serum, S.R.C. = No hxzmolysis.
: No agglutination.
Washed B.W.F. corpuscles + Undiluted normal serum, S.R.C. No hamolysis.
No agglutination.
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Case XXV —Indong. July 1908,
Bengali Babu, Age 25.
Native conntry.—Dacca.
Length of residence in Duars—3 years.

History.—Previously lived in Sylhet where he did not have any serious fever. Since
coming to the Duars has had fever not less than once a fortnight and has been
home for this season. Had a previous attack of Black-water Fever at Bogra.
Has been one year at Indong.

5tk Fuly rgo8.—Noon.—Felt indisposed and took 10 grains quinine.

3 P —Rigor.
4 P.M.——Passed high coloured urine, and noticed at the end of micturi-
tion some drops of blood coloured fAuid.
7 P.M.—Passing hemoglobinous urine.
10 .M. ~—Seen by Dr. McCutcheon who noted his temperature to be
105, ard took blood films.

Seen by us 4 P.u. 6th July 19c8.—Temperature 103. Passing dark red haemozlobinous
urine, Yellow colouration distinct. Spleen 3 fingers below costal margin.
Splenic puncture performed.

Blood ~Serum orange yellow, Blood received into citrate shows small amount of
hemoglobinemia. No solution of clot in the serum.

Isotonic pornt.—35 p.M. 6th July 1908,

Percentage salt . 'B2% ‘g 475 15 ‘425 4
tint. tint, tint. tint. tint, increased
tint.
Control . : nid, nil. nil nil. tr h

due to hemoglobinemia.
Hzmosozie value . . . I'I75 per cent.
Splenic blood received into hjp-.rtr:nm. ﬂn.ll Hﬂhlhﬂ'i'l gave only same tint (approxi-
mately) as peripheral blood. Stained with neutral red in 3 per cent. citrate solution
showed many dark staining corpuscles, more than were pre:ent in peripheral blood. Films

showed large numbers of macrophages of mononuclear type containing numerous red cell

shadows. Phagocytosis of red cells are present.  Agglutination very noticeable.  Sphero-
cytes present. Malignant tertian pigment scatterel and in the form of reliquats.
A count gave i-—
Large shadow corpuscles ; . . 1 per cent,
Small poikiloeytic shadows . : . . . 05 .
Spherocytes . : " : ; a <
Hamolysis Experiments— Fide Part 1V, Chapter 11.
Patient's uring 4+  Emuls. patient’s corps. No hamolysis.
; No agglutination.
150 c.m, urine + 150 c.m. ditto. No hemolysis.
plus

50 c.m. normal seram.
8th Fuly 1908.—Hazmoglobinuria still present up to late in the day.
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Fsofontc pormé.—

Percentage salt . '476 45 425 4
nil. tr tr
Control - : tr h inc H

Serum contains no recognisable haemoglobin but is of a strong yellow colour,
Case XXV {[=Monabari. July 1908.
Bengali Babu. Age 48.
Native country.—Dacca.
Length of residence in Duars.—18 years.

History—Until coming to Monabari 18 months ago did not suffer much from fever
but at Monabari has suffered constantly and severely. Had a previous
attack of Black-water Fever (Case XI) in October 1907. A week before:
present attack was feeling feverish.

gth Fuly r9o8.~06 AM.—Took quinine 5 grains.

10 A.M,—T ook another 5 grains.
2 p.M.—Passed haemoglobinous urine. Temperature in the evening
105.
roth Fuly rgo8.—Temperature in the morning 10o. Passed very dark urine all day.
Seen by us at 4 P.M, 1oth July [903.—P351ing hazmoglobinous urine. Temperature 104.
Spleen enlarged.  Yellow colouration,

Blood —Serum rosy red. Himoglobinzmia as shown by adding blood to citrate solution

and centrifuging equal in amount to that shown in the serum. Estimation

of amount of hazmoglobin showed this to be about equivalent to 3'75 per cent.
solution of blood.

Isotonic point—
Percentage salt . ‘470 454 ‘434 416 4 384
incr incr
tint tint tint tint inc H
Control - S ntl, ntl, h hh inc H
Hamososic value— 1'07 per cent, salt.

FBlood.—In solution of neutral red in 3 per cent. citrate showed some dark staining
corpuscles. A count gave 5 in 2o fields,

Hamolysic Experiment.— Vide Part 1V, Chapter 11, page 150.

Urine—An estimation of the amount of haezmoglobin gave :—

1st sample passed . : - + 1o per cent. blood equivalent.
Urine passed 1oth July 1go8 : T T i
H@mosozic value of urine - e TE 2 RIS salt,

rrth Fuly roof.—Hamoglobinuria still continues. Temperature in the morning 102,
Serum ruddy yellow tint. Estimation of the amount of hemoglobinemia gives
about 1°5 per cent. blood solution.
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Iselonic point—

Percentage salt . . *476 ‘454 434 416 "4 384
incr
tint tint tint tint inc H
Control . : . nil il nil nid hh  inc H

rath ?ﬂ{j' J'go.:?.—['I:l::mnglt,ﬂﬁmui:l OGVET.
r3th Fuly 1908, —Given quinine 5§ grains.
rgth Fuly rgo8,—Given quinine 5 grains,
15th Fuly rgo8—~No quinine administered.

6k }":{{1' rgof —A t:‘:]al‘.l!'-f.u Stated to have come on aparl fraom administration of
quinine,

Rl ?ﬁ:’y rpof.—Urine dark red. ‘]1¢I!i|:ll..‘:‘ﬂ,|,l.:lrl;: in the m::lrﬁing 1oz, in the ux'uning
104.

18tk Fuly 1908 —Temperature 103 in the morning, 101 in the evening. Haxmoglobi-
nuria ceased towards evening.

Case XXVIII—
My, M. —European Assistant. Aged about zg.
Length of residence in the Duars.—Between four and fhive years all on one
garden,
Arrived in Duars.—December 1903.

History.—Had a mild attack of Black-water Fever in May 5go5. Used to get a good
deal of fever and did not take quinine regularly, only when fever occurred, and
then not for long. Has had a lot of fever since March 1908, and in the middle of
May 1908 had a mild attack of intermittent Biack-water Fever lasting two
days off and on. On the 5th June went for a sea irip to Rangoon. While on
board ship had two relapses very slightly. Was not then taking quinine. The first
attack in May 1go8 came on after taking quinine hydrochloride. Got back to
the garden on June 15th and was feeling very fit. On the 17th had a bit of fever
and took 10 grs. quinine hydrochleride and remained at work. Fever came on
again on the next day at 5 p.M., g P.M, took grs. 5 quinine hydrochloride, and during
the night at 3-30 A.M. another grs. 5. Next morning took grs. § again at 7 AM., and

~ another tabloid a little later on the garden. Went out to work. After coming in
at midday passed black urine at 2 p.M. but went out again into the garden for a
short time. Then came in and went to bed. Woke up at g P shivering. Got
hot bottles and finally began to sweat and bilious vomiting became troublesome,

Notes.—5th day, Fune 23rd.—When paticnt was first seen he was found to be lying ill
in a bungalow near the tea house, within 2o vards of a line harbouring servants and
tea house men and their families. Altogether nearly sixty souls, inczluding over
30 young childrren, Enquiry showed that quite a number of these people were
recent arrivals, having been but two months or so in the Duars. Among some
thirty examined all had enlarged spleen and ten had fever, while all but two show-
¢d malarial parasitesin the blood. Alongside this line and within So yards of
the bungalow was a small drain from the tea house in which many thousand

2D
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larvae of Barbirostris and other anopheles were discovered. In the bungalow
many specimens of M. Listoni, Barbirostris and other species were seen,

On examination patient was found to be sallow and slightly jaundiced, liver not
enlarged but spleen nearly 4 fingers breadth below ribs and rather tender. The
urine which had remained brackish-red for over four days was commencing to clear
but still showed bands of oxy and met-hzmoglobin. Patient was markedly
anzmiec, hezmoglobin standing at 30 per cent. Temperature was about 100.

