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BLACK-WATER FEVER..

ParT I

INTRODUCTORY.
CHAPTER 1,

Historical and General.

ISCUSSION of the =tiology 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. [t will be sufficient briefly to

& marshal all the known facts; $o indicate the different views that have been held
3 as to the nature of Black-water Fever; and to see what are the main issues now
7. 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
B : * the recorded facts.
I :_ ¥, T These four theories are :—

-
* I.—THAT BrAck-wATER FEVER 15 A PERNiICcioUs FORM oOF

¥ ' ' 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
hzmoglobinuria, 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
o .-;;efgardmg 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
u fmn the ralatlﬁn of Black—water Fever to malaria ; but ca]led the condition

al physmmns in Greece {5} and of Tmnaselh (6) 1 in Elﬁl]r,
s of hazmoglobinuria closely resembling the hzmoglobinuric .
- 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
infectian to be necessary before quinine can have this action.

5.fie later researches of Koch (7) show the same action of quinine in asso-
‘ciation with the hazmeglobinuria 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 paroxysmol 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 him 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, almost 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 aitack.

-

II.—THAT BLACK-WATER FEVER 1S 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 hemoglobinuria.

; Even under ordinary clinical conditions, it is the experience of most observers
t’]ﬁtattacks uf Biack-waver Fever have in most cases befm mdm:&tl bj' quinine,
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.
the other hand, a numher 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 diffsrent
conditions under which this drug may act in the production of haamoglobinuria,

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 o#set 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 quining even
in minute doses is invariably followed by the onset of h&moglobinuria.

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 h##moglobinuria, have taken care to qualify
their statements by pointing out that a special acquired predisposition is necessary,
So far as we are aware there is no record of any case in which the administra-
tion of quinine to healthy persons has produced hzmoglobinuria. 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 : hzemoglobinuria 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 is true that more or less concentrated solutions of quinine will £z vif¥o 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 markedl;r' l:r.::»:m symptoms, prominent among
which is red cell destruction and hazmaglobmuf'ia (methzmoglobinuria). Admin-
istered in poisonous doses, the action of this subs..l:ance. 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 mrcum:tauce.
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 hemoglobinuria 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
1s followed within a few hours by the passage of hmmoglobinuria urine has
been w'.ll established ; and it is the recognition of this fact which has led to the
attempt to distinguish a special form of quinine heamoglobinuria in contradistine-
tion to the class of case in which therelation of quininé administration to the
onset of this symptoem is not so evident, or in which quinine can be definitely ex-
cluded.

Many cases of Black-water Fever occurring without the administration of
quinine have now been recorded by A. Plehn (4) (twenty-two) ; Cardamatis (s)
(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,

111,—THAT BLACK-WATER FEVER 1S 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 maosquito 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

heemoglobinuria 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 origin of the disease is
therefore at present not supported by any facts; and it is even made somewhat
ijmprobable by a study of all that is known of the condition, notably the amount
of positive evidence pointing to a malarial crigin, and the difficulty of fitting in a
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 parasiteis, however, of
such fundamental importance, that until absolutely dtspmved the possibility of its
presence must be given every consideration,

'Y
%' ) I



IV.—THAT BLACK-WATER FEVER 1S 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 observers, while agreeing so far with Koch that the morbid 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
i ‘continued malarial infection which brings about the condition of unstable equili-
| brium in the blood necessary before quinine, or any other determining factor,
: l can bring about an attack of the disease,
Since then much confirmatory evidence has been amasssd showing that
_ l Black-water Fever is clinically most closely associated with malarial infection.
i But this view of the origin of the disease is not universally accepted, and certain
t objections have been raised, mpre 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 to malaria, and to consider in detail
[ the objections that have been raised against the theory that it is of malarial
origin.

e ” : GEOGRAPHICAL DISTRIBUTION,

‘The geographical distribution of Black-water Fever we now know to be
very wide. In Eumpe it is recorded from Italy, Sicily, Sardinia, Greece, and
'Spﬂlﬂ; irom Merv in Russia along the banks of the Danube, in the Caucasus and
from Turke;r. In Italy as Stephens (t1) points out it occurs more especially in
South Calabria, where the mortality from malaria, according to Celli, reaches g
to 9'g per 10,000, a rate double that in 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 oceurs also in India, Burmah, the Straits Settlements Java, Sumatra New

: ea, and the New Hebrides ; it has also been described as occurring among
communities in the more malarious parts of Palestine,

Tl;rg(ughout Tropical Africa it is the chief cause of mortality among Euro-
: ;_5 found also in Madagascar, Bourbon, Mauritius, Reunion, and the
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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
obseryers 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

a 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 belief that Black-water Fever had a peculiar and restricted distri-
bution has been emphasised in most text-hooks 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 (r4) first described the
disease “ Fievre Bilious Ha:maturique' 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 1853 nothing was heard of ha2moglobinuric 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
afterward 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 Intosication, describing cases of
hamoglobinuria seen by him in Sicily. Almost immediately, interest being
aroused, the disease was shown to occur also in Sardinia and Southern lItaly.

About this time too the Dutch physicians (Jacobs) (18) in Java, Guinea
and New Guiana discovered the presence of the affection in those colonies.

From 18go commences the German period, with Schellong’s (19) 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 invesggators
belonging to that nation recording observafions 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
from various parts of Alfrica, Asia, and America ; and though Crosse (22a4) and
Manson (225) had called attegtion 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 oreat 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

i Central Africa (Moffat) (23), Stephens and Christophers (g),Daniels (24), Hearsey
: (25), India (Powell) (26), Seal (27), British Honduras (Brown) (28), Rhodesia,
e~ Uganda (Moffat) (29), Nigeria (Hanlev) (z0), British East Africa (Daniels),
K. -2 the Soudan (Ensor) (38), China (Wenyon) (31) British Malaya (Wright) (34),
Burmah (Finke) (35), Syria (Cropper) (36), Masterman (37), and elsewhere.
It is 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

: -d:sﬂase 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
"._- imniuheknqwn ra._ﬁgties of the malarial parasite ; but it is difficult to see how
 suchastatement can be upheld for all we can say at present in regard to the dis-

n of the different varieties of malaria is that, as one approaches the tropics,

.
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one finds infection with the 'ma].ignant 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 o merit consideration is the statement
that there are certain countries which are intensely nialarious in which Black-
water ‘Tever either does not occur or is very infrequeni:. .1 hough it is repeatedly
averred that this is the case, the bdsis of fact for sué;ﬁﬁ;‘—jﬁjta.tmuent is extremely
slight. P X8

It has been stated that Black-water Fever is rare 'i_r:ii' ,_'-.Fgﬂfiu";"but the brothers
Sergent (39) have within recent years recorded 31'?;.-%%&5 with 22 deaths, and
Coste (40) has reported another 25 cases, proving t%ﬁt the condition is far
more frequent than has preyiously been supposed. :

Black-water Fever is also stated not to occurin Egypt, a very malarious
zountry ; 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 ot 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. Before giving
weight to this objection it is necessary to consider the history of Black-water
Fever in India andto note the circumstances in which it has appeared.

Maclean {45} in his lectures upon the Diseases of Tropical Climates (1886)
with reference to the urine in certain cases of remittent fever, that *“In

states, W
es recorded by me there was profuse secretion of bloody urine, which

some €as

Jasted until couvalescence set in” But Powell (26) was the first actually to

e —
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recognise the disease, when he recorded the ocecurrence of a number of cases in

Cachar. §

A little later other casés were reported from Sylhet, the Darjeeling Terai,
Cachar, and the Duars. Stephens and Christophers, who described four cases
from the Duars™Iso note in their report to the Royal Society that cases had
been met with in othessparts of India, including Hazaribagh, Meerut, Roorkee,
and Secunderaba ___'g'.:r the disease is common among the Europeans in the
Jeypore Hills, They i ?iﬁmentmn that cases of the disease have begn seen
from time to time '--'i'it}l.- hospitals of Calcutta and Madras, though these may

have originated in o .;u ‘,.’Elces.

d - Since thesgen" ! (32) has recorded three cases from Canara in the
Bombay PI’ESlldEn!:j":"ﬂ-.'_ DeCruz (33) a further number of cases among both
Europeans and natives iy the Jeypore district,

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

L India.

5 In our list of cases given,in the pl‘eie“‘lt memoir we are able to record one

: in a European from Puruha in Chota Nagpur; and Colonel C, ]J. Bamber,

X 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 Gopal Chatterjee has also told us of two cases in

s 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

malarlal parasltﬂs in their blood. Docter 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 disease having such a striking symptomatology
as Black- water Fever can scarcely be overlooked, is not borne out by
ﬁxpgnen«\:e, it is only too frequently entirely unrecognised or confused with
‘{her diseases, when it occurs in districts in'which it has not previously been

ysed. As a rule where Black-water Fever occurs, men are for the most
ng remote from civilization, and the disease being a sudden one and
'_"'ﬁ'se except under special circumstances is often not seen by any

- Again in all such communities “fever™ is only too familiar,
n a man is sl-.uuusljr ill, he often thinks it unnecessarv to call in

thmtgh this IHE}‘ be available,
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It has been supposed that the patient himself snust be sttuck by the extra-
ordinary change in his urine ; and no doubt he i, ' if he knows that the disease
from which he is suflering is Black-water Fevel : but.in a district where it is
not believed to exist, and among a conumunity who have .cnly heard vaguely of
the dread disease, a man may overlook the conditioy oi fus - “ne and not suspect
that he 1s suffering from Black-water Fever. e

All these points are wel: exemplified in the caseiwd isve referred to from
Purulia® It was only because he was travelling to Ciiion ofat the time and was
taken to the General Hospital that this man cam. was t observation; also in
spite of passing though a typical attack of the diseasdie sufidiaot know that he
had Black-water Fever, and had he been in his owi da]]:u.l “_-i:}\gr- attack would
certainly have gone unrecorded, for he and one othe certafopean were (iving
alone in a remote part, wany miles from the nearest civadstation. i

Black-water Fever therefore does occur in Indidf; but it is evidently con-
hned to certain localized tracts, and there can be no doubt, as has been mamn-
tained, that 1t 1s rare in the practice of the average Indian physician. [un #his
Jfact lies one of the most powerful argunfents 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 by the
Assam, the Duars, and the Darjeeling Terai we shall

intensity of their malaria.
It 1s only necessary in the present connection to say

consider in detail later.
that they are notoriously malarious districts,

The Jevpore Disirict 15 a hilly intensely malarious tract, where
European and native residents alike suffer severely from malaria.

the

Canara, on the west cozst of India, is also a hilly district with a heavy rain-
fall, and it is interesting to note that before the occurrence of Black-water Fever
was actually recorded by Christie, Stephens and Christophers, 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 of 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 into
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which we need not enter here’ are usually but little exposed to such infection as
exists, A Sy s

Thus one of usk re. consit of experience, found it quite unnecessary to adopt
special precautions ag ! « amslaria while living in the owskirts of Madras: nor

did those living in ti. ers Havourhood suffer, though a certain amount of infece
R, 8res = 110t (to be found in the bazaars. This condition is expe-

rienced in Calcutta)-2a .H.,{ i and most Indian stations and is met with even in
rural districts, fos.ond by 4 Jassed two years in a portion of Assam (achar)
o without contractif, » g MEEE, although no special care was taken to avoid it
but on moving to g “# Black-water Fever disirict, he suffered severely until
fr-:m:_,pe::essity"ﬁ":"un Jithe practice of taking quinine daily. Again in many

_ I.‘-lﬂ-ﬁ'}_“."r::-‘_'ictﬂ of India m, ia may be very rife, but only at certain seasons. Thus
i ' Lm_-ﬂ-\_%“ at MiataMir which is Coft of the most notoriously malarious stations of the
& R Punjab, malaria is only wally 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
“'/Jﬁ;f!-ia Are not exposed to Black-water Fever conditions, assuming that these are
l‘\"\"'h——.—— J ife in an intensely malarious district. An objection has been raised in regard to

s

i j/ 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-
g ently does not suffer from Black-water Fever. The British soldier, however, is
under continual medical inspection and is almest 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 the 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
i so far as they relate to India: for an examination of the real facts shows that
where i 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 liability to atracks 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 js only accidental, due
merely to the fact that the conditions favourable for the occurrence and propa-
gation of malaria 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
Cz

&

.
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conecurrence or an actual relationship, Stephens, -umm:ntng the view of the
malarial origin of Black-water Fever, brings I'nr'.'l.t -+ evidence for such
real relationship based on the results of the examir
in Black-water Fever, He tabulates the results obi ¢ cos.petent observers
in ninety-five cases, and shows that in g5 per cent, : = observed the day
before the attack malarial parasites were present.
failure to find parasites in cases of Black-water C 0 Ui gha
in no way invalidates the fact that an initial malarial | an almost always
present. DBoth be and Christophers had previous, ¥ [n;:n attention to the
subsidiary signs of malaria! infection almost inv rariabi, Feyer it in DIau:]{u.a':atf;r
Fever even when parasites were absent. Thus Pmﬂ"hr_t-fir ]_ To56 be Seern s T
early although no parasites may be detected careful sea o will r'n_-n:;u:_-m]yl-r]__
: of vesf recent

he bload and tissues

Joriit ! j:H. its eut that the
later stage

:l I}
strate the presence of pigmented leucocytes—undeniabl | evidence

infection : moreover a differential count of the leucocytes will usually show the

large mononuclear 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 accord with such observations are others of a clinical nature, and it is
significant that in Italy where the study of malaria has been carried on with great
thoreughness and minuteness, hamoglobinuria of malarial origin has been fully
recoonised. Marchiafava and Bignami, discussing cases of hzmoglobinuria, {lrél':r
attention to the fact that these conditions should be included under post-malarial
phenomena, that 1s 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 tropics one is 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 1s seen under conditions suitable for accurate
observation, it is almost invariably found that the attack has been associated with
an immediately preceding attack of malaria. 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 frequéntly 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 malatial 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 t]‘lﬂt it occurs only in

hose who have been resident for some considerable time under Black-water
Fever conditions ; fresh arrivals are never attacked. Berenger Feraud (44), in

ol

e
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der three months’ resident, the remaining 184
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This feature oi -”.'-_: E‘E.ise is of the greatest importance from an ztiologi-
aint of view r*.; JF pen argued that if Black-water Fever were a specific

' it woufd no. J]"-‘L* \ persons ]Llst at thls per:od of thear rﬂSIduﬂCE It is

length of remdenne nece 5511'1.Ir before infection ta.kes 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 shortly after their arrival; and the same holds good in regard to suscept-
ible animals brought into countries where piroplasmosis is endemic.

Again there are no grounds for the belief that any single attack of malaria,
however severe, can.give rise to hzmoglobinuria except in a subject who has
been for some time s sident under Black-water Fever conditions; Black-water
x4 Fever cannot theref“re be a complication of a mere attack of malaria,

o Another well récognised fact in regard to Black-water Fever is that it
o ‘attacks only certain susceptible races whilst the indigenous inhabitants of the
countries where the disease is prevalent apparently do not suffer. Thus in Africa
:ﬁgsiﬂe_g"Eumpeans; Syrian hawkers, Indians, and even Negroes who have not
];;ggnbnm and bred under these conditions are liable to attacks., This isin
taccardanc&mth what we know of malaria in such countries as Tropical
‘adult among the indigenous population possesses an immunity
eited infection in childhood. The non-occurrence of Black-
= these people suggests either an intimate relation of such
¢ the assumption of an exact parallel in the course of
- parasite.

w develop Black-water Fever, even for the first time, after

known to us malaria exemplifies this peculiarity
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_ most, and that Black-water Fever also shows it :-na point not to be lightly dis-
L . mlssed Panse’s observations previously quot, mﬁ nat such attacks ar
&) b invariably preceded by an active malarial infectior: s of cqurse possib,

. is at once .
‘to explain attacks under such circumstances by 5L hesmo thague nalara ha o '
= ir
lowered the pallent s resistance to the latent caus produce *° -wate: Fevor, which. ;.
‘then asserts ltself or that the latter has stimulate, h. ; “‘fb {1al :.m:;ite in.m: e
activity. 1In Elther case we must allow that Bl Emd Feyfr, like malarizfie -
can remain dormant in the system. wubseque 4y _ £ }
1 of budo f ¥ o ~
. normal o
e 4 ! THE PLACE OF QUININE IN THE MaLaRIA Hyp, R T THF r"Rrrl
‘e "3 O R 1
4 A v e L
g OF Bi.ACK-WATER I'E ER_ % SL A e S
There is no incompatibility between the view ulge h asserig -rth -~ quinine ri el e~ —71
administration may produce Black-water Fever and "u: nnlaru. “pothesis, A L9 |
we admit that the drug is only a determining cause, act o In cof ;.»*wn with a f
condition induced by previous intense malaria. The ma ria Il:-, ,;;usm certainly :
e:{p]ams more readily than any other the undoubted actionf; Lﬁ-tlt,r exerted

by quinine in the precipitation of an attack of hazmoglobinuria. ’*\—’/ﬂ
Thus far we have summarized the recorded facts relating to the remoter = ;
causes which act in the production of Black-water Fever. \‘ e
As to the mechanism and the exact process concerned in the terrific || \\
g . destruction of red cells we have no certain knowledge ; but as may be expected O «
this has been the subject of much speculation and conjectare. T
g The earlier writers held that Black-water Fever n-:'i::urpt’-‘ t¢ only when the red 1
= cell destruction, usual to a malarial aitack, exceeded a ctﬁrtam ‘point. It was
. thought that the liver, being then unable to cope with the. tmcesswe amount of
hzemoglobin liberated allowed a portion of this to pass uncha“:.ged into the urine.
Mo:i:ﬁcatmns of this view are that Black-water Fever is the F-‘sult of a peculiar
rulence of the malarial parasite brought about by certain’ mnditmns such, for
- gxamplﬁ, as their transmlssmn through a particular sl{ei:ies of anopheles
s {Bamels'! or that it is due to an excess of toxines liberated Fi;the parasite pos-
L #@ ly under stimulation of quinine (Grocco) (43)-
5 The view that asserts Black-water Feverto be a 5pemﬁc disease and draws "
: g}' between it and the piroplasmoses hypothecates {that instead of the
I destro) ed by the: malana-.l parasites or their, oxines, the effect is

{

red blood corpns-
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~water Fever ; but that its prese e may . be d;munstrate,d
sondition subsides. o Be l¢'5,63) belives that quinine has no action on intact i
- 1 cells; bukthat nﬁt&; coing up of these cells, it may act on the liberated

tingnd 1o L'-‘#mthmmog‘lohin, which is at ance excreted by the ; ]1
mers bz  He suggests that the h:emoglobinzmia result- |
fﬁ?es' i malaria does not usually produce hamoglobinuria,
) ':_."5 _Eﬂrily absorbed, but that with the presence of quinine |
; el :E'-T_Cl.iﬂged to takes place, and met-hamoglobinuria zesults. |
A heory advh_]::@_:mg;;: ayer (47) in 1898, and subsequently adopted by |
: ers q&apﬂ:;u£~.f‘f;;5'i?-'p!anatiun of the mechanism of blood destruction, |
A % became less resistant than normal to changes in | |
'%.E*‘-' o ’plasmzt, and thus became liable to undergo solution. . '

investigating the condition ef the red cells in regard

in the urine as that |

mCERLUNL T E T
~ Stepneganall wristophe
SIS ntheir belp - ur in diffefpnt strengths of salt solution (isotonic point), found
that during . . lack-water Fever they might show an even increased
LTS resistance tGCL, ion ; thaugh the examination Gf the red cells of persons living
e under Blaclﬂﬁﬂﬁu__ ever condilions frequeatly showed them to possess less than 1
i e =rmal resis:aﬁﬁce. They conclude, therefore, that the apparent raised
— dsistance observed in Black-water Fever might be due to the destruction of .
| the weaker cells in the course of the disease, with the result that only the most
| resistent cells remain after an attack. Certain French workers have suggested,
g as an explanation of the phenomena observed in Black-water Fever, the occur-
. rence of what they tey ed “ deminera'iisatl{}nx of the plasma,” a condition which
T ‘they assume a redugfen in the amount of salts normally found in solution in the
iy plasma, the resulting | Lerations in osmotic conditions giving rise to destruction of
- 'j:ﬂé;‘i-.eud*.;tyrpuscles-. .- More recently McCay (43) has brought forward an interest-
B ﬂi.glg"h}fpnfhesilsrlj‘axe_.n the observation that after the administration of even a
- single dose of quiniy , sulphate, ke finds a reduction in the salt contents (heemo-
' asma. This he 1scribes to.the action of the acid radical
loid, as This observations caused him to believe that the
nine hydrozhloride does not produce the same efiect. In
i\ regarding Black-water Fever is in agreement with that of
previously alluded to, the process of destruction being :
u_it- of the * demineralisation of the plasma.” But up to
er has given sufficient data to enable an opinion to be
played, if any, by osmotic variations in the production of ;

 thelties have from time to time been put forward, the £
indicate the general confusion and uncertainty that
:___ﬁqg'gss:amnéth'eﬂ in the blood destruction of

L
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Black-water Fever. Thus Pcllu'n (4g) advance the view that the kidney was
“WGI‘-’EEI the ha :moglobin observed in the urine b ng—"<ived.from h:= emorrhages |
into that organ or from the bri::t&l:ng down of infa; ehn has also cite
as a possible explanation a damaged condition PrEsridneys-n {some wa
altering their relation to the blood whic h, in the ca . ) m-ulﬂnlf rubjects
111 H"ll’ g y
might suffer injury and be de prived of its hazmo, - its ~fassa~E througi C
rnou]uo
them. Yersin (4qa) announcing the discovery of ; {theTrine suggest .~
I.l_‘lllu-rh:nll L
its toxjc effects upon the blood as a likely cause; let Ygb), influerce
rtance ¢ : :
i}er]mpa by the fact that the filtrate from cultures o 3 ;

e

fegatheriugd mi 1mpe_

tit [-.- 20 —
; X nentrned ’DEHﬂ

excite hazemoglobinuria when injected into guinea- |:||
n n al an' Jes.

infection by that organism as a question to be consid
Al 'Llll"l'l' |:|.|_'|.1 J].T.']-\J.LIIIL-L At

'ltm cof |;J1“_h "‘“‘Tf--m___,\

o ———

But of the real mechanism of Black-water Fe
though certain observers, prominent among whom are ~ ]L| 1ans
formulated the view that Black-water Fever is due to ‘he actio, Li- ~.]J--c1[|r"
-]“ﬁ-:t-.: din
I}ﬂ'lL[' ad |_.”.

nn.i

presence of am anti-hzmolysin. The. study of the c mplex’ “pmena into
] : PIC%,

: : 5 AT AR L
hzmolysin, and one of them Casagrandi (50) states tiat he h:

; 5 o o . 5 .
demonstrating in malarial haemoglobinuria such a h;_;_,t._:[.]]_'.,':;[p the

: : : ; S vaT,
which these researches lead us is better discussed in rémtiier to our Owmn I‘E r i

investigation. . g, CREREL | |
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hy constSE.  SCOPE OF THE PRESENT ENQUIRY,

Fe. 15 3¢ Sease localised to certain parts of the world ; it is
me 0% €iria, Apart from it hazmoglobinuria in man is rare
seen onlyyin ol =4 pe :i/ cases of paroxysmal hazmoglobinuria or as a rare
ication in }::::-:,taiiﬁ}i;-_sﬁ_ diseases. On its importance as a bar to Colonial
n we need ,\m\t:.';’i“fﬂ?,'-%.nent, beyond saying that it is becoming more and
@j‘éd_aﬁﬂa _frﬁ“iiii of death among Europeans in tropical countries.
o tfl't-f;n:.f:',,_é_' . . ostriking symptomatology, and an enormous literature
i @n thﬁﬁﬂm the clinical [eatures, diagnosis, and treatment of the
e, appesy’

the yﬂoufn '

e
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as a rule men who have been more or less affected
snt in tropical malarious countries, but sometimes the
Jan whp to his companions seems strong and robust.

imost cases whaf have been called prodromata. It is
it these, prodromata which resemble malaria differ in

elle 10 pr
%’n}pn by

'pres
'{)gm; fever can never be differentiated from an ordinary malarial attack, which
pati.ents themselves affiost always consider it. Whether it.is so in reality we
must leave for furthe /iscussion. In some cases an intermission of the prodro-
mal fever is followe the Black-water which comes on as thou gh it were the
fever returning, whiin others no definite prodrome has been recognised,

Almost invarizdy 2 rigor followed shortly afterwards by the passage of
hzmoglobinous uri= marks the onset of the disease. In the history of some
cases itis stated ]:(lt abnormal urine was the first symptom, and that the rigor
followed, but this :!uint We cannot ascertain with certainty. The urine first
_ passed may be 1-it red in colour or quite dark, Inan ordinary case it is
§'s lighter at ficst but 0N h.enumes of a deep mahogany red calour or even nearly

~ black, though eve, then it appears claret coloured by transmitted light. With

¥ tht variations (1€s€ characters of the urine continue until hzmoglobinuria
. e s or suppresspr sgperfenes. At.tha onset the' temperature generally rises
; to 104° F. or eve l- 5° F.and remains ]‘I‘lg.h during the greater part of the
sm. But so =times, especially in mild cases, the aisease runs an almost

SHarEy b}r Nothnagé'ﬁ‘g

-

"',."'ui;_t-. the attack there is often extreme thirst, and
A\nd the bilious vomiting with the jaundice has served to
ape of “ Bilious Hzmoglobinuric Fever.” &

patient is restless, complaining of want of ajr and ‘with
~i acute hzmorrhage case. A symptom which may he

D

L]
¥
i,
1, =

enting a more ma =d cold Stage, Our own experience i1s that the prodro- -

|
|

iy
-fg.-:-{l

Definition.

Impartance.

Clinical
features.

Prodromata.

Onset.

General
Symptoms,

Temperature,




Jaundice.

Urine.

Blood.

Fecovery.

Death.

Morbid
Anatomy,
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persistent and distressing is pain aver the epiga Yrium, and tenderness may he
present over the spleen, which is nearly always enWriere 1"11'”5[]13 liver.

At the end of the first twenty-four hours or mJ““ under gifier a+ e teric tin
begms to show itself and T:L'r.lld]'l.' increases in int :_]'i“"" m”a”utrh “Cile 1.* “T ear ;!:. n
degree the PTDfGUHd yellow colouration sometimes 4 such Dthqﬂruc' He jpindice.

The urine which at the commencement of the 88 ant . ..q. --‘.*;;'ht red, re-
sembling laked and diluted blood, shews on sp&tHala sy eZamination /he
absorpfion bands of oxy-hemoglobin.  Later it derationg = por 2na Znor
brownish in colour, appearing nearly black when ttﬁti‘?‘.‘_ e fnbulk,  Afler

ATy = . =r . . C
maining f(‘l'l Somée llme more or less uniorm m. tnt S1D l't:' g & Gf:un ﬁ":'r 18!
SllddL"]‘Il}" becomes less j[lif:]‘jﬁl;i_\' coloured and t_',;j-_ﬂ'!}- q be" .0;
It is common to see in the course of an attack, especial AT

one or more periods of exacerbation shown by rigorer Fever 7 4

colour of the urine. Not infrequently the urine may clgruction ?
globinuria to return with a new accession of the sy1or to cut short its
after the hazmoglobinuria there is urobilinuria which ¢

Albuminuria which during the hazmoglobinuria is oftenobservesat o’ the
urine to become nearly solid on boiling continues in a letline€gree for many .
after, The blood at first not markedly anzmic eventuallylf becomes in a severe
case pale and watery, the red cells being sometimes re fuced to less than a
million per c. m., whilst the hzmoglobin value is ;:{;.rmglsfiﬂﬂ-“ﬂ;ﬂ}* low. Very
At but later they are

early in the attack a few malarial parasites are usually pre!
not found even after the most prolonged search.

If recovery takes place convalescence is rapid, and tiy; patient often has 3
spell of better health than before the attack of Black-wate | Fever, but if he be
exposed to the same conditions as before a second or thi) | attack is only too
liable to follow. Each time the chances of a fatal ter anELtlr_ﬁ are Very ereat,

When death takes place it usually follows suppression . JF urine, the result
of a profound effect upon the kidney epithelium. At other; b 11*:5 the enormous
blood destruction itself leads to a rapidly fatal end. Ever,, the patient pass
safely through the actual hazmoglobinuria he may die man days later from
obscure causes,

Post-mortem the spleen is greatly enlarged, congested, #d dark in coloyr,
The liver also is enlarged, and congested, the kidneys ealaged and dark purple
in colour. Almost characteristic of the viscers in Black-w/T Fever is pigmen;
of malaria, a disease which if it be not the cause of Black:atsr Fever is every.
where associated with it. '

This then is the disease. It is necessary for us after v 'aVe summarized whay
has been ascertained and surmised by other obserye;2S 0 its nature to give

our own contribution to its study.
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Our researches upon Bla; k-water Fever have been carried out in the Duars, a
“Mistrict which has S3rn, M 4 sy notoriety in dndia as one where Black-water Fever
s Arevalent.. Our fin, ¢ conas to ascertain the conditions under which Black-
Wﬂ!&'-fm’é’ﬂ{_ﬂt&ﬁqed ] wllect such general information regarding seasonal and
local iflident, the 1w mers haace, length of residence, and such other conditions as
seemed likely tothe olv'+5 niance in determining the cause and nature of the

- ditease. Havipg T=as aned as far as possible the general causes bringing
iboyt Black-wa = Fé by . re still remained for consideration the infmediate
- sechynism conce, o¢ MUt disease process, and the question as to how that

'*l}.-;"_*]'ha!bhisn‘t gas & iiiction, Lastly, there s the possibility of suggesting a
P Ras CeaamT o phylaxis for the disease.

L\ _——"Ton, chre, - Cin these serefore were belore us :—

—

__sOuars ; nor < Arst has
_ b aidte of our know

__the youngy

©Th @PPEs ge causes bringing about Black-water Fever ?

o]

1

e, 1 e ; 1 A : _
FEQREANS o5 at 0N SUCH aetpal mechanism of the bleod destruction ?

by the l'll'h,,:“"”:i': 'O PT¢) can be taken to prevent the disease or to cut short its

disease Strﬂ'_ér".f-.uf'.-l'f.':’” byihee itshas declared itself?

E‘l’,ﬁuﬁ-f{}cﬁn'mai‘?g%f-:tn chiefly engaged the attention of observers, and the

.f-::,it the present time has been briefly outlined.

€0to explain the cause of the condition which seem at all
‘Thf.‘ only attemp time are :—

applicable at ¢}

(@)
(8)

1€ prey ., . : b i
= FT€ that Black-water Fever is a specific disease.
The them duced by repeated attacks of malaria, quinine oaccupy-
That ithyinor position as a precipitating cause.
g I I g

ng ¢« s ! : :
Snd it 15 necessary to consider the possibility of its being

- tDn the other yndition not yet indicated.
P 3 F S e " 1 el e
0 50me ntherﬂde upon the pmhablllt}' or trnpror.rab]]zt_'.-' of each of these
We have to @

o : lo forward if possible proof of their truth or the reverse,
e U e :
ggﬂs ons hr1'3£=5ttqelt1r1q these remote or general causes we wish to approach
ut while indft 1. 7 2 . . st
h : While inf} ck.water Fever from a new standpoint, bringing as many
the subject of 1{5

! :

In these lines does a true solution of the difficulty surrounding

J sible to bear upon the mechanism of blood destruction in the
observations as
tack-water Fever seem possible ; it is also only with a knowledge

d ESfaSE'. an}-

the wti ‘ e
3‘31'1‘3]“:‘?.'}' of i hope 1o approach the rational treatment of the condition.
of this that we cal %
¥

\ 'y
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- O glac - Fever malarial in origin, Ve
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i 3 Ly ha = : L - Y
o ¥ Tw N Thuce  CHAPTER I, b g/l
= a WS A h [
i , Alh My SPCVATER FEVER CONDITIONS. .

Afzlance af 515t 5I|11 mips ) of India shows at once two areas where the rain.
falar dixceast that Ui ne rest of India. Oneis a narrow strip ‘along the

Wesn by, ep S ~oast. The other is situated along the base of the
r A | = = b - . r
__—EsungHhe. - In these & Garo and Kassia Hills, where these ranges ntercept

| _'L_}.Hi' }'Dﬁur.e--,l_f’f};{ len, app;:f_‘ n currents from thEr: B?.}r of Bc:‘lgal; within it:.- limits

% s=qpeaiis \* .-¥ on suchtricts of the Darjeeling Terai, the more important

by the el e Lo I;y;"‘é and the still more important and extensive Province
disease strikgjpz00 U}}Jr: e : : o

_.'EE‘;F;” ) srder’jly with which we ave entirely concerned, since it will be

~SpatiTnion ﬂdorreapun{?‘ma from which cases of Black-water Fever have

2808 Powell (26) records the occurrence of Black-

p— SD_[J.;;TE:_; nOt o B
i -_een frequently report co .
g eleven cases which had come under his obser-

water Fever in Assam,: . ! |
vation in North Cachiortly afterwards Seal (27) gave particulars of a

case seen by him in S2ther diqstrict of Assam, and six other cases in the
Darjeeling Terai. In® R_E‘r‘+ G. M. Crozier, M.D. {Sfj’ destmbal. thes
other cases from Ca¢' 2 little later Stf_:phens and Christophers noted in
their report to the llclﬂt?' that the disease was frequent in the Duars, |
and also referred to received by them from an Assam planter mention-
ing that it had been £d F“_T a number ?f vears in Nowgong.
Since then the!® gained a notoriety far above Assam as a Black-
water Fever countr@s¢s have come under the personal observation of
one of us in the Da™Ict HSSRI‘H.}, while particulars of others have been
sent to us from var of the P“I’W“CE:
To what condi? the district under discussion owe the occurrence of
Black-water Fever | 'S the Duars especially the seat of the disease ?

L

NING UP OF THE SOIL.

The belief that ceria is often the result of opening up the soil has
long been held. To ex, it has been customary to note that I?Dﬂl.g are :
generally formed suitab’Pheles to breed in, and that malaria is the
result ; yet in reality thin inadequate conception of the true state of

I,

e g
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affairs. We have been fortunate enough to seeiin several parts of the Tropics
operations involving * Opening up of the soil,” iifuated verations always involve
certain conditions. The most important is the [for rice of enormpus camps

coolie labourers and their [-.‘_‘l_rufi]'c_a:l drawn fromcome per 1,1'i-;:|r_d-1'|l_|.'||'-l'-.f|__l'_{'|]-;'_|l.'

district, or even from distant countries. In such up arouafiar male ixed

than mere extra facilities for hr:tn!din{_{ of anophelome sprertaiv’ cor’ wider
mixture of races and classes im'rriring admixture e fact tipttiles number of
ed ; the depressing effects of hardship, especiallyrden woie thiows greater
turn by becoming malarial disseminators take thel facto intending to im-
crowding of the population into communities larger he incidence of malaria
conditions and.not large enough to derive the benefitto some extent among
and many other factors we need not specity, Suffice’but’ little : and those
ditions play into the hand of malaria more than any ctatively little from the

in these huge labour camps we find malaria in its inteture that Assam as a

form,
Naturally the Europeans and otheis emploved imintaing L*.-[J-:n.-'rmfl:ﬂif”‘

general trouble, since in their icnorance they dwelle vie exhalations or e
i ¥ a Sl L L I

midst of the natives.

soil is therefore based upon fact ; but it is not the miasr, mund up in the o :
- ; = Enera

the extra facilities for the breeding of anopheles, thougigamps in the Tropies
general vicious cycle, thatis responsible. Upics,
conditions inseparable from the existence of great labourria
To emphasize the condition, which is a very real one, we m g A e
Tropical Industrial Aggregation.” br virgin fn:ur.-_-;_;: [ .u,[._|
Much of the area we are discussing has only been opdihicp + is Ifn'rr--. L:'h' r
within the last fifty {years and vast tracts are still junglelon iha o m:ird.h Jl.::r
owes its recent importance mainly to the tea industry, of', speak. Setdens,
site ; and our interest in the district centres in the conditiowy tea-garden pop
of which alone we have the knowledge necessary to enable 1 q:fmz'::;.ﬂ:er mrI - {M-
When we come to discuss the incidence of malaria ami oradual d;:u-.:]l.nh
lations, we find that there are several points relating to t[f«‘}'jhzg Bos = ”{‘r]‘
populations which require consideration. The introductiony S“Ujljph.- ;_ il-:b{:lrh-
ment of the tea industry has resulted in the necessity of "':”tTDduc;an nfﬁ Iﬂ'Ul'
ing pupu]:t-‘:iﬂns__- and the dificulties encountered in obtaip I vast
from among the indigenous local population has led toe haq 008
numbers of immigrants from various parts of India. /to some slight 4 e
Fortunately for Assam immigration in this piresults i ﬁ"?mmfﬂgrEE
a4 system known as “ indentured labour ” which reguhore or s e grant
conditions of hfe and period of residence. This syster, Manent,
population it is true, but one with a tendency to become

The belief that malaria comes fraure this
i T ! ¥ dldetlell e | &=+ LS LIS r__..f o - . .
00 helps in the

P Dbl e e N
[ts originis b ¢ eal] i the factor # of

e |
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The degree of permanene‘f; howevar, varies under different conditions on
A S ‘@*Ferent gardens and is *° “"wHound up with the malarial intensity, the two
Lot R —_ - : ﬁ s fq:r_t,ﬁn;z_t a ;.ricicfndt .-?: I“*f““ Certain gardens are situated upon grants which
fJe cié}kaiﬁ'.iirm'}{&w:{ U include land suitable for rice cultivation; as a |

-.': 2sult thee is qore 1. B 5" for the labourer to become permanently settled
o ' - £ -} eron thi gﬁ‘i@n 0% 1%e villages which spring up around it. The fixed
RN - ﬁ‘;‘;—-‘ “aaacter of sieh pgpul;fg’ﬁ Spénd their tendency to become spread over a wider
: o e “han that ai'"'\wad"ﬁg;ﬂ.%?l;éna;f garden lines, and the fact that the number of

= 'J.,Eur;}-.s being HSPI“-!_}_F:_-T;‘I._‘E-_:i:if ‘than is required for the garden work allows greater

— el
o g #, e : E
J :riﬂ”iy’rdt;t.'h«‘freer m a?t‘_.'-iﬂ:'f-l:fs less arduous work, are all factors tending to im-
Be 5 i ."‘  ff o g " ¥ r *
prove he Septis '.'-_'g'u';._rf{.__,.;' of the population and lower the incidence of malaria
e .={ ' _—omony Bhed "i,-‘,%‘n thesc % dens malaria, although present to some extent among
- - ,\‘ N w

len, appet & to affect the adult population but little ; and those

il [}i],-:-‘iu(:'H gardéns usually suffer comparatively little from the

onderance of gardens cf this nature that Assam as a

| MEuropeans as fairly healthy. : .

P;rarjr ];.g(;t;f the yearly influx®of new -:nf:r::ll:s m.aintrixil:ls the condition |

ofiitoduced the popula@™P Year after year. Owing to tne vicious cycles thus |
 gravitation of its meml S invariably of a more shifting nature, the t=ndency to
E e to more healthv localities being more marked, the
- mortality higher, and (s : : Tk y

" ately more frequent a? consequent introduction of new immigrants proportion-

=

/in greater number.
In Assam, gard : o o So..
under this category are almost invariably situated near

3 ‘-‘* ;_‘__ young,

—— —— = mm———

the foot of the hills, S : .
B id ith infense rﬁah a situation in Assam being therefore generally associ- !
iy 1f . -1 !

i .rhpnrtedwiv:s:ﬁ:ﬁhe districts from which Blackswater Fever has been
S g nd that cases have almost all originated in gardens so |

1 Classified accr,
4 ‘particulars are «—
North Cachar

to locality the cases of which we have the necessary

. LI cases [ineli} . - Gardens near the [oot of the
g _ \ h Cachar Hills
Budd | nort i ‘
UL UET por: l G e . . Railway servant working on
e - hill section
- Kumbh 7 y :
- Selhet e '* . 1case "‘-{ : . . Foot of north Cachar Hills,
o "N, geases . S A . One on a garden below Jaintia
' ‘ Hills ; one on a garden near
L Lushai Hills ; and one recur-
"‘ rence of a Duars case ina

‘healthy district, i
]



years ago, the Duars was maml unbroken forest ; it nwg’
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Bishnath . : < T case . ; .k . Ona garden near the foot of "
2 _~cnythe Himalayas.
Tezpur . . . 13 cases . . « into the'd gnrdens near the i t
-
T i »pulation ne Hi '
ort akhimplr c 3 cases 'I.HdEEpi'-C.
" e the ”I “alay
Lakhimpur s « 7 cases | N ] n pla
: then tens@ly m
Jothat | ; § wcasel . ; . hebDna gmtn nea. the/Na ;
Hillsia B
Nowgong . - 5cases , - . - On g dens gnder tfe 1'nI:Lh'u- ]
ﬂfr”‘ ger 'it\ ; /i
Garo Hills . - 3 cases . Elevation u o g "
. hards \
But from the many gardﬂns s1tuated on the F']a‘“sw 4 Sibsavg, jand Lalxh:m&""“'m
pur or other places comparatively healthy as regards, maiana alnglvﬁ:/ia;?\/.-’-‘ﬁ_h 21
has been recorded. h Aotk : f

In the Duars we find a system known as ‘" voluntai|{ labour,, <. ,stem which
entails a great influx and efflux of labgur far bey‘bnd that in m . ‘Orst gardens
on the *“indentured labour’” system. So marked is |}, 2 """ Cheagter of
the population under these conditions that we have tlg,, ‘"4"¢ phenomengisg_
thz whole pnpulatmn of a district living under condition. EI
seen on any large engineering undertaking in the tropic ;;
general scheme are the Europeans and Babus, who i
present investigation, since it is they who, whatever
reason, demonstrate these conditions of industrial aggrega
of Black-water Fever amongst them.