Fune 24th.—Palient remained fairly well until about 10-20 when the temperature rose
to 101, and shortly after he passed clear urine.

Fune z5th—Patient remained well until g-20, when he had a slight rigor, and shortly
after passed dark red urine containing oxyh®zmoglobin, while his temperature rose
to 102'5, dropped again with a slight sweat to 1oo, but immediately afterwards
rose once more to 103.

Temperature fell towards evening and urine cleared slightly.

Fune 26th.—At g-2 P.M. temperature rose again, reaching 102°5 at 12 A.M., but though
the urine was a litt'e dark in colour it was nearly free from hemoglobin, Temper-
ature dropped again that evening, the urine also improving.

Fune 278k, —The morning vemperature was only gg, but at 8-20 there was a rigor, and
black urine was passed, while the temperature speedily rose to 1033, dropping
after a short interval to 102'6, only to rise again to 104. By this time the urine
had become quite clear again. That evening as the temperature appeared to be
typically malignant tertian in character, although microscopic examination failed
ta show parasites, grs, 5 quinine bi-hydrocloride was administered hypodermically

Fune 288k, —Morning temperature was 9o, but it rose to 102 at midday, though urine
remained quite clear. Towards the evening temperature dropped.

Fune 29¢h.—Morning temperature normal, but at 11 AM. it rose to 100, falling a little
later to nearly gg, but again rising to 101. Urine remained clear, and patient was
given another 5 grs. of quinine.

Fune 30th.—Morning temperature normal, but gradually rising aiter midday to 102 in
the evening, Quinine grs. 5 was administered. Urine remaited quite clear and
temperature fell during the night.

Fuly rst.—Temperature in the morning normal. Patient was given grs. 5 quinine at
day-break. At abeut 10 A.M. there was a rigor, and a little later black urine was
passed, while the temperature rose to 103, fell again to 102°5, and again rose
to 104°2.

At evening it had again fallen to gg, and the urine was quite clear once more,
From this time the quinine was stopped again entirely.

Fuly 2nd and 3rd.—Urine remained quite clear and though temperature rose each
day to 101 or 102 for a short time, the patient appeared to be doing well.

Fuly gth.—Paticnt's morning temperature 992, urine quite normal. No quinine had
been given since the grs, 5 on the morning of the 1st. At 1-30 P.M. there was
a sharp rigor, temperature rose to nearly 103, and once more black water was
passed. By 4 P.M. the urine was again clear, and temperature fell rapidly after
5 P.M, to nearly normal.
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Fuly sth—From this morning quinine was once more administered, as it was
cvident that unless something could be done to check the disezsc the patient
would die before he could be removed, 1} gis, were given at intervals totalling
74 grs. per diem, There was a little smoky urine at 11 A.M. on this day, but
nothing further, the treatment being continued during the ensuing week
temperature each day remaining more nearly at the normal, and the urine
keeping quite clear, while the spleen became smaller in size. Finally patiznt
became sufficiently well to be sent to England.

The most ipteresting features of this case are the number of relapses within a short
period ; the facts that the attacks followed hydrochloride of quinine in the first case; that
subsequently a relapse occurred on six eccasions without any relation to quinine administra-
tion, and that on three occasions such a relation could be traced. A number of blood
specimens were taken which have not yet been fully examined.

(Dr. R. L. Paterson's case tncluded to show association of Black-water Fever with
quinine hydrocloride and calectum chioride.)

Case XXIX.—Tezpur, Assam. Attacked with Black-water Fever—

(1) () (3)
April 19th.  July 22nd.  August 4tk
V. F.—Tea planter, zged 24, European,
Length of residence in Assam.—15 months.

History—Artived in Assam from England Jamuary 1907, Kept good health a
short time and then bad severe attack of malaria (with malignant tertian para-
sites in blood). Subsequently tock quinine as a preventive, but somewhat
irregularly. Had further attacks of fever necessitating a short trip on  account
of health. Kept faicly fit during cold weather of 1907-08.

Attack —(1)—Apri! 19th.—Felt “rotten” but worked, Took quinine, gr:. 10,
in the evening. After midnight had a rigor, vomited, {ever came on together
with diarrheea,  Urine not seen.

April zobh,—Passed typical black-water at 11 A, temperature 104, Jaundice
present.  Blood showed no parasites. At 3 P urine sherry coloured.  Re-
covery rapid. Went a trip to Ceylon, and while there got fever. Took
quinine hydrochloride grs. 15, with no ill-effects. Returned to work and
remained fit, taking quinine hydrochloride, grs. 1o, regularly once a
week,

Attack.—(2) Fuly 2z2~Felt feverish. Took quinine hydrochloride, grs. 1o, in
the iorenoon, but remained at work. At 7 P.M. took another grs. 10 quinine
hydrochloride and went to bed. Vomited soon after. At midnight had a
rigor and vomiting. At 3 AM,, 5 AM. and 6 A.M, passed black urine, total of
26 ozs.

Fuly 23.—Temperature 1034 all day. Blood showed no parasites. Jaundice
present and urine still black, 26 oz. being passed during the day and 22 oz, at

night.
2D 2
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Fuly 24th.—Temperature normal, Urine still black, but clearing a little towards
evening. Spleen and liver not enlarged or tender. Total urine paszed 17 ozs.

Fuly 25th—Urine became clear, amber in colour; no blood pigment or albumen.
Quan‘.‘,il}r only 1 1} ozs,

Fuly 26tk fo g15¢.—Steady improvement.

Azupust 15t —Headache. Temperature 1o4. Blood examination showed numer-
ous small ring malarial parasites. Urine clear. Was given calcium choloride,
grs. 25, preparatory to quinine trzatment. Temperature fell slightly.

August znd.—Urine clear. Was given quinine hydrochloride grains 5. Temper-
ature, rose to 103'8. Was given another grs. 5 quinine and temperature fell
Urine remained clear. Calcium chloside continued, in grs. 10 doses.

August grd.—Urine remamed clear. Blood showed no parasites. Temperature
1oo to 101.  Quinine hydrochloride grs, 5 given morning, midday and evening
(total grs. 15). Urine still clear.

Reiapse, August gth.— After midnight on the 3rd had a rigor and vomiting. Tem-
peratire rose to 1o4z. At 4 A.M. passed 6} ozs. black urine, Temperature
fell to 100, but urine remained black all day and jaundice was present. Total
urine 33 ozs. Calcium chloride continued. During night passed 25 ozs. of
urine.

Awgust 5th.—At 6 A.M, urine cleared slightly and at 10 A.M. was sherry coloured.
It contained no blood pigment or albumen. BElood showed no parasites.
Patient rapidly became convalescent, and left for England on the jth.

Case XXX.—Tezpur, Azsam. Attacked Black-water Fever, May and June 1gor.

E. P.. Tea-planter, aged 42, European.
Length of residence tn Assam.—Uncertain, but had passed considerable time in
Cachar. Had also been in China. About four years in district where attack

ocecurred,

History. —Had suffered a good deal from malaria, having been obliged to go away
for over a month previous November. Had enlarged spleen.  About beginning
of May began to get attacks of mala_ria, simulating acute gastritis, \"Gmiting
and retching occurred every second day. Fever so slight as to be overlooked by
patient. About middle of May went to another garden on a visit. While there
attacked with severe fever. Took much phenacetin and some quinine,

Aftack—(1) Passed black and deep red urine for two days, and became somewhat
jaundiced. When a little better went for a trip, but while on the river had at
return of fever.  Took grs. 20 of phenacetin, and suffered from collapse, Fever
continued.  Blood examination showed small ring malarial parasites,

Attack.—(2) Urine bloudy in colour. Patient would not take quinine on account of
nausza and vomiting. Euchinin obtained and administered in grs. 10 doses
(30 grs. before noon each day, at which time temperature used torise). Urine
cleared after two days, butfever continued longer, although parasites were not
found. Convalescence complicated with dysentery. Patient recovered and

went to England.
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Case XXXI.—Tezpur, Assam. Attack Black-water Fever, October 1905,
A. B. T., Tea-planter, aged 35, European,

Lengtl of vesidence in Assam.—About 13 years.

Length of residence tn Tespur.—About 7 years.

History—Had sulfered oceasionally from severe malaria, once n.:-.:qu}r :Ij'ing from an
attack which may have been Black-water Fever. Woent to England on leave
in 1903 and returned in the cold weather. Kept fairly fit during 1904, but got
attacks of fever and biliousness rather often during the rains of 19o5. Had
ather a gevere attack of fever towards the end of September, but did not remain
irom work in consequence. Only took quinine when attacked with fever. Early
in October had a severe attack of fever, but still attempted to remain at work.
Bilious vomiting was a marked feature of this attack which was supposed to be
largely “liver.” On October 6th took a purgative, and for the fever several
doses of phenacetin followed by quinine.  That night had a rigor with vomiting
and passed dark urine. Gotup next day, but wvomiting (bilious) and fever
continued. Took more phenacetin and quinine. When seen was found to be
jaundiced, with a high temperature, a tender and enlarged spleen, and a tend-
ency to retch and vomit bilious matter. Temperature about 103, Blood
examination negative. Urine very dark reddish black but in large amount,
On Loiling a deep brown deposit came down half filling the test tube. After
48 hours the urine commenced to clear the spleen rapidly reduced in size, and
the jaundice largely disappeared, but a marked bronzing of the skin remained
and was still present some months later.

Case XXX/l —Tezpur, Assam. Attacked, December 1go5.
A. B. H., Tea-planter, aged 25, European,

Length of residence in Assam.—Seven years, ;

History—Came to Assam in 1898, Suffered very often from malaria, Had an
enlarged spleen for several years and on one occasion passed dark urine
which however was not seen by others, In 1904 changed his bungalow,
going tolive in one wihtin a short distance of a populous coolie line, While
here had attacks of fever at frequent intervals. Used to take quinine very
irregularly, 2o to 30 grs. one day because of fever, and thea no more for
a few days until again feeling “seedy.”” Had been suffering at intervals of
about 10 to 14 days for several months before Black-water Fever occurred,
On several of these occasions blood examination showed malignant tertian
infection. Ten days before the Black-water Fever patient had a typical,
attack of tertian fever (36 hours’ fever, a remission of 12 hours and again fever).
Malignant tertian parasites were present in the blood. Quinine was taken
as before, but was shortly afterwards stopped, owing to ils being “forgotten.”

Attack.—Day belore attack had areturn of fever, and took a dose of quinine and
went to work, and rext day felt rather better. In the morning, however,
took 20 grs. of quininz and went to work, but complained of feelingill, and
passed highly coloured wrine, In the evening was still at office work but felt
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cold, and when seen was looking sallow and haggard., Advised to go to bed,
but while undressing had a rigor. About an hour after passed dark red urine.
Temperature rose but only to go, slight nausea and bilious vomiting, with
tenderness of the sple=n and pain at the pit of the stomach. Blood examina-
tion showed no parasites. Urine on boiling showed a deposit of albumen
half filling test-tube., Next morning considerable jaundice observed. Great
weakness present, patient being unable to sit up or even to turn over without
assistance. Towards the evening the urine commenced to clear and by next
day was apparently normal. Temperature also came to normal very quickly,
but the spleen remained enlarged and tender for some time. Convalescence
was fairly rapid, but was marked by a great tendency to suffer from indigestion.
Nine months after had slight attack of jaundice, but no hzmoglobinuria.

Case XXXV —
Babu J. N. N., native shopkeeper, aged 25.
Belongs to Burdwan in Bengal, but has resided in the Mateli bazar for the
past four years.

[f:’_;‘farjn Has had a guud deal of fever. Nine months A0 Was away in his country

for five months. Since his return has often had slight fever and twice severe
attacks.

Fuly & —Was feeling all right.

Fuly g.—itad fever in the evening, but took no quinine.

Fuly ro.—Had fever, but no treatment.

Fudy rr.—Had fever, but no treatment.

Fuly r2,—Had still got fever and becoming frightened, took 3 doses of grs. 5 each
quinine. At 7-30 noticed dark urine and temperature rose from 103 to 1046
in the night.

Fuly 1 7.—When seén urine was commencing to clear. There was marked bilious
vomiting, vomit being of a dark green colour. Jaundice was marked, and the
spleen was enlarged a hand’s breadth below ribs. There was not much
tenderness of the epigastrium. The serum was intensely yellow coloured and
on examination with the microspectroscope showed absorption bands similar
to urobilin. No hmzmoglobin could be detected in the serum at this time.
Blood examination showed no parasites on casual examination, complete
examination has not yet been possible. Blood corpuscles gave an isotonic
point of "425 per cent. salt solution, and gave an iselysia reaction, h=molysing
with class A serum. The serum did not hiemolyse class A corpuscles,
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RECORD OF CASES OF BLACK-WATER FEVER IN THE DUARS.

Dam Dim District.®

Mame of garden.

Barons 1

(M]

L]

s

Name, 15t attack.

| Mr. C.—Assistant.
| Age 28
[

May 158g

Mr. _— Assistant. |
Ape 25.

Oct. 158g1

| Mr. M.—Assistant, Aug. 1300,
Age 25,
Mr. D.— Assistant. | Oct. 1590

Age 28,

Mr. (G.— Assistant. May 1go1
| Age2s.

[ Mrs. € — May 18:5
| [

| Mr. T.~—Assistant.

I June 1goj7
Age 23, |

i
Babu FL. Age 25 . | July 1902
I

Babo 5. G, . Feb 1904

Babu S. G.'s wile, | Feb. 1004

*

amd attack, Particulars of attack.

Sept. 183g Came out November 1887,
| attacks mild. Wene
shortly after second attack.

COVErY.

Both
home
Ke-

Mar. Was out shout 3 years.  Twelve
months at Baitagool, then went

to Barons.

1802

Second attack had 3 davs’ hemo-
globinureia, then 2 days' high
fever  without hmemeglobinuria
or anemia and this was followed
by death.

|
Out 3 or 4 years in Sylhet, then
| came to Barons. Death.

Out about 5 vears. One yesr at
Mackati. 1.".1.':: Years Hungn.
muttee, then Barons, First attack

[ went home for & months,  Aflter
| coming back had second attack,
| then went Sylhet.

IFeb. 1901

Was out about 3 years. Kumilai
18 manths, them to Barons, Re-
mained at Barons some years,
but did not have any further at-

|
|
! tack. Severe attack. Recovery.
|
|

Sept. 18gh QOut 2 wears. States had fever

| every week tor the whole period.
Second  attack at place near
Darjecling. Recovery.

1

Out &8 months, all at Barons,

| After first few weeks in the
country suffered from repeated
and severe fever.  Went later to
Asgam and had second attack

| there.  Was sent home. Severe

| ateack.

Two years at Barens from  coun.
iry. Hecovery.

B About 1 wvear resident. Came
from his country with wife and
danghter. Lived at MNorth
Grant. Mild attack. Recovery.

| Lived at North Grant. Death.
|

¥ Noqe,=—Information mainly contributed by Dr. Brown of the Dam Dim District.