As it is in the Duars that Black-water Fever is most'

5; and involved in the
m the subject of our
e believes to be the
miy b}' the occurrence

"-evalent this district

H
- will serve us best for the closer study of the conditions und Pd“'h“:h Black-water

| rat
5_'1

b |
I

Fever occurs.

THE Duagrs.

The district known as the Duars lies along the foot ol I]“’*' Eastern Hima-
layas between Nepal and Assam. To the west, and for all p iﬂctmal purposes a
mew%xtensmn of the Duars, is the Darjeeling Terai.
~ The rainfall in the Duars is very heavy, averaging ab
fiﬂgﬂ inches in the year, and this, together with the cm.‘guratmn of the land
which abuts immediately upon the foot of the mountair» 'S Very favourable

to the spread of malaria. When first taken over by t.° British about thirty
its recent importance

ut one hundred and

hqﬁmlf to the tea mdu§tv]r, in connection with whmh t :are in the district some
i :IEUTBPeaI!S, a somewhat greater number of Babus, 2 an immigrant popula-
...... _\ "

)

g

which resemble those =
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tion of about 150,000 coohes. The labour throughout the Duars 1s ohtained under
the “ voluntary system." a system entailing, as we have seen, a more unsettled
poRulation a»d a mi ¢ cons ant influx of immigrants into the district than the
continct system ; and .| .-:r.:ai.arit movements of the population and the contin-
ual influ.. of izaw-comers lave led in the Duars to such widespread prevalence of
malaria @ probally does nct exist over a like area anyvwhere else in India.

: | The most obvious t‘;j]r 1al feature in the Duars is then the prevalence and
gnteni v of malanz infection. If it were not for malaria, the Duars, for a tropical
country, would be unupsually salubrious. There is a cool season lasting several
months nd { e hot scason is, on account of the heavy monsoon, much cooler
ELI‘JEl'llZ:Sh “#* «than it 1s in Calcutta, Bombay, and Madras. The Europeans live

~gpnoman ealthy lifé and "are not unduly exposed to [atizue .or hardship.
“___&'3_ __-:F' _'C-LUI‘I.'L‘]}' good; and not lacking so far as we can sce n  any
a,:.JL:.‘:P_,}]‘.paHJ;-i-"*irw Y¢. Europeans in the Duars die [rom Black-water Fever,
whilst thod “egpalcutty and the plains of India, broadly speaking, do not. In
what rtﬁ?igk il "L COj ..111.lﬂn"' different ? 1f diet were at fault the disease should
be as co~imon G '-—-1 salthy gardens of Assam as among the planiers of the

Du;:ll-'frl; nor should Bl '_;.-_m.'auer i‘ever occur among the Babus, who do not modify

their diet with a chi pge of district. If exposure to the sun be a cause, the

disease should not app ar as it does among Babus engaged entirely in office work.

That the mere moistu /2 of the atmosphere unaccompanied as it is by great heat

should produce such /i, effect is inconceivable,

An idea of the' miversal prevalence of malanal infection may be gathered
from the following li§ “of garden lines showing the endemic index :—

! Mumber Erthins P g
Gardens. 3 Race. Month. . chi‘::EEn_-n_ 'F_:I't-f" :-::l.:—l[L
1
- 3 _ — ! |
|
= Per cent. | Per cont.
Dame | Dem District. |
: {a. Psharias . 2 Seplcmbr!f g = l a0 05 75
Ellenbari :

S & | Madeshis .| September . ; ! 46 2o 87
Washabari . : i . Ortober . ' : 50 78 1 bo
Bagraente . i . - e Septenber . - B8 67 72
Phulbari - : - i J"lugulﬁt | 66 g2 62
Pathajora - - . . £ { October . - J ! 40 78 G
Marabari - , - Oetober . - o | 30 | go 83




Garedens, Race, Month,

Ramacherra . . . : Oetober
Rungamut!y - ’ 2 " August .
L

Meen Glas p ; : i August
Bungalaw lines |, - :
Factory lines . -
Butabari . . . - ) A ust
Mewsars lines . . » - Aucist .

MNarkati . . : ; ; Oetaber

Bullsbari . . . " QOetober o
Moneys Hope . - i August .
Sissibarl . ; - )
Hati-jungle . . .
Barans 5 - " Tl
Hazodeherra . . . '_J :
Jamadars . . . - Uctober .
Morth Grant . : Coles and Sontals Uelober .
January

Hyapathia . - i .

LA baR  LARSEFTEL

{a | Paharias . August -

[l
Chaloeumn . . .= b | Chota Nags August .

| | _ puries

I | Santals .
Sam Sing . 5 ; Al December
Kileot . : . - S December

|
|
Indong £ . 5 ] Febroary

Nagrasata | District.

.
|

Luksan . . . . | o August
{

e —

(=l
L= ]

(=]

el
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Cardens, | e Mahth. | h“::.l'"" Spleen PFarasite
| | children, RERR Lt
| ' BiEE
i, i
| ’ Fer cent, Yar cept
i)g,-.-,":.l-sl-; Districe Fchn |.|_ cent.
3ini i :
fiEur . . . ‘ MNovember 53
I']u]l'][_:la;l"l i
I B ; . . April 3 : [ 1 :
l.ank - j | ] L
ankapara . . | il
P . vos April : . . 50 20
Mlein, s i "
ilsing Barn : . : | AMay - . : a4 75
- i Loww-lytne mardemns. ;\:&r‘t"
Huldabari .- . ' % - N ovember a .,'9 14 5 0k
& .0
'l"r'll,- ‘.\.:TJ % T £ 2 ‘;\\ i
q__“p- e ‘ . | | Movember | E.Q . 112 15 )
Giayak e s M € 1 Mol ' -
ivak x\' % : 1 Sovember \ g a3 85
- d
Hindupara P PR
par; -r“-_ :'.L'[_-\,- { & Movember . . x5 a0 i}
Gundapasd B M oy r ;
JF- ol . o November s : 103 43 73
Lakhuhari . z B 7o MNovember . 24 gl 0
¥
Torza Ddsfrict,
1
Jaigon . Mav I 75
T I - 1R -_“I. = : : : = w {Ia
sipaigurs Tawn . - SEphe X £ 3
:h" | | cptember B : 20 4o 23
Navabusti ;e September . : a6 01 " 36

. The rains which are very heavy [all from May or June to the end ,of Sep-
tember. For several months after the rains there are everywhere small trickling
streams fed by springs and these swarm with the larva of M. Jistori and SOe
other species. By January most of the streams have become drv, 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 aiter January, exceptin these latter situations, and during the
months of February, March, and April they are rarely seen in bungalows : they
are also extremely dificult to detect in the coolic houses. During this time, that
1s, from January to May, fever among Europeans is at its minimum : servants
also complamn very little of fever; and an examination 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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suffer severely. In August, September, and October malarial conditions are at
their height, but undergo some slight diminution as the colder weather
approaches, thongh up to January anopheles can be found without difficulty and
cases of fever are Ireque;it. 3
What applies to variations of malaria from effect of the season is equally
applicable to locality. While on almost a]] gardens the enden
-Eie proximately 100 per cent. there are some where
i spread “of malaria are much greater than others,
‘en are more subjected to infection and coolies thems
'!.' The most noticeably malarious gardens are tho

the whole year they are never free from the soakage of water from springs. In-

s 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 _emShic
indices that the rate on these gardens is more than usual'y high,sw.—'
Malaria among Europeans and Bengalis.—Thou
Duars is generally to all appearances in good hea tor caquiry wil often
show that he is constantly getting what he calls “touckrorof fever,” and even if
he repudiates ever getting fever, it will be found that hens subject to * goes of
liver  or “bile,” which are but the interpretation he puts ' pon the symptoms of
~ a malarial attack. Among some sixty persons resident in hhe Dam Dim distriet
to our knowledge over fifty have suffered from attacks of ililé@r&r (malaria) during
the year. In many cases the attacks have been very misis 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 1go7.
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 may be noted the common presence of
anz:emia at the end of the rainy season, a large number of observations having
shown that at this time of the year the average hamoglobin 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-BéngaH 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
thexrfamllﬂs 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
P : e them up for a few months at a time only; and the explanation invari-
en is that ill-health makes this necessary,

nic index is ap-
the conditions favcuringﬁhe:
so that Europeans and Babus
elves suffer more from n’{l'aIstria_
se so situated that throughout

{th thesar ropean in the

S




29

-~

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, is very commonly observed in the Duars. The
explanation as a rule is comparatively simple and depends mgre than anything
While malaria can be contracted without difficulty

else on mere circumstance.
there are some bungalows where the

m nearly every bungalow in the district,
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 beyond thig there

are other circumstances concerned.

1. The nature of the population of his servants' Iines.—It may happen that
his servants are more or less immune and that they have few or no [Il':]h:nd;-uu;i :
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
hﬂpﬂﬂnaai:umpmn who has stood the climate very well for years may enter
upon Aperiod, of ill-health quite noticeable to himsell and his friends.

_T,I’m; o fitution of the labour on the fines near fiis li'_.'.?.';.'.-liffifn;?;i'.——i.'vllh a
large mﬂm of unf‘t:pll’tw coolies there may result in any particular season or
succession of seasoit'mi iat is known as an “ unhealthy year for coolies.” If

European is so situaté ¢i4s to be much exposed to infection fromg his coolie lines,
he will probably .l_aufh.;.‘-r along with his servants from the general exhalation of

mfection, i
Liability to infietion.—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 7. Lisfon: and M. Funesius, the most

notorious malaria carriers, are not easily detected within a 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 folloviing an attack so that, however heavily and frequently infected
a person may be, he exhibits actual 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
Sk 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 :

Aftived in India December 1804, Age 21,
1894-05.  Senth Sylhei—

Constant attacks of malaria. Treatment Go grains of quinine daily during attacks.
No quinine taken between intervals of attack, No sign of anything approach-
ing Black-water Fever.

1895-96. Alipur-Dunars—

Constant attacks of malaria. Treatment daily doses of quinine 15 to 30 grains<turing
and subsequent to attacks. No quinine between intervals. No signof any-
thing approaching Black-water Fever. Canstipation general throughout the

-

year and weight reduced from T2-5 to 11 stone. b =

- 1806-97. Alipur-Duars—

. = Constant attacks of malaria.  Treatment 15 to 30 grain, quinine daily during and
subsequent to attacks. No quinine in intervals. Mailarial attacks culminated
in June in bad attack of Black-water Fever. The diﬁ-t"lt!fSE raged for ten days and
as life was despaired of | was carried to railway ternmimus and taken to Darjeel-
ing. Began to recover rapidly and returned 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
vamitting badly. Constipation bad throughont the vear.

1897 to August 1808, Alipur-Duars—

¥ .jl'_'fﬂj::q_tant attacks of fever, with quinine treatment as above.  Attacked by Black-

= » water Fever in July, Treatment much as before. The discase considerably

~ lighter than before.  Shipped to Darjeeling five days after Black-water Fever
'déiire]npe& and recovered rapidly. Civil Surgeon refused to allow me to return,
Eﬁ&ﬁmpatm bad throughout, Weight 11 stone.

¥ to ﬁ.prﬂ ;3gg Lucknow—
ional sligh 'attﬂck&ﬂf [ﬂer znn:l usual treatment. No S»lgﬁ of Black-water

L

_'1-: -‘I‘.rqatment as usual. Health very fair. Weight
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1800-10900.  Duwm Oim Pwars (Phoolbaryic)—

Frequent attacks of malaria and usual treatment. In October a sudden and violent
attack of Black-waler Fever lasting two days only. Cut short by remove’ {0
Drarjeeling where recovery was remarkably rapud.

Quinine was taken during the attack and before in the usval Gtful fashion. Consti-
]Jﬂ.![m'l as -lf-'.uil.l, treatorent for this l'Z'tlII..'\'-i'I'!I.‘:'Jl:.I-I!}' more :-ir:ll:r-.':-.w-»ll'.|, "-"-"-;":'_-:|'.|
i1 to 11-8.

1900-01. Phoolbarrie Duars—

Frequent attacks of fever throughout the year and usual treatment, A .«h:!'.'r:l attack
of Black-waler Fever towards the end aof December 1goI, ¢ thaps the
lightest of the five. Quinine treatment during attack [ forget Constipation
answering to treatment,  Fair health.

1901-02, FPhoolbarric Duars—

Usual attacks of fever and wsual treatment with quinine. Black-water Few
suddenly developed in the end of September rgo2 and though not virulent it
lasted quite seven days that is of actual Black-water. Dr. Brown was careful
in regard to quinine and I think treated me with Cassia Beariana, Cor Aipa-

tion same as last year. Weight 110 stone.
Eiver trip made 'me, perfectly right in two wecks,
1902 to May 1go3. Phaiharrie—
Fair health.
May 1903 to November Ygo3. Eugland on fuerlonsh—

Took quinine regularly and no fever.

Note.—Up to 1903 all quinine treatm-nt was with crdinary sulphate or bisulphate.
From 1903 on, yuinine hydrochloride only was used in S. C, Tabloids.
November 1903 to December 1904. Kilcoff Dnars—

Very careful to take 3o grains quinine and very little fever. Only fair health.
1904-05. FPhoolbarrie—

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

190:-00. Fhoolbarrie—

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

The doses of 15 grains each twice a week on consecutive days constituted a greal
strain .ment:tlTy and physically, Doses of 3 grains daily passed entirely
unnoticed.

1900-07. Phoolbarrie—

No fever. Most regular with quinine, but substituted 3 grains daily for 30 grains

a week taken in 15 grain doses. Constipation as above.

1907 to July 1908, Barrackpore—
No fever. Most regular in quinine treatment.

———
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The experience of this man as regaras malaria is nol that of a special case,
but represents the life of o Sreai many of the Europeans frving 1t 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 confusze such 2 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 gf men who are supposed not to have suffered 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 cerfainly of frequent or even
daily infection without possibility of escape excep 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 others to occur. These conditions are nof
rightly defined as merely malarious. We know of several districts where there
15 malaria, but where t

i& condition we have tried to picture is not present.




CHoapter 1.

BLACK-WATER FEVER—/AETIOLOGICAL,

|
The first published record of Black-water Fever from the Duars were four

cases described by Stephens and Christophers in 1g900. 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 diseasc 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 duridg 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 vears, respectively, in regard to
the neighbouring Chelsa and Nagrakata districts.

This information we give in full in an appendis. 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 from 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 years is probably onlysapparent : 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 by us, these being chiefly recent ones. Apart
from this there is the important fact that everyone 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 diseaseis 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 1goo the Duars was visited by the
members of the Royal 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 having been more or less taken for granted previously that the
disease chiefly occurred among Europeans. Since this time there have been
F
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In 1goy public interest was much

one or more cases recorded every year.
in

aroused in regard to Black-water Fever, with the result that a great increase

reported cases occurred. We see no grounds whatever for regarding these lacts

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—igoy forty-four attacks of Black.water Fever have
been recorded. In the Chelsa district among forty Europeans there have been
in the years 1898-1gu7 eight recorded attacks. These figures would give an
apparent incidence of about 3 per cent. and 2 per cent. per aniua, respectively,
among Europeans in the district. But as previously noted older residents are
hut 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 ina little less than a year, it is evident that many

cases have previously escaped observation. In the years 1go7-2908 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 1072 per cent. per annit,
while during the same period it has reached 15 per cent. in the Chelsa district. 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 Duars is 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 is 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

arents 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 hamoglobinuria
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 —

DisTricTS |
MonTHS. '['-:1-|',-._:|..
[ Dam Lhim. Chelsa,
[
e I s
|
Febroary .. . : . : r 4 1 |"]|
March 1 |+ 8 |
& I
April : . : . : . 2 L 5
May i ‘ ; : ; : 4 2 i |
June : : : : : 3 ;. |15
|
|
|
July . : : : ; . 5 I J
I |
August . ; : ; ; - b i ‘-1
| |
September B 5 v 34
. ]
October . ) : . ; .| 1o 3 ‘J
I
!
November . . . 2 ‘ 5 P
December . ¢ 4 : R | 6 4 k25
|
January . ! 8 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 malana is

rife the incidence is much higher.
F 2
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Our own cases seen between August 19o7 and July 1908 have occurred as

follows ==

August - - ; . ’ 6
September . - : - . , . 4 f’];‘-
October . : : . ] : ; ' 3J

= MNovember . : S =_}
December . ¢ 5
Januvary . X | . - - : - '-T_J
February 1
March 1f 3
April : ; : : : : . . 3..||
May : . ; ! ; - i : IHE
June . . : : ; . / : 3}- B
Juiy o . . SRS T 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, Monabar, Peithnjurzl and Nﬂgr&]{ﬂla, 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 zt
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 April occurred in
low-lying gardens, Baridighi and Ellenbari, notable as gardens where breeding
places still existed when over most of the district they had long 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 Monabar) 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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LOCAL INCIDENCE.

a sea trip) to the low-lying garden on which he had contracted the disease.
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.

|  Figure
representing
| imbilit.
| o attack
AmOug
: Enropoans.

i A

tn

L

S

< 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,
Gardens. B
2 Encopean. | Bobus. | Buropess, | Babus, | Others,
r . G Neora Nuddy . 1 ’ 5 | 3 - | I
4 - Barons . . 45 4 : T 5 ! s
Sissibari . 2 | % 3 1
. 5 Bullabari . %) 3 4 2 i
e Choalbari . o = IR 7 i
3 . Glencor . 3 | 3 2 o
ay -;1. d Meen Glas . 4 | 4 2 2 T
: ‘Bagracote . ; 2 I X | I 2
y Manabari . 2 : = | 1 2
; Sungachi . . 2 i 3 ! 1
¢ Toonbari . 2 2 | 2 1 1
; Pathajora : 2 | 20 I 1
Ranacherra 3 [ 3 ! I ’
Ellenbari 3 N 1
Bentguri . . U 3 . 1
3
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CHELSA DISTRICT.

MNo. of residents, | Cascs of Black-water Fever,

% » ]

b Engo 1T e e 1 | 1

= YT L e S PO 3 3 AL [ 1

' t Chelsa S . : : 6 g ]

= \' . Sathkaya . . T . 3 8 1 S (T
B S Kilkote . : ; A : : v, [ L |

Fig'u:é
IﬂTl‘ﬂtlll: ng
Gardens, s e hakdly

| to aj;l‘.:alt:

1 amomgy
Eurcopean. Babus, European. Babus. Others, | Europeans,

i

Tussati . .

ST o R A & 3 R S 25
; Bigdighi= ol oot 0 L 4 :
O =— Moortee . i : ’ ’ 2 2 am ) Sk 1
3 _.Eila]nuni. S T 2 ik 3 3 | i II 2 7
Aibeel < - - i 2 3 : =
SR g e 4 4| AN
RYEnETOE. Y. . o 2 e |
Budongiscs o 3 3
Kumal . B ; . . 3 3 i
P R e e z 3 ;
‘Our own cases have occurred as follows :—
- ]
Chengmari . . 1 1 Huldibari Sl
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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 18g8—1g07. The figures for 1go7-08, on the other hand, inelude 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 1s situated 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 changins courses of the Chel and the Neora rivers, at the junc-
tion of which the garden is situated. 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 N=ora Nuddy. One European lives at 1he garden, which is com-
paratively small. In all cases the Europeans have suffered very severely from

malaria, so that the garden has an extremely bad reputation.

: Barons.—This garden is one of three or four, including Bullabari, Sissibari,
Kumli, Glencoe and Hahiapathia situated just where the drainage from the
higher land issues in a lin: of springs and gives rise to innumerable trickling
streams and to swamps, many of which contain water throughout the whole year.
The streams which swarm with larvee of M. Lisfon: 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 larva swarm init. At a slightly greater
distance is a small swamp, Within one hundred yards of the bungalow are
extensive coolie lines. 1n no other bungalow in the Dam Dim or Chelsa districts
are the conditions that favour malaria so striking and pronounced.
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Bullgbari —Adjoins Barons: but is on a slightly higher level though almost
as intensely malarious.

Stsstbari.—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 latier beirg nithin a shert distance of one of the streams
mentioned above.

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

Spleen. Parasites,
Spleen . . Benign Tertian Rings,

1. Child, 3 years
Benign and Malignant Tertian

2. oy 5 mooths: | . .
mixed,
3. Woman, 22 years 2 - : Nil,
i e F[ 3 Nl . : Nl
5. Boy, 10 months : « Spleen . Benign Tertian Rings and
Gametes.
6, Woman, 25 years . g . Vil Vil
2 “ - o Vi i 3 « Spleen : . Malignant Tertian Parasites,
8. Child, I year . g o 7 . . Crescents, also Iicrnign and I'.I:ﬂ'lg-
nant Tertian Rings.
g. Woman, 20 years . . Vil Benign Tertian Parasites,
10. Sweeper, 25 ., . S 1T ; . Nl
11, Cook, 385 . - . Very large spleen Nil,
12. Mesalchi, 25 ,, . : ] o . Nl
13. Child, 18 months . « opleen ' . Benign Tertian Rings and large
forms.
14. Girl, 4 years . : « Spleen e Nil,
15. Woman, 25 years . Py i . ‘ Nil.
16, i 25 years . oo DR : : ELTS
17. Girl, 3 years : . o e : « Quartan Parasites.
18. Woman, 28 years ; BT . : N1t
14. - 5D . . Spleen . . Benign Tertian Parasites,
20, Bearer, No. 1, 30 years e Rl Ak ; 5 Nil.
21. Bearer, No, 2, 28 ,, - Sy[:ﬁen ; : Nil.
22, Syce, 35 years .« : S 1 : : Nl
agu. 0 300 : S e St T N,
24, Grass-cutter, 14 years . . Spleen : : Nil.
25. B 30, o s . Spleen . : Nil,

T
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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 I:he 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
&ffm:‘t belng more like conditions in tropical Africa than any other place we have
- seen in India.

Tiwo of our cases occurred in the Babus’ houses, which are situated close to-

-gether' one in the bunya's shop, and one in the tea-house lines: all of which

places are, within a hundred vards of each other. A filth case, which we were

‘unable to see, has since occurred We first visited this garden in December

getting word of two cases which had oecurred 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, in 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 puint out as the most malarious.

EFFEET OF RESIDENCE.

t]l& 160 cases recorded by us, in which we have the necessary information,
ne which may have occurred under six months' residence ; this was
g. thlui who contracted Black-water Fever after about threc months'
~at Barons, under conditions of the most infense malaria. In
here have been no cases under six months' residence, and considering
s in Europeans, where exact data is available, we get the following

Attacks.
. | - L w L% - # w - D
hi 3 . - : 4“
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Examining in detail the cases on the fourtn and fifth vear, we lind that, in
both cases, the man had been for a period of about two years under new
conditions ;as for example : —

Case No. 4 —0One year at Narkati 1 Both as regards [Luropeans compa-

Two years at Rangamutee 3 ratively healthy gardens.

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

The same tendency to bring residence under Black-water Fever
to about two years is noticeable even in those cases in the third year.
Case No. 5—Kumlai;
then to Barons where he was attacked 18 months later.

In regard to the occurrence of attacks after five years' residence we have n
Europeans :—
Cases which have occurred during the first five years 24
Cases which have occurred at some later daté 5

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 charactenstic.

Case No. 5:.—Had been out 10 years. Went to Neora Nuddy in Decem-
ber 1gor. Went home and came out end of 1902. Stayed at Neora Nuddy
and had fever. In 1905 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 1go6 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 vears' residence is noticeable ; but a large number of cases occur in
Babus who have been many years in the country. The reason for this s 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 the conditions under which a Babu had been living had become
changed (de Case Xl).

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 year, and especially the first six months,

alter an mitial attack : —

15t month .0
ands 5 I
srd -, : 2
bl 4
s5th ; : : - : 1
Between sixth month and end of first vear 4

Between first and sccond year

Over second year
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 years there 1s 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 length of residence is bound up with the essential nature of Black-water Fever

its recognition must profoundly modify our-conception of this disease.

COOLIE AMEMIA.

An extrgme]}' interesting condition is we think worth rc-uording. 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 theirr second and
sometimes their third year, are particularly hable to suffer from anzmia of the
severest type. This tendency is most marked among certain classes, notably
North-Westers, Central Province coolies, Ganjamis, and people from the plans
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 oace 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 year a coolie is far less liable to suffer

from sickness than he was on first arrival. A similar condition may be recog-
is not the least doubt that

nised among coolies coming to the Duars. There is
length of the period re-

this condition is due almost entirely to malaria, and the
quired for immunisation is very significant in relation to what we have noted of

the ogcurrence of Black-water Fever in Europeans.

L]
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 list (prde Appendix) will show that Dr. Brown has
ESPECEHHJ’ Pifkﬂd these |.'-'|:'Di]l|lf out as suffering more 5-.*&1‘11:]}.' than usual from
malaria ;—

. Case 57— Mr. T.—Came out from home to Barons, After first few weeks
E“uﬁ-i'n'!d :.I'D:‘ﬂ ]'l"]}[f'E'llt'l'.] .'l.l'l".] SEVere ]]:.'.'ll.'ll':::t.
Fever eight months after arrival.

Case 24—Mrs. G.—Suffered verv badly from malaria, and was unable
Had BElacl-

= FHad Black-water

or unwilling to take quinine on account of pregnancy.
water IFever six months after arrival.

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

Case 9— Babu S.—Came with his wife and daughter, aged 5 vears, to live at
Barons, North Grant, in the midst of coolie lines situated in the most
malarious conditions of which it 1s 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 alter 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 sufiered 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 ;;la-n:.-s
most simply explained by the amount of malanal infection that has been
experienced.

Whatever explanation be givenit 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 mvestigation 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 malaria; and this is so marked that one is forced to believe
that, even if the diseases possess a different m'i_x_h[]n. they must none the less be
dependent on almost similar conditions for their propagation,

That any circumstances 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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CraprtER 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 judgze whether hey have been merely the result of large numbers of persons
being placed simultaneously under Black-water Fever conditicns, or due to the
spread of infection.

If malana will produce Rlack-water Fever in 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 cises simulating
an epidemic. To quote, without particulars, epidemics of the disease on railways
or in armies has therefore little bearing upon the question.

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

_ HisToriES.
Neora Nuddy.—A bungalow with rarely more than one European.
P. attacked September 18g7, after 8 months’ residence.
L. attacked October 1905, after 7 months’ residence : second attack in December
1905,
S. attacked Januwary 1907, after one year’s residence.
Note the early onset of the disease under especially intense malarial conditions.
Barons—
{a) Assistants’ bungalow. Two men resident.
Mr. C., attacked !':1;1).- 188g : : . 2 years' resident,
second attack, September 188g,
Mr. MeL., attacked August 1890 o i
Mr. E., attacked October 18g1 . : Stha s 2
second attack, March 1892

b2

Mr. D., attacked October 18gg . g s
second attack, February 1gor.
Mr. G., attacked May 1901 - ’ 18 months® |,

-



o “°
(6) Babu's house at Morth Grant lines. A single Babu and his lamii}'r only resident.
Daughter, aged 8§ years, attacked Scptemhcr 1903 3 months' resident.
Wife attacked February 1904 : : T 1
Babu attacked June 1gog . 1 ! : . Iyear "
Daughter, second attack, December 1904.
Note the sequence of child, woman, and man inthe order of their susceptibility to
ma.lnrm (vide page 44) and early onset under extremely intense malarions conditions.

Bullabari—
3 ’ (a) Assistants’ bungalow: Two men resident. a
Mr. S., attacked January 1897 . : 3 . 2 years’ resident,
Mr, S, attacked Febraary 1go4 . ; : 1 R T n
J second attack Janwary 1gob,
(6) Manager's bungalow (very close to last).
Mrs. G., attacked July 18g6 : : . . B months' resident.
Mr. G, attacked January 1904 . . - . Several years at bungalow, |
but returned from England
_-._' : two vears before attack.
Sissibart — '
Bt Assistants’ bungalow ;:  One man resident,
‘ Mr, T., attacked January 1889 . : ; . Unknown.
Mr. W., attacked October 1901 : : .- 2 years' resident.
Mr. F., attacked September 1g9ob : : . 13 months®

second attack December tgob.

¥ =< ‘The theory that ene is dealing with accumulating chances of infection is
' ' _snarceiv a satisfactory explanation of such a state of affairs, for the infection if
it exists is mudentl}r most localised in the very houses where these people are
. _I:vm_g_and it is inconceivable that, in spite of this, a new-comer should never, by
o any chance, be attacked.

' “? And the conditions which we have just described are characteristic of Black-
e watgr Fever everywhere : in tropical Africa we have seen more than 50 per cent,

¥ AT njf mmwhn went to live at certain bungalows go down eventually with Bla.ck-
o g?a,tEr EE"F,EI but in every case the peculiar feature of a certain length nf TESI= ¥

] -water Fever is that he very pmmptl_',r contractsnot Black-
: - Of this we have seen repeated examples.

. es. (5;3) refers to a case where a nurse, who came from
the Eualss l:u nurﬂsa.a Blackumater Faver panent, was ggm{[ to have_
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Fever which was fatal in about ten days ; almost immediately after her return to
Calcutta she had merely a severe attack of ordinary malaria, *

A new-comer who came from England direct to Barons in November 1907
contracted, not Black-water Fever but severe malaria within ten days. Another
Person who came from Europe about the same time was attacked within the
first month,

It is difficult to believe that Black-water Fever is an ordinary infective
disease, If infective it must be present in some Jatent torm ; and like malaria
this must be endemic.

Possible  Organisms concerned, —The special organism  that would at
first thought appear most probable as the cause of Black-water Fever is some
form of piroplasma, since this is the only kind of parasite we know producing
such symptoms,

Of piroplasms there are two groups broadly distinguishable :

(2) The large typical forms P. Canis. P Bigeminum, and P. Ous ; and the
irreguler forms, more or less minute, lately classed in a new genus Theileria
Hzmoglobinuria, in so far as it has been recorded, is confined to the first group.
It oceurs in the dog { Malignant Jaundice), the ox {Red-water), and the sheep
(Carceag).

In the ox and dog hemoglobinuria is associated with a large number of
parasites in the peripheral blood and in the organs. In infection with P. eque
parasites are also present n large numbers. In our own experience, among
dogs hz2moglobinuria never occurs except in connection with ‘infections which
it would be impossible for any competent observer to overlook.

East Coast Fever, a disease due to infection with 2. parvum, one of the
minute forms of piroplasma, is characterised by visceral lesions of a marked kind ;
but hzzmoglobinuria is not a symptom : and even the minutest orms of piro-
plasma, though their demonstration may require some care in the preparation of
specimens are, if present, at once evident to critical examination. .

Heart-water in sheep has been shown by Lounsbury (53) to be transmitted
by ticks (Amblyomma) ; and it has on this account been suspelctcd to be a piro-
plasmosis due to an ultra-microscopic parasite. But here again hmmmg]ﬂh‘ununa
is not a symptom ; and we have too inSuHii:iem_ a knowledge of the disease
to base conclusions on the above mentioned view of its nature.

Judging from analogy, we sh:?uld e:-:p_cct, if J_31ack—wate_r E:‘e-.rer were a
piroplasmosis, to find parasites without difficulty in the peripheral blood and
urganSS;mE other. parasites (Relapsing Fever, Yellow Fever, :_:tc.}, meever, gi_r.re
rise to a good deal of blood destruction, and even hazmoglobinzmia. (But vide

* Note—This was ascertained by personal enquiry.

H
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-extra-vascular lysemia, Part 111) Bwe have therefore to bearin mind Spirochate
or even Bacteria. Hzmoglobinuria is also described in certain fluke infections
(Dantec) (54) , and it is now recognised that in Anchylostomiasis the anamia
may pnsaib]}r be due to the action of h&molytic 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 h@&moglo-
binurias of animals, which has chiefly influenced conceptions of the disease ; and
if such an analogy is found not to hold good, there is a greatly diminished proba.
bility of Black-water Fever beirg a disease of specific origin.

EXAMINATION OF THE PERIPHERAL BLOOD.

In these observations we used very carefully-made films stained by Giemsa's
s stain, with and wihout the addition of a trace of alkali, which greatly enhances
'Y its staining power. Our lenses were Zeiss apochr. . =150 N. A. =1"30 e
. compensation eye-pieces No . 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 hazmoglobinuria, has showa corpuscles stained n a characteristic manner
(vide Spherocytes, Part III': but the closest scrutiny showed no included

parasites.

EXAMINATION OF SPLENIC BLooOD.

: In all cases where it was possible we obtained splenic blood by puncturé:
during life within a few minutes of first seeing the patient. The particulars of
B 4 these 'pbggwatiuns are as follows :—
Case X[X.—An extremely mild case. Spleen punctured shortly after
 onset of hemoglobinuria (8 to 1o hours) and shortly before its
cessation.
EmXX_& severe case, Spleen punctured about 4% hours after onset
and 48 hours before hamoglobinuria ceased.
Case XXII.—A severe case seen 30 hours after onset. Spleen
~ punctured while hemoglobinuria still continued.
m:ﬂ!ﬁ—ﬂ.aewmmeseen on fourth day just before the hzmo-
¥ i
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Case XXVI.—A severe case seen on 2nd day and about 36 hours before
hzmoglobinuria ceased.
Further details regarding these cases are given in Part Il and in the
- Appendix.

The same minute attention was given to these films as we gave to those ol

‘the P&nphera.l blood. The red cells, the intervening spaces, the leucocytes and

: = macrqphages with their inclusions were in turn scrutinised, several days E}fmg
~ devoled {o the examinaiion of a single film.

Beyond such malarial parasites as are recorded later, and the peesence 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,
~ Obseruvations with regard to the possibility that a Black-water Fever
Parasite has -been mistaken for the Malarial Parasite.—In experiments among
‘pariah dogs with P. canis we frequently encountered infections which did
not give nise to hmmoglobinuria; we had also been struck by the fact of the
‘oceasional quite decided, but superficial, resemblance of piroplasma to certain
Eihf;’jﬂg-:fﬂnﬁs of the malarial parasite. The contention that special parasites
S N+ had been sometimes seen but mistaken for malarial parasites seemed to
~ us therefore to have some slight possible ioundation.

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 oceuried inthe blood of persons living under Black-water Fever
‘conditions, or in the natives living around them. In order to fit ourselves for
‘this we studied very closely indeed the younger forms of the malarial parasites,
_: r;ind’ especially the malignant tertian variety; for the more advanced forms of
slmg‘.ie tertian and quartan it was impossible to consider anything but what they
‘seemed. The result of this study we hope to publish later.

Itis au%mant for the present to state that our own cases of Black-water
r have shnml typrnal ‘examples of ordinary malarial parasites and in most
J eamrmﬁlt malanal plgment Wwas pre&&nt. These observations are in
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3 Group Il

-

2 years

2 years
| Woman, 0 years. Pigmmﬂl&uﬂmytﬁinﬁmng]&
Al s

The results of a number of such examinations are recorded below :—

BARADIGHI.
Batu 1 C : . Blackswater Fever.
B'hn’. - & - " I ]l - - 1] a1
i O : . Simple Tertian parasites,
- . Male, 17 years Quartan parasites.  Late
e Bunyas . . . : Im::i Black-water Fever.
;{_;- S S . No parasites.
Fa A o . Simple Tertian parasites.
3 vears Simple Tertian.
Gronp 1 10 months . - =
¥ 4 years . " )
3 bl b 1» ik
. - 4 i = LF ] 1
) L & months . 7 =
e _ = 4 years . Simple  Tertian and
Children in small groups of | Group II ) crescents,
huts near Babus' houses, \ 3w . Malignant Terlian and
crescents,

1 year . Simple  Tertian  and
crescents,
. Simple Tertian.

3 years
Male, 45 years Nil.

e L Nl
Boy, 12 Nil.

. Simple Tertian and Quartan.

4 months . Simple Tertian.
B i . Malignant Tertian swarming.
L . Simple Tertian.
'2_35-;::5_. - » and Quartan.
5 " . " n
;' > e il
5 months . Simple Tertian and crescents,
ok j‘ear . Quartan. ‘
n I‘“’“ . Simple Tertian.
1 year . Quartan.
S‘i:up]: Tertian,

B r.*—-
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el 1 year L . Simple Tertian and crescents. :
- Children in ‘Nagpuri lines near) 7Yyears . . Simple Tertian.

bu.uya.a shop., BEe : . Cluartan,
H 0f - . Simple Tertian, |

Boy, 18 years . Quartan,

. Servants’ lines near bunya’s shop  .J » YT ¢ Simple Fertian;
. ai i i : g 2 Yyears E ” 1"
) ...1. Z ] 3 i - Nllﬁ'.

L]
BArRONS.
Ve ' - { 5years . . Simple Tertian.
b 2 y Iyear . . Nil (but enlarged spleen and
Ir": ; - anzEmic).
B . 2 years . . Simple Tertian.
P} ki = . Ouartan.
S 7 W TN
" . 10 -y . . Simple Tertian.
é- . - I : : Quz{rtan. .
o . Malignant Tertian rings.
3 Iﬂ.mg; near assistants’ bungalow -1 i : 3 e fnew e s
5 w . « Quartan.
A . . Crescents.
- 1year . . Simple Tertian.
. : 3 years . 3 o
o T . . N1l [mononuclear increase).
; i 8 : . Quartan.
R G 5 . Simple Tertian.
" Y lk GE: «- - Quartan.
BENTGURIL
[-Mi::hamedan 30 years, large spleen, no parasites.
o 1 32, 1 M "
"tquﬁgm__-_mﬂﬁm .4 Cooly class 18 ,, nospleen "
i 25 » » "
yee [Bengah] enlarged spleen 2

‘Mohamedan 32 years, Black-water Fever.
" a0l Simple Tertian, Intensely

"
- _ an®Emic.

B Syce (Bengali) 18 ., Simple Tertian, Intensely
i S an@mic.

Mi.hgnanl: Tcrtml Fever at times.

" Living at Manager’s bungalow.
| Cﬁ Liﬁm; u;ﬂ;‘tr:&nuﬂ; at assistants’
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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 piroplasmesis. They do not, as we are aware, abso-
lutely preclude the existence of special parasite in Black-water Fever ; but
they tehd to show that the hypothesis which puts this view forward must confine
itselfl to the suggestion that the disease is not an ordinary piroplasmosis, or due
loa blood parasite visible to critical teroscopical examination. With this
modification of the specific discase theory we shall deal later.




CHAPTER V.

SPECIFIC RELATION OF BLACK-wWATER FEVER TO MALARIA.

It is 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 1hala-
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 itself 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
recognised it is desirable to emphasize them.

There are three conditions tending to obscure the frequency of malarial

oencrally

attacks in a highly malarious country—
(1) Familiarity of the patient with attacks which cause him altogether to
ignore their importance.
(z) 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 not necessarily ‘' 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 in the
Duars, where several of the medical men use the microscope freely in diagnosis.
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water Fever, the patient had for some considerable time been sui

6

o

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-

ffering 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:



Case [1.~Coolic  +

Case JI{.—Babu’s ser-

Case 1V.-~Dhoby .+ |

Case V.—Habu

|

--------

Was being treated for fever and
spleen by Dr. Babu,

Mot known . . -

D:. Babu makes special note of
much fever dating back three
months at least.

fever and was
i treated for this with in-
‘sufficient doses of quinine,

Jk@ﬂﬁ-m&ﬁﬁtﬁﬂtmiﬂwwlhh

¢ar, but was taking quinine
insufficient) to prevent fever,
But his statement is contra-

¥ his master

e, e

Catie to garden looking for
work. Seen Lo be il

Complained of fever four or five
days preceding the black-wateg.

Had fever 1o days previously;

Kight fever for two da i
affb]ack’-wlter. N

A single malignant
tertian ring.
48 pigmented leeco-

in a count
E{t;:n eells,

AMalignant tertian

also fever 1o days after altack rasites,  Later
with malignant tertizn parasites. in day much re-
du:ﬁg in number.

No parasiies.

87 pigmented
lencocytes in
count of soo0
cells. :

Mo parasites,

4 pigmented
cells in count
of 500

e

No parasites, |

e N0 . . Under Between
Previous history, Pradromata. 24 hours of and 48 hnu::ui Third day and later,
onsst, onsst,
Case [ —Babu Had been getting fever for which Gast % rd day.
P - he had been taking quinine. %igmenﬂtd leucocytes.

Abundant recent malarial
pigment in organs.

Abundant recent malarial
pigment in organs.

d day.

wo or three pigmented

leucocytes.

LS
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Case X—Policeman

on acconnt of constant [ever.

Had been getting fever

Case IX.—Chinaman Hﬁiﬁ-:d ‘two previous atlacks fo

k-water.

Six months on duty out in dis-
trict. Himsell, ~wife. and
daughter all suflered much from

malaria.

Came to a new garden three
months _ before. Ever since
coming has suffered from con-
stant and severe fever, not less
than and an attack once a fort-
night.

Notknown . . .

train for which he took quinine.

Had an attack before black- |
water, Fever for two days|
before attack. '

|

Had fever for about three days
before attack.

Fever a fortnight before attack.
‘Evidently at the time he took
quining he thought he was
coming in for fever,

Had “ bad fever " for which he
was given quinine.

annas

Malignant tertian
ringe.

Malignant tertian
ring. Secanty pig-
mented cells.

o parasites.
r5iplgmented cells.
in 500.

Two pi
i PR
cytes.

Quartan parasites.

Mo parasiles.
Figmented
lescocyies.

ment-
leuca-

— e e e e
Llader Between 24
- Previous history, Prodromata. | 24 hours of and 48 hours of Third day and later.
onset, A
a -
Case VII.—Babu Had to go to Calcutta for a change | Was taken with fever in the | Mmruclmm 285  per
cent.

Mo pigment.
Mp’nnﬁﬂd&uﬁk
cent.

246 -':‘:EFF: :




Case XVI—Babu .

Gase X V11i—Babu.

Gase XIX—Servant

Doubtful previous attack of black-
water,

Frequent fever .

Li!q:‘lng under extremely bad mala-
ral copditions. Fellow-sorvants
fever-stricken,

%gﬁ h;.-;l ammank of “liver”

; thng;‘im house ttmt even in the
= St

was much infested

Hmu of fever and three months

Fever for three or four days
befere attack.

.| Blight fever for some days

befere. OF two other Babus
on this garden one had black-
water (Case XVII); the
other, a new-comer, simple
tertian fever.

Was treated for fever a weelk
before and had fever on the
day before his attack which
intermitted.

Was being treated [oc three
days before attack for fever.

H:fd I:ﬁ:n ﬂﬁﬂ;{ far a fort-

he was
| when &gﬂ: the dose

n!’ Il'g.:lini'm:a pmding

Mo microscopical

evidence of mala.
rid,

His three

fellow-servants all
had malarial

Abundant malarial |
pigment in splenic
crophages.

Els.rlsilts in their
ood.

macroph

Manonuclears 20

HPEP CEHI-

his | No plgrne:nl..

Under Betwesn 24 E
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It is impossible to overlook the fact that in the majority of these cases

gress of the attack.*
parasites and two more showed abundant recent pigment.

malarial infection has been present, and that this has disappeared in the pro-
Of ten cases seen on the first day six showed actual

Of the seven

observations on the second day, none showed parasites; but in six there were

plgmented leucocytes.
a few pigmented leucocytes, none showed parasites,
the f-::-urih, fifth and sixth days only one showed evidence of malaria And this

Of five

On the third day out of five observations three showed

observations on

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
leucocytes of the spleen and ver, though parasites had then disappeared.

These observations do not stand alone ; they reproduce very closely the

relation shown by Stephens (53) in his summary of observations upon this

point.
Stephens' tabulation is as follows :—
[ DAY EEFORE ON5ET. DAY OF ATTACK. DAY AFTER ONBET.
Observer. e I —
Tutal, Positiye. Total. Positive. Total. Positive.
|
A, Plehn . . 5 5 3 3 1o 2
F. Plehn S 0 o | @, 8 | a0 4
Koch - : : ; 5 = 8 I ] G 1
Sf_ep;hM'anﬂ Christophers . - 1 1 g | 2 16 o
i .'Dﬂnial: . . . . . g 3 3 1 z o
| Panse : 9 8 17 ' 9 20 5
1 ToraL 23 5| 22 b3 } 36 64 11
| Percentage pesitive . - ; 056 per eent. Gi1'g per cent, 171 per cent.
‘Similarly treated a tabulation of our cases shows :—
DAY BEFORE DNSET. FirsT pay. : ! sm“nﬂ? THED S Fox “ﬁ ::3 SIETH
= — : = X
- et I
. f Total, ] Poattive. | Total ’ Pasitive. | Total. | Positive. | Total. | Positive.
T f ;
darasites . i Nl 10 ' i | 7 I o 1o 1t
e e . r _—? ;
e ME‘W vasas G per cent. | o per cent. ‘10°'per cept.
.EMFFEXHHI are not included as films have not yet been adequately ummd.
e fsnhimmsﬁmh parasite.
57
e - \ :_;l--—_.-‘ "
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3 . R FOURTI AND & H
DAY BEFORE ONSET. F1ES™ DAY, "l!l:ﬂﬂﬂn:lf‘n i !I ﬂ:l!. i
e iy L : gl Py - | bzt __
Total. Positive, Tuotal. ] Positive. Total. | Posaive. | Toral. Paositive:
Parasites ard pigment it o | ] : 7 | f e el
Percentage . ! l o Bo per cont. | 857 perc A0 per cent.
“ap

Classifying the parasite finds the preponderance of malignant tertian is
very noticeable—

Malignant tertian . . ; . : . 6
Benign fertian - . : : . - o
Quartan : : : ; 3 : : - - 1

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 . - ; : : : > : : o 3
Benign tertian : . . : ; - : : e R
Ciuartan ; ; : : : ; 3 ; % e
Malignant tertian . : . . ; : : 3 ;

Total 24°4 per cent. infections.

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

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

Benign tertian - : : : ! 3 \ ; e
Quartan 5 = 3 : ; ; ; . o
Malignant tertian . ) . h h = _ - W
. Figmentgd leucocytes + o . : - : ! it 1
No evidence of malaria . 3 : : : 14

‘Total 12°5 per cent. infections,
e already noted, Black-water Fever is frequently seen in Babus long
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Since therefore the length of residence nas played but a small part in this
mcidence 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 I.E.Il‘_"ll.'.'lq‘.:ipl.f.

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 Black-water Fever only induces a malarial attack it is difficult to see why the latter
disease should always precede the jormer, and be already over before the morbid
process which called it forth has disappeared. It 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 malanal origin is largely bound up in considerations given by us
m 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.




CHarTER V.

CONCLUSIONS IN REGARD TO THE F:\‘CTUHS 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 constantly repeated. Stephens has Already
voiced this conception. when he says that malarial infection displays its intensity in
Black-water F ever, men dying in Africa not from malaria, but from the resulting
Black-water Fever. This conception is also in harmony with the ideas suggested
by Marchiafava and Bignami (36-a) in their description of malarial hamoglobinu-

ria,
That in Black-water Fever, ,though induced by malaria, we see a distinct

morbid process, and not a mere malanal attack, 1s shown by the relation of the
condition to malarial infection. It is impossible 1o discard the evidence proving
this relation ; and once this view, that in Black-water Fever we have a disease nor
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 certain
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 e.\:mnp]e, 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 ol 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 subject.

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 in recent researches too
much has been taken for granted in relating Black-water Fever to malaria; the
more pleasing solution would undoubtedly be the demonstration of a specific

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 13 Tu‘.'ccssm'y' 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 hazmoglobinurias of animals
large pumbers 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 ol 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 apait from the analogy of piroplasmoses in animals, an
analogy which fails at the critical point. It HPPEI"EIT:'u 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. It 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. [t 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.
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Paet III.

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

CHAPTER |,

CLINICAL AND PATHOLOGICAL OBSERVATIONS BEARING UPON THE NATURE
OF THE PROCESS CONCERNED IN BLACK-WATER FEVER.

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

[.—SYMPTOMATOLOGY.

Variations in the gencral characler of an attack.—An attack of Black-water
Fever as a rule pursues a very difinite course, the hemogichinuria 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. In a case of this latter type the temperature never rose above 100°F, and
in many cases the hzemoglobinuria has lasted only twelve hours or less.

The two cases among European children of which we have particulars were
both extremely mild (vide Cases XIII and 67), the h=moglobinuria 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 n
character. They appear to follow chiefly in the more severe cases.

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

But the temperature does not necessarily cease with the hazmoglobinuria ;
very commonly there is even severe and continued fever lasting many days alter ;
the hemoglobinuria is over, a condition termed by Daniels (24) * post-hzmo-

lobinuric ' fever. This has been noticeable in some degree in most of our cases.
It 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 casesthe temperature does not rise

above 100° or 102°% as in one case recorded by us : Case VI, Alfebnle tempera-

tures have also sometimes been recorded.
K2z
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1
When a relapse occurs the temperature afain rises and the hismr}' of the
rst attack 1s repeated. '

Splenic eniar 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 thespleen take place (wvide 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 hzemoglobinuria, there is generally a return of the pain. The renal
pain mentioned by some authors has not been remarked by us,

Increased pulse temsion —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 hzmoglobinuria the high tension pulse
returns.

leterus.—lcterus is rarely present until a' certain time has elapsed after the
onset of the hamoglobinuria. In some cases it may be confined to a slight

yellow tint of the conjunctivze. 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 slight bronz-
ing of the skin may remain for long period,

.

[I.—URINE CHANGES,

Heamoglobinuria.—The first urine passed may be light red or quite dark,
In the latter case it olten shows on the removal of the h;ﬂnmg]nhin 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-hzmoglobin are well marked, and can easily be reduced
and reinstated by shaking ; but the band in the red indicative of met-hzmoslobin
is often very faint; and only becomes pronounced after the urine has rerl:nained
standing for some time. The condition in Black-water Fever seems therefore to
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be essentially an oxy-hazmoglobinuria, the formation of met-hamoglobin being to

4 large degree a secondary process.

The amount of urine passed varies greatly ; some cases exhibit [)U]}'ttl'i-‘l. in
others the amount of the urine 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 hzemoglobin passed, caleulated in terms of blood nesessary
to produce the colouring nfatter, is less than would at first sight be expected.

An estimation of the amount of hzzmoglobin passed in two typical cases
showing as follows ;—

c i | !."".I'l.'-\.ll':l...'.:-..' l!.':" : .-".|'|--.|'.|‘. of bload J!
ase LY, Cruantity, | moglebin in terms | reprezenbed.
ot blood, | B i
! Per cent: | E
Urine passed prior to— i I !
11 &M, 16th January 1008 . . . . o | 10° o l
11 P:M, " - . . . 750 60 o
g Am, I7th January 1608 . . . 350 | ' 37
T P.M., i 7 = ; . 550 | ] 390
12 E.M., s - : : : 350 : (i3 23
12 A, 18th Januwary 1903 . . . 450 3 22'5
12-50 B.M. i 300 2'3 g
|
Taotal quantity of blood represented . ' . 1835 oc
. | : | Percentage Hits | 0000t of blood
Caze XXL Quantity. l;:f_tun!l:ntﬁ:d reprasnted.
i i
Per cent.
Urine passed to—
& hadley aznd Febrnary 1908 310 2 Gz
7 Am,—8-30 A P e~ U S 30 3 189
10 &ML o B . . . . 280 = 142
A U R R . | 570 5 285
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r-
Percentage Amount of
Caze XXT. Duantity. Hemoglobin in labused
| terms of blood, represented,
L . e —
| Per cent.
3 PM—j-30 F.M. =10 3 153
T % . . . . - - . | 280 I 2 g
[
7 PAM.—0-30 DM, | 50 5 19°5
o = | 2
16-30—06 a.n., 23rd February 1908 ; ’ 5io 3 15°3
7 A.M. - . - Lo 3 G2
0 a.M; - . . . - ; | 300 5 1"5
1338 o

Total quantity of blood represented

As in an ordinary case the red cells are reduced to at least half their normal
number the amount of hzmoglobin passed in the urine can represent but a por-
tion of the full destruction. Yet if this amount of approximately 200 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 hazmoglobinzmia
actually present in any of our cases at any given time. Such a want of relation
most probably indicates that escretion is more or less keeping pace with the
liberation of free hzmoglobin, and may explain observations wheremn the hamo-
globinzemia has not been noted.

Urobilinuria.—Throughout the attack urcbilinuria 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 hzmoglo-
binuria had ceased, the bands being ecasily visible on twenty-fold, but not on
further dilutiorn.

For many days after the h emoglobinuria 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 hzmoglobin in the
plasma. :
In several cases of fever (malarial) where it was doubtful whether there had
been hamoglobinuria, we were able to detect the presence of urobilin in the urine
in quantity as large asthat found in Black-water Fever. We do not know
enough to state what relation to the Black-water Fever process this conditi

may bear.
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Albuminuria.—Albumen is of course present in large amounts when the

urine contains hmmoglobin. A considerable quantity is also present for a certain
time after the excretion of hamoglobinuria has ceased. Some interest attaches
to the question of whether the passage of albumen is limited to that associated
with the hzmoglobin or passed as a result of kidney changes. Our observations
in this respect are limited, but the following example (Case XX) shows a remark-
able proportion between the percentage of hamoglobin and the amount of albu-

men as estimated by Esbach’s process :— .
| n BT
Cases Lk, - itre Specihe
& ) L¥IEY .
| ]
Pacpteat.
First urine passed tith January 1ge8. . . 10" 105 1018
L]
Urine up to 12 Pl « . . o6 i 1015 |
Uring up to g A t7th January 19083 . ! ah -5 B
¥
" 2] 7T . a o 7 1018
0 T3 . . . . . s G ' B0 |
|
.l 17 M. 18th January 1008 . . 3 | 5 | 1613
|
» passed at 12-30, . . . . . 3 3 1020

Sediment.—The sediment of the hazmoglobinous urineis of some signifi-
cance. There is usually a characteristic flocculent deposit becoming more abun-
dant as the hiemozlobinuria continues and giving place eventually even belore 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:
hazmoglobin casts) are present; but in many cases at the height of the h;&nm-.
globinuria the urine deposit contains mainly isolated degenerated granular cells,
without doubt derived from the kidney.

Hemaososic vaiue of the urine.—If the urine were hypotonie, any hzmor-
rhage into the urinary passages would give rise to a condition resembling hazmo-
globinuria ; and hzmorrhage mto the kidney has been advanced as explanatory
of the hzmoglobinuria of Black-water Fever [Pellerin (49)]. We have there-
fore in several cases estimated the haemosozic value of the urine, the result in

terms of sodium cliloride being as follows :—

Case XIX— Per cent,
First urine passed . ‘ - A - - : s . 125
Urine toward end of attack . : - 3 . . . 83

Case XXVIf—
First urine passed . : . - 4 . = a TR
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The hzmosozic value of theﬁurinc therefore even when hzmoglobinuria
is present, is far above that at which red blood corpuscles are hemolysed, and
the urine could not on account of its osmotic effect dissolve red cells.

Agglutinating and globulicidal effect of urine. —In Cases XXVI and
XX VII the effect of the urine upon the patient’s corpuscles and upon normal
corpuscles was tried ; but no agglutination or recognisable hamolytic 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 pulre-
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 hzmoglobinzzmia bears to the disease is still uncertain,
and recorded observations upon the changes in the red cells and
vague and couched in very general terms, most observers having confined them-

leucocytes are

selves to noting the presence or absence of malarial parasiies and pigment,
estimating the loss of hazmoglobin and red cells, and recording the numerical
changes occurring among the white blood corpuscles, both relative and absolute.,

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 giv{: any indication of the process; the same applies to cases seen so
late that one cannot be certain thatthe elimination of hazmoglobin 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 obtam blood, both peripheral and splenie, 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 hzmoglobin inthe body, namely, the red cells of the blood
and the museles. 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
destruction 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 good blood

films.
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Hemoglobinemia,—In paroxysmal hzmoglobinuria the serum 1s cenerally
stated to be of ared colour. In Black-water Fever there is some doubt as to
whether this is necessarily the case; and one of us with Dr. Stephens has
recorded cases where hzmoglobinzemia was not evident. The examination {or
hamoglobinemia is generally made by allowing the blood to clot and then
examining the serum. But this method is open to grave fallacy ; for we have
not infrequcnt'_‘r seen rosy serum exuded from the clotted blood, when by placing
the same blood in 5 per cent. citrate of sodium solution and centmfuging
hzzmoglobinzmia was not to be detected, The red colour of the serum was
due in these cases then not to hamoglobin present in the plasma during life

“hut to changes which have taken place after withdrawal from the body. (Fide
extra-vascular lyseemia, Part Il1I, Chapter Ill.) Examination of the blood in
"Black-water Fever has shown without exception the presence of true hmmoglo-

" binzmia, demonstrated by the centnfuging of blood received mto hypertonic
citrate solution; the serum after clotting has also alwavs shown hamoglobin
provided the hamoglobinuria yas still in progress, but in both cases the amount
was usually small and more or less masked by the extraordinarnily ntense vellow
colouration of the serum. We have l‘.u'.}l_'.' ance [C.‘lﬁ.: XXVID seen ||;|:!||m|:55|_11'1-1'11
so great in amount as to give arosy colour to the serum and its presence
is generally only indicated by an orange tint.

(]wing to this fact it 1s difficult to estimate with accuracy the amount of
hazmoglobin present ; butin most cases seen 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 case in which the serum was rosy red the percentage of
hzmoglobin was as high as a 5735 per cent. solution of blood.

The amount of hazmoglobin®mia in the serum exuded from the clot has not
in our cases exceeded the amount shown by centrifuging the citrated bloed. In
none of our cases have we seen solution of the clot as described by Hayem in a
case of Paroxysmal Hemoglobinuria ; 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
hamoglobinemia and its relation to hazmoglobinuria in our cases has been as

follows : —
Case X{X (mild attack)—

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

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

H
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Case XX (severe aitack)—-

(1) Seven hours after first rigor serum a deep orange colour. Haemo-
globin tint can be detected with the naked eye. Citrated blood
ceinirfiuged shows a similar amount of ]umm.lglﬂlﬁiu:trI11iil-

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

(3) Day of cessation of hazmoglobinuria, hamoglobin not demonstrable

- in the serum of plasma,

Case XX/ (severe case)—

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

Case XXV (severe case)—

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

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

Case XAV (severe case)—

Second day. Hemoglobinuria in progress, serum rosy red. Citrated
blood cenrifuged shows same degree of heemoglobinemia. Cal-
culation of amount of hamoglobinemia by ccmparison of tint with
laked blood, diluted to various degrees, gave 3°75 per_cent, hemo-

globin.

[nucreased coagulability.—Though we have made no accurate estimation of
the coagulation rate, we have in a number of cases noted a distinet 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 IN 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 doubt 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 hity microscopic fields.

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, Ths in the
blood taken about four hours after the onset of a severe attack we found, among
approximately 20,000 red cells, 150 large shadow corpuscles, 129 small shadows,
“and 16 markedly anzmic cells. After the second or third day the bload changes

are much more obvious and they often reach a maximum when polychromasia of

"a marked degree is established. It is these Jater changes, almost certainly
regenerative in nature, which have been em phasized by most observers,

We shall for the sake of clearness differentiate the carly changes from these

later ones, which are usually even more marked in convalescence than during the

continuance of the disease.

[

Early changes.

Stse of the red colls.—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 series of
ebservations 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 results which enabled one to asga-rtain
better than by mere microscopic examination, variations in the size of the different
cells, . _

An improvement in the method consisted irn the use of a LCLT.EC- drawing eye-
piece whereby accurate tracings of the outlines of corpuscles in a number of
microscopic fields were made, and afterwards meas.ured and camp;%red.

Hayem (57) has described cells of thre‘c sizes, Iarge, medium andhsrna]I],
measuring 6'5, 7', and 85 microns, respectively, of which tl:m 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

L2
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measured about 6'7 microns, only a few being below 6 microns and a somewhat
At times all three measurements werc propor-

larger number about 8 microns.
Apart from polychromasia, associated

tionately increased but never diminished.
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 phenomenon 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-
tour 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 attag”
than in the earlier ones. At first it was thought that some accident miglt
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 au}'thing tey ;__fi.'l.'l." less predsure 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 scrutiny 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 corpuseles surrounding them.

At other times shadows are but hittle larger than a mormal corpuscle; but
thev 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 irregular stellate or elongated in form, evidently of
very solt 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
thait we do not find even in carelessly or badly made films, where of course
shadows and fragments may be numerous.

Spheracyles and cther 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,
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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 in
films are smaller than the normal red cells ; but this appearance is 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 55;;:: of most IllI.IEJﬁT!-'H'Il ];.;1[]1.—_\[0_:3.
cal changes, we have thought it desirable to have a name to designate the
condition and have termed them spherocytes. h

Though a spherocyte can be picked out from among normal cells by its
~ small size, associated with its altered staining properties, there is no hard-and-

st line of demarcation between a normal cell and others showing in various
legrees this change. Restricting ourselves to the well-marked condition we can
note the following alterations as characteristic of spherocytes, (1) They are
among normal corpuscles conspicuous from their regular circular outline. This
is not infrequently accentuated by a circular erack 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 * 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 3 per cent. citrate of soda solution, are some which take on
a deep brown as compared with the light yellow tint of the great majonty 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-
cytes.
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 distinct feature of the blood in Black-water Fever is the occur-
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
changas.

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 shap™<
being more or less irregular and showing a distinct 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 hzmoglobinuria.

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 microis. 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 our subject on a basis cf experiment—

Case XX.—Hzmoglobinuria continuing 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. Examination 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 : ; . : 15 51 %
Small shadows 5 . : 20 15 27
Anzmic cells ; : : a5 15 15
Deformed cells of normal size . s ros 48 84
L 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 abtained hzmo-
globinemia 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 count gave—
L]

Markedly polychromatic cells F ; y : 2 : 18
Large sized corpuscles : : . : : : 29
Medinm = . - : : - . 53
Small s i : 4

Case XX/—(1) In films on the first day, six hours after the onset of hzmoglobinuria,
the following were found, ameng 20,000 red cells :—

Large shadows . - . ' . . . A + 150

Small shadows . - : . . . . » ' 93
! Anzmic - - ~ - . " : . . 10
{ Deformad cells of normal size - ' - : - . 129
| (2) A second film taken on the same day but several hours later showed no in-
I‘E dication of blood destruction, [or in an examination of 120 microscopic fields
f (approximately 20,000 red cells) we were unable to find either shadows, microcytes

or an=mic cells,
(3) A third specimen of blood obtained alter a further sixteen hours with hemoglo-
binuria still continuing showed among 20,000 red cells—

Largc shadows , . . ; ; - 3 . g: -I2
Small shadows : : ; . - . : : - G
Anzmic cells : - 3 . - . . s S
Deformed cells of normal size . . 5 : . o ]

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 hzmoglobinuria 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 in large numbers, together with numerous nucleated red
corpuscles of various sizes and a marked general poikilocytosis of the erythro-
cytic elements.
Cafe XXTV.—(1) Examination of films taken some hours after onset shows nothing
abnormal. No shadows or spherocytes or other observable change.
{2] Fﬂmﬁ tnken on the Llﬁr[] u:];l:-', while !1:t!|'|'|l:l1'-__:|q:-bil'|l'.ri.i Was :-'li3| in active Progress

show :—

Per cent. ~

Large shadows

Small shadows : i - " = w Lt
Sperocytes 3
Microcytes . s . . - - : i - . '03

(3} Films taken on the fourth day alier cessatfbn of the heemoglobinuria showed no
shadows. ]

These observations are in accord with those described by Grocco (45) in
paroxysmal hzmoglobinuria, in which he found lttle or no evidence of blood
destruction . on microscopical examination, although marked hazmoglobinzmia

was present in the plasma at the time.

V.—CHANGES IN THE LEUCOCYTES.

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 lttle later in the attack certain large mono-
nucleated cells of a different type appear in the general circulation; and it is
coincident with the appearance of these new elements that phagocytosis of red
cells and shadow corpuscles may be observed.

At a stll 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 eosinophiles which have been reduced almost to the
vanishing point during the paroxysm of hamoglobinuria once more appear, some-
times in increased numbers. Many of the polymorphonuclear neutrophile elements
which have possibly shown diminished granular staining of their protoplasm
during the attack, now appear more densely granulated, a condition shared by a
large number of the transitional and mononuclear clements, many of which latter
approach the myelocyte type. Some of these also show a distinct tendency
to eosinophile 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 i the large mononuclear elements —This relative increase which is
also seen to a marked degree in fhalaria has been sometimes considered a sign
of protozoal infection; but it has been described by Hayem in a case of met-
hzmoglobinuria of chemico-toxie 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 :— .

| |
Case. Sese” | “mpe | Smonme | Smiloeo | i
Case No. 1 T 3 57 I 240 166 I3
e 4 . i 50 20°5 o 5
2 541 274 183 :
3 556 2176 22'3
4 536 166 24 50
& 5 po I 497 262 238 2
i 7 3 538 28 172 25
ok o i t 663 278 47 'z
: 10 . 2 434 2670 24" 1*

M
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| | |
Cass, 1 D:‘E,':'.I._:[ :.-h e | P ;Il::-:l::!-::.:.|]|:.~l.:_l N ..I.Ir_ls;;-:-l;llzl.l l:-.-- S I.:.:.I I.I..I |.-I|I~:-...«.- Fesinophiles:
: | | | ! |
| |
Case MNo. 11 : 2 61 . & o
i 12 : 3 £y 240 21 4
w4 : ‘ 3 504 | a6y &' 50
T 15 . i 5472 243 20’ 2
- 10 . . - | 5510 1.4 a1l 4
o 17 2 48 'l 107 207 z
4 b3 223 127 4
i 13 = 3 L] | 4]
" 10 f i I oh 1'% f o
2 47’5 i 5. 1§ | (]
At 1 ! 637 23 o3 | 182
| - G1°7 287 g5 I [
| 3 574 | 22 4 105
I + 404 | 25'5 rgd i
7 73 | o' o 53
- 21 . | 1 F5:0 | 15 2z o 3
|
| 2 iz ; 102 72 2005 | 0
w24 .t 4 755 | 1'7 123 | 3
w25 . 3 50 133 53 233 5
| |

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 {;j.-—[_lels resembling the ordinary large mononuclear leucocyte, but
ranging from 15 to 25 microns in diameter.

They possess a large oval, indented, or Iqidnc}'-slmped 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
nuclmrs may measure 15 microns in the long diameter., These cells
some!_lmes cmfutaln malanal 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 nuclel.
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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 nuclei
generally measure 1o to 12 microns in diameter. The larg®r cells
of this type are frequently vacuolated while many of them contain
the debris of what seem to be red cells along with distinct red cell
shadows. The smaller cells of this type are evidently markedly
phagocytic and may sometimes be found containing engulfed red
blood cells, but hittle 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.

Thcj-' may attain enormous dimensions, often ruwlﬁa]riﬂg from 20 to 20
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.

Endothelinl plaques.-—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 diminishing numbers after the actual hzmoglo-
binuria has ceased, appear to be free cells which have for some reason appeared
in the peripheral circulation. But there are certain cells which secem 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 aeross 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 pos¢ morfem and endothelium cells of the visceral capillaries.

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

Reduction tn number of certain forms of leucocyfes,—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 us-urll]'.} persistent throughout the attack, there is
generally a decrease in the polymorphonuclear leucocytes. A most Interesting
phenomenon, which we find to hold good in a number ol cases, 15 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.

Transitional cells and myelocyles—Towards the end of the attack a large
proportion of the polymorphonuclear cells contain nuclel 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 discase 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.

Ked cell phagocytosis in the peripheral blood.— Although red cell ph:lg-;.-
cytosis may not be conspicuous on casual examnation of the blood of Black-
water Fever cases, some evidence of its occurrence can invariably be found on
vareful search especially during the earlier stages of the disease.

Such evidence is generally in the form of large clear engulfed stromata of
red cells which are more or less devoid of hemoglobin.  But in a few instances
macrophages may be found containing but lictle altered red cells.  Later in the
disease when endothelial plaques have made their appearance, a large proportion
of these elements may be seen containing one or more engulfed and decolourised
red corpuscles.

Extrusion of nuclear matler in certain types of cell —Before leaving the
question of the blood 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 lencocvtes
which possessed a considerable amount of protoplasm exhibited a deeply .‘slai:-ning
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 mierons in diameter, though afew which appeared to be of a2 more
elongated shape were slightly longer. Judging from their appearance and stain-
ing reactions it is ])l:ﬂhilh]ﬂ that they are of the pature 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. Themost 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 haniglobin
value. Since this observation we have had further opportunities of studying the
splenic blood in Black-water Fever. The examination of splenie blood in regard
to the existence of a special parasite and evidence of malarial infection we have
already recorded; in our present connection itis 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, sufictznt blood was obtained to enable us to staina
portion by the neutral red method already described. In this case the character-
1stic 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 f{eature in almost every case, reaching
a proportion te the total cells much greater than in the peripheral blood.

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

Splenic cells.-—Many distinct types of splenic cells are distinguishable, and it
only appears necessary to refer to those that seem concerned 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 ordinary 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 phagocytes, and actively
engage themselves in the enguliment 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.
Zype (2).—Cells with irregular or polygonal nuclei similar to type (3)
described as occurring in the peripheral blood.
S Type (3).—Very large cells with round nuclei and voluminous more or
e ' less granular and homogenous protoplasm, often showing many inclu-
’ sions, They often contain masses of malarial pigment and are not
o  seen in the peripheral blood. |
! Phagocytic endothelial cells,—Quite distinct from the large apparently <d
¢ 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 lymphocytes. They constantly show
a projection of their somewhat scanty protoplasm indicating that they are
.actively amceboid in nature. Their nuclei and protoplasm also show certain
differences which enables one easily to distinguish them from lymphocytes.
Many of these small cells are seen to contain a single red blood corpuscle, a
body which would seen almost too largs 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

R : corpuscles. The exact nature of these cells is not clear ; but they appear to be
TN concerned especially in red cell phagocytosis. They are rarely seen in tht: peri-
j pheral blood.
Phagocylosis of red 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, especlally in old age. In several spleens of more or less patho- /|

e o™ i ] s o o

luglcal interest and in the splaan of animals we have found a certain amount of -[1
red cell phagocytosis, but in proportion negligible, when compared to the g
'extent of the condition present in Black-water Fever. ' {|

Several distinct conditions are to be seen —
fﬂ_fEngﬂf@d cells more or less normal in appearance.
(8) Large, clear, circular spaces, that have been occupied by red cell |

: stromata, now completely decolourised.

L (o) H@_w -rous small :Eragmenta of red cell substance, and small vacuoles
-ﬂwh’iﬁhﬂpﬂﬁ: to owe their derivation to previously ingested red cells,




g

Ii
The included red cells in thess 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 hzmoglobin seem to be engulfed, and to undergo
decolourisation within the ingesting c«ll. If, for exampls, a phagocyte of this type
is seen to contain several red cells, ane may be unaltered, while the others show
all gradations between this and complete decolourisation.

But the cells of large mononuclear type and mononuclear levgocytes,
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

£ ® Tlarger phagocytes, whose protoplasm is stretched by unaltered and partially
e altered red cells.

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

! - Case X/X.—Extremely mild. Spleen punctured shortly before the hmmoglobinuria

ceased, and about § to to hours after the onset—

Per cent.
Large shadow mri&uscles 3 - . . . - . 05
Small poikilocyte shadows . . . . . T
Spherocytes . . : . . . . : L5

.-.“' ': - No tendency to agglutination of red cells observed.
" % Engulfment of red cells and stromata [airly 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 hamoglobinuria—

Large shadow nurpus::ies}

Small poikilocyte shadows
Spﬁ:rucylm . B, . - . . . 7 per cent.
Tendency to agglutination not observed.

Engulfmentfuf 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.

'En:a XZX’H —A severe case.  Spleen punctured about 3o hours after onset of the
‘hzmoglobinuria which was still in progress—

. i - Not at all conspicuous

Per cent,
Large shadow corpuscles . - . . . S
Sma!l, gmﬂluqte shadows . . . . . . 15
- o . - - . a b §

e eel Pﬂ;mﬂf..demiﬁurisﬂ.and not resembling
= il

e
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Immense :'rlan':n':l|:|J'1:1gn::.=r with included red cells and cngu]iud 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 XXTV.—Case seen on fourth day. Hamoglobinuria continuing, but showing
signs of clearing up.

E-'[}]‘::I'IEC blood examined,

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

Spherocytes : - - : . . - 60 per cent.

Agglutination of red cells very distinct, the cells being in clusters such as those observ-
¢d in dogs injected with annll'tinu'-n;__( Serum,

Blood more profoundly altered than in anv case vet seen, Recent severe malignant
tertian infection evidenced by the abundance of segmentation reliquats :'Pjgmpm

locke) and by the finding of a segmenting malignant tertian parasite.
Case XX VI —A severe case seen on second day. Spleen punctured about 36 hours
before hemoglobinuria ceased.

Large shadow corpuscles 7 el - . - . "I percent,

Smail poikilocyte shadows * . : 5 y ; PR 1] =

Spherocytes . s ; - : : : AR
Agglutination marked. :

Red cell pkagocytosis conspicuous. Engulfed colourless stromata in large vacuolated

macrophape of mononuclear type very noticeable

These cases serve to show that in the f:pll::cn th- re 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 Jater, are of extreme significance.

Macrophage inclusions.—Since every observation relating to the conditions
present in Black-water Fever may have value, we hve 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 is 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 B]'ack~r'.'at|:-,-r
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 majority 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 conditipn 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 dupnsi} of yellow pigment in the liver cells, and certain
changes in the kidney. :

Our own experience has been limited to two fatal cases now described (Cases
Il and 111). 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. Unfortunately we were only able to obtain very partial autopsies so
that only the spleen, liver and kidneys have been examined

Spleen.—In both cases recent malarial pigment was abundant. More
important in our present connection was evidence of red cell phagocytosis. This
was most marked in Case 111, but was also presentin Case Il. Inthe former almost
every macrophage showed included red cells, whilst smaller mononuclear cells
containing one or more were frequently seen lying free in the splenic sinuses.
Large cells containing many-red corpuscles as well as smaller cells containing
one or two of these were also very noticeable in the radicles of the splenic vemn.

I iuer —The lobules showed no marked general changes. Inthe 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 engulfed red cells. Most conspi-
cuous were included nuclear masses staining an intense ‘black with Heidenhain’s
hamotoxylin. Many such inclusions, seen in every field of the microscope, gave

avery peculiar appearance to specimens viewed under a low power,
N
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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 inthe hepatic
veins large cells containing many red cells, as well as others containing included
nuclear masses, were not uncommon.

Bogh the hepatic and portal venous radicles contained a great deal of granular
maltter 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 coarssr, and in Henle'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 chinges 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. Al:o 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 heemoglobinemia of a certain degree is responsible for the hzmoglobi-
nuria and for the icteric tinge. Other changes may, or may not, be necessary
consequences of blood destruction. F

It 1s evident that before we can make use of the data outlined, it is necessary
to study the process of blood destruction or hazmolysis, and especially the con-
ditions other than Black-water Fever in which hzmoglobinuria occurs,
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CHAPTER II.
THE RELATION OF Brack-wATER FEVER TO OTHER HEMOGLOBIMURIAS,

[,L—PARASITIC HEMOGLOBINURIAS.

[n the ox, du:;g, horse, and sheep haemoglobinurias due to piroplasmosis are
well known. Infection by piroplasma may however occur in an acfite ora
chronic form . it 15 in the former 0113:; that |1:E]11Dg3r:|:-[|1uri..=. OCCUrs.

Cattle introduced into a Red-water country rapidly contract the acute
disease. The animal is intensely ill, its temperature is raised, and it passes
hzzmoglobinous 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 hzmoglobinuria 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
itsel. '

Piroplasma infection in the dog is very frequently associated with hzmo-
globinuria, especially in the case of susceptible animals. Dogs newly introduced
into 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
hzmoglobinuria 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 feeble. In our experience if a
dog has passed the first acute period of the disease he may die but he will not
suffer from hazmoglobinuria.

The hazmoglobinuria. 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 ha#moglobinuria. In a dog dying of an acute infection thereis
marked pallor of the tissues, and in the case of hazmoglobinuria a yellow tint.
The blood is watery andthe spleen more or less enlarged. 1f hamoglobinuria
has occurred, the kidneys are maroon roloured and swollen; but this is not

present in attacks, however acute, unaccompanied with hzmoglobinuria.
N 2
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With the condition 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’ to Black-water Fever is evident; but closer
examination rteveals 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 clesest observation fails to
show piroplasma “like parasite in the blood and tissues; and that this disease
s 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 mecharism of parasitic hamoglobinuria and that seen in Black-

water Fever.

II.—DvyScrasic H.EMOGLOBINURIAS,

Hemoglobineria occurs in man in other conditions than Black-water Fever.
The n.ost important from our point of view 1s paroxysmal hzmogicbinuria.

Paroxysmal hamoglobinuria 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. Alter an exposure to cold, the
patient has a wiolent rigor with chattering of teeth and spasmodic actionof 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 hemoglobin ard met-hemoglobin.

After the crisis the urine becomes clearer agam but is somewhat darker
than normal; and contains albumen. The erisis i1s accompanied by arise in
temperature. Tumefaction of the spleen is frequently present; and there may
be some enlargement of the liver. In severe atfacks there is a subicteric tint
of the intepuments ; but no Gmelin’s reaction is to be obtained with the unne.
Urobilinuria is in these cases habitual.

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

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

We bave then a disease which except in its @ticlogy and its comparatively
mild nature is a close counterpart of Black-water Fever; and as Black-watey
Fever is generally induced by quinine, so this condition is precipitated by so
simple a cause as exposure to cold. The serum mn paroxysmal hamo-
glnt')inuria has been observed by Ehrlich (62) and others to possess a

“ pouge cerise’ colour and an " aspect lague.” But Bensaude (63) notes that
{his is not constant, while in one case the serum was more coloured in the
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intervals between the attacks than durihg the attacks themselves. This “ rouge
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 hamoglobinzmia 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 in Black-water Fever.

In paroxysmal hamoglobinuria the blood destruction is an indirect effect of
the cold which has induced the attack ; for blood exposed to cold does nol'exhibit
hzmolysis. 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 ha2moglobinamia is small and yet haemoglobinuria results ; whereas in the dog
it is necessary to inject distilled water to the extent of twice the total volume of
the blood before hzmoglobinzmia is intense enough to cause hzmoglobinuria.
The most recent work on paroxysmal hazmoglobinuria is that of Widal and Rostaine
(64), who satisly themselves that the condition is due to a lack of protective body
“ antisensibilisatrice " in the bloed, a condition which they were able to rectify by
the prepared serum of a rabbit containing cxcess 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.

Hzmoglobinuria of the same nature has been observed in connection with
Raynaud's disease. Barlow (635) records a case of Raynaud's disease in which
there was hamoglobinuria, epigastric pain, and temporary splenic enlargement ;
and Dickenson (66) notes a case where an attack of paroxysmal hzmoglobinuria
was replaced by local axphyxia of one hand. Jaundice is also recorded following
local asphyxial conditions.

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

Another condition in which hamoglobinuriz occurs is after extensive burmns.
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 sufficient changes in the red cell to account
for their death and believe toxic substances o be developed in the blood and
rissues. Locke (67) shows that an immediate decrease of 1,000,000 to 2,000,000
red cells may take place in severa 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.