Dam Dim Districi—contd,

2ol

Hnrn-: of g‘ﬂ.rden.
Barons. L1
12

Sissibari 13

Baintbari 17

Bullabari 18

M ame.

Babu 5. G.'s daugh-=
ter. Age B.

Babu M. D. G.

M. W.— A=sistant.

Age 26,

Mr. F.—Assistant.
Ape 2.

Mr. T.— Age 35 .
Babu. Age 28,

Mr. C.—Aszsistant.
Age 26,

Mr. 5.— Assistant.
Age 25,

19
20

Babu's cook . 3

Babu .

Mr. G.=— Manager.
Age 4o.

15t attack. and attack. Particulars of attack.
Sept. 1403 Dee. 1904 Lived at North Grant.  Death,
Eight or g vears in Duars. Want
to visit country, had Black-water
Fever after coming to Barons,
fict. 1001 Out 2 years,'all at Sizsibari. Two

Sept. 1gob

Jan, 15880

Mov. 1889

Jan. 1597

QOct. 1905

Feb. 1907

w

Dec. 1900

days’ continuous hamoglobin-
wria with polyuria. Death,

Had been cut in the Chelsa Dis-
trict some years. Went home
and came out to Sissibari. At
tacked 18 months after. Left
district & months after. Second
attack. First attack severe,
Second attack mild, lasting few
hours. Kecovery.

Called * Yellow Fever.”

Eight years in Duars, Short time
only at Sissibari. Hamoglo-
binuria lasted 2 days, clearing
on the 3rd.

Qut =2 years, all at Baintbari.
Attack was severe, lasting about
zdays. Recovery.

Twn vears in Duars. Born and
lived previously in Darjecling.
Had a relapse in both attacks
without administration of gui-
nine, Patient being in charge of
a nurse.  First attack last :%
dnys: there wags an interval o
1 day, then hemoglobinuria for
2 daye, but not so severe as at
first. Second “attack lasted
about the =ame time. After
second  attack  had fewer for
about 4 days. At this tin.e had
2§ grs. quinine every thres
hours subcutaneously, but no
Black-water Fever ensued.

Out 17 vears. Barons ¢ months.
Rungamuttee 5 vears. Neora
Nuddy 1 vear. Rest of the
time at Bullabari. Went home
about 2 years before attack for
5 monthz., Attack lasted 2}
days, but amount of hezmoglo-
binuria small. Mild attack. He-
COVETY.
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Dame Dine Districi—contd,

Mame of zanden. Mame. | 15t attack, and attack. | Particulars of attack.

Bullabari 22 | Servant . .| Unknown .| Aug. 1goy .| Fiest atiack mild.  Second attack
- | seen by us after death.

23 [ Mes. (. . o | July 1806 ; 6 months in Duears.  Suoffered
| greatly from fever, but quinine
| | mot taken on account of preg-

nancy.
2 ! Mr. 5.—Assistant. | Jan. 187 3 i 2 yvears in Duars : all the time at
| Age 28, fullabari.  Death.
|
Ranacheérra 23 |-|"iIl:|{.—Chi!:|..-".ge Aug. 1905 . Attack lasted about 18 hours.
| 5 years. Hmmoglobinuria slight.  Born

| | at home; came oot age of 3
months,  Aild. Recovery.

[
6 |E=1ir1.1man—|!:n,5 e|Sept. tgof .| Oeto1goy .| 0 ..l
Py |
Rungamuttee 27 | Chinaman | o | Dec. 1004 Attack lasted about 2 days. Re-
covery.
28  Chinaman ., .| Unknown . - | Attack lasted about 2 days. Re-
COvery,
zg | Chinaman . .| Unknown . [ Attack lasted about 2 days. Re-
| | covery.
30 | Babu's son. Age | Apl i8gq . |. Had Leen in the distriev about 2
L. . | years. Autack lasted 14 days.
3t | Barher . . | July 1907 2 "in the distreet 12 or 15 vears
Constant  change of garden
Suffers now from  tingling  in
hands and feet with attacks of
numhbness.
Meenglas 32 | Mr. W.—Assistant. Dec. tgog .| Ozt 1ges .| Our 2} years; all the time at
Age 22, | | Meenglas, First attack lasted
only © howrs. Second attack
severe, lasting 3 davs. Re-
covercd from  hazmoglobinuria,
| but cdeath touk place after subses
. quent fever which occurred 2
{ days alter attack and lasted g
days. Interval of 2 days normal
temperature.  Death.
a3 | Mr. Do=Manager, | Sept. 1goh . | % years, out all the time at Meen-
Ape 34, | glasin same bungalow. Went

home 2 years previously.  Sup-
pression.  Death.

34 | Babu's servant—
| Second attack —
Case I1—Fide
Bullabari. |

b

A B . Y o S
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Dam Dim Districi—contd.

Mame of garden.

—

Meenglas

Pathajora

Hahiapatnia

35

40

Toonbarri 41
4z
Baithagool 43
{abandoned .
Sungachi 4
Bagracote 43
40
47
Washabari 48

N ame. | 15t aktack. 2nd attack, Particulars of attack.
Mussalman bearer | Aug. 1907 o Attack over in less than 24 hours.
—Case VL.
Eabu—=Case ¥V .| Aug. 1907 - e 20 years in the Duars,
Mr. H.—Manager. Apl 18099 Had been out 1 year, then went
Age 45. home for a few months and had
an attack 8 months after return.
Attack lasted =z days. Death
from suppression.  Severe case.
Dieath.
Mialpaharia Sardar Apl. 1809 15 years cn garden.
—Lase X1L
| Dr. Babu . . Unknown .| Unknown .|8 years in the district, Had 3
E revious  attacks.  Fourth in
! November 1905,
| Babu' . 4 « Jan 1008 . i 5 vears in Duars. At Upper
Chengmarie, then Ie months at
Hahiapathia.
Mr. M.—Manager. Dec. 1887 . wes Qut 3 or 4 years, about 2 years at
Age 27. Toonbarri. Attack lasted about
[ 3 days. Severe. Recovery.
Babu's daughter. | June 1007 . -, aveans
Age g, I
| Mr. Mq_;H,—&-.a.ﬁis.-! May 1883 .| Oct.188g .|Came out in 1587. Barons.
| tamt. Age 23. | Rungamuttee, G months;: z or 3
| weeks  only at  Baithagool.
Attack lasted 2 days.
| L3
Mp. W..—Agsis- l July rgog - | Now. 1gog # | Out 18 months; all the time at
tant. Age 23. Sungachi. Second attack last-
| ing 3 hours, occurred during
' recovery from typhoid. Tem-
I perature  rose to 1006 and
| polyaria followed.  Recovery.
Mr. D). = Assistant.| Jan. 1900 . Qut 2z yearz; all at Bagracate.
Ape 235 Actual attack cecurred at Talpai-
guri. Lasted 2z days.
Babu Bhose Oet. 1901 . . Aitack lasted 1} days.
Dir.. Babu—Case | Sept. 1907 . Chalouni 5 years; went to his
VI11l. country for several months and
on returning went to Bagracote.
Attack 2 or 3 months after com-
ing to garden.
Khitmatgar Oet. 1800 Was given hypodermic quinine
when wrine was very black ; next
morning urine cleared up.
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Dam Dim Districi—econtd,

50

51

531

53

Glencoe 54

Manabars

a7

hora Bhutan 58

Mame of garden, |

Mame.

15t attack. andd attack.

Particulaes of attack.

Meora Nuddy 49 ! Mr. P.—Manager | Sept. 1897

Mr. S.~--Manager,

i Age 38,

|
l Head Babu

(tea man).