SRS - e ———
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Hzmoglobinuria following transfusion is a well known condition. Diseases
in which ha:-moglnbfnuria occasionally occurs are S‘..]Jhiffﬂ septiceemia, yellow
lever, malignant jaundice, enterie fever, scarlet fever, typhus fever, variola, scurvy,
epidemic hazmoglobinuria of new born infants : and a few cases have been u,c:mdecl
as having been met with in association with influenza, leucocythamia, pernicious
anemia, ant 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 ofg considerable interest, of which unfor tunately but little is known, is
hamoglobinuria of horses. This disease, which is only met with in well bred
animals, appears to result lar gely as the result of rich diet with insufficient exer-
cise. It occurs when horses that have been stabled for some time are exposed
somewhat suddenly to fatigue. The h: emoglobinuria is associated with congestion
and rig:dm of the musclm especially of those of the hind quarters Lum.t (G)
believes the condition to be a kidney lesion, but there seems little rr*mmc‘ for this
view,

Poar conditioned horses fed on low diet do not dev elop the condition in spite

of fatigue or exposure,

IIL.——HEMOGLOBINURIA DUE TO OSMOTIC CONDITIONS,
Heamoglobinuria following the injection of distilled water into the blood
stream has been described by Ponfick (69) and Hunter (68). Ponfick found it
necessary to use water to more than twice the blood volume before hamoglobinuria
resulted; he also noted that before hemoglobinuria was produced there must be
intense hazmoglobinzmia.

Hunter records hzmoglobinuria in rabbits as the result of the intravenous
injection of quantities up to jo c. c. of distilled water: but the hazmoglobinuria
appears to have been transient and its presence shown chmﬂw by the guaiacim
reaction, and the production of a yellow deposit which Hunter believes to have

been hazmoglobin.
In these rabbits injection of 70 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 1n cells.

These experiments, it must be acknowledged, scarcely reproduce the condi-
tion of a general lowering of the ha2mosozic value of the plasma to such a point
as to cause hamolysis, hut they serve to show the comparatively small effect of

the injection of water unless in very large amount.
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IV—Toxic HEMOGLOBINURIAS.

A large number of chemical substances destroy red blood corpuscles and
many of these cause within the body intense blood destruction, often associated
with hamoglobinuria. Seme substances cause simple liceration of the haemo-
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 hamo-
globimuria.

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
glycerine into the blood of rabbits is followed by hamoglobinuria, 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 hzemoglobinuria 1s
the result of liberation of hzzmoglobin in the systemic circulation, however small
the amount may be ; thus differing in his conclusion from Ponfick, whose results

a small dose of

have been alluded to.

Toluylendiamin.—Injection ol large doses
attended with great blood destruction; but rarely with heemoglobinuria. In the
cat very small doses cause intense hemoglobinuria. In the dog it causes
jaundice without hzmoglobinuria.

In rabbits the evidence of hazmolysis 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

of this drug into rabhits 1s

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

oisonous 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 Actd.—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 [eature
recorded by Celli and Marchiafava (95). The liver cells do not show the
pigment seen in toluylendiamin poisoning.

The part p]a:,red by the spleen in the blood destruction by pyrogallic acid 15
emphasized by Hunter who noted within three minutes after injection a swelling
of the organ sometimes to three or four times its normal volume. Also, as
early as fifteen minutes after injection, cells enclosing many red blood corpuscles
often only slightly altered in appearance, were seen in the spleen ; but notin the
liver or elsewhere. The corpuscles in the pefipheral 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 nyrogallic acid was not prevented by excision of the spleen. But follow-
ing excision globules derived from the red blood corpuscles were more frequent-
ly 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
Slfghh
In the case of rabbits poisoned by toluylendiamin the drug does not act
directly upon the red eells; 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 hemoglobinuria it is necessary to

refer only briefly.
Most of these substances as a result of direct action upon the blood produce

met-hemoglobinzmia. A certain number act indirectly like toluylendiamin.

Others have a resemblance in their action to specific hzmolysins.
Saponin Group.—Bodies closely related to the glucosides which act upon the
lipoids of the blood corpuscles. All cause hazmolysis, some in dilutions of 1 in
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100,000. Some produce hamoglobinuria; others do not. After experimental

injection of such substance a latent period has been observed, lasting 24 hours
ormore, before the onset of symptoms of blood destruction.

Snatke 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, hmoglobinuria may occur.

FPost morfem examination shows changes varying 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 haamolysed agglutinated red blood corpuscles, Lamb

e (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 abserbed coagulation
15 increased.

Bacterial Hemo-toxins —Fischer anl Adler (73) have obtained an intense
anzmia in rabbits after injections of cultures of streptorocei; and Grawitz (74)
have observed a reduction in thered cells to 300,000 in a case of streptococeus
septicazmia, B gl

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

V.— HAEAMOGLOBINURIA FOLLOWING THE IN]JECTION OF SPECIFIC
H,-EMDL"."I;JC SERA.

In the consideration of the toxic Ia;emﬁglubinuri;as we have dealt mainly
with the conditions in which the blood 1s destroyed in a way more or less
artificial and greatly different from that avhich 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 ©f 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 speeial toxicity for rabbits ;
subsequently many other observers extended these observations. It 1s 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 ammal of the same species as A.

Bordet (g5), Gruber (85), Ascarelli (85), Landsteiner (85) and Von Dungern

(85) have specially investigated this form of toxicity together with Levaditi (56),
O
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-Celli, Cassagrandi and Carducci 8';}. while the reactions of the same nature, to ,
be observed #n vifro, have occupied a host of workers, prominent among whom |
are Ehrlich and Merganroth (78). _
It seemed to us important, in order that we might obtain an insight into i
the proeesses concerned in Black-water Fever, to undertake certain experiments |
~ of this kind, and to ascertain, if possible, the mechanism of the hemoglobinuria i
that can be produced in animals by the use of these specific haemolytic toxins. :
he experiments carried out by us have been made on dogs injected with
the serum of a’ goat immunised by repeated injections of defibrinated dog’s blood. : |
A The goat received a member of such 111;cc:nun5 repeated at intervals of a few days, —
which had the result of producing within a month a serum both hzmolytic
vifre, and markedly toxic in vivo. n
: Our experiments with this serum are as lollows :—
b Dog. 1. Weight 33 Ibs, |
=X & pan. 1Oth f‘fbmm-y rgo8.—Received 4 c.c, goat's serum,
E ’ . 8 a.m. 11th Fehruary 19o8. — Dog quit?ﬁ well.  There is no distinct pallor of
i R _tongue. Received anothor 25 c.c. serum,
i ' & a.m. r2th February rgof.—Tongue pallid. Conjunctiva pale.
: 10 a.am. 12th February rgo8.—Pallor much increased. Blood watery, dog
- dazed, resembling a case of acute airoplasmosis, .
Urine pale, |
1 aum, rath Fa&rm:r_r 1 god,—Autopsy, |
5 = [Tissues pale. . o
i [Spleen enormously enlarged. Weight 20 grammes. Firm '
& : and black in colour with a tuberculated surface,
/ ~ Liver not obviously enlarged. Dark in colour.
oy 93 Kidneys normal in appearance. _
A e Urine in bladder free from hzmoglobin or urobilin. l
=) Mediastinal glands are many of them dark red in colour,
, Blood resembles a weak emulsion of corpuscles. That flowing from the ‘
e 5 hggguc vein shews to the naked eye an agglutinated appearance. Received |
By into - salttnr?usnles are hmmol}rsed -
2% P{mﬁg{nﬁmﬂmm as tested by receiving blood in 1 per cent. salt solution -" _
g and cei ‘mgm&:,mt detectable in any of the following situations :— q
T, - RO
Rt S Peripheral blood. }

$e T Heart blood., i
' ~ Blood from mesenteric vein,
Blood from hapnt:.. vein,

Blood from inferior vena cava, -
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- But blood separated from clot of peripheral blood was rosy red.

Microscopical examination of organs.

Spleen.~~In section the organ is seen to be engorged with blood. Bencath
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 luoking
corpuscles. Everywhere are seen large cells gorged with red blood corpuscles,

In films are seen small phagocytes containing each a single redgbload
corpuscle more or less normal in appearance. Also very large cells containing a
dozen or more red cells. A count made from blood obtaihed with a syringe from
the spleen when first exposed as follows :-—

r\
Per cent,

Folymorphonuclears and transitional cells . 26
Largemononuclear leucocytes . ; . ; 4
Macrophages ; ‘ 4'7
Small mononuclear cells of various types 26
Undifferentiated cells and Ruclei 14
Small phagocytes with red cells Pl ¥ 5 '3

¥

Large macrophages with red cells
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 lilms omitting liver cells gave :—

Per cent.

Polymorphonuclear leucocytes . i ; - . .. 36
Mononuclear cells and macrophages . 3
Small mononuclea- cells of various types . . : . . 2%
Undifferentiated cells and nucler ' . \ . . . 13
Small phagocytes containing red cells 7 : . : 4

I

Large macrophages containing red cells
In many of the large macrophages were granules of greenish pigment
resembling that seen in these cells in Black-water I'ever.
Kedney.—A few phagocytes with red cells i all cases much altered.
Bone Marrew.—One altered red cell only found in @ mononuclear cell after

some search.
Peripheral blood.—A leucocyte count gave :—

Per cent.,

Pg]}'ntnfl_‘]hﬂﬁﬂl‘[ﬁar leucocytes. E ; - = : . 4
Large mononuclear leucocytes . i 4z
Macrophages . . - : . . . ! : e
Small mononuclear leucocytes . ’ ; : y ! : 15
L}imphﬂc_‘p'tﬂs ' . . - . i . = 4 4's
Transitional cells . ; ; ; ; ; ; ; 12'5

0z
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. But blood separated from clot of peripheral blood was rosy red.

e bt A Microscopical examination of organs, |
| *!{"’ S - Spleen.——[n section the organ is seen to be engorged with blood. Beneath
e " the capsule and near the trabecul® is a layer of fused red cell substance. In
o 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 films are seen small phagocytes containing cach a single redyblood
-. -3 corpuscle more or less normal in appearance. Also very large cells containing a
ey A dozen or more red cells. A count made from blood obtaihed with a syringe from
- 3 the spleen when first exposed as follows :-—
. o Per cent.
Polymorphonuclears and transitional cells . : : : 26
Lar gemononuclear leucocytes. : e : ; ; . 4
Macrophages ; ; . : . : ; . 4'7
Small mononuclear cells of various types . : . : o -af
: Undifferentiated cells and fluclei . : . X A
Small phagocytes with red cells E i : s : : '3
Large maﬂmphagcs with red cells : : ; : 2

. The TI'IIBI‘DECD'PICSI:] appearances in these films rcsemb]ed extremely closely
those seen in films from splenic blood in Black-water Fever.
Liver—=A count of cells seen in films omitting liver cells gave :—

»
Per cent.
Polymorphonnclear leucocytes - - : - - . a6y
; Mononuclear cells and macrophages . ; ; - : : 3 _.-'-
Small mononuclear cells of various types . ; ; : 5 | ae
i Undifferentiated cells and nuclei - C . 3 G A
- : Small phagocytes containing red cells s = . : 4
Large macrophages containing red cells . . 4 - id T

In many of the large macrophages were granules of greenish pigment
resembling that seen in these cells in Black-water Fever.
L Kidney.—A few phagocytes with red cells in all cases much altered.
Bone Marrow.—0One altered red cell only found in a mononuclear cell after
some search.
Peripheral blood —A leucocyte count gave :—

Per cent.
Pnl'yfmurphanuclcar leucocytes, ; ; . 2 ; B Sy |
L,a_fg’ﬂ: munnnudea.r ]éumql&s . . # ¥ g . 7 4'5
M“mph“gea - = i e, . . . 5
Small muunnmiﬂr leucocytes . . : . ; . 38
. [l . LB Il . . - 4'5
A EREE Lo L SR A e ST R

0z
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There was marked polychromasia an average of 2 or 3 large cells with
central red stained stippling (Giemsa).

Fisceral blood,—In the blood from the hepatic veins :m‘.lhu'gt: 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 contaiming
red crlls and débris are common. The red cells are agglutinated in masses and
between the masses are many stromata,

Dog 11.—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 in the last case. Macrophages contained only much i
altered cells or débris.

Blood received into 5 per cent. citrate,

5 times diluted. No tint of he=moglobin,

Blood allowed to clot. Serum rosy red.

Doy fI’.-—“."r,ﬁf__{]ll_ 431bs,
10 @i, 2nd March 1908.— Received subcutaneously 15 c.c. goat's serum.

Isotonic point . ! : - + “525 sall,
1 a.n., 2ud March 1908 —Dog seedy, shivering.
Ditto Anzmia, but no hazmoglobinuria or h&moglobinamia.
Ditto Corpuscles in 1% salt at 37, no hazmolysis in 2 hours.

Iitto Isctonic point . . : ‘71 salt.
2 a.m., 2nd March 19o8.—lsotonic point shows a trace of colovr at ‘83 salt. No
hamoglobinzmia.
5 @, 2nd March 1god.—Dog killed. Tissues pale, blood watery.
Spleen greatly enlarged, firm, black colour, surface tuberculated.
A trace of hamoglobinzemia 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 1'2
per cent. salt.,
In this dog hzmoglobinemia appeared to have only just supervened. [t
was already present in all situations, The urine was not yet hamoglobinous.
Dag V.—Weight 5 1bs.
10 4., 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.
Intesiine purplish. In the veins can be seen agglutinated masses of cor-
~ puscles floating in clear fluid plasma. '
Ventricles and auricles filled with pale clot. .
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LDog VI—Weight 4% Ibs.

10 g.mn., 2nd March 19o8.—Received 3 c.c. goat’s serum subcutaneously.
7 am., 2nd March 1908.—lsctonic point . . 475 salt,
70 awi., 3rd March rgof.—Seen to be passing hamo ']n:uh111mh urine.

Dog killed,

Autopsy —

Spleen enlarged, biack in colour, firm consistency, surface tuberculated.
Kidneys dark purple in colour,
Hazmoglobinous urine in bladder.
Hazmoglobinzmia 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 'g per cent. salt- -marked
hemeolysis.

Microscopical appearance—

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

Sll.l]:thl:Tl'ﬂ red cells *4 per cent.
Small phagocytes

t altered red cells

' . «
Large macrophages containing many altered and many more or less
unaltered red cells . ; : . : : " o AT
altered o
Polymerphonuclear cells containing red cells A {
unaltered . '8 per cent.

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

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

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 300 cells gave :—

Small phagocytes containing red cells,

« "3 per cent.
Large macrophages containing red cells

V, 2 - E S ) ¥
Poly mnrphanuc]ear 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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3 ﬂﬂg Vil —Weight 4 lbs.

m#mn 2nd March 1908 —Received 1 c.c. of goat's serum subcutaneously.

- 1@, s5th March 1908.—Dog for the last few days has been getting more and
more seedy with progressive anmmia, Weakness
of hind legs as in canine piroplasmosis.

4-30 a.m., sth Mavch 1908 —Isotonic point has risen so that considerable hamoly-
sis takes place in "83 salt. No hzmoglobinzmia,
2 Pgu 5th March 1908.—Gave 1 grain quinine sulphate with sufficient diluted acid

to dissolve it. No hemoglobinuria resulted up to
§ P,

= - & a.m., 6th March 1go8.—lsotonic point between 1 per cent. and ‘71 per cent
Dog not so seedy,
& a.m., yth March fgaé’ - Anzmia less marked. Dog tmprmrmg in health. There
e isa trace of hemolysis in 'gr per cent. salt but
3 marked hamolysis does not occur till the blood was
placed in *525 salt.
Washed corpuscles in 29 per cent. salt at 37. No ha-
molysis in two hours,
11 @, pth March 1908.—Gave 13 grains quinine sulphate dissolved in diluted acid.
' No apparent effect,
8th March rgo8.— lsatonic point *71.
gtk March 1908 —Isotonic point ‘55 red cells ; half are nearly all large cor-
- puscles and definitely polychromatic cells of large
size average 7 per field,
14th March 1908 —No trace of haemolysis in '3 per cent. salt, Red cells
P normal in appearance.

~In spite of a greatl;,r 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. 5
Dog VIIi—Weight 5 lbs.
- 17 aam., sth March rgo§—Received 3 c.c. goat” s serum.
g—guf m., 5tk March 1908 —Isotonic point at 83 per cent. salt.
~ Haemosozic value *876.
& am., 4 6th March rgoS.—lsotonic point at 1 per cent. salt, No tint of
hamolysis in 5 per cent, salt.
th Marek 1908 —lsotonic point at ‘91. Dog recovering.
March 1908.—Anzmia still marked but much improved. Dog
better. Washed corpuscles in 1 per cent. salt at 37,
No hmmnlyﬂ:s in two hours,
- cells a.reraga about 10 per field,
d cﬂnmbetwm la.rge type of red cell and
round ﬂa:k cells,
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Hazmoglobinuria not detected. Owin2 to imperfect arrangements for
observing the urine jt cannot be affirmed with certainty that it did not occur in
the night of 5th March 1508,

Dog IX,—Weight 6} lbs.

5th March 1go§.—lsotonic point below 45 per cent, salt. Hxmosozic
value 1°168 per cent, salt.

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

rr aan., 6th March rgof, —Received 6 c.c. goat's serum 5Ll.|'-'L3'll'l:'L1Il‘L"'Lijé}'.

5 .., 6th March 1908 —lsotonic point unchanged. Dog shows no symptoms
or anmmia,

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

1o-20 g, Stk March 1908.—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 h'ood cells. Palychromatic cells average
5 ar b per Tield,
Gave 1} c.c. goat’s serum.

1-30 aan., 8th March 1908 —Pallor of tongue greatly increased, dog profound-
Iy ill. Profound anzmia.

5 am., 8th March 1905.—Hamoglobinuria. Plasma tested showed hzmoglo-
bina:mia. Isotonic point showed marked degree of
hemolysis at *g1 per cent. salt.

6 aun., Sik March rgo8.—Autopsy. Bladder full of  hazmoglobinous urine
resembling that in Black-water Fever. Spleen 1
gram, dark red colour but not black, firm surlace
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 he
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.

Hemoglobin@mia.—-Tints obtained by adding 20 ¢. 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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Ghosts,

ipheral blood—
Peripheral large célls 42 per cent.

Red cells 1,406,000 per c.m.,
= * ; small cells 58

Ghosts 110,000 per e.m.

Splenic blood—

lar '""l. cells 1

tn

Red cells 3,080,000 per c.m.
I small cells 8

L

n Ghosts 308,000 per c.m.

Hepatic blood— -]

Red cells 6,164,000 per c.m.
small cells g2 i

Ghosts 1,782,000 per c.m.

Renal blood —

large cells 13 i

Red cells 6,072,000 per c.m,

L
{
%

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

Blood -
From inf. vena cava and heart clot rapudly.

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 hemoglobinzemia present.

H amosozic 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
agglutination 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 shghtly larger than red cells, but
they are mainly smaller and often evidently composed of portions of cells only.
Fal}rm{}rphﬂnuclears containing red cells are frequent. Cells are as follows .—

Per cent,
Polymorphonuclears . : - : : ; : . : ., bo
Small mononuclears . . - ; - . : : ; LT
Transitional , o - . o . ! . - 2 A
Large mononuclears, many with included red cells . 5 : oonr

Macrophages

Ch—— =
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Hear? blood. —Shows groups of red cells massed about leucocytes. Be-
tween these groups and to a large extent [ree are large and polychromatic cells.
The groups, however, are smaller and less conspicuous than in the hepatic blood,
Very few examples of red cell enguliment 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 T

Small phagocytes :

-E. altered cells « VL
Large macrophages with red cells . ; . - i . B
Polymorphonuclear leucocytes with included red cells . : ) . 19

Oceasionally pelymorphonuclear 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 engultment. A few included cells
chiefly in large mononuclear leucocytes seen on searching.

Kidney.— Substance resembling hazmoglobin 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.

Dog X.—Weight 41 Ibs.
=k March 1908 —Isotonic point "475 per cent, salt.
&g a5tk Mareh rgof.—Received 3 cc. goat's serum.

10 @y 1ath March rgo8.—At site of injection but little reaction. No notice-
able anammia. Temperature 100, Polyebro-
matic or large cells about 1 per field. Many
small dark cells. .

[sotonic point ‘59 per cent. or possibly 71 per
cent. =alt.

r5th March rgof.—Isotonic point 'g per cent. salt. Dog not wvery ill
but there is marked pallor of the tongue and a con-

siderable amount of anzmia.

Temperature 1018,
r pm., 15tk March igoS.—lsotonic point g1 per cent. salt. No hzmo-
globinuria.
P
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g pom., 15th March rgoS.—lsotonic point ‘83.

9 p.m,, 16tk March rgo8.~—Dog much better. [sotonic point ‘83,

g P, ;f..i'z March f_.:;c]E,-—BIuﬂd received into 3 c.c. 1 per cent, salt to
which one drop of goat's serum was added
left in incubator 15 minutes; no hamolysis,

[t was then centrifugalised and isotonic point

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

Placed in incubator in 1 per eent. salt agglutinated corpuscles do not hamo-
lyse,
Dog X/ —Weight 34 Ibs,
5 p, 13tk Mareh 1908, —Received 6 ¢ c. goat’s serum,
10 @, 14tk Harch r9o8.—Swelling at site of injection slight.
There is some pallor of tongue and some an@mmiar
Temperature 101°2.
[f:‘::-.‘.rjui:: |J.-E|a| is "01. I"u:;h.':;hri‘.-ll_:l;e::iﬂ_ ahout 5 per
field, cells very irregular in shape, small badly
- displaved though film is 0 good one. Tenden-
cy to form masses of 2o to 50 cells, the major-
ity being the small round variety.
ropan., 148 Mareh rgo¥,—Passed hamoglobinous urine, Hemoglobinemia not
observable in —L dilution, but seen on using larger
1o =] =]
quantities of blood.
Isotonic point is ‘g per cent. salt, but in place of

*h** it shewed only " tr.

4 pon., 1tk Aarcle rgo8.,=Isotonic point is -gr, but shows trace only at both
‘g1 and ‘853. Some more urine passed, but con-
. tains less haemoglobin than last.

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

Liver.—Dark in eolour. Weight 75 grams.

Contains blood much richer in red cells than that in the organ 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 h2moglobinous.

Hamoglobinemia present in all situations. 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,
Ghosts 88,000 per ¢.mm.

Only 2 per cent, large cells.

Renal blood—
Red cells 1,822,000 per c.mm.
Ghosts 176,000 per c.mm.

Portal blood—
Red cells 1,000,000 per c.mm.

Very few large cells.

Ul]'."r 2 per cent, l:Lrgc cells.
Femoral blood— ]
Red cells 836,000 per comin,

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

FPortal - g : - : . :
Hepatic 15} -
Splenic : ; - 5 . : 7 s
[Femoral : 10 .
Renal [rom portions of kidney : : - . 95 T
Pulmonary g ; : . : R
Renal from renal vein \ v B - ' T L '

(1) Washed blood corpuscles from portal vein+ssrum of normal dog=no hxm olysis
or agglutinaiion. :

(2) Washed corpuscles from portal, hepatic, and renal veins and [rom ventricles left
in sugar and salt solution at 377 C., no hemolysis or agglutination.

(3} Washed portal blood corpuscles+ crushed liver substance = marked agglutination,
no hemolysis,

(4) Washed spleen pulp in sugar and salt solution at 37"
agglutination. _

H:emosozic value is absut "g38 per cent. salt.

Centrifugalised renal blood shows tendency to form agglutinated masses with

no |1;1:|:m]}'£55, doubtful

free polychromatic cell.
Centrifugalised portal blood showed a good deal of red cell phagocytosis.

Dog XIf.—Weight 4% lbs.”
5 po, r3bh March rgo§.—Received 3 c.c. goat’s srrum 10 c.c. normal serum.
1o a.m., 14tk March 1908, —Site of injettion of g c.t. specific serum much swollen.
Site of injection of 10 c.c. normal serum not nedrly ‘so
markedly swollen.
No noticeable pallor of tongue. Anazmia swollen
moderate. }
Isotonic point *59-per cent. salt.
Large+and polychromatic cells about 1 per field, many

small round cells.

g pom, 14th March ;08 —Temperature 100°y. Extremities cold.
g pum., 14th March rgo8.—Ilsotonic poiot 83 per cent. salt.
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z pom., 15th Mareh 1go8.—Isotonic point ‘g1 per cent. salt, slight hiemolysis at

‘83 per cent. salt.
5 pam., 25th Marek rgof —Received 3 c.c. goat's serum.,
16¢h March 1908.—Blood very anemic. Dog very scedy.
Isotonic point °'g1 per cent salt; miore
ha&molysis at "83 per cent. =alt,

'||'|.'L'|']-{'.'|.|.

4 p.m., 16th March 1908, —Blood shows marked haemolysis in "91 per cent. salt
and there is a trace of frec haxmoglobin in the
o serum. Shortly after dog passed hxzmoglobinous
urine.
Aunfopsy—
Urine in bladder lighter than that passed shortly before.
Spleen.—I11 grams, dark colour, not very tuberculated.
Engargement of visceral veins, portal, renal, and inf. vena cava very
noticeable.
Blood from different sources diluted s times with § per cent. citrate solution

and centrifugalised showed —

Splenic ! 2 : : : ; . tint.

Portal : ; 3 : : : s At

Hepatic - : - - - y slightly darker tint.
Itenal : : . : . . marked red tint.

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

Splenic Vein—

Large cells . : : : : : . 140,600

Small cells . ; : i : - « 12700

Ghosts . : ; ' " . . 13,200
Renal Vein=-

Large cells . . . ‘ . . . 40,000

Small cells . ] : : : 5 . Biboo

Ghosts . . . . : . 127,600
Portal Vein—

Large cells . g - . . : . 528,000

Small cells . 2 ; ; . . . 13,200

Ghosts Sl . . - : ; 4,400

Hepatic Vein—
Large cells . ; : . . ' . 448,800
Small cells . - £ - ; . . 136,400
Ghosts ; - : ! & : 7 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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CHAPTER 111,

GENERAL CONSIDERATION OF BLOOD DeESTRUCTION IN RELATION TO
HAEMOGLOBINURIA.

Levadite (76), studying the result of the injection of specific haemolytic sera
concludes that the principal cause of the an@mia in animals so treated 1s an
intense phagocytosis of the red cells in the spleen. The fact that Lach 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
hemoglobinemia was not necessarily associated with this form of blood
destruction.

As soon, however, as hemoglobinzmia came about hzmoglobin
In these experiments then the hamoglobinuria was no mere measure of the
amount of hmoglobinsmia, but an indication that such a condition had supervened.

This conclusion is supportéd by our observations upon Black-water Fever,

uria followed,

for in this disease heemoglobin 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 hazmoglobinamia i the peripheral circulation how-
ever small in amonn: leads to h&znoglobinuria. On these grounds it appears reason-
able to conclude that hazmoglobinuria and hzmoglobinemia 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 hzmoglobin was excreted until the
amount free in the circulation reached one-sixtieth of the total hamoglobm of the
body. But that these experimental data do not apply in Black-water Fever is
certain, since hazmoglobinuria commenly occurs as we have seen with an amount
of hzmoglobinemia much less than would be caused by the presence of one-
cixtieth of the total hzmoglobin, and may be present when the amount of
hzmoglobin in the plasma is so small as to escape detection.

Again in many conditions h&@moglobinzmia has been described as present
without the occurrence of hzmoglobinuria; but these observations seem all to
r not to the recognition of heemoglobin in solution in the plasma, t.e., true

refe
oglohinmmia, but to the presence of heemoglobin in the serum exuded from

ham
the blood after this has clotted.
Such observations as we have previously pointed out are open to grave error.

Thay may relate, indeed, to quite a distinct condition, the recognition of which
‘s in itself of great importance, namely, that, on clotting of the blood, solution of

a certain number of red cells has occurred. Murn and Justus allowed blood

I
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obtamed by venesection from thirty syphilitic patients to clotat a high and a
low temperature. In the former twenty-cight 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 hamoglobinzemia. Other examples
are given in the case of dogs 1 and 2 (wde 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 mable to judge whether in such cases true heemoglobinemia unassociated
with h@moglobinuria is present.

Another very impertant point emphasized by these experiments is that
until heemoglobinuria supervened, the most severe blood destruction was unas-
sociated with the presence of hemoglobinzmia. Even very large doses of the
hzzmolytic serum though they produced a cotrespondingly more rapid and intense
anzmia did not on this account give rise to hemoglobinemia, and the anzmia
seemed due almost entirely to removal from the circulation of damaged corpuscles
and their eventual engulfment by macrophages. Since heemoglobinemia does
not necessarily 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-distine-
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 ::_{mdftiun met with where true J]a’:rm}glm'r:l[|];r:|uia 15 not present, but
where the blood after clotting shows the presence of ha&moglobin dissolved in the
serum may be appropriately named, ** EXTRA-VASCULAR LYS/AMIA."

[.—ER¥THROCATALYSIS,
The condition seen in the spleen and other organs of animals inoculated
with specific hamolytic serum resembled in a remarkable degree that which we
have already described in the spleen and liver of Black-water Fever.,
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The cells in which ingested red blood corpuscles are seen have the same
general characters as those seen in Black-water Fever. They are :

{1) 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 nucler 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 Pore 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 transportng
engulfed red cells. As large numbers are present in the hepatic
blood, but are not seen in the peripheral circulation, 1t seems
probable that many of them are stopped n the capillary systein of
the lungs. ;

Many cells of this type are found surrounding dense masses of red cell
substance. The nucleus 1s |:-115hcd to one side and the ]JIf_‘rf-.',‘l]’]]E]F.['['L
forms a scarcely perceptible envelope. They more nearly resemble
masses of hiemoglobin 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 débris 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 mav be seen with one, two or even three included cells.

We have not seen this type ol cell m active red cell phagocytosis n
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 pa]-:r 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 greenish 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 m the spleen, it is somewhat less so in the liver
capillaries; and is but little g 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.

&

IL.—Lvszmia.

We have previously drawn attention to the fact that once hamoglobinmmia
is established hazmoglobinuria follows. In order to ascertain the site of this form
of hemolysis, observations were undertaken in regard to—

(1) The existence of stromata ;
(2) The degree of hzemoglobinzmia,

n different parts of the circulation, A peculiar point at once became evident,
namely, that, whilst the peripheral blood was ivtensely anaemic, that in the liver
and kidneys and to a less extent the spleen was much richer in corpuseles. 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 kidnev and liver. [t will be seen from the experi-
ments given in full at the beginning of this chapter, that the amount of hzmo-
globinzmia 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 hemoglobinzzmia seen in the blood
from this portion of the circulation. The evidence of shadow corpuscles and the
amount of hzmoglobinzmia 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 significant,

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.

III, —THE EFFECT OF THE INJECTION OF HEMOLYTIC SERUM AND
SNAKE VENOM UPON THE [SOTONIC POINT.
To explain hzmolysis in certain diseases, reduced resistance of the red cells
has often been hypothecated ; and this reduced resisting gower has been very
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generally considered as bearing a more or less definite relation to their resistance
to 1-EL]'!ing by salt solutions; eor in other words to be associated with alterations
in their isotonic point.

Variations in the isotonic point have been described by Vicarelli, Limbeck
(80), 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 hav@to our
present studies, it is a matter of considerable infportance and interest that in dogs

.

and rabits a raising of the isotonic point to 7 %, '8 %, or even "9 % salt solution

is observed as a result of the injection of specific heemo-toxins,
Q
L
-
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The following observations will make this apparent :—
Dog 4 15 c.c. goat's serum injected 10 A.M. 20d March 1go8.

|
Percentage salt. : %31 om jike 50 | 85 | ‘53

and amn

il ]Il ir

| 27th February 1008
1 ., and March 1908

ineH dneH] oo | b aw Lo 3 lzuiggmyiu.smw-
: ng.

| s s ... | Marked anzmia.
{ ! o hemoglobinemia
| I . 1 i Dug kﬂlqif.

i r

l'og 7. 1 c.c. goat's serum injected 1o AM., 2nd March 1go8,

B
‘83 1 B9 | 8 |'s=s g0 | 47s
| 1

=i

a, 5th March 1908 3 ' i N 1 A it Il e .. |Dog il Marked
by oarce. o log 1L rked
: No hamoglobinuria,

Dog not so ill. g I .'
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Dog 8. 3 c.c. goat's serum injected 11 A.M., 5th March 1go8,

7l ' 59 55

430 P, 5tb, March 1903
B, 6th March 1928 .

ane i

Hazmaoglobinuria dur-
ing night of :th
March 1908,

!
!
|
|
|

5 F.M., Gth March 1908
8 a.ar, 7th March 1908 . 3 ' M L ot

| nila Ty

oo =
er cent!. salt, ino trace of tin t.

L)

=@
Dog g. 6 c.c. goat’s serum injected 11 AM., 6th March 1go8,
Emreie i w  10-70 AM,, Bth March 1go8. -«

- lf#ml!ﬂ ﬂ-lt. 100 5 - ‘ s

muaapg

4 ama

Hiemoglobinuria,
H,Emgghflnmr- i
1 § 4|




Dog to. c.c. goat's serum injected 5 P M., 1 ath March 1go8.

Percentage zalt,

.33

jth March 1go8 .
10 450, 14th March 1908
g £.m, 13th March 1908

1 .1, 15th March 1008

@ r., 15th March 1908

16th March 1908 |

Many spherocyles.
Mo hiemoglobinuria.

Diitto.

]

i. 6c.c. goat's serum injected 5 P, 13th March 1go8.

8

nrl

Cambaan




Dog 8. 3 c.c. goat's serum injected 1t AM., 5th March 1908,

, Percentage =alt. 1 100 ot B i | ) i L | |
: | : |
) - i i 1 1 | i |
hicsal ‘
= -m - Fat & - :l : & *
. | 4-30 p.ar,, s5th March 1908 . M I Mil | te | hh e HlineH | .. | i || . kit
- P 8 4, Gth March 1978 . . r tr h |ineHlineH| .. | A AL «. | Hemoglobinuria dur.
k-4 ' | ing night of rth
- : [ ! March 1908,
a 9 F l
P 5 e, Gth March 1908 . | N tr h line M| ..
- . | :
.;'"' B’ “.{?Eh Mﬂ.ﬂ:‘l tgﬂa v s N‘I‘; tr h = EM H iﬂl: H 1an ags “wa et -|-.1 FET PaE [ . it wan v - am
_.' =l - l 5 o In 5 pjer centl. salt, no trace of tin t. L ] -
lii g . i
.. 'i"_ o 5

T Dog g. 6 c.c. goat's serum injected 11 ;..M., Gth March 1908, : = L
CROGGL o - »  10-30 AM., Bth March 1908, -

55

Tmaan

e

A & h i S T R SR S e (UER RS e e ”ﬂl}. -H%nﬂibﬂ'hﬁl-lilﬁ-ﬁ;x .
. | H=moglobinemia. |
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bo'g 12. 3 &.c goat's scrum pius 1o c. c. normal goat's serum injectad.
3 €. ¢ goat's serum injected 3 r.st, 15th March 1908,

‘B3

8 am, :ﬁ_mych 19os

Mo hmmoglobin in

4 Pa1, 14th March 1908 firiie

9 P, 14th March 19,8 Dito.

| 4 #-4., 15th March 1go8 ] ] il e SR, et e : Ditto.

-

| s e,y 15th March 1908 . 3 » et R & e o 11 1) Ditto.

(8 ase 15t March 108 .| wir| i o o

Hazmoglobinuria and |

hzmogiubinemia. '
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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 hamolytic 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 [ollows :—-

X Laperiments with dabora venom.
£ ¥ r *
Ravbit .—Weight 3 Ibs
4 .M. Received 50 m. grms, dried daboia venom in solution,
6 P.M.  Animal breathing rapidly, Cyanosis of ears.

0 P.M.  Animal died.

IsoToxic PoixT.

. L
,!:” o .:_', .'.\.- '|_|T l.'. | 3 ' 3 'I..I |_'-" r'-: | : :If.u
_I
oM. - L 0 | : 1 ;
4 : o FACE i complele
1
6 P, = 5 o o marked nearly com- I
d Larty =] complete
plete,
[ |
g r.a. . m o nearly com- | neadly com-
plete. |  plete. [

No hz&mc:g!ubmuriﬂ.

Rabdit Il —Weight 21 |bs
E':}'D ALM. I.{E‘l‘.l‘:i\'ﬂd 25 m. grms, dried daboia venom in solution.
11 A.M.  Died.

Isotonic PoINT,

| |
fa” o, 1 B wom Of [ . o
3= fa 45 15 . 425 %, L
o ph & =

| Ii> A e
SR : i : : 5 L h nearly coms

| | plete,
11 A, (just before death) . X 3 marked | nearly com- nearly com- | nearly come

| plete. plete. | plete,

No hzmoglobinuria.

Rabbit I1].—Weight 24 lbs,
8-30 AM. Received 10 m, grms. dried daboia venom in solution,
11 P.M, Died.



g

IsoTonic POINT,

4 e B ‘5255 45 % 415 B Rk
T B aar, 3 o 0 o o a tr neatly com-
'y I plete.
' 4 P.M. : a Ir nearly com= | nearly com- | nearly coms s
el plete. plete. plete. l
]
No hzmoglobinuria, :

Experiments with cobra vemom lecithid.
X ' on Rabdit No. 1.—Weight g 1bs. At 8-30 AL o1 grm. cobra.
' At 4 P.MS 15 grms. lecithid.

No noticeable effect produced upon the animal,

IsoToNic PoINT.

P: A ek | % | us® 4%
12 AML 5 . . : : o o tr ! h complete.
4 .M. - : . . o o o ! tr complete.

. g F.M. . : : . . o o [ o o nearly com.
: plete.

—

Rabbit No. —Weight 2} Ibs. At 8-30 A M. ‘03 grm. cobra lecithid.
AL 4 P M, ‘3 grm,

Animal showed no ill effects.

; IsoToxNIic PoINT.

A L b 2 61 % 52 % 45 % 4%
; E q1z -ﬂu!-u . . e - s ann o o tr Enmplﬂt.
§ BT S T TR - o h hh complete.
4 y;hq.- " . . 5 ' a o [} nearly conme
1 plete,

raising of the isotonic point seems therefore to be a frequent concomi-
wﬁa h:emammc achuu on the. red cells.  The ahsence of any
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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
lysemia to be the result of changes in the osmotic relations of the plasma m.n'l
corpuscles, but it would be presumptive evidence of the presence of a hemotoxin,

n IV.—RELATION OF lsoToNic 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, 7., about 'g per cent. salt 5-33Llli-:1l_:‘|, hazmoglobinuna resulted; so long
however as the isotonic point remained below this, animals exhibited neither
hemoglobinzmia nor hamoglobinuria. :

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

Another interesting point in regard to the isotonic changes in experimental
hemoglobinuria:is seen in animals that have recovered from the efiects of
hzmolytic serum. In such cases the actual isotonic point, z.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 slight
hzmolysis 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
isotonic point of the blood returns to normal or nearly so (vide Dog VII).

These experiments show that the large polychromatic cells are not de-
generated corpuscles, but the newly formed ones.

o lheir appearance seems_therefore a phenomenon exactly similar to the out-
put of polychromatic and large cells after an attack of Black-water Fever,

It 15 not difficult to understand that the :i|]lll_-_'h[ f].ﬁCfCELSt‘ noted h}. Us a5 Soine-
times seen in the isotonic point of Black-water Fever blood may be due to this
outpouring of new corpuscles into the circulation, rather than to the more resis-
tant cells bhaving been left untouched by the ]JIGDd-dE&trDj‘ing process, the ex-
planatiun usually offered,
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CHAPTER V.

THE LYSEMIA OF BLACK-WATER FEVER,

The facts we have brought 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@unda-
mental factor in the causation of the hmzmoglobinuria 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, hamoglobinuria does not
result. The loss of red cells in an acutg initial attack of malaria may amount
according 1o 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. in twelve hours ; vet these cases showed no
hemoglobinuria. On the other hand cases of hemoglobinuria have been ob-
served in which the maximum losseof red cells amounted only to 129,000 per c.m.
(Bristowe and Copeman). In imalaria we have an example of what we have
termed “erythrocatalysis™; in Black-water Fever the process is essentially a
lysemia.

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, (4) the excessive rarity of sporulating bodies in the peéri-
pheral circulation, and (¢) the frequently recorded marked alteration in  he
infected red cells and active engulfment of these by phagocytes. All these
peculiarities are evidently due to the specially pronounced action of the malig-
nant tertian parasite in bringing about erythrocatalysis,

In quartan and benign 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 never observed it. From such considerations
we should judge that the quartan parasite had an effect even feebler than that of
the benign tertian parasitein bringing the infected corpuscle to the state in which
it becomes subject to erythrocatalysis.