Mrs, B—

Age 26,

Age 28,

Xl;
XXVII.

Age 306,

Mr. L.—Age 32 .

Lachman Nagpuri

Mr, R.—Assistant. | June 1900 .
Mr. R.—Assistant. Dec 1903
Dr. Babu—Case !Dq:t. 1go !
Case |

Mr. T.—Padre. | Dec. 1906

et 1905 Deg. 1gob

[ Jan. 1907

MNov, 1gog

e —

July 1007 .

.| Mov. 1904 and
Aug. 1905,

1.
{

July 1908

Frenchman., In the  district 8
months ; came from Pondicherry.
Attaclk lasted 18 hours. Re-

COVETY.

Qut 10 years. Left Sungachi,
December  1go4; went for O
months to  recruiting  district.
(Santal Parganas). Teok charpe
at Meora Nuddy April 1gos.
Both attacks lasted 13 hours.
Mild. Recovery.

Out 10 years. Went to Neora
December 1901, Went home
and came out end of 1goz;
stayed at Neora and had fever,
1go5: went to Sungachi for 12
months and had wery healthy
year. Beginning of 1906 went
:ﬁnin to Neora and had repeats

fever coming at shorter and
shorter intervals till Black-water

Fever supervened. Attack

lasted 6 hours. Mild. Recovery.

Went
Re-

Dut 18 months or 2 years.
afterwards to Hahizpathia,
COVETY.

Stated to have had 2 or 3 mild
attacks.

Out 1 year g months ; all the time
at Gleneoe, Attack lasted 2
dayvs. It actually occorred at
Jalpaiguri. Severe. Death.

Severe.  Death.

3 years out when first attacked ;
all the time at Manabari, First
attack severe,  Thied attack

Mild. Recovery.

Had lived in Darjeeling Terai

some time.  Went home ; came
tog Duars and was altacked
t year after drrival. Attack
lasted 3 days. Ghora Bhutan
only head-guarters ; spent. much
time travelling in Duars., Severe.
Dyeath.
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Dam Dim Disérici—concld.

Name of garden.

Needam Jhora 50| Babu

Ellenbari o
Baintguri 61
Phoolbar: fha

o3

Gheish River G4

MName, 15t attack.

and attack,

Feb. rgog

Mr. S.—Manager. | Feb. 1go8
Age 4o, CLase
XX

Mohamedan bearer, Dec. 1907 .

Ape 32 Case

XIx.
Mr. D— . | October 1893
Mr. E.— . - an

N egro (hall-caste).

i
|

Particulars.of attack.

Attack lasted 3 days. Severe.
Death.
Was at Paskowa since 1gog,

Went home Igos and came out
in December 1905 and went to
Ellenbarri Idecember 1907, Ats
tack lasted 2 days with relapse
following 5 days after first aitack
ended.  Severe, Recovery.

12 years in Duars. Came to
Baintguri 5 months ago and was
living at Chota bungalow until
6 weeks before attack.,  Attack
lasted about 12 hours. Mild.
Recovery.

About 2 yvears in the Dears,

Waorking on railway 4 or 5 years

Age 35, l in district.
|
Latiguri fiz | Daughter of above. Came out to father about 2 years
Age 8. before attack.
Chelsa Disteict®
|
Mame of parden, MName. 15t dAttacl. 2nd attack. Particulars of atéack,
Nagasuri 6 | Mr, G.—Assistant. | July 188 2 years in the country; all at
Age 22, Magasuri Chota bungalow. Had
| | frequent almost daily attacks of
fever. Recognised by his com-

67

L6

C.—Child. Age 6| Nov. 1805

Head Babu., Age June 1goz
K

panions as unuswally liable to
attacks. Onset of hemoglobi-
nuria sudden, red urine being
the first symptem. Duration 8o
hours. Severe.  Recovery.

6 months in the Duoars. Esral
bungalow. Hamoglobinuria not '
intense.  Slight. Recovery. {
H
Had bren at Nagasuri since 1503,
Haxmoglobinurna 48  hours.
Severe. Recovery. |

i

* NoTE.=Information contributed l|.1_*,I Drr, ."l-‘[l.*ctll.l.'hcun, Chelsa District.
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Chelea Disiriei—contd.

Name of garden.

Wagasuri

Chalouni

Engo

Chel=a

Sathkaya

Kilkott

Moortee

Mytelie

Gy

79

71

74
75
i)

ol
]

83

Mame,

15t attack.

2nd attack,

June 1900
oo .
Sept. 1ol

| Bhutia woman Dec. 1902
i
! Dr. Babu's wife . | Sept. rgob
| |
EBabu . « | Oet.  1goy .
| [
Babu=—Case XXV | May 1008 |
Babu. Age 25 Sept. 18¢8 .
|
Dihabie - Oct. 1900,
' Dhobie Oct. 1go7 i
Eurasian. Age 30 | Sept. 1808 I
Mr. T — Assistant.) June 188
Ase 21,
AMr. D.— Asmistant
Age 25 |
|
Miss C.—Age 22 Sept. 1000 .
| |
Dr. Babu . - Cet, 1901 '
Babu - .| May 1007 |
Mhobie ; « | Dee, 1006
‘ 1
Mr. T.—Assisiant. | Aug. 1890 |, |

.r'tge 3.

Particulars of attack.

Living in lines at Chota bungalow
suffering from fever for a week
before attack. Severe. Death.

Passing backwards and forwards
to country.  Hlemoglobinuria
| 56 hours.  Recovery.

I Fifteen months from Cooch Behae
Hamoglobinuria iransient.
Slight. Recovery.

four years in country. Last vear
in Nagasuri. Hamoglobinuria
lasted 3 days.

{ On the garden for 3 or 4 years.
| Attack of ordinary fever 3 days
| bufore, Hwmoglobinuria ceas-
| od second day.

' Hemoglobinuria lasted 3 days.

| Hmmoglobingria about 23 hours,

. | Five years at Engo. Hamoglo-

binuria lasted about 24 hours.
Recovery.  Second  attack  at
Tissati. Death.

Three yesrs in the country. At
Sam Sing there about end of
| 1898 to Chelsa Chota bungalow
{recovery).  Seoond attack on
| way home, Death,

Four or 5 years in Duars. Pre-
vieusly at Bagracots. (Vide
Mo 45)

Second vear in Indiz; all the time
{ at Sathkaya. Used 1w ger
attacks of * bilicus fever." Living

| at Bara bungalow.

rgo3 and Jan. Twoor 3 vears in the country.

1907,

Hemoglobinuria  remitted  a
number of times.  Recovery,

Sixor 8 wears in the country.
Hemoglobinuria lasted less than
24 hours,

Slight and transient hemozlobi-
nurid,.

In secomd year. Chota bungalow.
Ueed 1o oot [u,'c_,L:E:n_n.‘l] Fu.:;.;hl
fever. Hmmoglobinuria lasted 2
days. Recovery.
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Chelsa Districi—concld.

—

Looksan 8

Chengmarie 87

Age 23.

Babu, Age

—

My, C.— Assistant.

23

|
Mov. 1906

July 1907

Particulars of attacks,

MName of garden. Kame. 1st attack, 2nd attack. Particalars of attack.
ST |
IBal‘adighi f4 | Babu. Aee 30.( Dec. 1007 Mine yearsin the country. Two
Case XVIIL or 3 months at Baradighi. From
home 15 months before. Hae-
moglobinuria lasted about 13
howrs.
85 | Babu. Ape 28.| Dec. 1go7 | Eight vears in the country ; last
Case XVII. returned from leave, December
1gof. Hmemoglobinuria lasted
about 12 hours with slight re-
lapse. Had been & weeks only
| at Baradighi.
Nagrakata District.
MName of garden. MName. lil 15t attack, 2nd attack,

Mov. 1907

+ Had been 3 years in Duars, only

Resident in Duars 2} years, 3
months at place of attack. Had
malaria and * liver ™ from time
to time, and states that he had a
mild attack of Black-water Fever
14 months previously. Hefore
thiz last attack had had two
attacks of fever, subsequent to
which he had not taken any
quinine, until Movember 1o, when
hetook grs. 1o, On the morning
of the 12th he passed black urine.
He was found to be jaundiced,
with spleen and liver enlarged
and tender, and pain over the
loins. At one time temperature
rose to 108, but fever ceased on
sth day. A remarkable feature
of this case was the occurrence
of douile amblyepia. from which
patient subsequently recovered.

& montha at Chengmare, and at
Neora Nuddy previously. Had
fever two days before attack
and took quinine. When secn
admits having had fever every
month for past 3 years, Temper-
ature rose to 105, jaundice mark-
ed and spleen enlarged 3 fingers

below rib. Mo parasites were
fourd in the blood. It was
noticeable that three severe

rigors occurred before onset of
dark urine, which was gradual.
Had fever several times after-
wards and two days before
second attack.
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Nagrakala Districi—contd.

Name of gardens

e —

MNagrakata 88

[Chengmarie 8o

|Bhamandanga go
Hilla 91
[Ghatia 02
Ghatia 03

Magrakata g4

European
Age 5.

Uriah mali.
33.

Habu .

Babu .
|

Mr=, C.

Mr. B.

Mam,

child.

Mr. W.—Assistant

-

154 attack. 2nd attack.

—_— e

Oect. 1907 5 e

Age | July 1907 .

Aug. 1903 . .

Aug. 19m

Aug. 1001

1905
«| July 1896

|
| Had been 3

Particulars of attack.

— ——

—

Had passed all her life® in the

Duars. Had three days® fever
and passcd black wnne after
quining on the b day. A wvery
transtent attack with a slight
relapse on the 3rd and Gith day
afterwards.  Blood examined on
the 1ath day (after attack)
showed quartan parasites,
Spleen was  considerably ens
larged and resticssness was a
marked feature, HRecovered.

vears in Duars:
14 years at Ghatia and 1% years
at  Chengmarie. Creeasional
aitacks of fever and spleen 3
fingers” breadth below ribs. On
July 6th got [ever, but had no
treatment as he lived alone.
Passed verv dark urine on the
z7th. On the 25th had grs. 5
calomel but no quinine.  Bocame
comatose on the 3oth.  Liver
enlarged, gpleen  wvery tender.
5|=pﬁrn:-finu taok place and
deat ensued. Post-nroriem
showed evidence of recent mala-
ria in the organs; more fully
described ameng our own cases,

Had only been out in the country

abour & months when Black-
water fever occorred and  he
died.

Had previously had what may
have been a slight awack of
Black-water  Fever. Death,
VWas in Assam in 1906,

Length of residence in Duars not
known. Death.

Particulars not yet te hand.

Had previously had an  attack
while at Kolabari. Had been at
Magrakata since the end of
1392, but had changed bungas
lows and had lived at the Bara
hungalow lor 18 months.  States
that he kept good health and
was wery hit. In March 1gos5
was away for a cea trip. Used
to get attacks of headache
coming on suddenly and lasting
hall & day. Black-water Fever
came on after a sharp atiack of
fever which began 2 days before

The above cases are extracted from notes furmished by Dy, Stone of Looksan, Nagrakata, Duoars,
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Nagrakata District—concld.

| | [
E

|
MName of garden. MName. 15t attack. and attack. Particulars of attack,

I —
———

the Black-wawer Fever. Had
| not taken quinine regularly,
! only occasionally when fever
occurred.  Recovery.

Nagrakata o5 | Mr O. s . | Dec. 1ger . [ 1902 . .| Had previous attack of Black-
water Fever in 1890. ‘“Went
home on leave in 1895 returning
at the end of the year. [Used 1o
Fet a good deal of fever and
“liver.” Had three attacks of
Black-water Fever in six years,
but since quinine grs. 5 has been
taken daily ; has had no further
attack during past six years.

Carron gb | Mr. M.—Assistant | Oct. 1801 ; Had been 3 vears 7 months in the
i Duars, distributed as  follows
2z} vears at Chaloum, where he
got a lot of fever, and 16 months
at Carron. Didn't get much
high fewer here, but a lot of
biliousness and vomiling and
vearly crops of beils. Never
took quinine regularly and for
fever nut more than To=—15 grs.
in 24 hours.  Black-water Fever
followed a ten day bout of low
fever with biliousness, and lasted
5 days The doctor came on
the 3rd day, and after bringing
temperature down to Ioo with
grs. 15 antipyrin gave a dose of
I gra. 3o quining, [ollowed by 2o
grs. doses every 4 hours. MNext
day reduced doseto grs. 1o
Made an uneventiul recovary,

Dino-Torse District.

|
Name of garden. | Name. | st attack. znd attack. Particulars of attack.
Telepara 97 | D 5.— . .| Nov, 1894 . Had been out in Duars only twa
| years. Attack lasted 3 days.
08 | Dr. N.— . P Had more than one attack ; no
] particulars yet received.
!
09 | Dr. H. W.— ol s Particulars not yet to hand.
wo Dr.D— . : Three attacks: all mild; dates
not yet furnished.
101 | Mr. F.—Flanter . Had iwo attacks on this garden
| and one at Bandipani,
1oz | Babu  J—Head | Feb. 1800 .| Mar. 1900 ;| Went to Telepara in 1808 and
Clerk. | Apl. 1gor. had Black-water Fever following

vear. Usedto geét a great deal
of fever each year for 4 vears.
Last attack occurred in the
Jalpaiguri station.
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Dimo-Torsa Districi—contd.

!
Name of garden. Name. ist attack, | znd attack
= F
Telepara 103 | Babu S—Tea e A
House Babu.
104 B-"lbl.l. De=Clerk . aEE
105 | Chinaman . o
100 | Mr. P.— Assistant Mov. 1gud
Dim Dima 107 [Me. M. . 1..|_[um: 1898
168 | Mr. 5. +  ufJan. 1898 .| July 1899 .
Dim Dima tog | Mr. M.—Assistant | Sept. 1901 al
Birpara e | Mr. G. . o | Oct. 1897 .
Beneguri 111 | Mr, M.— Assistant | Feb. 1907
Hantapara 112 | Me, K.—Assistant | Jan. 1go6 . ans
Lankapara 113 | Chinaman,  car- | Apl. 1gof A
ponter. Age 34
114 E'aharia boy. Age|Sept. tgob . i
[

Parteculars of attack.

Mo particulars received.

Mo particulars vet te hand.
Mo particulars received.

Had two or more attacks. Had
enly been out about 2 years
Death.

Died from Black-water Fever
after four days” iliness,

Had been 6 vears in India, g4
years in Cachar and 2 in the
Duars. Had a lot of fever aler
coming to Duars, and for near-
Iy 3 weeks before Blacik-water
Fever had been having nearly
continuous low fever. %id nok

take quinine regularly. Urine
dark for 2 days and jaundice
present. Went  for a trip to

Ceylon and had a slight relapss
in the Hooghly., Second attack
on board ship going home. Pre-
viously much low fever. Urine
dark for 4 days, and jaundice
marked. Severe kidney  pain
felt and attack followed by 2o to
30 boils on the face.  Recovery.

Mo further particulars,

Had been home for 6 months.
He did not take quininc.
Death.

Had previously been at Dim
Dima for six months. Attack
came on  very suddenly. Re-
COvery.