In pernicious an@mia according to Hunter there is solution of red cells in
the portal circulation, due to the action of hzmolytic substances absorbed from
the gastro-intestinal tract; in other words, a portal lyseemia takes place,
Whether in Black-water Fever the lyseemia occurs in the portal wvein, but in
such large amount as to produce general hzmoglobinzmia; or whether the

hepatic or peripheral circulation forms the site of the process we do not know.
R 2
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It still remains for us to ascertain, if possible, the actual nature of the
lys:zmia 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 ol some specific
hamolysin.

BLACK-WATER FEVER NOT 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 corpuseles
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 i1s con-
siderably weaker than the plasma does this happen, Human serum, which for
all pmf::it.':tf purposes in this connection, may be considered as approximately
representing the condition of the plasma, is estimated to haye an osmotic tension
equal to ‘g per cent. sodium chloride solution . (Hamburger), But human red
cells become hxmolysed 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.”

It 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 linut of 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 haemolysis to take
place in the body by a reduction in the osmotic tension of the plasma would
reguire, provided the isotonic point remained the same, a reduction of the salt
content of the plasma tn 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
reductions in the salt content of the plasma may take place without any danger of
hazmolysis.

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 hemolysis  In
investigating the condition of the blood in Black-water Fever it is necessary
therefore to consider both corpuscles and plasma, and to estimate hoth the
isotonic point on the one hand, and the hzmosozic value (osmotic tension of
p];Lsma“l on the other,

[sofonic point. -In our observations we have estimated the isotonic point by
adding measured quantities of blood (10 to 20 c.in.) to known quantities of salt
colutions (*5 or 1 c.c.) of various strengths, shaking, allowing to stand for a few

r
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moments, and centrifuging. It 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 hamolysis 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 distinctly visible in a J}
salt solution equal to ‘449 per cent. A quite distinct colour was given at N or
‘417 per cent., and as a rule marked but still incomplete haemolysis at N or X

Estimates of the percentage of hazmoglobin set free at each dilution of ti series

_ ?‘ were made by comparison with standards, prepared with known percentages of
e the bload in distilled water.
J " With slight variations they usually showed as follows :—
s : £ "
s, |
Nl ! Nl € 5 to 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 ‘o025 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 hzmoglo-
binzmia giving a tint in all tubes independently of any laking by the salt solution.
The anamia too renders the tints obtained not comparable with those from .nor-
mal blood, but this difficulty refers only to the amount of hzemolysis in the differ-
ent tubes; in ascertaining the limit of hzmolysis (isotonic point) and the main
facts regarding the behaviour of the blood to salt solutions it does not interfere.
A rough allowance for the anzmia was made by comparing the patient's blood
with normal in given volumes of distilled water.
E 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
nf tubes as equivalent to that produced by % salt solution on normal blood.

The isofonic point in Black-water Fever.— Marked changes in the isotonic
int have never been found by us in Black-water Fever, By marked changes
fer to such changes as ‘have been given in our animal expenmeqts where




126

-

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 hazmoglobinzmia.

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 hzmolysis in this disease has any relation to osmotic variations in
the plasma, though they may indicate, as we have seen, the action of hazmo-

toxins.
Our observations in this connection on Black-water Fever cases are as
follows® ;—
[soTONIC POI1NT OF BEACK-WATER FEVER.
| |
Strength of galt solution, “' \'J- ,k' 5 :l"i. ilk'
i L
2 - |
Case XVII Four days after onset ir hh ing H
w XYIL . | Five days after onset Nl i r h hh
TH 4 . & . |Dayafteronset. Mild case. | il Nil h inc H
| Hzmoglobinuria over.
|
T « | Day of onset. Hburia .| tint tint incr-tint'  inc H
|
; o Day after onset. Hburia . incr-tint incr-tint' ine H
" 2nd day. Hburia tint tint h hh ing H
| . | 15 7% 4%
by . | 3rd day. Ohours afierces-| AWl | Wil h hh ing H
sation. Hburia, | | |
3 i It = TR [
: Percentage of salt ‘525 | ‘5 175 b5 425 ! 4
e e O] s e ds £ s [
a i ! ; 2 : ; {
Case XXI1 . | G hours after onset.  Severe, tlint | tint Lint fimt incrLint] inc H
case. [ |
I -
T ‘| Day afier onset. Hbuoria .| tine tint tint lint | tint incr-tint
ool b e calm . Es Nel Nil Nl Nil tr h
i Percentage of salt o] gmh | 454 434 410 4 2y
|
_'! — ---\.—.-"I —_ el e—
Case KA VII + | Day after onset tint ting incr-tint) ince-tint] ing H
| y
" - .;2nd day. Hburia . .| tint tint T e Ly
| |
Contral | TR Nit Nl Mil h hh inc H

BNoTe,— Ve footnote on page 114,

p—
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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. Of large variations at all likely to lead to hmemolysis
F ~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 :—

IsoTonic POINT OF EUROPEANS RESIDENT IN THE DUARS, 9
Strength of salt salution, E E! ﬁ ! ﬂ- E— %
L]
Series 1.
< New-comer . .| Has had no malaria for| Ni! tr b | ineH | ineH ks
' f 1 many years. Control 1 . [ |
- .
New-comer . » | Has had no malaria for a! Wil e | h incH | ine H e
long pericd. Taking
quinine 5 grs. daily. Con- |
trol 2.
Old resident »| 20 years in the Duars .| Nl Nil tr bh | incH
&
: Resident . .|s yearsin the Duars .| Nl tr h i H | =<
a .~ R o Jowr | owa h | incH
Rl a - " " ” | Ml ir h inc H =
45 i AR IS years in the Duars suffer- | A5l tr h inc H e o
ing much from fever.
Anmmic.  Heterogeneity
of corpuscles marked.
w o+ «|1year. Muchfever | it | wil h h
: L
'-Stﬁju i I
| After fatiguing journey .
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: i ;” . I5DTONIC POINT OF EUROPEANS RESIDENT IN THE DUARS—contd.
' |
Percentage of salt, | g8 254 434 418 ‘4 *184
L : = e I — -
: Series 3 '
L g
. i |
- Resident . .| 2 yearsinthe Duars i | Nl il i h Ith
0 | | |
- 2 « | 6 months. Much fever | Nil Nl il tr h
0 . « | Gycars P . oy N zel | tr hh inc H
"
01d resident «{Had Black-water Fever | Mil Nil tr h inc H
i one year ago. . |
i .
_;- Contral 1 . « {Some hours before onset | N/ ir h hh e H |
. of malaria.
: (n]
Resident . . |6 months; taking quinine | AV il Nil ir!
5 gre daily. ;
i ¥
: Old resident «| Many years in the Duars .| M i h kh A
o
o I
.‘_‘ : IsoToNIC POInT OF BExGALI BABUS RESIDENT IN 'i'HE Duars,
e il L
f.f&-' 3
. : F y . Fercenlage of ralt. l 475 a5 425 r 175
2y |
] |
<2 Series I,
' i
Bengali Babu .| 6 menths'  resident.  Enlarged | Al tr h inc I
= spleen. 7o per cert, Hb. _
: - " +| 6 months' resident 95 per cent,| Nil ir h hh i
i “Hb:
T -4jrg-a_rp' resident. 75 PEE  €ent, ir h hh ire H
W Hb. |
Gt - -| Numerous M.T. rings, crescent=.| Ml Nl I « h i T
LX Enlarged spleen. to per cent,
Hbh.
L] i - [
‘Many vears resident . . .| NI [ N | tr h -
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[SOTONIC FOINT OF SERVANT CLASS,

Strength of saft salution, i X N % )
Madrasi . . | First attack of faver . 5 ir tr i h inc H
= - -|Nextmoming. Fever till saa. | N0 | i | b inc H b
Benign tertian parasites. Had @
10 grs. quinine previous night., ],
i A « | 5 days later . : : Nif Ml | hh
e AT : Wil tr l h inc H
ool S |
{
Percentage of salt. ., ‘g5 5 475 45 ‘438
X ¢ i
o Marwari . sf5¥ears in the Duars. Anmmic. | ® Wi ir tir'. | hh inc H
: ) 2?%151“'@: inches below costal | i
IsoToNIC POINT OF COOLIE CLASS.
= .
: i Steength of zalt salution. ol 55 L S N
. ] '
m‘.l.
| Coolie . . |Fever. Benign tertian parasites .| %[ Nil tr h .
I - + o|Fever. M.T.infection . .| Ayt il Ir h i
[Contrat 1 .. T Nil | h | incH
o e A B e - ) B 1 Ml Ir
et Nit | NI |, o
M;hﬂ -|8years old. Anmmia. Fever .| NI | il | 1 x
L B3,
Pm&:‘:;;tg-&ﬁlﬁlt DS s sk i 7

375
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[soToNic Poixt oF COOLIE CLASS.

: | N | hl N N
Strength of sale salution. H‘_ 3§71 | !I ¥ % 18
; : , et
Coolie . .| t vear resident, Fever. Enlarged Vil vil | N Vi ir
spleen.  Numerous 5. T.rings. |
n & ¥ .y 1 vear resident. Quartan parasites|  Ni it ch hh
e _ |
o " . | Anmemia. Numerous 5. T. para: Vil il Vil tr
sites.
; | e | rer |
Bhutia L i ...... Ml | Ml | ir
Control 2 . .| 1 month resident. 5. T. parasites Mk | Vil ir Bh: |
[
Coolia : Mext day after 15 grs. quinineg . Nil | Nl Lr | hh |
b Wil tr | nh |
| |

IsoToNiCc POINT OF AFTER ADMINISTRATION OF QUININE.
The following are observations upon the effect of the administration of qui-
nine sulphate upon the isotonic point :—

Normal person.

! |
Strengzih of salt solution, :::, ‘ ..: "" .Irf b
= | £
Immediately after taking quinne : ol il | tr h inc H
3 hours after admiristration of quinine sulph. IEE nilo | Nt h inc H
grs. and dil. sulph. acid m. 15. | |
4 hours ditta § ; F il |' ir h inc H
Resident 5 years. Given 15 grs. quinine sulph. and m. 15 dil. acid suiph.
|
Strength of salt selution, ‘IN!I 1:‘; ?IT 'E
Immediately before 1aking quinine 3 ; Nil tr h =
6%, 25"/ 40%
5 hours after administration : : : : Nil tr h inc H
Mext day . . . ' . ' . tr h inc H
12% 177% 9%

an

—
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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 hzmolysis by osmotic variations.

Hamosozic 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 (82), 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 hemosozic value, wiich is
also used by McCay, 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 © vol. blood p/us 2 vols. of the diluted serum gives hamolysis.

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 ‘l.'nl.—;g—- salt just gives hamolysis and 1 vol. blood+2 vols, gimicy s i

just gives hazmolysis,
then

Sefam
L]

Seram :
or —,—="'194,

1.¢., the serum=4 ("194) or "776 per cent. salt.

In practice there are a number of difficulties in getting accurate results.

1. Want of fixed point as sndex—We have already noted that there sno
fixed value in regard to the point at which all red cells are hemolysed.

Thus in =_N¢' or ‘417 per cent. the least resistant cells are already hemolysed.

In -5 or ‘324 per cent. there are still many cells undissolved, so that in
ascertaining the salt solution in which hzmolysis 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
hamolysis has already commenced before any definite change in the tint of the
_al blood can be observed. McCay 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 :—

=same strength as -3 salt solution ;

1 vol. blood 2 vols. distilled water: Hamolysis incomplete,
4 2 1 3 LE] L n (3] LE]
'l "..' 3 "0 4 M L ar 1 11
R i
ot 4 " 5 u " " 1 o
BE - 5 . 10 . S e 2 complete.

52

e ——
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In each case although there was an increasing amount of hemolysis obsery-
able this was incamplete until ten volumes of distilled water had been used.

71.—IWide limit of ervor.~Since the question of a fallin value of 1 per cent.
salt 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 hzmosozic value within known limits with accuracy, otherwise
the uncertainty attaching to our observations would prevent conclusions being
basedOpon them. This has been extremely difficult even in the case of vana-
tions as great as ‘2 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 :—

= v w o ;-
Suppose === behaves as would an o~ - salt solution

= sefom (b
and that — razmd o T i n oo 1
Then the estimation will give serum (a) . : 1'248 per cent.
serum (&) 2 : R s T o e i
Difference due to one dilution extra ‘ - " . ‘208 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 different 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 h:ﬂnmglohin or a more marked h:t:nml:.'s[:q 15 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 % ¢. c. are arranged in small tubes and 10 ¢. m. of one's own blood added.
After 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 :—
Iy B M ™ . - %
} c.c of T 13 9§ 1% 1sotonic series,
5 3 s 5 g
1 i =
} cc. of B SErUM SEries,

The index in this cise is absolutely fixed ; and as one is using a considerable
quantity of serum, dilutions of any degree can be made.
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Hemosozic value in Black-water Fever.—The following are estimations of
the hemosozic value in several Black-water Fever cases.

The exact relation to the period of onset, ete., will best be seen by reference
to the cases given in the Appendix.

Per cent.
Case X/X—End of mild attack. Wright's method ; . 1100
Cate XX—Ounset of severe attack . . . L
Cise XX — Next day : i : ; : - o B1EER W
Case X XN— U'nj.' fo-]l{:l.'.'fus:; : - » : . : - .1'25
Case XXJ—Alter onset of severe attack ) : . I'‘a=8
Case XX V—Middle of attack . . ; . : o IO
Case XXF/1I--Middle of severe attack. Serumrosy red . 1'03

In Black-water Fever even quite early in the attack notably in Case XX there
15 no marked if any lowering of the hamosozic value of the serum below the
normal, and certainly no such lpwering as could conceivably result in hzmolysis
by osmotic tension. That there is not some raising of the heemosozic value during
the attack is less certain.

Neither in the isotonic point nor in the haemosozic value do we find variations
such as might suggest that hzamolysis was due to alterations in the osmotic
relation of the corpuscles and the plasma.

Hemosozic value after quinine 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 sive
them. :

The following estimations have 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 series.

(1) European, Previously no quinine.
Hazmosozic value before taking quinine 1-168 per cent, salt,
H=mosozic value 5 hours aiter adninisiration of —
15 grs. quinine sulph.
15 m. acid sulph. dil. 1168 per cent, salt.
(2) European. Has not taken guinine fcr 15 days.
Ha=mosozic value before taking quinine 1°4 per cent.
Hazmosozic value 8 hours after administration of—
15 grs. quinine sulph.
15 m. acid sulph, dil. 1°35 per cent.
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(3) European. Has not taken quinine [or some time.
Ha=mosozic value before taking quinine 123 per cent.
Hxmosozic value next n.'.t:l:rningr after tﬂ]éing night pt'{?"-"lDlLS—
10 grs. quinine sulph. -
10 m. acid sulph. dil. 128 per cent.

ESTIMATION BY A MODRIFICATION OF HAMBURGER'S METHOD.
Native. [’rm"lﬂu::l}' i t|||ini|]::. Blood drawn at g A,M. 5]‘.0[':1_1.' alter 0 A.B. l|||i.|1-l1ll:

sulphate grains 10 administered. Blood again taken at 5 p.M.

[ ' £.c- dilztions of serum. | ‘s o.C, salt solations.
S sid=rg | | ' |
M. | e - |'-1".7:'!- per cent. 45 per cenl. 425 per cenl. 4 percerl.
2 2132 2725 | | |
| | | I
| |
g AN, . o | trace | distinct ‘ o o | trace | distinct
5 P, i o trace Idis:in:t [ ] 1 o | trace | distinct
[ | 1

Next morning observations repeated with different blood as an indicator gave exactly

5.

the same results with several teia
Therefore the hmesozic value equals 2 ("45 per cent.) or 'g per cent. salt.
European. No guinine for =everal months previously. Blood taken at :o A.M.
Shortly alter, quinine sulphate grain< 15 with minims 15 dilute sulpharic acid was admin-
istered. Blood taken at 12 A.M., 5 P.M,, and next morning,

*2 €. ¢, serum diluticns. | % €. ¢. salt solutions
s s | 5 ' |
— = - | 475 wne | ‘425 ‘4
'z 23 | 25
| | |
10 AM. g el | trace | distinct | Nl | Nl trace distinee
| | | i

Hemosozic value equals 2'2 [*15 per cent.) or = er conl, salt
. 15p p

|
At I 12 a.M. 5 P.M. MNext morning serom gave
e 1 —_— S — —
5 5 5 5
| L i i i
| 22 22 22 2-3
! Nl vl Nil trace

Hzmosozic value therefore equals 2'2 (*45 per cent.) or o9 per cent. salk.
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We have not therefore been able to find the reduction in the hemosozic
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- l

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. |
h That an attack may follow upon administration of the hydrochlorid&as well
as of the sulphate of quinine is shown by reference to the literature.  Vedy (90)
gives two cases where Black-water Fever occurred alter adm inistration 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 quinine hydrochloride.

Again if slight alterations in the salt contents of the plasma are shown some-

. s times to take place as a result of the ingestion of sulphates, we have no reason to
3 believe that the alteration can extend to such a range of osmotic tension as
separates the isotonic point andrhamosozic value in Black-water Fever ; nor are
! x we justified in concluding that such a reduction bears any causal relationship to
e 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 hzmosozic value (f.e., an isotonic point of 83 per cent. salt

solution and a ha2mosozic value of about ‘g 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 hzmoglobinuria (vide Dog 7).

BrACK-WATER FEVER NOT DUE TO CHEMICO-TOXIC ACTION.

X
e The great majority of the chemical hemolytic bodies give rise to met-hzmo-
¥ globinuria, A case of met-hzmoglobinuria in a human subject has been des-

cribed by Hayem (85).

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-
‘hzmoglobinzmia and the appearance of this substance together with oxy-hamo-

et _globin in the urine.

<y “To microscopical examination the red cells appeared small, deformed and
L ‘brownish in colour and were collected into groups. Decolourised elements were
7 ‘_ ~_also to be observed, and leucocytes were very abundant, many of them being of

-'T' - great size. In dried films the alterations in the red cells appeared even more
a3 ‘marked. They showed fragmentation and abnormal colouration. Polymorpho-
 nuclear cells were relatively diminished, but absolutely increased in number. The




proportion 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 awhnfe: was greatly diminished in sp:te of an absence gf excretion. T his re-

‘duction was also associated with anzmia, the red cells being a little over 1,000,000

per ¢. n.
The serum showed the spectrum of met-hzemoglobin together with that of . ]

oxy-hemoglobin.
1t@ evident that though in Flack-water Fever a certain amount of met-

68 hamoglobin may be present in the urine, the process is one of a liberation of ‘ g.i

e

.- . ﬂiry-hazmnglnbin. Not anly is the serum tinted with oxy-hemoglobin, as shown
: ' by the spectroscope, but, if the urine be examined shortly after it is passed, it 15 .
ey ' quite commen to find only the merest trage of met-hemoglobin ; athough oxy-
hazmoglobin is pre<ent in abundance. |
4 We can therefore eliminate from among the possible causes of Black-water
.""-'i . ' Fever most chemico-toxic substances; even did the clinical 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 hemolytic efiect 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
e pure alkaloid.
. _ The latter is extremely insoluble but suspensmns in ‘g per cent. salt solution
. appear to exert no hzmolytic effect upon canine or human red cells.
. With regard to the action of saturated soluticn of quinine hydrochloride the
following procedure was adopted. A saturated solution was first prepared
. containing approximately 3 per cent. (Attfield (86) states that this saltis
soluble in 34 parts of water.) This saturated solution was then made up by the
. addition of sodium chloride until it contained "9 per cent. of the latter salt.
T -‘..!f On the addition of 200 c.ms of this solution to suspensions of 10 c.ms. of
m-an blood in § c.c. .g per cent. salt solution nearly complete hzmolysis took
B - gimﬁ,, both in the case of a normal and a Black-water blood.
iy, - But when in the case of both normal and Black-water blood suspensions,
iﬁﬁ ﬂﬂd-lﬁﬂn of 159 ©.ms. uf (ﬂ:) nﬂrma] and {b_] Black -water se:um was made

ﬂmmeas afine white powder. P'mIanged centnfugmg failed
Im: it ﬂu:ld whlch re;ma,med ,shghtl]r t:]quded bl.‘lt shawed
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taken from a healthy subject shortly after thé administration of 2 grms. of quinine
ihhen subjective symptoms were present, exerted no hazmolytic action upon the
blﬂ-ﬂd of a Black-water Fever case. A consideration of these facts, together
with those already referred to in Part I, seems to exclude the action of quinine
in {tﬁlﬂf as being the cause of the I}Tsmmm 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 HAMOLYSIN,

. The resemblance between the action of specific hzmolytic serum and
« Black-water Fever is very striking.
% It is easy to understand that ina crudely prepared serum (containing all
. t]'u: elements of the blood) wherein especially powerful agglutinins existed, the
r prummem:e of the erythrocatalytic process might be more accentuated than in
~ Black-water Fever.
~ But though lyszmia is thefcharacteristic feature of Black-water Fever our
: -observations show that both processes of blood destruction, which seem charac-
B  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
T specific hmolysin arising within the body as a result of the conditions we have
pictured in the earlier parts of this memoir.




" PART IV.
Nature of the Haemolysin in Black-water Fever.
CHAPTER L

HamoLvysINs. o

We have previously referred to sera which are able to destroy red cells of a
particular animal both i vi#ro and in vive.

[t is necessary before going further to study more closely these specifie

® hemolytic 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. 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 yery 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 hazmolytic action has since gone on hand in hand
with that of the bacteriolysins and other phenomena connected with immunity.

Bordet discovered that heating the hmolytic serum to 53° Cent. for half
an hour destroyed its solvent action ; but that the addition of normal serum,
itself devoid of hzmolytic 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 hamolytic 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 hz2molysis it is undesirable to
follow the increase in our knﬂwlﬂdge step by step. But it is necessary, in orde,
that our own observations may be more easily followed, to give thé chief facts
known regarding the action of hzmolysins. The principal fact, the existence
of two separate substances combining to form the active hz2molysin, has already
been noted. According to Ehrlich's theory, which in its main propositions is
now generally accepted, a hzmolysin consisting of an amboceptor p/us 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 hamolysis by

specific hamolysins,
2

”
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RECEPTORS.

These according to Ehrlich’s theory are side-chains in the central proto-
plasmic molecule of a cell, capable of combining with other free or external
groups or receptors. [tis upon these combining affinities that the cell is depen-
dent forits normal metabolism ; but their existence also exposes it to the toxic
effects_we are discussing. The receptors of one species of animal are foreign
matter in the body of another species ; but, provided the cells of the animal into
which foreign bleod 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
animal and those of the foreign blood cefls hastaken place, the lormer cells are
stimulated to produce new receptors to take the place of those already occupied,

These receptors are :r_{&ne]'.:ll]y produced in excess and may be thrown off
becoming free in the blood, and thus giving nse to an anti-body, specific for cells
similar to those that stimulated its production. This anti-body possesses the
power of combining with such foreign'cells both in 274re and when injected i
oivp,; and if the necessary complement is present their combination will result in
hamolysis.

It is equally evident that uponthe presence of suitable receptors will depend
the -effect of the injection of such specific toxins as the h&2molysins. We have
seen that the injection into an ammal 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 crf_t::rmhin{ng with cells similar to those injected. These free
receptors are amboceptors specifie 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 ensue under certain conditions we shall further indicate.

[f, 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.

AMBOCEPTORS.

These, as we have already seen, are the free cell receptors that have been
cast off in response to stimulation by foreign receptors. They possess in
general certain properties which it is necessary to study—

(1) The power of combining with cells by means of a cytaphile 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 o 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 cytophile affinity. Its func-
tion then appears to be the linking up of a cell to complement or R‘.}'lﬂb'l..";'iu such
a way that this latter body which has toxic or ferment-like properties, can act
and destroy the cell to which the amboeeptor 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 athnity for cells
with suitable receptors that it will enter into combination with them at exceeding-
LY

Iy low temperatures.

Combinalion of red cells and amboceptor in vitro.—(1) To a suspension of
red cellsin ‘8 per cent. salt solution, specific hazmolytic serum previously
heated for & hour at 55° Cent. is added and the mixture is allowed to stand for a
time. The red cells remnain apparently unaltered, but on the addition of a litile
normal serum, which can be shown to have no action upon similar red cells
without treatment, rapid haeemolysis ensues.

(2) To a suspension of red cells, unheated specific serum, capable of
producing heemolysis, 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
apparently unaltered, but, on the addition of a little normal serum, speedy
hzemolysis takes place. If the mixture of haemolytic serum with red cells has
been made in suitable amounts, the separated supernatant liquid 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 hamolysis 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 hzmolysis 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 thatrequired in combination with complement for thewr 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 ifithe body, such a combination producing no hazmolysis.

But a phenomenen 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 mn reality become laden
with immune body (amboceptor) which expesesthem to rapid destruction in the

presence of normal serum containing complement

B

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, hamolysis, 2tc. 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 into 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 question, we may say that this
view seems to be generally admitted.

ABSORPTION OF COMPLEMENT.

Complement can be ahsorbed #u vitro, either by specific combination with
amboceptor as in hzmolysis 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. :



143

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 observ ed Examples of this condition are syphilis and trypano-
somiasis, .

I
!

HAEMOLYSIS IN VITRO AND IN VIVO. BT
Hzzmolysis in vitro 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 #n 2ifro and action
in wivo. Celli, Casagrandi and Cradtcci (77}, while investigating experimental
hzmugluhmuna, found that a serum, possessing no action fn vifre, may on
| injection into an animal cause intense blood destruction, hamoglobinuria and
] death. Lamb (72) notes that daboia venom is less hiemolytic fn vifro than

cobra venom, but more so in vivo. 4

At Major Lamb’s suggestion we have tried 7z oive the action of cobra-
lecithid, This substance has all the components of a complete hzemolysin
(amboceptor plus complement) and is iz vi¥ro strongly hzmolytic 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 iu witro and in »ivo is shown by
the injection into rabbits of a serum strongly hemelytic & 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- coanplements produced co-incidently with the
am’!:-nneptﬂr during the process of i 1mmumsmg 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 ¢# vive may be due to its absorption by cells other than red cells POssEss-
\ing perhaps greater affinity and thus switching off the hamn]}rsm and preventing
hzmolysis.®

The injection of a specific serum is, except in very Iarge dﬂses, not imme=
Hmtglf followed hjr symptoms of blood destructlun. ¥ L .

e

at "q&_ﬁnﬂl rabbit serum is itself a little nnu‘tn:ic lu nnhra-l::‘th id" a PWP«""!"
 minutes at e
5. Arrhenius, page 213: New York, Maemillan Company, 1907.)

£ i
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The following are observations of Cell, Casagrande, and Carduc.

Dog of six kilogrammes.
25tk August—Injected 5 c.m.c. of serum.
26Mp Angusi. —Dog remains well.
Foobh Angust.—Injected another 5 ¢.m.c. of serum.
Y288k Anpust.—Sick, pallor, ete.

:

Dog of 55 Kilogrammes.

) 25th Augnst.—Injection of 1 c.m.c. af serum under conjunctiva.
29th Angust—Injection of 1 c.am.c. of serum.

r5é September —Death.
Qur own experiments show :—

Dag 1.
6 pom., 10tk Fedruary rgof.—Received 4 c.c. apoat's serum.
Moarning, 1 1th February rgo8.—No distinct pallor of tongue.
§ a.m., rith February rgo8.—Received 2°5 goat’s serum.
8 a.m., 12th February 1908 —Tongue palid, conjunctiva pale.

Log IV,
o am., 2nd March 1908 —Received 15 c.c. goat’s serum.
1 p.m., 2nd March 1908, — Dog shivering. Anzmia present.
5 pom., 2nd March 908 —1issues pale, blood watery, etc.

Dag V1,
ro a.m., 2nd March rgo8.—Received 3 c.c. goat’s serum.
ro am., srd March 19o8.—Passing hzmoglobinous urine.

Dog VIl
10 a.., 2nd March 1908, —Received 1 c.c. goat's serum.
11 a.m., 5th March rgo§—Dog has been gradually getting more and more
seedy.
Progressive an®mia now with weakness of hind
legs as in piroplasma,

Dog VIil.
11 am., 5th March rgo8,—Received 3 c.c. goat's serum.
430 p.m., 5th March r908.—Isotonic point at *83 per cent. salt,
8 a.m., bth ;If.:-fr'cfr rgod.—Isotonic point at 1 per cent. salt,

Dog 1X.
11 @, 6th March 1908, —Received 6 c.c. goat's serum,
5 pom., 6th March 1908. — Dog shows no symptoms,
10-70 a.m., Stk March 1908.—Dog [quiet, anzmial"marked but not profound,
received 1°§ c.c. goat’s serum.
730 p.m., 8¢k March 1908.—Pallor increased, dog profoundly ill.

—_— e e m—w T
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Laog X,
5 pom., 13th March rgof.—Received 3 c.c. goat's serum.

10 a.am., rqth March 1908, —No noticeable anzmia, . S
15th March 1908,—Marked pallor of tﬂngu-: and a LDﬁéldﬂE{hiL‘ amoun t
of anemia. o
Dog X1, ! il s
5 pomn, 13th March rgof —Received 6 c.e. gnat% serum, %
ro a.m., 14th March r9o8.—Some pallor of tongu= and some anemia.
1 pom., 14tk March 19o8. —Hemoglobinuria,
Dog XIT.
5 pm., 13tk March 1go8.—Received 3 c.c. goat’s serum and 10 cc. normal

goat's serum.
10 a.m., gth Mareh 1god. - Moderafe anzmia.

4 p.m., 14¢h March 1908.— Extremities cold.
5 p-miy 15tk Harch 1908 —Received 3 c.c. goat’s serum,
16ith March rgof.—Blood very anemic, dog very seedy.

There is thus a variable pnrigd, 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 hemolysis in the living hodj,r into harmony with
the results of hemolysis iz vifro is not easy, We have seen in Part 111 that the
injection of a haamolytic serum does not necessarily lead to solution of the red
cells but only to their engulfment. Whether engullment takes place before
there has been time for solution or whether the hzmolysin acts at allunder these
circumstances we do not know.

Barrat (88) has suggested that red cell phagocytosis is often stimulated as a
result of the action of substances of the nature of opsonins often present in
immyne serd.

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 rise to the lysemic form of blood des-
truction, the characteristic feature of Black-water Fever and paroxysmal hzmo-
globinuria that more especially demand our attention,

What determines this condition we can as yet only surmise. The maost
iinpurt mnt 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-
ion (Metchnlkuﬁ we have seen denies that it exists free in the plasma) or_
he rphun. amboceptor, specific for the red blood cé[ls“lf ' produced within the
_ 1t mjghfﬂnmbme with red cells could :’mt bnng about their extra.

-
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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, -

- Whethe.r--s‘ﬂi a combination of amboceptor with the red cell ever occurs or
indeed what exactly happens in the case of a hazmolysin in the body we shall see
to be g 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 describedlasl hazmoglobi-
neemia does not mean the presence of hamoglobin dissolved in the plasma during
life. None the less the auto-solution of zemoglobin in the serum during clotting
of the blood may be of great significance. [t is essentially the hmolysis of a
certain number of corpuscles consequent upon the act of coagulation ; and this
process we snow to be associated with the formation of complement, a substance
whose existence in the circulating blood is problematical.

. 1f we concewe 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-
globinemia, 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 is given by certain clinical facts. It has been
frequently noted that in paroxysmal hzmoglobinuria the so-called hzmoglobinzmia
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 hamoglobinuria.

In syphilis Justus (79) has shown that hzmoglobinemia 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 Il.

THE DEMONSTRATION OF AUTOLYSINS.

€r

The demonstration of isolysins is not fraught with any patticular difficulties.
It is essential only that a fitting complement and certain othér conditions be
present, and that there should be no anti-hzemolysin present. I‘:!‘thq demonstra-
tion of autolysins on the other hand the greatest difficulty is encountered. <
- In the investigation of certain diseases in which hamolytic action appears to
|'I. be concerned, many observations have been made regarding the power supposed
4+ to be exerted upon normal red corpuscles by the pathological serum. Evidence
i of hzemolytic action has been considered.an indication of the presence of the hee-
| motoxins which have initiated the blood changes in the patient.
| Ehrlich (78) endeavouring to gain some insight into the nature of hazmolytic
bodies which may arise within the body as a result of morbid processes, injected
certain goats with large quantitiés of the blood of other goats. As a result he
was able to produce hzmolysins within the bodies of the inoculated goats, but
these haemolysins had no action upon the corpuscles of the goatsin whose bodies
they arose ; they were isolysins therefore and not autolvsins.
- 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 an@mia 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-

i destroying process in Black-water Fever, we must especially study autoly-
sins. s

Bul before approaching the subject of autolysins it will be advantageous to
study conditions that have resulted from the introduction of artificially produced
hzemolysins 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 heemolysin that

’ has once been introduced and absorbed into the system.

7 3 THE DEMONSTRATION OF HAEMOLYSINS ARTIFICIALLY INTRODUCED
e IN THE BODY.

L ' ~ Celli, Casagrandi, and Carducci (77), using dogs injected with the serum

i m]}h'its preﬁnﬂ}ﬂj' treated with dogs' blood were the first to attempt to re=

_:.._s.:__:_-:_._i:lI r demonstrate the presence of the hamolysin under these conditions.
-2 ol | ' & U 2
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At the outset they determined that the serum of a hazmoglobinuric 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
Jhzmoglobinuric dog plus the spleen of a healthy dog plus the corpuscles of a
hiﬂllll.?,g:lﬂl‘lflllu.h‘: dog, gave marked hamolysis.

&pplying these facts to the demonstration of a malarial hamolysin 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 sufiering from intoxication and hzmoglobinuria
was not hemolytic 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
hazmolysis.

Therefore the absence of hemolysis 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 a 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 eytophile group or affinity.

{3) The washed corpuscles of dogs suffering from intoxication were
left at 37° Cent. suspended in salt and sugar solution. No ha2mo-
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 hazemolysis
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 hzmoglo-
bin, and then left in ‘9 per cent, salt solution, showed marked
hzmolysis, but when placed in the sugar and salt solution no
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hemolysis occurred. Some agglutination appeared to be present,
It i1s doubtful if even the red cells collected in the spleen were on
the point of hazmolysis such as occurs i vitre,

{6) Washed red blood cells from the portal circulation Im'r.ra' crushed liver
substance from a treated dog, showed very marked agglutination
but no haemolysis.

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 demons
strated in the cedema fluid about the site of the injection.

The demonstration of an injected |‘|2:IID1_¥.'55[1 or even the presence of agglu-
tinins is therefore fraught with great -iiﬁiﬂn'lrj,'. Nevertheless in spite of the
absence of hamolytic phenomenaitis to be noted that the red cells of the
treated dog could be cshown to be abnormal by their behaviour on examina-
tion as regards—

(1), Change in the isotenic point,

(2) Change in appearance and staining re-action.

(3) Appearance of agglutination.

THr DEMONSTRATION OF AUTOLYSINS IN CHRONIC MALARIA,

Innumerable attempts have been made to demonstrate the ha2molytic 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
hazmolytic power,

Similarly Capogrossi (94) ascertaining the agglutinating powar of malarial
serum against healthy corpuscles came to the conclusion that the arpearance of
agglutination was not diagnostic of malaria.

iore recently Casagrandi claims to have discovered a hamolysin masked
by an ante-hamolysin in the blood of a case of malarial he2moglobinuria.

Examining the blood of a number of persons suffering from malaria and
malarial anzemia we found the serum to possess no action upon healthy corpus-
cles, producing neither hzmolysis nor agglutination,

It seemed to us also that such a possibility as the occurrence pf free amba-
ceptor circulating in the plasma was very remote ; for if both amboceptor and

'I



150
-
complement were present they would at once combine with the red cells, and
hzazmolysis would result.

But the possibility that in malaria as in trypanosomiasis complement might
be so far absarbed, and that thus failing the completion of the hmmolysin,
amboceptor might be bound by the red cells suggested to us the idea of searching
for the presence of imboceptor-bound red cells in malaria,

The observations described by Metchnikoff, previously referred to in which
guinealpig 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 perhaps .of a more rapid destruction or a slower
preduction

In the constant blood destruction of malaria the using up of complement
appedred an extremsly likely phenomenon. Under such circumstances the red
cells might become bound with amboceptor thoagh to 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 haemolysis would occur,

When we came to examine a numbet 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 hzemolysis took place in some cases when only z0 ¢, 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 haemalysis 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 anemic subjects in laly by Ascoli (8g).

On further testing the action of the serum of the malarial subjects we found
thatit not DIIJ}’ failed to produce any l*..’i:'-:u:li_'.'si_q of htra]th}' blood carpuscles,
but even in very small quantities inhibited the action of powerfully acting normal

serum upon susceptible red cells.

OBSERVATION ON THE BLOOD IN 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 :—

g R
Black-water Fever serum + Washed normal cor. = ]"':0 hazmolysis.
No agglutination.
puscles, &

Black-Water Fever serum 4+ Normal corpuscles and= :.Q_a ha’_*r;m]l_rms:
normal seérum, o agglutination.
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_'.Tﬁﬁfl'iﬁ'\hﬁilherfaiﬁne, nor with the undout ted presence of complement, had -
‘the Black-water Fever serum any action on the normal corpuscles used. (Class
- A, vide next chapter.)

‘Washed Black-water Fever cor- +  Allowed to stand in No hemolysis.
 puscles. ‘9% salt at room temp. L No agglutination.
-@l'asﬁeﬂ"ﬂlnck-wateri'wer cor= <+ Black-water Fever serum = No effect,
pusi:le& | 3

These cells had therefore neither been already acted upon by an active
,,-. . hmmg!x;in! nor did the patient’s own serum have any action upon them,

b~ ﬁ- -water Fever corpuscles + Black-water Fever serum = No haemolysis,
T o Lh il and pormal serum (com-
= = I plement).
No hemolysis.
Lo - Black-water Fever corpuscles 4+ Serum of malarial patient = el
No agolutination.

‘Black-water Fever serum + ,Washed corpuscles of = Marked agglutination.
malarial E;al'uent.

“Case XX— -
3 Black-water Fever serum + Washed normal corpus- No hamolysis.
¢ cles, 5. R. C. = 1 No agglutination.
5~ i Black-water Fever serum 4+ Woashed normal ecorpus- No hamolysis.
cles, C. A. B. = 1 No agglutination.
‘ Black-water Fever serum + Washed normal corpus- No hxemolysis.
- cles and normal serum —  No agglutination.
Ele . : {complement}.
o Black-water Fever serum + Washed Black-water Fever _ { No hazmolysis.
e corpuscles and normal L No agglutination,
o . : serum (complement).
A ‘Washed Black-water Fever  + Allow to stand in g _ [ No hazmolysis.
. corpuscles, per cent, salt at room % No agglutination.
temperature.
‘Black-water Fever serum + Washed corpuscles of Slight hamolysis.
malarial patient. . = 1 Marked agglutination.
+ Washed corpuscles of - = Marked agglutination.
malarial patient.
C.A. B. + Washed corpuscles of = Marked agglutination,

_malarial patient,

+ Black-water Fever serum = Some hamolysis.
+ and extract of dog's
+ Normal serum and extract = Some hzmolysis. 2
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+ Normal serum = Hazmolysis.
fecw + (50 c.m. Black-water Fever_ { No_hamolysis. :
: -_:E_E;vil;'r._mrprusdes_ emulsion. normal serum) at 37 for 15 LA gglutination, : h
k ' = min.}
- | }'gx‘mm washed corpuscles native + 150 c.m. Black-water _ [ No hamolysis,
e ‘e o Fever serum. R & agelutination.
. 4 c.c. washed corpuscles very + 150 c.m, Black-water Fever=  Agglutination.
L anzmic native. serum. a
1 Case XXIV— : |
3 % c.c, washed Black-water + 130 c.m. normal serum = Rapid hazmolysis. o i
Fever corpuscles emulsions. e |
r :  c.c. washed Black-water + (150 c.m. normal serum, _ _[ No hemolysis.
. Fever corpuscles emulsions. 50 c.m. Black-water Fever L Agglutination,
: - serum (at 37 for 15 min.)
té  Washed Black-water Fever  +  Allowed to stansl in "9 per =  No hemolysis.
= _ cqrpu.stlem, cent. salt.
- Case XXV—
4 c.c. washed Black-water + 130 c.m. normal serum, No hamolysis,
~ Fever corpuscles emulsions. SaR.C. = {N.; agglutination.
w“]-.qd Black-water Fever 4 Undiluted normal serum, No hzmolysis,
PGIP“-"F]“ S.R. C, {Nn agglutination,
.-MH*W— .
' Washed Black-water Fever 1 Allowed tostandin'gper = No hzmolysis.
‘corpuscles. ' cent. salt room tem-
perature.
|

Black-water Fever corpuscles + Black-water Fever serum { No hzmaiysm.

No agglutination.
+ 150 c.m. normal serum = Complete hmolysis.

+ 150 cm. normal serum, = Haemolysis slightly
50 c.m. Black-water Fe- retarded,

. ver serum (at 37 for 15 min.)

'ﬂbmfﬂ' Fever + 150 c.m. normal serum=  No immediate hazmolysis

100 c.m. B‘!ack-watl:r Slight after some hours,

Fever serum(at 37 for  Agglutination,

5 mm] '

B e o L T




el
Lis

Sl

155 o

~ Washed normal corpuscles ~ + Undiluted Black-water= { No hemolysis.

Fever serum {at 37 for 1 No agglutination. \
20 min) centrifuged

normal serum.

.'Hlaek -water Fever+ 150 c.m. normal serum = { No haemolysis.
No agglutination.

+ Undiluted normal serum= No agglutination.

_ cles, native + 300 c.m. Black-waler = {No hamolysis. 4 |
I3). [ﬁ ' mext chaptrr] Fever serum. Marked agglutination. |'
washed corpuscles, native 4130 c.m, normal serum, = Complete haemolysis, |

@m lass B). ; SR.C *

I
i Tt mhed _corpuscles, native + 50 e.m, normal serum = { No hemolysis. |

La

: |
I:Chifs B} 50 c.mi. Black-water No hamolysis. I
Fevdr serum (at 37 i
il ‘_ for 15 min.) |
.~ t }ce ﬁ'aslmd corpuscles, native+ 150 c.m. normal serum = Hamolysis.
o (Class B.) 20 c.m, Black-water

Fever serum (at 37
# for 15 min:)

A In this case there was therefore antibody, in spite of the fact that the blood
~ was amodified Class A (21de next chapter).

s These results were intelligible only after we had gained the further know-
 ledge ﬂamtul in the next chapter.
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. CHAPTER [H. ? :

HumaxN IsoLvsINS.

e When we found that the red cells of pecple anzmic from malarial infection
~ were characterised by a marked susceptibility to hamolysis on the addition of ,
’:nt-rmai serum we at first considered that this observation pointed to a binding
B h‘y ﬂmm of amboceptor, which, on the addition of normal serum  containing com-
i : --'-pfémgnt resulted in their speedy hzemolysis. H
] f’h ) We have since added to our observations with the result that our original |
b +y ;-‘rdﬂ has been shown to be untenable, But our observations have served to point
~ to a condition we believe not generally recognised, and of which we  can find no
. ﬁﬂdmatlﬁn in the work of Ehrlich and others. Isolysins in man have generally
\ ﬁﬁ:&n considered an occasional “phenometion due tc some pathological condition
E _-*  of the person whose serum wgs isolytic. That the red cells against which such a h
~ serum was tested might be an equally important factor has not generally been '
taken into account.

{ therefore in the serum of a B!acl: -water Fever case we were to demonstrate
-:lsnl}nsmsail: ‘might be thought that we had shown a point of pathological im-
~portance.
~ Again we have seen that in malaria we appeared to have found red celis

‘bound with immune body (amboceptor) since on the addition of normal
rum they became raoidly hamolysed. ;
, 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.
e And the. same may be said of any attempt to demonstrate the presence of
i) aaufnlgsms in disease.
g Thm falla!rmg experiments will make this clear.
iments to shew susceptibility of washed blood corpuscles of Class B
.Eiomfr to kme!yns and agglutination by Class A serum and want of action
either Wﬂw or agglutinant of Class B serwm upon washed cor puscles
aﬁ'@m A or Class B blood.

=)
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SERIES [

Case _L_eh-m ‘;jr#ﬂnﬂﬁ and anemia,

'mps, + Small quantity normal = Marked agglutination.
3 EL serun, 5. R, C.
iSRGl Entnll qulntityahiﬂa =



: ~
oz o0 |
Wmﬁm child in o = Nil,
Ea:CoTps 4 Child’s serum = Vil
JI _‘ﬁ Case l.—Adult ; extreme anamia (malaria).
. u w corps. 4+ 20 c.m. normal serum, = Marked agglutination. .
n f:,_ Si Ri c_.
Sl L :lﬂ-':- emuls, corps, + 120 ¢.m. normal serum, = Rapid and complete hamolysis.
.‘__“"'?"""'.' e L f e
e 1 c.c. d®uls, corps. = Mil.
s, =% . A 3 = .
i S 180 Ii&mulat-.--nnmal + 120 ¢, serum, No, 2 = Nil,
g corps, S. R, C. 3
: Case II.—Adult ; fever and enlarged spleen, no parasites. 2
% c.c. emuls, corps, + 1 c.m. normal sermm, = Agglutination.
b, 5. R. G,
400 i 4 scm. .y i = Trace of haemolysis and aggluti-
nation.
¥ foe g A + 20cm. " e " 1 iy
. o B + 4o0em. ,, = Considerable hzmolysis.
: L GO g w . = Nearly complete hazmolysis.
= doel . 4 100C.m. - = Complete hiemolysis in } hour,
Foe i 4+ 1 c.m. normal serem, = Nil.
2 C. A B.
R ii}.ﬁ‘. » n + 5cm. " n = Trace of hzmolysis.
: e o Ok + zocm. » = Slight hamolysis. B
,}c,m 2 . + 4qocm. i = Marked hemolysis.
*jl;:c i T ER _ﬁﬂ'f:fm, ¥ i (e " 1
}cc. , normal corps. + 20 sernm No. 3, = Nil.
: SR.C
,,-ﬁnrmal corps. + 120 serum, Case 3 = Nil.

‘-rﬁu Stmple Terhau infection parasites average 1 per field.
c % + 10 com.serum, S, R G = Aggmhuatmn

+ ‘TP m " I gm =
G + :am:- m ﬁﬁguﬂm 4= . Nil. i .
- . | =
. \Eﬁm V.—Adult ; anemic. .8

serum, SRC. = Hemolysis,

G 5= ML
i WL U

Nt
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Case VI -F-Hdu#-,' European pisélor fo the Duars.
1} c.c. emuls. corps, Case 4 + 20 c.m. serum, Case 6 = Agglutination.

. Hlopies L L +  l0oc.m. o, s = Marked hemolysis.
= & ey, SRR 20 et 5 BRC, = Nil.
I i 1'.‘-‘.1.2:., T 1 " + 100 C.m. m 1] == NI‘I’.

jcc e B # sRocm. 7 = Nil,

Case VIL.—Adult ; enlarged splecn, prisoncr, Falpaiauri jail.

Iy i c.c. emuls. corps,, Case 7+ 150 com. serum, S. R, C. = Slight haemolysiss agglu-
i g tination.
BEECS . w, o+ 130cm: Case § = Fair hemolysis; agglu-
- © tination.
e R0t . = O+ Is0cm. o g = Nil

- Case VIII.—Adult; no splecn ; ane fa; prisoner, Fulpaizuri fail.

4 c.c. emuls. corps., Case 84+ 150 c.m. serum, 5. R. C. = Nl
e, b i o 4+ 130cm, , Case 7 = Fea i
& * C.L. i i 3 15&"— C.m. i n 0 = Nl
e Case IX..—AJKH;'IHg&f{? enlarged splecu ; prisoner, Falpaiouri jarl.
T } c.c. emuls, corps., Case 9 + 150 c.m. serum, S.R. C. =  Complete hamolysis.
*’E}cl 1 5] X + 15“‘ C.m. BT CE.:': ? = Slight 1
-‘ iﬂlﬁi l‘i. g i + Isﬂ C.m. 1] i1 8 = Eumplﬁ:tﬂ " F

-ﬁ’m XNo—Adult; no spleen ; has lived many years on an unkealthy garden in the
s Diears.

;J;.r..-. emuls. r:ﬂrpa. + 150 c.m. serum, S.R.C. = Marked hazmolysis.
He ; 4+ 1oocm 4, C.AB. == 0 .
4+ 1s50cm. ,, Case 3 = Nil,
= 4 wRocem. w7 = Marked hamolysis.
'.I" 150 c.m. 3 = i) "
) i,:ljgl;l_-r:.~n:|._r,L it w9 = N,
+ 150cm. ekl = Marked hemolysis. d
+ 150 c.m. Wy o 12 = i

Eg .z&aa #ﬁumﬂaﬁm agf an aﬂnbﬂﬂj in the serum of

action of Class A serum against its own corpuscles.
jm=ﬂima'-mmmi'_=s.ﬂ'+ﬂ= =Nﬂ3ﬂj’ ::nmpll:te hmn:iﬂ]}r- ;
. < ' sis,

: —Trzmuihmmnljsrs.
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oo c.m. serum, SR, ':-1

k c.co emuls, COrpSs,, Case 1o+ 50 c.m. serum No. 10 I! = Nil,
at"39 for ‘15 m.
Rt B P i 20 c,m, serum, =.R.C = Agglutination.
R v o + soc.m. A =Fair hxzmolysis ; agpele-
tination.
| ol i i i o+ 5% oy U = = Marked hemolysis.
Lc.c 5 i b - IS0 GG L 3 i

fl;,t‘- c.m, serom, 3'1 ]-. i

%L’.E‘r.‘_‘ i i 1 = & 3 C.m, s*tum, [ase 1: } H-|-a.
i
9]

4 ..,'«.‘:|L|-|l-l:- ||.'|_-||'.1,-!:,'-

at 37 for 15 m.
al first, but slight

|I 150 c.m. gerum, 3.1,
S, 1i 1 % + = 20 C.m.Seruam, Case after -:r_;'-.|'-.ii:|_,_f SO .
L at 37 [or 15 m. time : agglutination.
S1ch b serim SR =
|ll_-.|" 1. sErum, o '] e L T
4 C.C 1 i o + = S0 c.m -»;wu. HCage 1oL S A TRURSEHUNERLG ¢ AESILING
e i L1Gn.
at 37 Tor 15 1% Liee
(4) Class B serum preventing the action :-i' i'?:nrr' A serum against other Clags B
corpuscles,
} c.c. emuls. corps, Case 10+ 150 can. serum; 5. R.C. =Nearly complete he2moly-
1 515,
150 C.n um. S.R.C : e ;
i .o ot n |£lr'| c |'- serum, Ca 5 -J = No hemolysis ; agelutina-
n ahes ] ip 1, T ks i h | a5 1 gekcl - —
1 at =23 for 1= o III e,
(150 c.m. serum S A ?
g C.C. 7 e i - 50 c.m. serum, Case 12 » = : ; i
( at 37 for 15 m. j
izoc.m, serunm, 3.R.C, H i . ;
J C.C. " 2 1] 1 -E’ 20 C.m. Berum, Cx_.-:: 1z = rkllliﬁj_fjil;l‘,l_m .l'-.-j-.. ::5_;_f__"|||-
[ al 37 for 15 m. } S
_S'Iw,f M. serum, S kG
e 2 7 F 5 c.m. serum, Case 12 » =Fair hemolysis; agoluti-
{ at 37 for 15 m. 5 nation.
ff;".—f.rpen'mm.“s fo shomw that the ..l'{rﬁ'.r.r_z::-{]'g‘._r':' acitron .ﬁf Class A serum: [
npon Class B corpuscles is destroyed by heating to 55°.
§ c.c. emuls, corps,, Case 104 150c.m. serum, S.R.C. =Nearly complete hemoly-
=iz,
150 SR.C
H Jf C.Cy 11 i1 *h 5 {1 et 2 .'I{-L 1 = N1l
eated to 55 for 36 m. J
boce . . - w3 + 150.cmsecum, S.R.C = Complete hzmolysis.
; 150 €.m. serum, S.R.C. ‘?
C.C. ¥ 2t ' - = 1 ;
% cc X A S heated to 55 lor zo m.f Nl =4
IV —Experiments to ascertoin whether the haemolytic effect of Class A serum
upon Class B corpuseles is due to the addition of com plement.
Expertment [
Serum of No. 18 series 2 (strong Class A) + corpuscles of C (susceptible) kept en ice
for 1 hour. The supernatant fluid and corpuscles buing then rapidly separated by centri- |
fugaling.
1
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Supernatant fluid 4+ Corps C = Trace of haemolysis only.
LCorps. separated by 4+ Sernm No. 23 series 2 = Nil,
centrifugalisation, (Class B). ,
Ditta + Serum No, 13 series 2 = Marked hamolysis.

(Class A.)

Experiment 11,
Serum S.R.C, (Class A) corpuscles No. 23 series 2 (suscept.) kept on ilil_!;!:l:' 1 hour
Supernatant fluid rapidly sepafated. 2
Supernatant fluid 4+ Corps, No. 23 series 2 = Nil.
Corpuscles + Serum No, 23 series 2 = Nl
a The amboceptor appears to have been removed by B corpuscles from the A serum.
ExpePiment [11.
& c.co salt solution 4+ 6 cm,, 5. K. C, serum placed on ice. When cooled to 0%,
added excessof corpuscles No. 33 series 2 (susceptible). Leit on ice for t hour and
pipetted off clear fluid left by settlement of the corpuscles.

Contrel '3 c.c. salt +.%150 c.m. 5. R. C, serum left on ice for 1 hour,
Supernatan i Tps. o, 373 series 2 = Vi
Supernatant fAuid + corps. No.33 sl 2 Vil
Control =i 0 L SETIES 2 = l'.:-::JrLi}|-2I,¢ 'r1;1;:11r,1|:,-5i5.

Inactivated S R.C. serum  +  experimental fluid and
corps. No. 33series 2 = Distinct h=zmolysis
Complement appears to be still present alter digesiion at o with excess of susceptible
cells,
These experiments are therelore in favour of the view that the hemolvtic cffect is due

to an isolysin in Class A bloods acting upon class B corpuscles.

V.~ Experiments to show that there s no amboceptor in Class 5 serum capable
of betng bound by Class A corpuscles.

Experineni 1.
go c.m. serum No. 1o series | + S.R.C. corps. contained
in 4 c.c. emulsion = Nl
+ S.R.C, corps. contained

EOIED. . 3 ,
Kept at o°C for 2 hours in 4 c.c. emulsion = N/,

corpuscles  washed | 52 Sm 4, " " + S5.R.C, corps, contained
and left in Class A in 1 c.c. emulsion = Nyl

serum 37°C, g0 C.I, 5 v i 4 E.F{.C. corps. r:l:untlame_d
in 14 c.c. emulsion = A/

Experiment I,
Carps, S.R.C. + Pure serum an®Emic coolie = Ni?

with susceptible corps.
centifugalised and COrps.
washed,
Washed treated corps. + 150 c.m, serum, 5.R.C. = No lwemolysi
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VI.— Experiments to show that Antibody acts betler against the tsclytic serum

than as a protective body to corpuscles.

4 c.c. emuls, corps,10 series | . :
C + 150 c.m. serum, S.R.C. = Fair hzmolysis.
5o ¢.m, serum 12'series [

150 c.m. serum, S.R.C.
% c.c. emuls, corps. 1o series | + < 50 c.m. serum, No. 12 = Nil,
a at 37 for r5m,
1C.c. emuls. corps, 12 series 1Y :
+ 150 com. serum, S.R.C. = Slight heemolysis.
50 ¢.m, serum 12 series [ i.
150 c.m. scrom, S.R.C. h
% c.c. emuls, corps, 12 series I 4 < 50 c.m. ser. No. 12 at = Nil. o
37 for 13 m.
20 e.m, emuls. corps, anmmic . &lie i
e = 150 c.m. serum, 5.R.C. = Slight hmmolysis.

20 ¢.m, sgrum anzmic L = N/

150 c.m. serum, S.R.C.
c.c. emuls, corps. anemic +

coolie, coolie. j
VII.—Experiments to show that Antibody i's not destroyed by heating to 55° C.
1 c.c. emuls. corps. 10 series1  + 150 c.m., S.R.C, serum = Nearly complete
hzmolysis.
150 c.m. serum, S.R.C. 1
feodilh o o - 2 { 100 € .11, ST Nn 12in- = N
activated at 37 for 15m. )
: ) : : =
VIII—To show that there is a binding by susceptitie corpuscles of substances in
Class A serum when these are too smatl in amount to produce hemolysis.
*4 c.c. of a 4 per cent. emuls. + 150 c.m. serum, Class A = No ha&molysis;
agglutination.
Allowed to remain at 37° for 15 m. centrifuged and corpuscles shaken up in 4 c.c.
fresh g per cent. salt.
4 c.c, of a 4 per cent. emuls,
treif.ed ;drpuscll:s + 150 c.m, serum, Class A = Hamolysis.
Control 4+ 150 c.m., serum, Class A. = No haemolysis.
1X.—To show that the amount of hemolysis is dependent on :—
{:1) delution of the serum ; ]

(b} amount of corpuscles.
.c. of a 2 per cent. emuls. corps. +150 c.m. serum Class A="Fair ha:molysis.
o o] i 1 w +300 w n np=Rapid and nearly
- complete hazmolysis,

p R TS " T g!'f'g'glﬁ'!;inatiun ﬁpl}r__ X
1:|- " n H150 o i 0 r,'="l:ﬂn‘rpl=t= mﬁi&.
2 - s i :
i ] i 21 0oL S R ,-:ﬂi:arl}r complete hut

r delayed,




Xo—E xperiments to show uniformity of behaviour of Ciass A and Class B bloods

161

fo une anotler.

€.c. emuls. |
corps.* C.

Eerigs 2.
Enropean soldiers siz weeks in fndia,
( EMULSION OF WASHED CORPUSCLES |3 " PER CENT. SALT,
150 €1 o B e o R o e .
SErim. Lojdier | soldier (Seldier [Saldier (Saldier Saldier Scldier [Soldier |Saldier Seldier [Soldier |Saldies |
1 1 3 4 5 i 7 g 9 | 1a i iz 5RAC
| = ars [ | | la
| | |
SKRC | Nt | H b laz] hjwrl om | v | vt | o~ | v | i
¥ Soldier 1 H ! il | | '
B z - "Illi.'l |
| ! |
] 3 I |
| | c | I
rE L) | o | !
I ]
an :TI | | |
i O Nl ! | |
' | ot
P r | | |
- 7 Nil . I l
" S | Nl | . [ 1o ‘ vea |
| | |
) 9 | Tl |
I ]
1 Eud !E
| | |
{ |
ST | i h {
| .
% 12 ] ,1'-rl-|!I | s - | I |
N N | |
| |
Action of the above sera upon siashed corpuscles of “ €M 4 Class 8 matioe blogd.
| Fick ! |
—_ 1 | 2 | 4 5 1] i 7 5 g | to | 11 | i3 | 5.R.C
_I - — — -_— e — — — — "l
| I | | | | _-—| =
150 c.m. | H | Nt | h h LA 0 S o I T I T H o =5 H i
serum - § | |

._—I_'_'l——-_-——
Class .[A}B'BI'AJB 4BB|.‘1|"L|AIA‘.\
¥
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L =]

150 €.m,
“serum,

$ C.C. EMULSION OF WASHED CORPUSCLES [N 'g PEE CEXT, SALT. Broons 13710 24,

14

_oldier SI-nId.ier

15

Saldier
16

Saldier
17 15

1
Seldier Soldier
19 |

20

e |

' | ]
Soldier Soldier
a3

—_—

2 | CAR

Nil

Nil

—_——

il

il

Nil




[ )

e 2 o
C. C.AB, corps, .

4 cc. emul. corps. of Soldier 23 H . 150 c.m. serum of 35 | it

- S o % 26 Nit i 5 26 Nil
. i = 0 27 Nel i 5 - 27 Nil
L B by " 28 h - - 28 Nil

W e " " 20 Nil o Nl a " 20 h

w W " " e Nil . b o o h

N R » " 31 Nil 4 » " 3 H

T " " 32 . Nil = " 32 h

o m i " a3 H H - n 23 Nil

nooom " " 34 Nil = i ad h
T " " 35 H N " " 35 h
P " » 36 Nil - ” 36 Nil
| T T » 37 H » ” 37 Nil
I IS R A H 18 O
}j ‘!: ,, » :'.. 39 « Vil et % " a9 Nl
| n " 40 H : m e 40 Nel
" 41 h uea 5 " 41 il

s 42 H it A o 42 Nil

" 43 Nil " ¥ 43

" 41 Nl vin n — 44 s

w45 wit b il

,I. -Iﬁ Nl e Tyl 406 e

S G Sl G e

# | H
i m
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"SERIES 3.

Enropean Sailors.

t o, emulsion washed corpuscles.
o |
150 C.00. SErum. |
Sail Sailor = Cailos =ailoe Sailor
1 1 [ } o &
I - ; .
SeRUEB : ] Nl h Nil H h
CoACB: 3 il b Nil H h
No. 10, series 4 il H Vil H
No. 12, séries 4 . ; o H
I . . | B h |
No. 2, series 4 5 'I h |
No. 4, scries 4 . i s : e H
|
No. g, series 4 . h |
I |

Action of the Sera spon washed corpuscles of V' O

I
150 € m. SErum. | 1 2 3 4 5
— | —_—
¥ cc emuls. corps. | h Nl H H Nl
] I
Class o A B i ) B

Details of Blood No. 4—

150 serum 1
. 50 serum 4 —
at 57 for 15 m.

} ve. emuls. corps. 4 + Nil,

Blood 4 is susceptible to A sera and has antibody against these, but it is also

T S 150 Serum I = Marked hauislysis.
150 serum I
ke, S Ly 50 serum 4 = NYL
. ats7 for 15 m.
g e i A e 150 serum 1 = Slight hemolysis.
ice & w 7T 150 serum 4 = Fair hemolysis.

isolitic to certain B corpuscles,
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SERIES i

Long ferm prisomers tu Calenita Presidency Fail

150 c.m. Serum of
—_— ;
| ; I 150 c.m, § ce. emuls.
i c.c, emuls, | sEriim. corps. O
COTES. |
S.R.C. C.A.B. No. 2 Prisaner 3, | Prisoner 2o, |
| derics
| 1 |
|
[ | Hlesw e e '| 3
| | 1 |1
Prisoner 1 . H | | | g il
ni 2 L "I"-'I'! i FEE | I 2 ]']
o 3 Nib | | 3 H
|
" 4 Nl | | h | | 4 H
uy 5 = H | | i 5 Nil
= 6 H s Nl | [ ' Nil
|
L ‘ h , Vil
o R B Y s b 1 8 H
i
g | Nit | N il 9 H
- 10 . Sl | Nl Fy | T l 10 H
S MANA i H | H 1 Vil
|
" 12 - ¥ I ar | Nil B | 12 I H
o 13 b by Nil
w14 ; H il - iy 14 Nil
L 5 H h | 15 Nil
Ty 16 h ; il ! wen e sne 16 LT
o 17 . H h | 17 T
" :E " H | h i mmn BiE BEE !E | -Inlr-l-f
o & 1D ' e H | H 19| Nl
o 20 i Nl Nl was e v 20 I H
|
= FT) x H Mil l . PO . 21 il
Mg s - b Nit az H
o ¢ Nl Nl o 23 Nl
|
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SERIES 4—conld.

150 €. serum of [
i amain. Corpa. 1 3 | Iﬂﬁ_ljlr::_'l:u 1 e emsls corps, C.
SR.C ;I C.A.L. Pris:'l:i-:.' E:rii.l;m-r Pri-._-ifm ['ri::r‘l' T
e ] A RGN - T —
1 I :
Prisoner 24 . . ho | Nil il il 24 h
w23 = | h Nil R -' "-4
» 25, ; h Nil | e [ e £ Nil,
= i ¥ H H h a9 Nel.
- g H Nil | | 25 Vil
|
A H h | Nil o 19 l! h
" 20 H h | h A | s o 30 | Ml
w3l h | ' ar | Nl
I e 3 b | | e 93 Nil
r
R T , H 33 Ve
- 34 . H 34 Nii.
' |
] 3: [ I"I | '_\3 ]'

X I.— Condition ¢f Blood in Residents of the Duars,

SERIES 5.
|
1Socm, | isoem. | ISoem. ;
t €. emuls, corps. LTI M SETUMm sErufm Antibody.
SR.C | 1. CAB
Tl e | i
1. Babu, 24 years’ resident . Nil .
2, Babuy, 2 years' resident . H e
150 c.m. serum, 5.R.C.
4. Babu, 1 year's resident H H Agg. |4 20Cm.3 + COrps.. 3
| ( at 379C. for 15 m, il
4. European, 5 years' resident H Agp.
. Babu, 6 months’ resident . H Agg. !
3 3 Sk 150 c.m. serum, 3. R-C. l
. Babu, many years' resident H |d 50 com. serum C.A.B. }+co ps.;
at 37°C. for 15 m. =H.

150 c.m. serum 7 + corps. 8=Nao H,

rears’ residenty Nyl .m. serum, S.R.C,
7. European, 25 years residen ¥ 150 C.m. SETum }+ i

=

150 C.n. serum 7

at 57°C., fior 15 m.
8, European, 13 years' resident H
g attacks of Black-waler
Fever.

g. European, new arrival o A Nil Wil
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SERIES 6.

150 e,
§ .o emals corps, s=rwm,
SR.C.
1. Baby, 26 years' resident .| H
2. Babu, 20 vears® resident . | H
3. Babu, 4 vears' resident H
4. Babu, from birth Mil
5. European, 6 years' resident H
[
ti. European, 10 months® resi- H
dent.
7. European, 13 years resi- Nl
dent, Black-water Fever 1
year ago, laking 5§ prs
quining  daily for last 5|
manths,
5. Eurﬂpmn, 12 years' resident Nl
0. European, 4 months® pesis H
dent,
10, European, 1 year resident H
11. European, 5§ months' H
resident. Contracted severs
malaria 15t fortnight, Arm-
mic.
12. European, 13 months H
after return from  home,
Five months at MNeora
Ndy. Seedy, having fever,
15. Babu, 5 ytnrs'|rﬂidtnr.' H
Case 20. Four months
after attack.
14. European, old resident H

|

150 C.mL. 150 r.m,
serum | BEFUMm Antibody,
3 | 7
i En I
|
| f erum 7 1
-»,ul m. Serum 4 & =kcorps, 6=H.
i ?.‘ at z7°C.for 15m.
130 coo. serom 7 ), =
Wit LPH E’ 50 (serum 0) ~ § Feorps. O=H.
| 6 150 c.m. Serum 7 1
{ 150 c.m. erum 1] +corps. 6=h.
| at 377C. for 15 m,
LR { -
z00 c.m. serum, S.R.C,
{ 50 C.m. sETum g +corps. 9=
| at3z7 for 15 m. Nl
200 cam. serum, 5 R.C.
5 50 c.m. serum 10 T COrp;. o=
at 37 for 15 m. Nil,
v f SCOrps, 5} =
{| Ditto { series 7. =H.
150 cam, serum, S, ‘E
Eﬂ C.m. =erum 1T -!-.r.:‘.ur[}s. 11==
at 73 for 15 m. s T
(| 150 c.m. serum, S.R. C. 4corpi. 12=
! 50 C.M. Serum 1 H. Some
| at 47 for 1 5m, delay.
1| 150 c.m. serum, 5.R.C. ) +corps. 12=
| too com. :r.zrum 13 H. Some
! &t 37 for 15 m. delay,
il 1-,-::|:r" serum, S.R.C.
1p c.m serum 13 +cc«p% 3=
at 37 for 15 m.
| 150c.m. serum, S.R.(C.
I 104 C.m. sefum jJ —]— o By, 13"'
L at 37 for 15 m. Nil.
i 150 c.m. serum, S.R.C.
| 20 C.m. serum 14 +|: rpg 14=
| at 37 for 15 m,
I ll 150 c.m. serum, 5.F.C.
| S0 cm. serum 14 +|:nr 4=
Ll at37forism.
|
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SERIES 7.
XTI .— Condition of Blood in Native children.

| 158 ¢.m,
i &.¢. emuls, corps, | e ”.E,\ Antibody.
L e
: T ek - s |
1. Child, 1 month's resident. Fever . T H
parasipgs. Mo enlargement spleen.
2. Child, 3 months’ resident. Fever, O ; il
Mo enlargement spleen. |
|
L
g3, Child, 1 month's resident. Spleen palp. . | H
4. Child, 1 month’s resident. Enlargement | S e
spleen, |
| | Y --
|;' 200 C.m. serw o, K. C,
=, Child, 3 months’ resident. Enlarpement | H +| socom.ser. 5 ¢ teoorps s=Vul.
spleen, | L] at37lor15m. B
1
; |
6. Child, born i Duars. Very large spleen . | H
f

X1ll,—Condition of Blood in Native Coolie. Strong Anithody.

C I50 C.TN. SEF; 5.I{,[_'Z.I
1. Coolie. Intense anmmia. Ascites. Dropsy cf 4 100 cm. ser. 1 +corps, 1=No H Agg.
legs, Qunr:;m parasites. at 37 for 15 m :!

150 ¢.m. ser., 5.1 li_._"||
10 .M. 560 1 r+eoorps. 1=H alter some
1 at 37 for 15 m. j hours.

||" 150 C.m. SEr, S.H_C.'?
2 M, SET, 1 r +corps. 1=H after some
E_ at 37 for 15 m. J hiours,

To show that Class A blood may be associated with nlense anemia.

1. Coolie, intensely an@mic ; ccdema of face. Anchylostome ova in fzces :—

& c.c. emus. corps.+150 c.m, ser, 5, R. C. =No hamolysis, no agglutination.
Ditto 4300 c.m. ser, 5. R.C. = Ditto.
Washed corps. + Undiluted ser.,, 8. R, C. = Ditto.
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We have therefore a condition (A) seen in health, characierised by insuscep-

tible corpuscles together with the presence of a natural hzmolysin, amboceptor
Plus complement, in the blood of the same person. This hzmolysin acts upon
: the susceptible red cells of other persons, therefore it is an isolysin.
i On the other hand we have a condition (B) in which the red bloo cos-
- puscles are susceptible to the isolysin referred to above. [n this case there is
not only an absence of isolysins directed against any of this (B) or the other class
A blood, but there also exists in 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
tralise 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. Gein series 2.
But very often if these sera are tested aganst 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.
vy _ In" only one instance No. 4 series 3 have we met a condition apparently
~ diametrically opposed to the general rule,
x _ t Here not only were the corpuscles very susceptible, but the serum also acted
~ upon class (B) corpuscles,
- We a.PEe._g.red here to have a sp-e::ial iSD-I_‘,i'SiI'l in association with a blood of
class B.

These facts appear to us to have some bearing upon the question of the
_existence of autolysins, 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
he imﬂabl}l' the urgamsm seems to have protected itself in these cases by the pro-
0 duction of antibody, which will neutralise the isolysin.

..; G Impmh'ﬂ}]ﬂ that the organism would produce an antibody directed
hmmolﬁm to which it had never been exposed so that the very exis-
e of this anti body suggests the previous action on the blood of a hzmolysin

: hile and complementophile groups similar to those of the isolysins
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(]

isnot a transient one but remains the same inany individual case for long

'a

S i . E:fﬁiﬂt 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 anamia,

But the number of persons with class B blood seems to preclude any direct

relaon to malaria,

Nevertheless as will be seen from the following observations there is a re-
markable preponderance of class B overclass A bloods among European re-

sidents in the Duars

n

Table XIV.—Showing the relative frequency of class A and class B blood in.

DAFIONS CONEIMNTEN I'i-':t-l.'.‘.i'_

Nen-resident Emruans whao there is cvery reason to believe have not recently
suflered from malaria or been exposed to infection.

Eu:ﬁpd.m'!_. resident 5 months to 3 years in the Duars suspected or knownio
have suflered from malaria recently or to have been exposed to infection.

European, over 5 years' resident inthe Duars, many of whomare known to
 be exposed o infection.

E'ump_,-.l_ eans, resident in the Duarslittle exposed to infection, apparently in
gocd health. taking quinine or otherwise escaping malana.

Babas, new-comers and old residents in the Duars in various conditions as

regards health.

ﬂmwfnﬂmmﬂnuiﬁ'ﬂcmtmu including Chinamen, Paharias, Sikh,

"&M'Hmut.andiﬂ'i‘n-:ha_ﬂnars resident £ —3 years. ; - 7 4

- ® L] L] L L] -

Class A Class B,
6

13

3 11

4 7

0 15

4 3
4

2 g
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-
' In our experiments we have laid stress on the ocecurrence of haemolysis,
- but the observations apply equally to agglutination so that in the vast majority
~ of casesif we know with what class of blood we are deahng 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
gesidence under Black-water Fever conditions seems associated with the occur- |

o :ehce::t' this change. In Europeans also the amount of anti-h@molysin present |
- under the conditions we have investigated is much less than that usvally 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 hmmolysims 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-WATER FEVER PROCESS.
All our researches point to Black-water Fever being the cffect of poisoning
by a hamolysin.
Nor does it seem to us that this hamolysin 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 de :.truc:tu:rn 18

mainly of that nature to which we have given the name lysemia.

1t is not simply the action of a hzmolysin but a hzmolysin acting under
special conditions. The fact that in Black-water Fever the ha:rnuh sin has not
been demonstrated, is for reasons we have shown not remarkable. "For in the
case of dogs actually injected with hzmolytic serum it is quite impossible with
the knowledge we possess to demonstrate, apart from its effects, the presence
of the substance (h=molysin) that we have injected; though in vitro its
presence is easily demonstrable.

As regards the hsmoglobinuria in Black-water Fever we have seen that to
look upon the presence of hazmoglobin in the urine as an indication of the
amount of blood destruction is quite misleading ; that hEml]ngbll!a“_.MIE does not
necessarily result from even the greatest amount of bload destructmn that in
malaria although an enormous amount of blood may be destroyed this is mainly
due to the corpuscles being retained and broken down in the organs and not to
their solution in the plasma ; and that for hamoglobinuria to ensuc only a trace
of hzmoglobinzmia is necessary. We have seen also that this hzemoglobi-
nzmia is a superimposed condition of blood destruction, characterised by
solution of the red cells or lysmia ; that this is not due to osmotic variations

“in the plasma, to changes in the resistance of the red cells to salt solutions 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 by repeated
_attacks or mfecl-.mns by malaria; that it is precipitated by an acute attack of
mglana, espemally when under certain conditions this is associated with the
‘administration of quinine.

We have seen that quinine in itselfl is innocuous and cannot have such an
gﬁe::t.an a subject not previously prepared; that the consistent use of the
) th annmmnmty may even diminish the incidence of Black-water Fever
tu- ma]a.ml mfectmn
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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 il 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 scems no reason why
the action of quinine in a severe attack of malaria, in a new-comer, should not
bring about the liberation of a hemelysin 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 rm;i]::ri:{ which gives rice 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 absorptian of its own red cells,

We have seen that there is a close resemblance between Black-water Fevir
and paroxysmal hemoglobinuria; 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 hamoglobinuria mere local cold is sufficient to cause hzemo-
globinuria, This is an indirect action, for cold acting upon blood has no such
effect ; and the haemolysin 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 bv
the malignant tertian parasite that we find the organs most actively engaged i;;
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 hamolysins 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 European 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 asthe endothelium which everywhere is the tissue in contact
with the blood and is largely concerncd in regenerative and phagocytic

functions.
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This view receives support on a consideration of certain conditions asso-
ciated with paroxysmal ha=moglobinuria, 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 constani association with altered and
‘broken down red cellsand parasites, with consequent stimulation to active phago-
cvtosis of these bodies. b

Our work shows, however, that whatever the origin of the hzmolysin (hz-
molytic ambocepter) may be we have still to ascertain why the lyszemic condi-
tion results, If we consider the possibility of its being due to the sudden libera-
tion of complement in the living body many otherwise incxplicable facts become
readily understandable, but such an hypothesis at present rests upon no actual
data.

In few diseases do we know the ultimate working of the morbid process,
so that because we do not ye? 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 dis=ase
clearer than it has hitherto been. We have as a result of our observations come

‘to a truer conception of the conditions under which the hzmoglobinuria of Black-
water Fever eccurs, than has previously been possible; and this conception of
the disease is a strong incentive to further experimental work.

e —— = o — s e
e ————

e ———
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PART V.,

PROPHYLAXIS AND THREATMENT 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.

Prophylaxis,—If our conclusions 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 cfficient treatment of this
disease, with the view to prevent the occurrence of relapses.

It would be foreign to our purpose to enter fully into the large question of
anti-malarial sanitation in this memoiry 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 s generally looked upon as largely responsible

1]

for the occurrence of Black-water Fever.

According to Deaderick (g92) such a reduction is reported by Mercier in
German East Africa, by Ziemann in the Kameroons, by A. Plehn 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 anly
a much reduced amount of malaria amongst those taking the precaution buta
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 is an unlikely
cause of Black-water 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 hzemolysin 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 studjas

upon complement has come to the conclusion that these exist in any serum in
2A
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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 frat in their entirety represent a uniform complex. This complex is
reproduced in all amboceptors 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 animal species, ne matter whether these amboceptors
are normally present in the serum or have been produced ].r_-..' 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 suitable for use in lE.L 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 hzzmoglobinuria, 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 hzemoglobinuria served to
counteract the effects of exposure to cold which previous to its use was invari-
ably followed by hamoglobinuria.

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 feasibllity of these suggestions, however, can only be shown by further

experiment.

L]
“—-—-——-ﬁ’ F N —
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o APPENDIX,

RECORD OF CASES INVESTIGA TED.

Case /.—Chengmari Garden. August 1907.
Bengali Babu. o

Seen on grd day. Hamoglobinuria over. No malarial parasites. Scanty pig-
mented leucocytes. Decolourised corpuscles in cells of mononuclear and macro-
phage type. Leucocytes.

Per cent,

i w
Polymorphonuclears = A . . 57
Large mononuclears - - i - 24'0
Small mononuclears i : = : 166
Eosinophiles . . A . . . 15

r Macrophage type conspicuous.
Case /1.—Chengmari Garden. August 1907,
Bt Uriah mali. Age 3s.
. Native country—Cuttack,
Length of residence in Duars.—3 years.
History.—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 diarcheea, bloody urine and vomiting of
green bile.
. Seen by Dr. Babu on 3oth July. He then had suppression of urine. Died 31st
July.
Aﬂfﬂf&r—-—LWe: very congested, enlarged, granular and friable.
Spahen much enlarged, soft, tumid, and greatly congested.
K:dney# greatly enlarged and dark purple in colour.
Much ‘malarial pigment in macrophages and mononuclear cells of liver and
spleen..
Hany nﬁh‘t}pha.g@ and large mononuclear cells in the liver loaded with greenish
: T Lwer b:lls thu;me]wa cuntam similar guemsh p:gment. Sections
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=

Autepsy.—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 slso seen in small cells lying in the
venous sinuses of the splenic pulp. Almost every macrophage in the spleen

" N contain also one or more nuclear masses which seem to be engulfed and altered
537 L) pertions of leucocytes; these masses stain very intensely but often shew
i 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 JV.— Chalouni Garden. August 1907. ,
; Dhoby. Age z1. '
s Native country—~Muzuffarpur,

Length of residence in Duars—Nine months,

IHistery—Was noted to be suffering much from fever by Dr. Bahu in April. His
spleen was found enlarged in June, but may have been so earlier.

s On rsth August 1907 —Complained of fever, Was given quinine, but it is uncertain
if he took this,

On r5th August 1g07.—Again complained of an attack of fever, and is stated to have
swallowed two tabloids of 5 grains each quinine sulphate at g-30 a.m,, but to
have vomited these undissolved at 10 AM. He was noted on this morning to be
very anzmic, reduced, and jaundiced. At 6 P.M. the urine brought to the Dr. i

. Babu was dark-red. He states that the first red urine was passed at 2 p.y.

7 p-m.—Temperature 1048, Pulse 174, Respirations 44. Spleen and liver

enlarged.

12 Mid-night—Temperature 106, Pulse 182. Respirations 56. Thirst.e—m
Vomiting. Later unconscious.

5 a.m.—Temperature 100. Pulse g6. Respirations 26, Blood showed many i
pigmented leucocytes. No parasites on first examination, but one small
malignant tertian accole form found subsequently,

r7th August r907.—Red cells g42,000. Hamoglobin 15 per cent. A few pigmented
leucocytes still present,
16th August .rpﬂ?—l.r.umcytcs counted jo0.