Had been in Duars nearly g4
ears. Used to take quinine
requently in an  irregular

manner. Died of heart fallure,

Had been 1o—12 vears in Duoars,
but on and off for 2-3 years
in Hamapara. Had occasional
attacks of fever. Took quinine
for fever only. Recovery.

A very mild case, the boy not
willing 1o lie up. Recovery.

2F
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Dine-Torsa District—concld,

MName of garden,

Mame,

15t attack, and attack.

Particulars of attack,

Tasati

R

Kolabar 119

Huldibari 120

Hurtalguri 121

Bandipani 115 | Mr. E:

116 ] Me. F. %

Mr.

| Eurasian .

Mr. B.— Assistant

MW — Ass) stant) May 1005

Oct. 1897 .« | October 1808,

Ot 1898 .

Mn.:-.l 1908 ;
July igo3.
i

June 1900

Scpt. 18g2 .

Mr. T.—Assistant | June 1896 .

Chinaman, carpen- | May 1908

et

| One case

e

Had a third attack sowne time
later on another garden.

Had had two previous attacks at
Telepara. [?iu:d alter five days'
illness. Had been in the coun-
try a number of years.

First attack wery mild., Secend
attack also very mild, followed
by & wvery severe attack with
many relapses in June, fuller
particulars of which are given
among our own cases. He-
COVETY,

This  patient had previsusly
suffered from Black-water Fever
at  Engo in Chalsa District.
Death.

Had previously been three years
in Sylhet, and while there had
a good deal of fever and one
illness which may have been
Black-water Fever. Was at
Huldibari 2 years and got a lot
of fever, Had been only 3
months at Kelabari and got a
lot of fever. Went to Darjeel-
ing.

Came out from England, January
1855, and was only out 18 months
when he died of Black-water
Fever.

Fully reported among our own
cases. Patient recovered from
Black-water Fever, but died
shortly afterwards from severe
hamorrhage from the stomach.

Mo particulars vet to hand.

Torsa District.

Mame of garden.

Mame.

15t attack, | and attack.

Particulars of attack.

Chuapara 12z .

Mr.
Age 30,

P.—Planter.

July 1897

Had been § to 10 vears in
India, but only 2 years in
Elace of attack. He nad gone
ome  on I-:':'u.rc3 years before
attack. Had soffered much
from malaria  and took large
doses  of quinine, but attack
did not follow guinine.

I —
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Torsa Disirici—contd.

Name of garden. Name, 15t attack, and attack. Particalars of attack,
I... e
e | =
|Hasimara 123 . [Mr. T.—Planter. | Aug. 1598 .| | Had been 8 to 1o vears in India
Age 0. | and about § years in place of

| attack. Hehad been home on
leave from February to May
previous to the Black-Water
Fever. He was supposed to
be strong and healthy, and not
to suffer much from fever, but
he took quinine ucc:tsi(mq'lly
and in  wery large doses,
Death.

124 | Mr. G.—Assistant | Sept. 1008 . Had been 4 years in Cevlon and
3 in Caleutta, and came to the
Duars  in  February 1go8.
Svmptoms pronounced.  [ann-
dice, dark port-coloured, “urine
becoming nearly solid on beiling,
| Bilious  vomii'ng  froquent.
| Before attack he appeared to be
in good health and not ta suffer
from fever, but he was wvery
| careless. MHe frequently took
! | quinine, Recovery.
MNotes of the abovie three cases contributed by Dr. H. | A. Knyvett-Hjoff. Rungamuties, Central Duars.
Hasimara 125 | Mr. —Planter . | Qctr. 1903 | Very mild attaclk while travellirg in the district.

Farnti District.

|

Name of garden. | Name, st mbtack, and attack. Particulars of attack.

Fydak 126 .| Me. F.—

'_]unr,' 1806 .| July 1897 « | Came to India 1904 when aged
21, and went to Sylhet. Had
constant  attacks  of fever.
Early in 1%g5 went to Duars

i nmch had  much  malaria
I |  Fever comtinucd to be frequent

in 1895 and Black-water Fever
l occurred.  During 1507 had

constant  attacks of feser
until Black water Fever again
accurred, Then lefit  the
district. Later  attacks of
Black-water Fever 2ee Dam
Dim list.

Newlands 127 . | Mr. M—Assistant | Sept. 1902 .| Sept. 1go3 .| Patient was then  nearly two
years in the country. Had
been getting fever and  apue
some time before attack, Had
taken large doses of quinine at
intervals of two or three days,
second  attack  more  severe,

not had  “fever ™ until
three davs before attack. Had
taken mo  quinire since last
attack which had been supposed

2Fz
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Faint! Districé—contd.

M]!I’lﬂ' 'HIF :il.'ll s

Rydak 128 . | Mrs.

Mame. 15t attack. snd attack.

Particalars of attack.

S.—Apge 35| Feb. 1907 .

to  be quinine isoning.
Black-water lasted 4 ﬂi:-s. TIE:
situation of the bungalow was
bad, dmipage difficult and
coolie lines near. Recovered.

Had an attack of Black-water
Fever on the way home after
leaving Rydak. Had been in
the Duars nearly 3 years. Had
spleen and shightly enlarged
liver and was anzmie, but had
not complained much of fever
before the attack of Black-
water Fever. Case also given
by Elwyn Jones,
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RECORD OF CASES OF BLACK-WATER FEVER IN ASSAM.

Name of garden. Name, 15k attack, 2ndl attack, Pacticulars of atfack,

— e T e E——

i

Had beenin Assam less than a
vesr. Lived ona very malarious
I garden and had suffered much
| froom fever. Severe case  with
[ suppression of urine.  Dieath,

Tezpur District 1f Dr. M.— . . I Aug. (1) 18g7.

Had been in Assam aboul twao
years or less,  Very severe ease,
Death.

2 | Mr. O.— Assistant | 1897 () . i

Mr. P.—Manager. | May rgor « | June 1901 .| Manwv years in Cachar, Azsam,
Age 42, ! | also in China. Suffered much

' from malaria in garden upon
which  his Black-water Fever
occurred.  Had been  resident
there nearly 4 vears. Severe
attack with one or more relapses.
Recovery.

it

|

4 | Babu Garden | June 1903 . e Had been some 12 years in Assam
doctor,  Aged 33. ! and the Duars. "Had been just
| | under 2 wvears on the garden
where aftack took place.  Lived
within 20 yards large coolie
line with an endemic index of of
per cent. During  his  antack
encrmous acute enlargement of
both liver and spleen occurred,
which subsided 3 days after the
hizmoglobinuria ceased. Reco-

VETY,

5 (Babu Gardenclerk| Sept () 1903 Was living on a garden that E-as
ad

intensely  malarious, and
suffered much irom fever. Very
suvere attack. Death,

| Had returned from leave to

England just about two wvears
| | Had suffered considerably from
| malaria, especially {ar some time
| | prior to attack. Severe case.
|

G | Mr. T.—Manager | Oct. 1905

| Recovery,

Resident on same garden as last

7 | Chinaman . « Now. 1 . s
3 283 case. [Mad besn there under 2
i vears. Yery severe case with

| suppression.  Death
8 | Mr. H.— Ape 25 . Dec. 1o s Had beenout about 7 years, but
had changed gardens three

| | times in this pericd. Had suffer-
| ed frequently from attacks of
| malignant tertian  malaria, and
b | had an enlarged spleen at the
| | timme of attack.
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Mame of pasrden

Name.

ist attack,

and attack.

Particulars of attack.

Tezpur District o

(L]

13

13

Madrasee cook

Babu Garden clerk

German  Mission-
ﬂr_'r'.