Per cent.
59
- . . . 2‘0"5
7l - . . a0

15'
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Case V—Meen Glas Garden, August 1goy. i
Bengali Babu,
Length of residence in Duars.—Twenty years,

Hiffory—Has been 7 years at Meen Glas. Had lately been having fever and
was getting 10 grains quinine a week for this. Ten days prior to attack

had lever, ‘

19th Auwgust r907.—Was given 1o grains quinine ; the same day he had a slight
rigor, vomiting, and passed dark urine which contained hmn:ﬂgluﬁn. He
refused to believe he was suffering from Black-water Fever because his |
urine was not exactly * the colour of ink."” ,

; o Seen by us within a few hours ol the onset of the attack., Examination of his
' blood showed a f[ew maligpant tertian rings and many leucocytes showing |
Al included red cell shadows. Twelve hours later the number of parasites '
g was much reduced,
On the day following the attack no parasites were found. Hemoglobin was I
44 per cent, Red cells 2,460,000, ;|
Ten days later he had a malarial attack with malignant tertian parasites which |I
was success(ully treated with quinine,
. 3 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.

- 43 Blood—
::pi'ai August 1907.—Lcucocytes counted 500,

; Per cent. |
SCESH Polymorphonuclears . : . . - - < 407 i
' 'm-mﬁﬁc}nudﬁu& . . . . . . o 253 |
Small mononuclears . . : . : . « 238
Eﬂﬁﬁﬂp‘huﬁ ’ = . * . g . . ‘2

4 cells containing shadow corpuscles. 48 pigmented cells of which about one-
; ﬂﬁ:ﬂm;mall cells resembling small mononuclear leucocytes.

Elmsma.ll m‘a.'llgnant ring parasite,
August 1907.—Leucocytes counted 550.
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-
o rin
18tk August 1907.—Leucocytes counted oo, .
Fer cent.

Polymorphonuclears . - 3 ; - g - 356 {

’ Large mononuclears . ; . ; : : « MG

: * ; - Small mononuclears . : - 3 " . o 3B

Eosinophiles . ; 5 - - - : . o

& A few cells with included shadow corpuscles and a few pigmented leucoeytes
: @ only,

19¢h August r907.—Leucocytes counted 6oo. 2
g ; er cent. n}
Polymorphonuclears . - U 0 |

Large mononuclears . v B : . 3 166

Small mononuclears . . - . =N : 2'4

Eosinophiles . - - . : - - - 50

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—5States that he has had no fever this year though he previously had
a good 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 werk.

Sunday morning. the Dr. Babu gave him ro grains quinine. His master seeing

T that he had fever gave him another 10 grains quinine, About mid-day he

S s had a slight chill and passed dark brown wrine containing hzzmoglobin,
Hmmnglohnuna was over in less than twenty-four hours, Temperature

% 2 ‘mever rose above roo,

R ‘Seen by us on the following day. Sp]eun enlarged. No malarial parasites, Four

SR S ﬁgmm&dhmmﬁuﬂlnacmtufmndh

. , m E‘m qﬂ:mne subsequently without return of condition.
%‘ﬂﬂ? Na ba::au.r September 1907,

H;.ﬂ,hmn guthugmm:h fum-a;bd went to Ca]mim fura-:hange. On

e

i h?ttrm,iud took 1o grmns of quinine.
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‘Seen by us on the third day when hamuglobinuria had ceased. Blood showed
pigmented leucocytes. A few red jcorpuscle shadows in leucocytes
A count ol 500 leucocyles gave as [ollows:—

Per cent.

Folymorphonuclears 5 4 : - . ; Eag

Large mononuclears : & - . : o el

Small mononuclears : - i . . . 17°2

Eosinophiles : A . : . a ' 2
- Case VII—Bagracote Garden. Szptember 1997. »
e 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 att;r.-k Whilst at Bagracote had a good deal
of fever. Hadan 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.

Tl Quinine was taken 7 AM. At 11 AM. had a severe rigor, vomiting, and

2 passed very Llack urine!

Seen by wus 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-

L ment and was very painful.  Epigastric pain very marked and vomiting

D& very severe.

: * Himoglobin when first seen yo per cent.  Foilowing day it was 30 per cent. and
- subsequently at the cessation of the Black-water Fever it was still lower.
s Ha&mng'l_nbi’nuria ceased on the third day and the urine became clear. Suppres-
-5 : sion of urine then supervened. Death followed. No autopsy.

- Blood—

iy ' Per cent.

: 15t ﬂa;r Leucm;rtcs counted 500,

- L) - - - - - 45‘?

- x - L] . - L 23. :

-y - £ - - - " - # - " 32.2
Eumnnp,]ﬁlﬁ e S - 5 U

ﬁn]gnam, tertian parasites and a few pugmented leucocytes. A few red cell
shadows in mononuclear cells,

and day Leucocytes counted 500. - '
. - Per cent.
whal w S e e e Eu'g
. . . B . . 181
- . . . at . 21°g "
. - " . . . " |

and cells containing red blood corpuscles

S——
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' Cﬂuu'lftm under which attack Mmrrm' —His wile and three children had been
Aty ‘with him for a fortnight. Two of the children were infected. The house

abutted on coolic 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 Viil.—(a)

LDkaby.—Living within one hundred vards of where the last case occurred was
o noticed to be suffering from anemia with a temperature of a 100°F,
Examination of the blood 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. Upto ten
days ago he had been doing his work though on enguiry 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 anzmic and jaundiced was
found dead by the police.
Case /X.—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 quinine.
The day following at 10 A.M. took 10 grains quinine, At twelve noon had
a slight rigor and at 2 P.m. passed black urine.

Seen by us at 4 P.M. Spleen nof palpalic at this time, Five hours later the
spleen was lwo finger dreadths below the costal margin. The next
mrnmg it was @& hands-breadth below. There was marked praecordial
pain and breathlessness.

A single small malignant ring 'qund after a long search and few pigmented parasites.

A count of 500 showed:—

: a4, - " Per cent,
Polymorphonuclears . A - : : . : 66°3
.arge mononuclears . . . . . . »oo o AEB
' ; : - : . . : 47
. ¥ . 5 : Y . " 12

Red cells 2,56:- ooo. White celIa 8,690,




Pbl_i-:-e' Constable,

185
~ Case X —Jalpaiguri, September 1go7.

Length of residence in Duars.—On survey duty in Duars for six months.

History.—Himself, wile, and daughter all suffered much from fever. States that as
a result of taking quinine he had freedom from fever for a time. A month
before his attack he began to suffer again. Ten davs before his attack he had
fever, and also for the three days preceding the Black-water Fever, On
account of a police case he had to go up to Jalpaiguri. About 7 AM. on the

day of his case he took quinine, Going to the police station he was tifen ill
‘about 11 A.M., with Black-water Fever.,

Seen by us on Second day. No parasites but two pigmented cells seen in countin
¥ 3 & Mg g

500 leucocytes.

A count of leucocytes gave :—

Polymorphenuclears
Large mononuclears
Small mononuclears

Eosinophiles .

Case X/.—Monabari Garden.
Bengali Babu, Age s50.

October 1go7.

Natroe country.—Dacca.

Lenglh of residence in Duars.—18 years,

Per cent,
484
200
24

:

History—Relore coming to Monabari he was seven years at Bagracote where he
states be did not get much fever. During the three months he spent at Mona-
bari he had constant fever, not less than two attacks every month.

Bfal.‘-itwﬂbﬂ' Fever occurred on the evening of Saturday six hours after taking 10
grains 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 soo leucocytes,

Cells containing included red cell shadows were also present.

Leucocytes were as follows :—

Polymorphonuclears
Large mononuclears
Small mononucleas

Eosinophiles .

" =
e -
- .

&

Had a second attack six months later. Vide Case XXVII,
Y1/ —P ‘Garden, October 1907,

Per cent.
G1

33
6
i
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. . . ~ quinine, There was no history of a rigor, but severe vomiting and for I
‘ twenty-four hours he passed reddish black urine. .
- Seen by us on the third day when the hazmoglobinuria was over. He was anemic '

and slightly jaundiced. The temperature was still high. The spleen was ,
enlarged. No parasites and nn pigmented leucocytes. Engulled shadow |
corpuscle present. '

A count of leucocytes gave i— |
Per cent.

. :‘ © Polymorphonuclears . i G 5 o g ¢ . 49
b : *  Large mononuclears ; : ; 2 : ; : 246
ES- Small munonuclears . . : - - . : a1 a3
- Eosinophiles . . 7 BN . . . 54 |
Case XJ1].—Nagrakata Garm-n. Dﬁﬂbﬂl! 190;' ¢
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 transicnt hemoglobinuria and the child very
slightly ill. 1t being noticed that the urine was red samples were on each
g oceasion sent to Dr. Stone who noticed the nature of the condition.
¢ Blood examined on the first day showed quartan parasites and pigmented leuco-
b cytes,
Case XiV.—Jalpaiguri. November 1go7.
. Palice Constable. Second attack following that recorded as Case X, '
; Scen 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 :—
s v ,_# 2 _ Per cent. i

& - “ "ﬁ. : . Pg]}rmﬁrphonucluarﬁ - - . ' . . 50'4

LAt " & ; Large mamnucl:am i : - . . 5 . afry

AT A ~ Small mononuclears ; : - % ; . . 86

‘_- J Eosinophiles . : A 2 : - . - i 56

s Case XV.~ Moortee Garden. February 190

S Bun'gall

MJ‘-—%&& that his ﬁ“ e and himself had been constantly getting fever,

Sam by us on 4Ih day when hemoglobinuria was over. Urobilin present in urine,
] No malarial parasites and no pigmented leucocytes. A few engulied red cell
s]ra;l W ﬁ&mm mamnm:lur cells,

Fer cent.

54'2
e TS
e S T
&
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His wife seen at the time had also urobilin in her wrine.

Case XVI.—Chota Nagpur. December 1507,

European. Age 27.

In * Timber.*

History~Formerly a planter in the Duars, Has lately been living at Kalunga
above Purulia, Chota Nagpur. Was quite well up to ten months ago whep
he began to pet fever characterised by vomiting. At first these attacks
lasted three or four days. They then became more [requent but theattacks
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 seedy, took

‘ _ r 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 charscteristic signs of the disease. Urine hemo-

globinous. Spleen 3} inches belpw the costal margin.

Seen by us after the hmmoglobinuria was over, but two hlms taken during the
hamoglobinuna were kindly given to us by Major Rogers, [.M.5.

Blood —No malarial parasites of pigmented |leucocytes. Occasional included red
cell shadows seen in mononuclear cells. Four nucleated red cells seen
whilst counting Soo leucocytes.

A count of 2,000 leucocytes gave :i—

= : Per cent.
Polymorphonuclears Lo s A : ; . alia
Large mononuclears =, I i . . ]
‘Small mononuclears . X c 5 ; . aga
Eosinophiles . = y : . v = - A4

Associated conditions.—One other European livedat Kalu nga. He also was stated by
the patient to suffer from constant fever.

o Case XVIIl.—Baradigi Garden. December 1907,

Bengali Babu, Age 28. -
Native conntry. —Feukpur
Length of residence in Duars.—8 years with intervals on leave at home.
History.—Had “jaundice" in the Duars four years ago. This came on suddenly
uﬁer fever and left him very weak. Last rsturn from home December 1906,
Wa; ten l:ntlnﬂj& in Central Duars where he only remembers having fever
‘once. He has been sit wees at Baradigi where he states he has had no fever.
On 13th December 1907 was feverish, and was given 15 grains of quinine on
this and the following day. This last.dose he took abaut 3 P.M. On 16th
ﬂt&&mﬂr Lgu? he felt ﬁnly well, until shortly before 3 P.a. when he passed
 black urine. With this he had “ague,” headache, and a
104 Hup.nmd dark vrine four times during the night,
ecember lﬁ,j:is tempemtur& was gg and the urine was clear
diment, wm the morning was given 3 grains quinine. He
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was seen about 11 A.M. by Dr. McCutcheon who took blood films and noted
the temperature to be 103, About 12°30 P.M. the patient is stated to have
passed some more slightly red urine.

On morning of 18th December 1907 the temperature was normal,

. Seen by us on the 1g9th. Mucus membranes anamic, yellowness of conjunctivae

; distinct. Spleen three fingers-breadth below costal margin,

Blood. —1sotonic point _:: . No malarial parasites, but pigmented leucocytes present,

On the 19th large endothelial plaques and mononuclear cells, many of them
containing shadow corpuscles, were very conspicuous.
Leucocyte count gave :—

17th December 17, ioth December 1007,

- * Per cent, Per cent.
e m
: Polymorphonuclears . e 148 bag
Large mononuclears ; . 308 223
-3 Small menonuclears . T 12'7
4 Eosicophiles - . = "2 o §
T i
2 Case X V//l.—Baradigi Garden. December 1907. 3

Bengali Babu. Age 7.

Native conntry —Nadva.
Length of residence im Duars.—g years.

History —No history of previous attacks. Has had enlarged spleen for ten years or
more.  Was recently home for cight months. Has been back in the Duars for
15 months, six at Sissibari, one at Bentguri, some months near Darjecling, and
two months at Baradigi. Since return from home has peen getting fever
once a month or so. At Sissibari had five attacks,

: 15th December 7907.—Felt a little fever and ague for which he took 10 grains of

= quinine.

14th December 190y.—Ielt all right.

-J‘;H:Hei‘#ééf 1907 —Was all right and working in the tea-house, but at 3 p.u.
- passed reddish black urine and had ague. His temperature shortly after was

105, He passed dark urine three times up to 1o P.M,

"'Isif :ﬂﬁﬁmpwr 1907 —Urine clear. Temperature in the marning 97, at evening 100.

- I1pth December 1907.— Seen by Dr. McCutcheon, who took a blood film. His tem-

- e ure on this and the next day was normal in the mm‘nin% but rose to 100 in

=

gth December 19o7.—Anzmia not marked. No distinct yellowness.
ers below the costal margin. Blood taken on the 17th showed
pigmented cells, nor were engulfed shadow corpuscles seen,
‘numbered in ac1 of 1,200 leucocytes 18 per cent

resent. -

| B e s R, b

WY §
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Native country.—Mongyr District.

Length of residence in Duars—12 years.

Historv.—Went home on leave on acchunt of fever and spleen. Sauffered severely
whilst at home from fever. Came back to Bentguri five months ago, and has
been living at the Assistant’s bungalow, until six weeks ago when he moved
with his master to the Manager's bungalow.

He is believed by his master t o have had previous attacks, but he himsell denies
this. ; .

28tk Decemder 190y, —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
days before the onset of the present attack.

L sth Fanuary 1908.—In the evening about 6 p.u. had a little fever and was given

10 grains phenacetin by his mastor.

8th Famuary rgo8.—In the morning felt all right and worked till ro-30 A, 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 and in the
afternoon hamoglobinous. , His tamperature at 2 and at 4 P.M. was 102,

Seen by vs about 8 P.M.  Spleen two finger-breadths below costal margin. Tem=
perature ror. 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 moraing of gth January 1908 serum is
lighter in colour. Hamoglobinzmia doubtful.

Isctonic point on morning gth :—N

O

. Fer cent.

" « 100

- Film.%: ';f. 'pgfipher.’;ﬂ blood taken 8 P.M. on 8th January 1948 show no parasites and
?i.?::ifsﬁfﬂﬁﬂtﬁﬂ'lﬂq@rﬁﬂ. No parasites or pigmented leucocytes were found in the splenic

Hamosozic value at g M., gth January :go8

A count in each case of 600 gave as follows: —

@ 8 P.M, 0 AL 4-30 P.M,
8th January gth January gth January
1008, 1go8. 1908,
Per cent. Per cent. Per cent.
. . 83 675 54
T e g6 8 13
. Fo s E 54 o
il o 18 30

3
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: . Measurement of red cells showed as follows :—
o . 8 P.M. 4-30 P.M."
- . fth January gth January
1go8, 1gos.

Per cent. Per cent.

Large cells measuring 140 . - - . 49 17°5

. Medium cells measuring 120 . . . 40 70
Small cells measuring 100 . . i 5 75

Examination of splenic films showed two somewhat doubtiul malignant rings but no
;':igmeutg 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 greenish masses. Throughout the film are many globular masses
formed of detached protoplasm ¢f this and the next type of cell.

2. Large cells with rounder nuclei and witk protoplasm which takes a deeper stainand

is firmer in consistence,
3. Small mononuclear cells with voluminous clear hyaline protoplasm, similar to small

mononuclear leucocytes.

}' 4. Small monenuclear cells with scanty deeply staining protoplasm. Lymphocyte
s 5. Still smaller cells with very deeply staining protcplasm containing a few red
g granules,
e » 6. Polymorphonuclear leucocytes and transitional cells.
i g Some stromata of red cells are seen resembling these sometimes present when hlood is
= treated with hypotonic salt solutions.
e, - g Hemolysis experiments.
) Black-water Fever serum . normal corpuscles . . nermal serum Nil.
L vy : i o i . washed normal corpuscles - s . Nil,
S oy o . washed corpuscles of a malarial 1 Marked
. subject. agglutination.
_ e Black-water Fever corpuscles washed serum of malarial subject . B T

Urine—
First sample passed 1-30 P, 8th January 190o8.—When first seen a somewhat
h impure rosy red. Showed marked nxyhzmoglobin bands with a faint band in
ADE-s the red and a broad band in the blue end of the spectrum. Next morning the
e ~ band in the red (indicating met-haemeglobin) was much more marked.
~ Second sample dark brown ha:moglobin bands present with distinct band in the red,
A

Per cent. salt.
d, 1-30 P, 8th January 1908 - 251
= morning, gth January 1908 . . ‘834
Gkt s.—The patient was one of [n_qtr@@g&nﬂ 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
:rs temporarily on account of constant fever,
- was ted in the bend of a small rivulet swarming with

0

r—




The condition of the other peaple living here was 1 —
My, F—Had fever recently, is taking quinine, blood anaemic.
Bearer.—Intenscly 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 cvident that all these people at the Assistants’ bungalow had been subjected
latterly to malarious conditions of great intensity.

Case XX —Hyatpatha Garden. January 1go8.
‘Bengali Babu.  Age zo. =
Length of rvesidence in Duars. —3 years.

History.— No history of previous attacks. Has been ten months at Hyapatha.
Three months ago had “liver " and was vellow in the eves. He has had
enlarged spleen for one year.

r5th Fanwary roof.—At 11 AM. had fever with ague and nausea. Did not attend
work after this en account of sickness,

rqth Fanwary 1908, ~Took three tabloids of quinine, 5 grains each,

13th Fannary roo8.—Took fgur tabloids of 5 grains cach.

16¢h Fanwary 1908.—Took two tabloids at 8 A.M. and a dose of spleen mixture at
g AM. At 10 AM. had ague. At 2-30 P.M. passed dark red urine and
continued to pass urine of a dark ruby red all day.

Seen by us at 7 .M. Complains of epigastric pain. Spleen below costal margin.

.+ Pulse full and of high tension. Cuagl:lalinn of blood markedly increased.
Temperaiure 104°5.
Splenic punciure was performed within a fcw minutes of our arrival.
Blood—
Coagulation markedly increased.
Hemoglobinamia shown by recciving blood into one per eent. salt and centri-
fugalisation,
‘Serum scparated from clot of an intense orange colour, bands of oxyhzmo-
‘glebin being visible on spectroscopic examination,

Tstoni pont—

v ' N 3 3
+o 7 5 5 %
- tint tint tint increased tint  marked H.

E’mﬂﬂﬁn valiwe~1'12 per cent. salt.
_ﬁrﬂ ?mrj- rgnsin-Pamd hzmoglobinous urine all day,

: fmmw:ﬁ—g AM.
5 A : :
AT T T 5
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23 ure varies between 1016 i 104, falling after 5 P.M. to 988,

18th _'i'anwr: 1908.—Hzmoglobinous urine passed up to 12-50 .M. Alter this the
urine contained albumen and urobilin but no hamogiobin.

 [Isofonic point.—9 AM.

¥ ‘Pi 1¥r 135 1\—Ir |

A tint tint

=l

hh inc H

: 15 per cent. 4o per cent. L |
Hewmososic value—~1-02 per cent, salt. |
Coagulation delayed. Buffy coat present.
X Hamoglobinemia not demonstrable.  Yellow coloration much less intense. r
s Splecn about the same size. No noticeable enlargement of liver.

' 19th Fanuary rgo8,—Urine contains much pink urates. No hamoglobin but much
WS urobilin albumen present. Blood shows 17 per cent. large mononuclears and
many endothelial plaques.

[sofonic point.—6 P.M.
N N

& 1 " M N

B 1‘_ 1T T o 1% 5 |

A Nil Ni! h hh inc H. {

22nd Fanuary rgo8.—Aifter several days convalescence temperature rose this after-
noon to too and the urine hecame brown, but no urobilin could be detected,
Splann only :Fust palpable. Polychromasia and presence of large cells extremely

. conspicuous, No mononuclear increase. Some leucnt:}tnms

Went home for 2t days after his attack and was seen again on 20th May 1908.
‘States that he had no fever until the previous day. Fever commenced at 10 AM,
continued all night until 3 P.M, yesterday at which time he took 15 grains
quinine,

20th May 1908.—No noticeable anemia, No enlargement of the spleen to te made
out. No parasites.

A

e

Lali s

Asotonic point—
= 476 per cent. ‘454 per cent. 434 per cent.  '4 per cent,
b Nil Nii trace hh

,EI:Emt:th of m,-yj m;puadea hemolysed by Class A serum. Antibody 20 cm. nnl:P

j:ﬁmmngaanﬂ Iﬁﬂ c.m, S.R.C, serum,
~ Examinati uuofsplcmhluoﬂ taken 4} hours after passing the first sample of urin=

ﬂentﬁ: nuelei «containing each a single often quite normal
sundant. These cells have but little protoplasm and what

led around tl engulfed cell.
. cells the juuua?lumﬁhpn some fine red granules. The cells vary
- iymitg m.agpmmnm ‘mononuclear leucocytes, but
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The included red cells are generally quite unaltered, a little paler than the iree cells in
the neighbourhood; others are pale with a faint yellowish tinge or show a rim of darker
staining substance around the periphery. The closest 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 eells, 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 :— o

1. Cells of the nature of those just described which appear to be free cells ind are
generally more or less globular,
2. Large endothelial plaques often having two nuclei and containing besides red ce lls
various vacuoles and included masses.
In both types of cell the red cells vary from notmal to small dark celis and cells in
various degrees decolourised,
Occasionally a shrunken cell of a greenish tinge is scen, A differential count of 2,200
cells in the spleen gave :—

. Per cent.
Large macrophages . : : ; : : 53
Small mononuclear cells of various types . 408
Large mononuclears leucocytes . : > s 4'4
. Polymorphonuelear leucocytes . ; ; : 13'7
. Eosinophile lencocytes : - i i . T
‘ ; Large cells with basophilic protoplasm , - . . 18
Cells of doubtful nature, free nuclei, ete, A . 240
3 999
Large macrophages containing red cells e 17
.;Smal] mononuclear cells containing red cells . . '3
The condition of the included red cells is shown by the following :—
\ Unaltered cells . . fLacgemacrophages . . 3
:  Small mononuclear phagocytes 37
Partially altered cells Large macrophages . . 10

" { Small mononuclear phagocytes g
Vacuoles derived from en- ( Large macrophages . . 22
- gulfed red cells, Small mononuclear phagocytes 3
~ 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
- movement when fixed by the drying of the film.

of red cells gave on different dates—
- 1thJanuary 1gth January 22nd January
1908, 1g08. 1g08.
Per cent. Per cent.  Per cent,
Nl 2 18
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i ” 1 16th January 1gth January 22nd January
1908, 1908. 1908,
Per cent. Per cent. Per cent.
¥ ' Large corpuscles 46 34 23
e ( Medium corpuscles 52 40 53
-~ Small corpuscles 2 as 4

Counts of 500 leucocytes gave :—

D - 16th January 17th january 18th January 1gth January zz2nd Jan-
i ©. 1g908. 19o8. 1gos. 1gos. uary 1gch.

. Per cent. Per cent. Per cent. Per cent.  Per cent.

= Polymorphonuclears . 637 617 574 494 73"
A Large mononuclears . 23 287 22 25°5 q

S Small mononuclears . '3 93 4 158 9 2
= Eosinophiles . . 18 21 16 5 5
Macrophages . . 2 5 : 3

: Urine.—Estimation of amount of hamoglobin,

w L I
| i
; = Albumen ey Percentaga | Total Hamo-
s Specific | orimer Lrine Hemo- | globin (bloed
{ | grawty. per litre. Onantity. globin. eqaivalent).

230 Py 16ith January 1903 A " 103 60 ce. 1o 6 c.c.

RN > . ' . 1018 | 750 cc. 66 50 CE

'9 A, 17th January 1908 G tary % | 550 cc o6 37 &t

7 Pobl ) G F g 2| 550 e 66 37 e.c.

- ;i-};-j. iz el s . 1020 ‘7| 350 cc. (1] 25 Cun

; mjlwns, 18th ]-lnlurj‘lyn-'ﬂ - - ” 1018 o L 5 275

; ﬁ-_gn-r.u. e F e 1030 | 300 oo 25 5 ce

"3_'_ o a o TotaL . TS;];::

ﬂf@ﬂmnmn by sinc test.—Zinc urobilin bands visible on ten-fold dilution in all the

: mmntqﬁohﬂhr ma;m
'ﬁﬁi gmn&' ,ﬂ_&mt similar to last but contains a small number of
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 Case XX[—Ellenbari. February 1gof.

' European. Age—3s.

Length of residence in Duars.—s years.

History.—Was at Faskowa, Eastern Duars. Went home; returned in November
1gog. Has taken quinine since coming out on Mondays and Fridays. 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 ?). @

a5t February 1908,—Late at night took his ordinary dose of quinine.

2znd February 1908, 4 a.m.—Had a rigor and passed hemoglobinous urine.

e T Seen by us at 10 A.M. on the same day. Spleen several inches below costal margin.

b S Complains of severe epigastric paia. Yellow tint just noticeable.

.. gl : Blood.—Serum of an intense yellow colour with orange tint. Blood received in 5 per

~ i cent. citrate and centrifugalised showed hzmoglobinemia.
' 2 Fsotonic point.—First definite increased tint at -4235. Marked hamolysis at "4 per

. cent, salt. o

Hamososic value.—1°258 per cent.
Films taken at 10 A.M., 4 P.M. and 9 P.M, showed no parasites or pigmented leucocytes.

. A count of 500 leucocytes gave :—
ot - Polymorphonuclears - . - : « 730 per cent,

=, Large mononuclears . . . . . o IS
P Small mononuclears . . . . LA 6 » e
: Eosinophiles , TR = SRy : : e

I&i‘ﬂrh-—Hmmnglnbmms uring gamd all day.

‘margin. Marked yellow colouration of the conjunctivee and skin. Anamia
‘much more pronounced than yesterday.
3 ,a;f.t February .rpm? —Paticot convalescent, Temperature gg. Spleen just palpable.
e &q " Urine free from hamoglobin.
a3t =':- rhruary 1305 —At night had a rise of temperature to 193.
%ﬁwﬁ ,rpnﬁ'.—ﬁhen 2} grains of quinine at 9-30 A.M., 1-30 P.M. and 5-30 P.M.
g&'ﬂ mrurx 7908.—Given 2} grains of quinine at 2 AM., 6 AM., 10-30 AM. and

L

- wgluﬁ:ﬁ,'bht te;nper‘.‘ilurﬁ mmaiund'h'ehvﬂcn 101 and
f the ﬂgthﬂ&;ﬂtmd ‘an eveaing rise to 100 on [the following

T o e TORRL

MFMIH’J’ 1908.—Urine hamoglobinous up to 10 AM. Spleen just below costal

L —
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4 -:]
FEsfimation of amonnt of hawoglobin in urine—

= —
] T, ]_![i.rru Percentage Il.':gﬁhllﬂu
i : e Quantity. hamaglobun. l.qﬂ:;:lm}
Per cent. |
| 22nd February 1908, 4 a.m. AN sizee | 2 6'25 c.c.
) 0 o " 7 A b0 8-30 acM, % . ; 625 c.c. 3 1875 e,
1 = 10 AN, - - . . . 284 c.c. 5 142 cu. —_—
! o I FM. 02N i f : 570 c.o 5 #%5 on
-ﬁ. ' 5 3 DML L0 430 P, : - 4 510 cu 3 I35 o 7
| = 6. . s : .ﬂ . 28= c.c. a &5 oo
S 7 PN L0 0-30 BAL ", - 635 o, a 106 C.e
i i TR o ; : A4
¢ 23td February 1908, ﬁt.tn.lm ; }’ i y S
o 7 AML . ! g L 2 62 ce.
| - QAL ; E ! : l 200 ‘e 1 S
5& TuTaL | = i 1536 cc.

_ Case XX//—Baradighi. April 1go8.
A Mwm. Age 18, '
by Native country.—Hissar dlstnct,. Pun]a.h
v, Lawgﬂ of residence in Duars.—g months.
:Hf!ﬁﬂh—sl;ﬂ"ﬂcd 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 secn 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.

i'j:l hu: m mtrr cannot rmmhﬂ' feling ill.

Mﬁ ;,Iﬁ:eh].jg]:.ti,gﬂ bemg feverish took 2o grains quinine in two days. Ten days
i@gr'lu:gnt high fever and was g:#eu diaphoretic mixture. Next day in the
mmﬁng when his tcmpmhlm was down was gmn ro grains quinine sulphate, -

A §.—]Ju .ifttmmti ‘had high fever again with rigor, headache, and a

: 104 .M Ihw- ﬁme pam.d redd.lsh black urine,

helia inﬂ,mnnmwdm nt:lk, ‘lhﬂ;
fnﬁﬂrmﬂ ‘many included nueleated cells
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' Washed B.W.F. corpuscles. Narm':ri SEFN. Hamol vsis.
} c.c. Washed B.W.F. corpuscles (150 ¢.m. normal serum -+ No hemolysis.
- emulsion, : 50 c.m. B,W.F, serum at 37° for 15 m.} Agglutination.
1 ¢.c. Washed corpuscles native. 150 can. B.W.F. serum. No hamolysis.
g Agglutination.
} c.c. Washed corpuscles very 150 c.m. B.W.F, serum. Agglutination,
anamic native,
a5th April 1908 —Temperature fallen to g6. Urine free from hemoglobin.
Case XX11]—Baradighi. April 1908, "

Coolie. Age 58.
Native country,—Ranchi, Chota Nagpur.
8 Length of residence in Duars.—14 years.
History—Unknown.
and April 1908.— Had fever with temperature of 104,
grd April rgo8.—Temperatare 104 Vomiting, Passed reddish black
o urine.
g gth April 1908, —Continued to pass black urine, Jaundice.
sth April 1908.—Temperature in the morning 102. Urine alittle clearer.
6tk Aprit 1908.—Temperature in the morning g9, in the evening 102,
Seen by us on this day.—Marked anemia. Slight jaundice. H=moglobinuria
ceased, Films of peripheral blood showed some engulfed red cells, shadows,
endothelial plaques, polychromasia, and uncleated red cells. No parasites or

pigmented leucocytes.

 Case XXIV.—Huldibari. May 1908,
: Chinaman, Age 35.
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.
7th May 1908.—Seen by Dr. Babu who found he had a temperature of 105°
and was passing hamoglobinous urine. Temperature in the evening
v 103
8¢k and gth May 19o8.—Temperature still high.
Seen by us next day.—Was passing very small quantities of very dark, nearly
~ black hzmoglobinurious urine. Anmmia. Marked yellow colouration
of conjunctivas, 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

M-—Sﬁum showed orange tint characteristic of hemoglobiniemia. No

] anr for clot to dissolve in serum. Blood received into citrate
Solution shows bamoglobinenis.

blood show some large endothelial pilnquu.s- and some
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of 4 ‘A count of 500 cells gave :— :
ey Polymorphonuclears : . ; . : : R | |
= Large mononuclears : : : . : : . 119
X Emall mononu clears s - 2 E . . « 39°9,
i Transitional . s - : = . . = : *
ht Eosinophiles ; 3} . g i i [
Films of splenic blood showed distinet agglutmatwn and many spherocytes. Some de- |
ﬁfpunmﬂ included red cells present. Macrophages contain engulied sinall mononuclear
cells,
' Haemolysis experiments., _r_;
4 c.c. washed B.W.F. corpuscles 120 c.m. normal serum, Rapid haemolysis, L
% ~ emulsions. . 3
} c.c. washed B.W.F. corpuscle 150 e.m, normal serum+30 e.m.  No haemolysis.
-mulsions. o
B.W.F. serum at 37 for 15 min, Agglutination. |
Washed B.W.F. corpuscles Allowed to stand in *g per cent. No hiemaolysis. i
salt. |
11th May 1908, —Small quantity passed free from hemoglobin. Hamoglobinzmia
£ no longer to be detected. Serum bright yellow but free from hemoglobin.
Case XXV.—Nagasuri. May 1908.
Bengali Babu. Age 30,
Native country.— Murshidabad.
Length of residence in Duars—j5 years.
- History.—At his home scarcely had one attack of fever in the ;.rcar, in the Duars ot
‘had two or three attacks every month. Has been one year at Nagasuri living
. in the midst of coolie lines.
;ﬂﬁ H@f 1908, —About midnight he had an attack of fever but with a more severe
sensation of cold and shivering than uswal. In the morning noticed that
‘his urine was red.
Joth and 3rst May and 15t Fume 1908, —Passed hamoglobinous urine. Had severe
up:gash-m pain and much vomiting, especially on the 31st. Jaundice was first
. noticed on the joth and was very marked on the 31st.
.I._I'  and Fune rgo8.—Urine dark in the morning but subsequently cleared. Bloud film.
B - taken by Dr. McCutcheon.
TR, ﬁmn ]:gg us on thpugrd.—Hnmnglahmunn over. Spleen enlarged. Yellow coloura-
ERRR e tion of conjunctive present. Marked tenderness over the liver, less so over -

ﬁl& ,th, Serum }nlhw- No hxmoglobinaemia. Clot dissolved to syme
i _"Iuhmfghitdiﬂ not do so in a control blaod.

. Hmn&ﬂ; rxpinmmﬁr-

‘Ek;wuhma- 150 can. normal serum, S.R.C. No hzmolysis.

No agglatination.

lted normal serum, SR.C, o hamolyss

‘No agglutination.

L
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Case XXV —Indong. July 1g08.
Bengali Babu, Age 25,
Native country,—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,

5th Fuly rgof.—Noon.—Felt indisposed and took 1o grains quinine.

Lo

3 P.M.—Rigor.
" 4 P.M.——Passed high coloured urine, and noticed at the end of micturi-
o’ tion some drops of blood coloured fuid.

7 B.M.—Passing haeme zlobinous urine.

he 10 P.M.—Seen by Dr. McCutcheon who noted his temperature to be

v 105, and took blood films.

Seen by us 4 P.a. Gth July 19c8.—Temperature 103. Passing dark red hamogzlobinous
urine. Yellow colouratinn distinct. Spleen 3 fingers below costal margin,
Splenic puncture performed.

Blood —Serum orange vellow, Blood received into citrate shows small amount of
hizmoglobinemia. No sclution of clot in the serom.

Isotonic peint.—s5 P, Gth July 1goS. A
_ Percentage salt . 525 i3 475 45 425 4
ek tint. tint. tint. tint. tint. increased
tint.
i " Control : - nil. nil. nil uil. tr h
B .due to hexmoglobinzmia. |
- . Hiemosozic value : . - - I'175 per cent, .

EPImﬁc Hlm:ld :':Umred into hypertmu-:: Sall: su'lutmn ga\e only same tint {approxi-

: m;l:gly}, as penphtnl blood. Stained with neutral red in 3 per cent. citrate solution
- ghm-mi many dark staining corpuscles, more than were present in peripheral blood. Films
~ showed lnrge.' numbers of macrophages of mononuclear type containing numerous red eell
shadows. Phagmylmi;g ‘of red cells are present.  Agglutination very noticeable. Sphero-

‘tes pmmlL Hﬂ:gmt tertian pigment scattered and in the form of reliquats.

: s
Ham{}-m Expe:tmmh-- F:de.- Part 1V, l.':l:apl:er I

Patient’s urine + Emuls. patient's corps. No hazmolysis,
.3 e ._ No agglutination.
& 1s0ce, e 150 cm. ditto. No hamolysis,
plus

50 c.m. normal serum.

moglobinuria still present up 1o late in the day.
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\ f-ﬂﬁma point—
- 1 Percentage sall gl %45 425 4
R, - - il Lr tr
o A ol Control T te h ine H
- Serum contains no recognisable hmoglobin but is of a strong yellow colour.
. Case XXV{I—Monabari. July 1g0S.
~ Bengali Babu, Age 48,
. 5 Nt;fw countéry.—Dacca. ¢
) Length of residence in Duars.—i8 years. I

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. .

9th Fuly 1908.—6 aA.M.—Took quinine 5 grains.

- 10 A.M.—Took another 35 grains.
S 2 P,M.—Passed hemoglobinous prine. Temperature in the evening
105.
Ly roth jfﬂfj- rgod,—Temperature in the morning 100, Passed very dark urine all day. .
s> Seen by us at 4 P.M, 10th July 1908. —Passing hemoglobinous urine, Temperature 104.
- Spleen enlarged.  Yellow colouration,

- Blood —Serum rosy red. Hiemoglobinamia as shown by adding blood to citrate solution
iy ~ and centrifuging ‘equal in amount to that shown in s ecum,  Estimation |

. of an:ruuni: of haemoglobin showed this to be about equivalent to 3775 per cent. =

s et solution of blood.
-~ sotonic point—
et - Percentagesalt . 456 454 434 416 4 384 |
mncr ncr
Za s tint tint  tint tint  inc H i jl
ST - TGRSRy el .aik, b bh  incH

I'07 per cent. salt.
: '.lil.s per cent, citrate showed some dark stmmng
mnt:gam 5 in ' 20 fields,
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-
[sotonic point—
Percentage salt . - 476 454 434 410 4 384
incr
tint tint tint tint inc H
Control i ; . nrl mil w2t urf hh inc H

12th Fuly 1908 —Hzmoglobinuria over.
73tk Fuly 1908.—Given quinine § grains.
r4th Fuly 1908, —Given quinine 5 grains.
r5¢h Fuly rpod —No quinine administered,
\ 10th Fuly 1908 —A relapse. Stated to have come on apart from administration of
quinine,
t7th Fuly rgo8.—Urine dark red. Tesftperature in the morning 103, in the evening
104,
18tk Fuly 1908.—~Temperature 103 in the morning, tor in the evening, Hezmoglobi-
nuria ceased towards evening.
Case XXVIII—
Mr. M. —European Assistant. Aged about 29,
Length of residence in the Duars.—Between four and five years all on one
garden,
Arrived in Dugrs,—December 19o3.

History.—Had a mild attack of Black-water Fever in May 1905. 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 Black-water Fever lasting two
days off and on, On the 5th June went for a sea trip to Rangoon. While on
board ship had two relapses very slightly. Was not then taking quinine. The first
attack in May 1go8 came on alter 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 hydrochloride 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. 5 again at 7 A.M., and
another tabloid a little later on the garden. Went out to work, Alter 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.M. shivering. Got

hot bottles and finally began to sweat and bilious vomiting became troublesome,
Notes—5th day, Fune 23rd—When patient was first seen he was found to be lying ill

in a bungalow near the tea house, within 20 vards of a line harbuuring servants and

L tea house men and their families. Altogether nearly sixty souls, inzluding over
. 3o young childrren. Enquiry showed that quite a number of these people were
i recent arrivals, baving been but two months or so in the D uars. Among some

thirty examined all bad enlarged spleen and ten had fever, while all hut two show-
ed 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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larve 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-hwmoglobin, Patient was markedly
anemic, hemoglobin standing at 30 per cent. Temperature was about 1oo.

Fiue 24th—Palient remained faicly well until about 10-20 when the temperature rose
to 101, and shertly after he passed clear urine.

- Fune 25th—Patient remained well until g-20, when he had a slight rigor, and shortly
after passed dark red urine containing oxvhamoglobin, while his temperature rose /4
to 102's, dropped again with a slight sweat to 100, 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 little dark in colour it was nearly iree from hemoglobin. Temper-

ature dropped again that evening, the uripe also improving.