Mr. T.—Manager.
Age 32,

Motes of case cont

Mr. F.—Assistant.
Ape 24

MNotes kindly

Dec. 1goff

Dec. 1gob

Feb, 1907

Decorgod .

ributed by Dr.

April 1908 .

sent by Dr. R.

CLL]

Drake, Hati

July 1008 ;
Aug. 1908,

L. Patterson.

Had been resident for less than
4 year on a wery malarious
garden. Got a lot of fever, but
would not take any quinine.
Had taken no quinine at all
previous to attack of Black-
water Fever., Severe case.
Recovery.

No particulars known astolength
of residence, etc. Severe case
with suppression.  Death,

Had been less than a year resi-
dent in & native willage. Was
very cachectic and weak when
found with Black-water Fever.
Itis very deubtiul if any qui-
nine had been taken in this case
prior to attack. Severe atiack.
Death.

Had been some five vears in the
Duars, and then had gane to
Asgsam. Was in England on
leave during 1905. After his
return had had a lot of malaria
for more than a year. Diid nat
take quinine regularly, only
when fever occurred and then
enly in small quantities. “When
Black-water Fever occurred had
only been 7 days in Tezpur.
Previous two years spent in
Upper Assam, at Margharita.
IYay previous to Black-water
Fever had fever and took a 5-pr.
tabloid of quinine. Attack
which was of the greatest severi-
ty was remarkable for being
nearly  alebrile, temperature
only rising 10 103 first day and
then going to normal until death,

bari. T. E., Terpur, Aszam.

Had been in Assam less than 2
yvears. Had had a good deal of
fever in spite of very irregular
?uininc prophylaxis. The case,

uller notes of which are given on
a previous page, is important on
account of Black-water Fever
occurring after quinine hydro-
chloride and calcium chlgride.
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Name of garden.

Name.

15t atfack.

znd attack. !

Particulars of attack.

Nowgong
trict.

Tura,

Hills.

Dis-
14

13

16

Garo | American

Mr. 5—Flanter.
Ape 20.

Mr. AM.=Planter .

Mr. F.—Assistant

Mre. D.—Flanter

Blr. M.=Assistant

| Cases Nes. 16, 17

19 | Ageiz.
|

thild.l

1879 rains

- | Oct. 1904

Aug. 1907

| and

Feb. 1887

Mar. 1880 .

15 from

(L] |
{

., et

notes sent by

About 1 year in Nowgong. Had
been out 8 vears, but went home
from Behar, returning to India
1378, Had a great deal of fever
and took quinne in very large
doses.  Had taken a big dose at
dinner, night of attack. Did
not get jaundiced.  Recovered.

rs in
ad not

Had beesn out many
Upper  Assam, and
long returned from  leave to
England. Had an atack of
high fever, jaundice, restlessness,
black-coloured vomitlng, ete.
Dreath.

Only 15 months in A-sam. Had
a lot of fever, and lived near
coolie lines. Was never really
fit. When Black-water Fever
occurred was treated with heroic
doses of quinine—120 grs. in 12
heurs. Very severe case, but
recoversd and went home with
enlarged spleen and liver.

Ten years in Assam, but had been
o England on leave in  1goz,
retuening at the end of 1goz.
Had been * seedy ™ on and off,
especially for the 0 weeks before
the Black-water Fever. Took
quinine grains 15 at noon and
had Black-water Fever at 4 r.m,
Lived near coclie lines. Rego.
vered.

Had been out in - Assam 6 years
and had kept apparently pretty
fit. Lived necar coolie lines,
Had some few dayvs malaise and
then took 35 grains of quinine in
less than 23 hours, togcther
with calome]l 10 grs. and 1 oe.
magnesium sulph.  Very severe
case, Black-water Fever last-
ing nearly 4§ days. Recuvered.

Dr. Dedds Price of Nowgong

Went to Ameriea when 6 years.

Returned to Assam when past g,
Had travelled about in the hills
with his father. Was found 1o
be ill, and bad someé quinine
given to him. This was follow-
ed by Black-water Fever. which
occurred on 3 or 4 occasions,
Recovered.
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Mame of garden, Mame. 15t attack, and attack. | Particulars of attack.
|
Tura, Garo | American  child. | Apl - May | Child had been a few weeks in
Hills. zo | Age . 18499 Darjecling, and had two mild

atlacks of Black-water  Fever.
I Subsequenily he had  sewveral

other attacks after May 18gg.

They appeared alter small doses
. { of guinine. Temperature some-
. | times went to 107.

| Came to Assam | June 1goo— | : In June tgoo he had euchinin in

| when 4 meonths| July 1g900. | | 1 gr. doses without ill effect,
old. Had no less | but later he had fever everw

than 8 attacks of | second day (tertian), and after a
Blackwater | dose of 4 prs. of euchinin severe
Feyer, | Blagk-water Fever cccurred and

after 4o hours resulted in death.

21 | American  child. | Aug. or Sept. e Had also been in Darjf;e]ing with
Age o. 1900, the boy, and had shown similar

symptoms of Black-water Fever
alter taking quinine. She had
gone to America when 2% years
old, returning to Assam when 5
years. Recovered.

Lakhimpur Dis- | Babu B. C., Native Nov. 1907 . A native of Dacca, mnearly 10
trict. 2:' Daoctor. Ape years on parden where Elack-
| 34 water Fever occurred. Had

severe malaria in 1901 for =ome
G'months. Went on short leave
to country in 1go5. Had been
taking quinine 10 prs. onct i
fortnight for some time before
| attack.

|

Notes | contributed by | Dr. Falkiner, |Assam,

|
23 | Mr. G.—Planter, | Mar 1go7 . Had been many yesrs in Assam,

| Age 45. and had been to0 Burma. Went
to England on leave in 1904 or
1gos. Heturned to Afsam and
went 10 Burma again doing much
travelling and camping. Much
run down before aitack, and
looked sallow and ill.  Took grs,
. 1o of quinine. DBlack-water
, Fever followed and lasted 3 days.
{ Great  epigastric  pain.  No
| spleen or Lver felt. Recovered.

Neotes contributed| by Dr. Me Combie, Assam. |

Jorhat District,
Aszam. 24

Mr. F.—Assistant. | Oct. 1907 bas Had been 5 vears in Assam, and
Age 23k 5% months on garden where the
attack occurred.  Previously
had beenin Mowgong. Had had
| oceasional  attacks  of  fever,
Took quinine as a preventive,
| but doses or times not stated.
| Black-water Fever followed
i quinine  administation. Re-
COVETY,
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Mame of garden.

North Lakhim-

pur District.
Assam 25
20

Cachar 27

Sylhet 20

30

3t

Bishnath  Dis-
trict, Assam.
32

Mame.

Mr.—Planter =

Mr.—Planter -

Mr.—Railwayman

Babu —F o35 t-
master.

Mr. J.—Aszistant,
Age 25

Mr. T.

Mr. H..—Mann.gcr

Miss =Nurse

15t attack.
19o5 .

1gold . .
1005 . .
1900 .

15900 .
Sept. 1907 .
June 1008
10073 aOr 190

| znd attack-

i Particulars of attack.

No particulars received.  Death,

Mo particulars received,

Dreath.

yc E

| z

An enginz driver who had been
at one time on the Gold Coast.
Dreath.

This followed quinine.  Recovery,

Had come out from England at
the beginning of 1899, Was
living on an unhealthy garden
near the hills. Severe attack
of Black-water Fever followed

erind of many malarial attacks
i 1got.  Recovered 1go1.

| Patient had been less than a year

| in India and had already had a

| previous attack in the Duars.
Recovered.

: Had previously been 3 or 4 years
in Assam, and was in his third
year in Sylhet.  Death,

Had not been very long im

Assam; full particolars not yet
to hand.

206G
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