T Fune 27th.—The morning temperature was only gg, but at 8-20 there was a rigor, and
black urine was passed, while the temperature speedily rose to 103G, 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
to show parasites, grs, 5 quinine bi-hydrocloride was administered hypodermically

Fune 28th,—Morning temperature was 99, but it rose to 102 at midday, though urine
- remained quite clear. Towards the evening temperature dropped.
Yune 20th—Morning temperature normal, but at 11 A.M. 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.
Sune joth.—Morning temperature normal, but gradually rising aiter midday to 102 in
- the evening. Quinine grs. 5 was administered. Urine remaiced quite clear and
temperature fell during the night.
Fuly rst.—Temperature in the morning normal. Patient was given grs. 5 quinine at
o ‘day-break. At about 10 A.M. there was a rigor, and a little later black urine was
e S passed, while the temperature rose to o3, fell again to 102'5, and again rose
3 Mﬂﬂﬂlﬂg‘lt had again fallen to g9, and the urine was quite clear once more.
E3 ~ From this time the quinine was stopped again entirely.
' Fuly and and grd.—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.
norning temperature 992, urine quite normal. No quinine had
since the grs, 5 on the morning of the 1st. At 1-30 PM. there was
hupwﬁm:rm:tn.nwljg. 103, and once more black water was
M. th - was again clear, and temperature fell rapidly after

N
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o W Fuly sth—From this morning quinine was once more administered, as it was
evident that unless something could be done to check the disease the patient
would die before he could be removed. 1} grs, were given at intervals totalling
74 grs. per diem. There was a little smoky  urine at 11 AL on this day, but
nothing Turther, the treatment being continued during the ensuing week
temperature each day remaining more m:aﬂ].r at the normal, and the urine
keeping quite clear, while the spleen became smaller in size. Finally patient
became sufficiently well to be sent to England.

The most intercsting features of this case are the number of relapses w ith® a short

period ; the facts that the attacks followed hydrochloride of quinine in the first case; that

; subsequently a relapse occurred on six oceasions without any relation to quinine administra-
W tion, and that on three occasions such a relation could be traced. A number of blood

. specimens were taken which have not yet bgen fully examined,

(Dr. R. L. Paterson's case included to show association of Black-waler Fever with
guinine hydrocloride and calesum chioride.)

¥ Case XXI1X.—Tezpur, Assam. ﬁttasiked with Black-water Fever—
(1) (2) (3)
April 19th. July 22nd.  August 4th.
V. F.—Tea planter, aged 24, European.
Lenpth of residence in Assam.—15 months.

History.—Arrived in Assam from England Jaovary 1go07. Kept good health a
short time and then had severe attack of malaria (with malignant tertian para-
sites in blood). Subsequently took quinine as a preventive, but somewha,
irregularly. [Had further attacks of fever necessitating a short trip on account
of health. Kept fairly fit during cold weather of 1907-08.

Attack—{1)—April 19th—Felt Trotten” but worked. Took quinine, grs. 10,
in the evening. After midnight had a rigor, vomited, fever came on together

with diarcheea,  Urine not seen.

April 20th,—Passed typical black-water at rr a.M., temperature 104. Jaundice
present. Blood showed no parasites. At 3 P.M. urine sherry coloured. Re-
covery rapid. Went a trip to Ceylon, and while there got fever. Took
quinine h,-ﬂmchlunde grs. 15, with no ill-effects. Returned to work and
remained fit, taking quinine hydrochloride, grs. 10, regularly once a
wr.ek. . -

Atm:i.-{a} Fuly 22.—Felt feverish. Took quinine hydrochloride, grs. 10, in

ﬂn fnmnnun, but remained at work. At 7 P.M. took another grs. 10 quinine
ride and went to bed. Vomited soon after. At midnight had a

;—ig;m and« vomiting. At 3 AM, 5 AM. and 6 AM. passed black urine, total of

26 oz8.

:J%_Tmm 1034 all ﬂ’i" Blood showed no parasites. Jaundice
it and urine still black, 26 oz, hehig passed during the day and 22 oz at
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Fuly 24th—Temperature m:u:rna,l.'mI Urine still black, but clearing a little towards
evening. Spleen and liver not enlarged or tender. Total urine passed 17 ozs,

Fuly 25th—Urine became clear, amber in colour; no blaod pigment or albumen.
Quantity only 11} ozs,

SFrly 268k fo 3156 —Steady improvement.

August r1st.—Headache. Temperature 104. DBlood examination showed numer-
ous small ring malarial parasites. Urine clear. Was given calcium choloride,

~ 8725 preparatory to quinine traatment, Temperature fell slightly,

jugu;: 2nd.—Urine clear. Was given guinine hydrochloride grains 5. Temper-
ature rose to 1038, Was given another grs. 5 quinine and temperature fell
Urine remained clear, Calcium chloride continued, in grs. 10 doses.

Angust grd.—Urine remained clear. Blood showed no parasites. Temperature
100 to 101. Quinine hydrochlorid~ grs. 5 given morning, midday and evening

| - (total grs. 15). Urine still clear.

=g Relapse, August gth.~After midnight on the 3rd had a rigor and vomiting. Tem-

Y Ll "' perature rose to 104'2. At 4 A.M. passed 6} ozs. black urine. Temperature

e 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

3

‘-{F g+ urine,

:'1 . August 5th.—At 6 AM. urine cleared slightly and at 1o A.M. was sherry coloured.
It contained no blood pigment or albumen. Elood showed no parasites.
Patient rapidly became convalescent, and left for England on the 7th.

Case XXX —Tezpur, Assam. Attacked Black-water Fever, May and June 1go1.
E. P., Tea-planter, aged 42, European.

2 Length of residence fn Assam.—Uncertain, but had passed considerable time in
Cachar. Had also been in China. About four years in district where attack

4

occurred.
] 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
: ol May began to get attacks of malaria, simulating acute gastritis. Vomiting
and retching occurred every second day. Fever so slight as to be overlooked by
patient. A'l_f_mﬂl: middle of May went to another garden on a visit. While there
attacked with severe fever. Took much phenacetin and some quinine.

" Attack.—(1) Passed black and deep red urine for two days, and became somewhat
i i jwnﬂimﬂ- When a little better went for a trip, but while on the river had at
turn of fever. Took grs. 20 of phenacetin, and suffered {rom collapse. Fever

" continued. Blood examination showed small ring malarial parasites.
Attack—(2) Urine bloudy in colour. Patient would not take quinine on account of
nausea and vomiling. Euchinin obtained and administered in grs. 10 doses

S f,ﬁ“ﬂ“' before noon each day, at which time temperature used torise). Urine
cleared siter two days, butfever continued longer, although parasites were not
L ﬁ?ﬂ_ggnﬁmmplwﬂtﬂ with dysentery. Patient recovered and

= - e
o T T t to England
. i - L]
" » 3
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Case XXXI—Tezpur, Assam.  Attack E-Incl:v:.:ater Fever, October 1g905.
A. B. T., Tea-planter, aged 35, European,
Length of yesidence in Assam.—About 13 years.
Length of residence in Tezspur.—About 7 years,

A History—Had suffered occasionally from severe malaria, once nearly dying from an
attack which may have been Black-water Fever. Went 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 1dds. Had
rather a severe attack of fever towards the end of September, but did not remain

) \ -from 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 6thtook a purgative, and for the fever several

doses of phenacetin followed by quinine. That nizht had a rigor with vomiting

and passed dark urine. Gotup next day, but vomiting (bilious) aad fever

continued. Took more phenacetin and quinine. When seen was found to be

jaundiced, with a high tenfperature, 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 boiling 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/J—Tezpur, Assam, Attacked, December 1905,

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 1go4 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, 20 to 30 grs. one day because of fever, and then 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 2 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

S as before, but was shortly afterwards stopped, owing to its being “forgotten.”

2 ST g Attack.—Day belore a‘lt;m:k _liaﬂ areturn of fever, and took a dose of quinine and
= it :_.‘_ went to work, and next day felt rather better. In the morning, however,
- took=zo grs. of quinine and went to work, but complained of feeling ill, and

o - ;:‘.»p'.‘i—‘ - passed highly coloured urine. In the evening was still at office work but felt

]
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cold, and when seen was luﬂking sallow and haggard. Advised Lo 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 splesn 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
s - 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 faicly rapid, but was marked by a great tendency to suffer from indigestion. L i3

Nine months after had slight zttack of jaundice, but no hemoglobinuria.

Case XXXIV.— 5 :

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,

History.—Has had a good deal of fever. Nine months ago was away in his country
for five months. Since his return has often had slight fever and twice severe
attacks.

Fuly 8—Was feeling all right.

Fuly 9.—Had fever in the evening, but took no quinine.

. 3‘#& 10.—Had fever, but no treatment.

e Fuly 11.—Had fever, but no treatment,

' ,-Sfu.fg s2,—Had still gut fever and becoming frightened, took 3 doses of grs. 5 each
qmmn:. At 7-30 noticed dark urine and temperature rose from 103 to 1046
in the mght.

?u{af 13 —When seen urine was commencing to clear, There was marked bilious
vomiting, vomit being of a dark green colour. Jaundice was marked, and the
sPle-e,u was enln:gad a hand’s breadth below ribs. There was not much

¥ hndmmsuf the epigastrium. The serum was intensely vellow coloured and K
on dﬁmnahﬂn mr.ly 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, nomp]ete
examination has not yet been possible. Blood corpuscles gave an isotonic
= ﬁﬂiﬂfx 425 per cent. salt solution, and gave an isolysin reaction, hemolysing

_ --‘_ --wifh ﬁhm;-:'.ﬂ_.-lpgum. "‘Ifhu,memm did not hemolyse class A corpuscles,

e,
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RECORD OF CASES OF BLACK-WATER FEVER IN THE DUARS.

Dam Dim District ®

Mame of garden. Mame,” 15t attack. znd attack.
Barons 1 | Mr. C.—Assistant. | May 1889 Sept, 1580
Age 28,
z | Mr. B.—Assistant. [ Oct, 1801 . Mar. 1fgz
Age 25
- i
- |
3 Mr.l’l.—ﬁﬂisltnl.l Aug. 18g0.
Ape 25. |
|
4 | Mr. D.— Assistant, | Oct. 850 Feb.
Age 268, [
5 | Mr. G.— Assistant. May 1gor . iy
Age 25.
6| Ms. C— . o | May 1835 . Sept. 1Bgf
% | Mr. T.—Assistant. | June 1goy .
Age 23.
,ﬂ MEE. -| Feb 1goy . e

_ -_ ﬁb‘l IM ) ELL]

Particulars of attack,

. | Came out November €287,  Both

attacks milkl.  Went  home
shartly after second attack, Re-
COVETY.

Was ouubout 3 years. Twelve
months at Baitagool, then went
to Barons.

Second attack had 3 days' hemo-

lobinuria, then 2 days' high
ever without hamoglobinuria
or anmemia and this was followed
by death.

Qut 5 or 4 yearsin Sylhet, then

came to Barcms. Death.

1go1 | Ot ahuuts‘gears. One year at
i

Narkati. o years Runga-
muttee, then Barons, First attack
went home for 6 months,  After
coming back had second attaclk,
then went Sylhet.

WWas out about 3 years. HKumlai

18 months, then to Barons. Re-
mained at Barons some years,
but did not have any further at-
tack., Severc attack. Recovery.

Out 2 years. States had [ever

every weck for the whole period.
Second  attack at plamptncar
Darjeeling: Recovery,

Out 8 months, all at Barons.

After ﬁrsth::E 'lruks in the
country su rom repeated
and severe fever. Went lgzrw
Assam and had second attack
there.  Was sent home. Severe
attack.

Twa years at Barons from coun-

try.  Recovery.

About 1 year resident. Came

from his country with wife and
daughter.  Lived at North
Grant. Mild attack. Recovery,

Lived at Nocth Grant, Death.

emation maialy contributed by Dr. Brown of the Dam Dim District.

e
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Dam Dim Districi—contd,

Name,

L ¥ v .' - k e i
I e G TV

12

13

14

15

17

18

Mr. W.— As.istant.

Mr. 5.—Assistant.

Particulars of attack.

ter. Age 8.

J'La 26.

Mr. F.—Assistant.
Age 26.

Mr. T.— Age 35 -
Babu. Age 28.

Mr. C.—Assistant.
Age 26

Age 28,

Babu 5- G’-'I d“ﬂh'

Babu M.D.G. .

,f"'

T —

-0 - |
R At
4.-_-_ T e 5':‘-'.' mime i

—

.| Lived at North Grant. Death,

Eight or g years in Duars. Want
to visit country, had Black-water
Fever alter coming to Barons.

Out 2 years,'all at Sissibari. Two
daye” continuous  hmmoglobins
uria with polyuria. Death,

+| Had besn out in the Chelsa Dis.
trict some years. Went home
and came out Lo Sissibari.  Ap-
tacked 13 months after. Left
district 6 months after, Second
attack., First attack severe.
Second attack mild, lasting few
hours.  Becovery.

Called " Yellow Fever,”

Eight years in Duars, Short time
only at Sissibari. Hamoglo-
binuria lasted 2 days, clearing
on the srd.

Out 2 years, all at Baintbari,
Attack was severe, lasting about
a days. Recovery.

Two vears in Duars, Born and
lived previously in Darjeeling.
Had a relapse’in both aitacks
without administration of qui-
nine. Patient being in charge of
a nurse. First attack |asted :1
days: there was an interval o
1 day, then baemoglebinuria for
2 dayr, but not so severe as at
first.  Second attack lasted
about the same time. After
second attack had fever for
about 4 days. At this time had
2} grs. quinine every three
hours subcatanecusly, “but no
Black-water Fever ensued.

Out 17 years, Barons 9 months.
Rungamuttes 5:;::- Neora
Muddy 1 year. of the
time at B h’fg W:nt.'_hﬂ
about 2 years before attack
- 8 months, Attack lasted zj
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Dam Dim Districi—eontd,

Hame of garden, Name, 18t atlack, and attack.
Bullabari Servant . Unknown .| Aug. 1907
,3 Mhl. G'- " . Jl.ll!i'.ilﬁ'ﬂﬁ * Ra
24 | Mr. S.—Assistant, | Jan. 1807 @,
4 S J o7
Ram:ﬁurra. a5 | MeK.—Child. Age | Aug. 1905 .
3 ¥ears.
-
26 ﬂ}t:ECMman—Cnle Sf{ Ioob Oct. 1007
[Rungamuttee 27 | Chinaman | .| Dec. 1005 .
53‘ *‘:I’iil‘lﬂ!‘ﬂkn B UHEHFH ~ e
=g | Chinaman . . | Unknown . o
30 Eagu'n son, " Age | Apl 18gq .
I_ F
Barher . July 1907 .
33 H‘{.K";\h—ﬁmuam. Dec. 1904 . |Octirgos
i & a2 L
“e "
L E ” &

Particulars of attack.

First attack mild. Seccond attack
seen by us after death.

o

6 months in Duars. Suffered
greatly from fever, but quinine
not taken on account of pres-

nancy,

| 2 years in Doars; all the tims at
ullabari. Death,

|Atmck lasted abouot 1% howrs.
Hzemoglobinuria slight. Born

AL home; came out age of 3
months.  Llild. Recovery.

Attack [asted about 2 days. Re-
COVELY.

| Attack lasted about 2 days. Re-

COVErY.

Anack lasted about 2 days. Re-
COVErY.

Had been in the disirict aboue 2
years. Attack lasted 1§ days.

In the disteict 12 or 15 years
Constant change of garden
Suffers now from  tingling in
hands and feet with attacks of
numbness.

Out 2} years; all the time at
M las. First attack lasted
only & hours. Second attack
severe, lasting 3 davs.  Re-
covered [rom hzmeglobinuria,
but death took after subse.

uent fever which oceurred 2
ys alter attack and lasted 4

days. Interval of 3 days normal

temperature, Death,

8 years; out all the time at Meen-
.ﬂa:: in same hungm; Went

& 2 ycars previ . Sup-
pression.  Death. e




ﬁﬂlﬂ By
e
rad Dam Dim Districi—contd.
4 0 b c
| |
Name, ' 13t attack. =nd attack, Particulars of attack.
Mussalman bearer | Aug. 1907 . o Attack over in less than 24 howrs.
—Case VI
30 | Babu—Case V. . Aug.1907 . o 20 years in the Juars.
Mr. H.— . Apl 1 . Had been out 1 year, then went
= a{ge ﬁ.Man:gm- Pkt home for a few months and had
. an attack 8 months after retury.
Attack lasted 2 days. Death
» from suppression. Severe case.
. Death,
38 | Malpaharia Sardar Apl. 1899 . [ 15 years en garden.
—Case X1L |
Hahispathia 39 [Dr.Baby . . Unknown .| Unknown .|8 years in the district. Had 3
[ previous attacks.  Fourth in
a Hovember 1gos.
40 |Babu’., . , Jan.1g08 . - 5 vears in Duars. At Upper
i | %, af}sen‘gmnrie, then 1o munthipat
{ W Hahiapathia. '
Tnmn arri 41 | Mr. M.—Manager.! Dec. 1887 . el Out 3 or § years, about 2 years at
i Ape 27, Tosnbarri. Attack lasted about
=] 5days. Severe. Recovery.
42 | ‘Babu's daughter. | June 1907 . =
L &geg.‘ &
3 | Mr. McB.—Assie- | May 1888 Oct.188g .|Came cut in 1887. Barons
lanl. Age a3 Rungamuttee, Gmonths; 2 or 3
! weeks only at Baithagool.
N Attack lasted z days.
44 (M. W.—Assis- | July 1005 .| Nov.1gos .| Out 18 months ; all the time at
© | tant. Agezs, : 5 = Sungachi. Second attack last-
"0 ; ing 8 hours, occurred duri
recovery from typhoid. Tem-
perature rose to 1o and
polyuria followed. Recovery.
Out 2 years; all at cote.
- ﬁuunlauuknmumdﬂﬂlpni-'
o] guri. Lasted 2 days.
Attack lasted 1} days.
Chalouni 5 years; went to his -
mﬁ.mm months and

n returning went to Bagracote,
i;::;mik 2-or 3 months after com-

i o
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Dam Dim .D:'.eb’dv- contd.

Name of gardes.

Mame,

I

15t attack. and attack.

Particulars of attack.

#Nm Nuddy 40

50

51

Age 38,

Head Babu

Lachman Magpuri
(tea man].qp

M“l. B!"" = ®

Mr. P.—Manager

Mr. L—Apge 32 .

Mr. S~—:Manager,

: r.;__ml:inh. Dec 1903
g

Sept. 1897 .

Oct. 1005

Jan. 1007 .

1

Nov, 1gog . i

July 1007 . R

June 1900 .

Nov. 1904 and
._z_’...ug. 1905.

'.-. ]

Oct 190 .'-I,]u!ylgvaﬂ

Frenchman. In the district 8
months ; eame from Pondicherry.
Attack lasted 18 hours. Re-
COVETY.

=

Out 10 years. Left Sungachi,
December 1004 ; went for 6
months o recroitine district,
(Santal Parganas). Took charpe
at Neora MNuddy April 1gos.
Both attacks lasted 13 hours.
Mild, Recovery.

Qut 10 years. Went to Neorn
December 1901, Went home
and come ent end of 1gos;
stayed at Neora and had fever,
1993 ; went to Sungachi for 12
months and had wvery healthy
year. Beginning of 1906 went
again te Neora and had repeat-
ed fever coming at shorter and
shorter intervals till Black-water
Fever supervened.  Attack

lasted 6 hours. Mild. Recowvery.

Out 18 months or 2 years. Went
afterwards to Hahispathia, Re-
COVETY-

Stated to have had 2 or g mild

- -atlacks,

Out 1 vear 9 months ; all the time
at Glencoe. Attack lasted 2
days, [t actually ocourred at
Jalpaiguri. Severe. Death.

Death.

+

Severe.

5years oot when frst attacked ;
all the time at Manabari. First
attack severe.  Third  attack
Mild. Recovery.

e

Had lived in Darjeeling Terai
some time.  Went home ; came
to Duars and was attacked
t year after arrival. Attack
3 days. Ghora Boutan |
oaly head-quarters ; spent much
tém: tﬁ;’!ﬂﬁﬂ: in Duars. Severe,

i

3
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Dam Bfnﬁr‘:ﬁﬁrﬂ'ﬂ—mnﬂd.

Name. J 156 atiack, and attack. Particulars of attack.

:B:hl:q + .'Feh. 1904 e Attack lasted 3 davs. Severe

Death.

Mr. S —Manager. | Feb.1ge8 . Was at Paskowa since 3
#g{ﬂ 10, Caze Went home 1905 and came 9:3;
A Xl i . in December 1905 and went to

Ellenbarei December 1go7. At-
| tack lasted 2 days with relapse

i | g following 5 days after first aitack

I ended. Severe. Recovery.

Baintguri 6t  Mohamedan bearer Dec. 1907 12 years in Doars. Came to
; Ca Baiutguri 5 menths age and was

i
; { A 82, 20 .
1 | Kﬁh living st Chota bungalow until
E 6 weeks before attack.  Attack
lasted about 12 howrs. Alild,
|

i ~ Recovery.

| Phoolbari 62 J Mr.D.— . . October 1893 .?Q“‘. About 2 vears in the Duars,

;

:' ﬁsi MI‘- F+'-' & 5 . s ann IJ

{ Gheish River 64 ,[ X egro (hall-caste]. | & s Working on railway 4 or 5 years
A | Age s, | in district.

| | |

o il |

| Latiguri 05  Daughter of above, ass s Came out to father abouot 2 years

' | Apec 8. | I belore attack.

Chefsa District ®

 Name. 15k aktnck. and attack. Particulars of attack.

July 18 . i 2 years in the country; all at
s agasuri Chota I:'mg]w.ﬂad
frequent almost daily atiacks of
i fever. Recognised by his com-
panions as unuseally liable to
| . attacks. Onset of labi-
. - nuria sudden, red urine being
= the first symptom. Duration 80
.| hours, Severe. Recovery,

low. Hmmoglobinuria not |
nse. Slight. Recovery.

s 6 months in the Duars. Bara

£
iy




Chelsa ﬂ:’.:!r:’ff—lc-:-ntd.

Name,

st attack.

2nd attack.

Partseulars of attack.

e R e S e B

-

| Chalouni 73

e T ST,

Engo

et

?ﬂ

it

72

Bhutia woman
Dr. Babu's wilc
Fabu

Babu, Age 23

Dhobie .
Dhobie

®

77 | Mr. T.— Assistant.

Age 24,

. Mr. D= Assistant

iy

R

Babu=—Case XXV

Evrasian. Age 30

« | Dec, 1poz

Sept. 100h

Oet, 1607

o
May 1068

. Stp# 1603

cL 1900

Oct. 1go7
Sept. 1893

June 1808

et . | it

-

. June 1000
|
|
|

sl Tgoa .

1903 and Jan.
g0y, tl

|
. | Five years at Engo. Hamogle-

. Three years in the country. At

4Smp:. et o

Living inlines at Chota bungalow
euffering from fever for a week
before atiack. Sevepe. Dreath.

Passing backwards and forwards
to country.  Hameglobinorin
| SGhours.  Recovery.

FFiJ’tm:rl monthg from Cooch Behar
Hemoglobinuria transisnt,
Slight.  Recovery.

| Four vears in country.  Last vear
{ in Nagasuri, Hamoglobinuria
lasted 3 days.

On the garden for 3 or 4 yeare.
Attack of ordinary fever 5 days
before.  Hamoglobinuria  ceas-
ed secend day.

Hamoglobinuria lasted 3 days.

| Hzme globinuria about 2 4 hours,

binuria lasted about 24 hours.
Recovery. Second awtack ar
Tiszati.  Death.

Sam Sing there about end of
| 1298 to Chelza Chetz bungalow
frecovery). Second attack op
way hume.  Death,

Fouror 5 years in Doars. Pre-
viowsly at Bagracots, (Vide
Mo, 45

Second vear in Indin s all the time

at  Sathkava. ‘Used 10 pet
attacks of "{aili:ua fever." Living
at Bura bungalow,

| Two or 3 years in  the
Hazmoglobinuria
number of times,

country,
remitted a2
Recovery,

Six or 3 years in the country,
Himoglobinuria lasted less than
24 hours,

Slight and transient hemeglobi-
nUrLa,

In second year, Cheta bungalow,
M ‘get occasiona ,ul"ili i
nnuria lasted 2
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Chelsa gﬁi‘rl‘d—mndﬂ.

15t attack, 2nd attack,

Particulars. of attaclk.

20, | Dec. 1907 .

Babu. Ace
Case XVIIL

'B!.bl:h \ 0
Case XVI1IL

28,

Nine years in the country. Two
wr 3 months at Baradighi, From
home 15 momths before,  Hod
moglobinuria lasted about 12
hours,

Eight vears in the eountry ; last
returned from leave, December
wof.  Hmmoglobinuoria lasted
about 12 hours with slight re-
lapte. Had been 6 weeks only
at Baradighi,

Nagrakata District.

2pd altback,

B

Mame. st nu.-n:l:;

Particalars of attacks,

AN

Mov. 1geb . "31

" Mr. C.—Assistant.
lll:.l'r' 1 Ag" =3'

| July 1907 .

| ]

Resident ir Duars 2% years, 3
menths at place of attark. Had
malaria and “lives" from time
to time, and states that he had a
mild attack of Black-water Fever
14 months previously, PRefore
this last attack had had two
attrcks of fever, subscquent to
which he had mnot taken any
quining, until November 10, when
he took grs. 1o, On the morning
of the t2th he passed black urine.
He was found 1o be jaundiced,
with spleen and liver enlarged
and tender, and pain over the
loins. At one time temperature
rose to 108, but [ever ceased on
sth day. A remarkable featuro
of this casa was the sccurrence
of deuble amblyopia. from which
patient subsequently recovered,

e
[
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Nagrakata Districi—contd,

| Name of gardens

Magrakata 38

Name. 15t attack. 2ed m{t\i‘k
Eurepean  child. | Oct. 1007 . -
Age 5.
Uriah mall. Age | July 1907 -

35

93 Mn.C.

> | Mr. W.—Assistant] Aug. 1903 . o

-

- | Ang. rgor .
« | Aug. 1901 . -
. 1004 ans

July 1806 .

Particulars of attack,

Had passed all her life® in the
Duars.  Had three days’ fever
and passed black wrine after
quinine onthe gih das® A very
transient attack with a slight
telapse on the ard and 6th day
afterwards. Blood examined on
the 14th day {after attack)
showed  quartan parasites.
Spleen was  considerably ecns
larged and restlessness was a
marked feature. HKecovered.

Had been 3 wears in Duacs:
t}h years at Ghatiaand 1} years
at  Chengmarie.  Oeccasional
aitacks of fever and splecn 3
fingers’ breadth below ribs.  On
July 6th got fever, but had no
treatment as he lived alone
Passed very dark wrine on the
27th. Or the 28th had grs. 5
calomel but no quinine,  Became
comatose on the 3oth. Liver
enlarged, spleen wvery tender.
Suppression took place and
death  ensued.  Post-wmorfem
showed evidence of recent mala-
ria in the organs; more fully
described among onr own cases.

Had only beenout in the country

about § months when Black-
water fever occurred and  he
died.

Had previously had what may
have been a slight attack of
Black-water Fever. Dreath.
Wasin Assam in 1goo.

Length of residence in Duars not
known. Dieath.

Particulars not yet to hand.

Had previoosly had an  attack
while at Kolabari. Had been at
Nagrakata since the end of
1892, but had changed bunga-
lows and had lived at the Bara
bungalow for 18 months. States
that he kept good health and
w_n: wryr t. In March t}gus
was away lor a sea trip. Used
to get attacks of Ee_adm_:.hh
mﬂtm'mlﬂﬂﬂj"ﬂ lastin

hall a day, Black-water FmE-
came on alter a sharp atiack of

fever which began 2 days beiore

e,
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Nagrakata District—concld.

-‘, '-'_- i [‘,ﬁ-;ﬁ&_ﬂm MName. l 'n1_r:.t attack. and attack. ! Particulars of attack.
2 LR g g =

]

» | the Black-wawer Fever. Had

' | mot taken quinine regularly,
only occasionally when fever

occurred. Recovery,

; A 0 : ] 2 . Had previous attack of Black-
|Nagrakatm 95 [ Mr. O Dec, 1go 190 wa«tcf P B0 Wenk
. home on leave in 1808 returning

at the end of tne year.  Used to

. get o paod deal of fever and

“liver.”™ Had three attacks of
Black-water Fever in six years,
but since quinine grs. 5§ has been
taken daily ; hashad ne further
attack during past six years.

5 i ] ! % Had been 3 vears 7 menths in the

ICarron gh | Mr. M.—Assistant | Oct. »3m i :Iias-tribut::::l AmE s she
! 2} vears at Chalouni, where he

& got a lot of fever, and 16 months
at Carron. Didn't get much
-T‘ high fever here, but a lot of
| biliousness and vomiting and

i yeacly erops of beils, Never
1eak quinine regularly and for
b fever nut more than 1o—15 grs.
5 in 23 hours. Black-water Fever !
rAN | followed a ten day bout of lew
. fever with hiliouspess, and lasted
5 days The doctor ocame on
the 3rd dav,and after bringing
temperature down o Ioo with
grs. 15 antipytin gave a dose of

3 . grs. 3o quinine, [cllowed, by 20 .
T - i rs doses cvery 4 hours.  [Next a
_ , av  reduced doseto grs. 10, :
k. . Made an uneventful recovery.
- F o
s
s o Dina-Torsa District.
.|;I!_‘_..- " | ﬁmqgm I Name. 15t attack. =nd atlack, Particulars of attack,

Had been out in Duars only two
years, Auack lasted 3 days.

Had more than one attack ; no
particulars yet received.

Particulars not yet to hand.
Three attacks; all mild; dates
not yet furnished. ‘
- | Had two artacks on this garden 5]
_ |, and one at Bandipani. |
it 2 oo gt o 4
LD -
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Dino-T orsa .Dr‘rln':f—l:mtii !

Name of garden.

Name.

1=t attnck.

|

2mad attack.

Particulars of attack,

Telepara 103

W 1“
- i
1060

p_iu'l Dima 107

: - ' 108

E-'lh“ SF—TE-I
House Babn,

Babu D—Clerk
Chimmﬂn " " (T

P!-'I'- P-_A-ﬁ’imnt ! e

h’ rl h"i .

Mr. 5. « ol ]zn18p8

Me. M.—Assistant | Sept. 1901

|Birpara 110 |[Me.G. . .| Oct 1807

i 111 [ Mo, M. Assstant | es 1907

L

| A very mild case, the boy not

Mo particulars received,
(L
Mo particulars vet to hand.

No particulars received.

Had two or more atincks. Had
only been out about 2 years
Drzath.

Died from Black-water Fever
after faur dayvs' illness,

Had been 6 vears in India, 4
vears in Cachar and 2 in the
| Duvars. Had alot of fever after
| coming to Duars, and for near-
Iy 3 weeks before Black-water
Fever had been having nearly
continuous low fever. Did mnot
take quinine sepularly. Urine
dark for 2 days and jaundice
resent. Went for a trip to

vlon and had a slight relapse
in the Heoghly. Second attack
on board ship going home. Pre-
viously much low fever. Urine
dark for 4 days, and jaundice
marked. Scvere kidney  pain
felt and attack followed by 20 1o
30 boils on the face. Recovery.

Mo further particulars,

Had been home for 6 months.
He did not take gquinine,
Death.

Had previoosly been at Dim
Dima for six months, Attack
came on very soddenly. Re-
covery.

Had in Duars nearly 4
iaea.r:_ o md{nl.u take quinine
requently an  § lar
manner. Died of hﬂrtrfiaoﬁ“um,

Had been 10—12 years in Duars,
but on and off for 2-3

in H ara. Had nmi}?;ﬂ

attacks of fever. Took quinine

for fever only, Recovery.

g e licup. Recovery.

il

i ————e

-
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Dino-Tarsa Districi—concld,

-E- -

158 atack,

and attack.

Particulars of attack,

116

117

118

119

‘Mr. T.—Assistant

Oct. 1897

Oet. ILEQS

-

Hi‘. Fl * s

Mr. M.—Assistant May 1903

June 1900

-

October 1808,

Had a

latér on another garden,

Had had two
| Telepara.

illness,

try a number of years.

First attack wvery mild, Second
attack algo very mild, followed
by a wery severs attack with
many relapses in
particulars of whic

amung
COVETY.

This

Death.

Had previously been three years
in Sylhet, and while there had
a pood deal of fever and one
illness which may have been
Black-water
Huldibari 2 vears and got a lot
of fever,
months at Kolabari and got a
lot of fever.

ing.

Came out from England, January

18g5, and was only out 18 months
when he

Fever.

Fully
cases,

Black-water Fever,
shortly afterwards from sewverp
hamorrhage from the stomach.

Mo particulars yet to hand.

patient
suffered from Black-water Fever
at Engo in Chalsa District.

third attack some time

revious attacks at
ied after five days'
Had been in the coun-

gum, fuller
are given
casts, Re-

Our own

had previsusly

Fever, Was at
Had been only 3

Went to Darjecl-

died of Black-water

orted among our  own
atient recovered from
but died

2nd atiack.

g

¥ -
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y -I 3 Torsa .D:'s.fﬂl-*mld.

Name of garden. Kame, 15t attack, znd

Particulars of attack,

[Hasimara 123 . [Mr. T.—Planter. | Aug. 1808 . |

ad been 5 to 1o vears in India
Age 0.

and about 4 years in place of
I attack., He had been home on
leave from February to May
previous ta the BlaglgWater
Fever. Me was supposed to
be strong  and healthy, and pot
to suffer much from fever, but
he took quinine eccasionally
and in wery large, doses.
Death.

] r. G.—Assistant . Toog ™, T Had been 4 yearsin Cevlon and
N ey =L 190 3 in Calcutta, and eame to the
Duvars  in  Febroar 1gosE,
Symptoms pronounced. Jaun-
dice. dark port-colovred, urine
becoming nearly solid on boiling |
Bilious  vomiting frequent,
j Before attack he appeared to ba

in good health and not to suffer
from fever, but he was very
careless. He frequently took
guinine.” Recovery.

LN

Nates of the a.'um'l three cases contribudd by Dr. H. | A. Knyvett-H|ofi, Rungamuttee, Contral Diiars.
;I -, Hasimara 123 riﬂr. D.—Planter ] Octr. 1903  Very mild attacik while travellirg in the districL.
o | ¥

Fainis District.

MName of gurden. Name, 18t mtback, and attack. Particulars of attacl,

| Rydak 126 .| Mr.F.—

June 1896 .| July 187 .| Came to India 1904 when ﬁed
2t, and went to Sylhet. Had
constant  altacks  of  fever,
arly in 1tg5 went to Doars
and had  much malaria
g Fever continued to be frequent
- in 1896 and Black-water Fever
cccurred. During 1897 had
constant  attacks of  fever
until Black-water Fever again
’ . cccurred,  Then  left  the
district.  Later atticks of
Black.-water Fever see Dam
Diim list.

ands 127 . | Mr, M—Assistant | Sept. 1902 . | Sept. 1903 . | Patient was then nearly two
et ] P : mrs in the country.” Had

! getting fever and  agpe
some time before attack, Had
’ : taken large doses of quinine at
" intervals of two or three days.

g L Second attack more eevere,
Had not had “fever ™ umil

three days before attack, Had
taken no quinice since last
attack which had been supposed :

2F2
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FaintiA u‘fﬂ‘n:&-cunl:d.
=
Niame, . 158 attack, and attack. Particulars of attack.

to  be quinine HonINg.
Blaacl:-wntcf: laimd4£n=. Tﬁ:
situation of the bungal wias
s draipage  difficult and
coolie lines near. Recovered.
128 . | Mrs. S.—Age 35| Feb. oy . Had an atiack of Black-water
| Fever on the way home after
= . leaving Rydak. "Had been in
a dn . the Duars nearly 3 vears. Had
spleen and  slightly enlar,
liver énd was anzmic, but had
not complained much of fever

\d before the attack of Black-
water Fever. Case also given
by Elwyn Jones.

-
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LA, RECORD OF CASES OF ﬁ.&ﬂ TER FEVER IN ASSAM.
il
Name of garden. Mame, 1t attack. 2nd al n, Particwlars of attack,
N B
Tezpur District 1) Dr. Mo— . « | Aug. (V) 1807, I Had been in Assam less than a
' year. Lived ona very malarious
rden and had sufigred much
rom fever. Severe case with
supprezsion of urine. Death,
2 | Me. O.—Assistant | 1897 (1) : s Had been in Assam about two
! y yearsor less, Very severc case.
Dreath.
] -
i 3 | Mr. P—Manager. | May 1gor .| June 1501, | Many vears in Cachar, Assam,

Age 42, | alse in China, Sulfered much
from malaria in garden upon
which his Black.water Fever
& occurred. Had been  resident
I there nearly 4 years. Severe
attack with one or more relapses.
Recovery.

4 | Babu Garden |

¢ e Had been some 12 years in Assam
doctor. Aged 33.

and the Duars. Had been just
under 2 years on the garden
where altack took place. Lived
within 20 yards of large coolie
line with an endemic index of g8
per cent. During  his attack
enormous acale enlargement of
both lives and spleen occurred,
which subsided 3 days after the
hameglobinuria ceased. Reco-
VEry,

Bab u Ga rden clerk L) 1 o Wis living on a garden that was
= 5 . b - intensel gmnlari%ua, and :a.d
lr.!“t-rtd}l much irom fever. Very
severe attack. Death,

6 [ Mr. T.—Manager | Oct. 1 . Had returned from lesve to

; e England just abovt two sears.
Had suflered considersbly from
malaria, especially for some time
rior to attack. Severe case.
CEOVETY.

7 |Chinaman . .| Nov. 1905 . Resident on same garden as last
S el case. Had besn there under 2
years. Very severe case with
suppression. Death

- 8 | Mr. H.— Age25.] Dec. 1 . it Had been out about 7 years, but
=, ; s had changed gardi:s three

L ' times in this pericd. Had suffer-
ed frequently from attacks of
malignant tertian malaria, and
had an enla spleen at the
| time of attac
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Hie? ¥ ‘lah,mck. snd abtack,

Particulars of attack.

Madrasee cmilfi .| Dee.1get . i
I#,.
10 | Babu Garden clerk| Dec. 1906 - b
+ > =
t1 | German Mission- Feb. 1go7 . i

m-

Age 32.

| R

3 13 | Mr, T.—Manager, Deev1gof . e "'1.

Drake, Hatibari. T. E., Tezpur, Assam.

Had been resident for less than
a year on a vory malarious
garden. Got a lot of fever, hut
would not take any quinine.
Had taken no quinine st all
previous to attack of Black-
water Fever. Severe case
Becovery.

No particulars known as to length
of residence, ele. Severa casc
with suppression. Death,

Had been Tess than a year resi-

dent in a native village. “Was

very cachectic and weak when

found with Black-water Few Er.

It is very doubtful if any qui-

aiine had been taken in this case
nrhlu attack. Severs attack.
th.

Had been same five years in the
Duars, ard then had gone to
Assam. Was in England on
leave during i1gos.  After his
return had 2 lot of malaria
for more than a year. Dhd not
take quininc ularly, only
when l;[v:r mﬁ'ﬂd and then
enly in small quantities. When
Black-water Fever eccurred had
only been 7 days in Tezpur.
Previous two years spent in |
Upper Assam, at Margharita.

ﬂmluus 1o Black-water
Fﬂtr d fever and took a 5-gr.
tableid of quinine. Altack
which was of the greatest severi-
ty was remarkable for being
nearly  afebrile, temperature
only “rising 1o fog first da d
then going to normal until

Had been in Assam less than 2 i
. Had had a good deal of

ever in spite of very irregular
ulnme pﬂlphjlﬂh. The case,
h qhhy:h are given on

. is important on
ack-water Fever
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Mr. M.—FPlanter .

M T F."—'ﬁﬂiﬁtﬂ“l

Ml-'. N!--Alﬁ stant

Cases MNes, 16, 17

American  child.
“Ageia,

in

Mr. D.—Planter .

1870 rains

139? [

}

Oct. 1004
Aug. 1907 .
and 18 from
Feb. 1887 .

notes sent by

{ Had besn cnt many

|
|
}
l

Only 15 months in Aszam.

Ten

Name, Particulars of attack.
: - e | About t year in Nowgong. Had
h:‘gu SﬁaTPhntcr. Mar, 1880 bt & v £ 1n Newi “_Em ad

from Behar, returning to India
1375, Had a great deal of fever
and took quinme in ‘Yery large
doses. Had taken a big dose at
dinner, night of atack. Did
not get jaundiced. Recovered,

years in
Upper Assam, and had not
long  returned from  leave to
England. Had an atack of
high fever, faundice, restlessness,
black-coloured vomiting, ctc.
Death.

Had
a los of fever, and lived near
coglie lines. Was never really
fit. When Black-water Fever
occurred was treated with heroic
doses of quinine—120 prs. in 12
hours. Very zevere case, but
recovered and went home with
enlarged spleen and liver.

years in Assam, but had been
to England on leave in  1g0z,
returning at the end of 1goz.
Had been * geedy ™ on and off,
especially for the 6 weeks before
the Black-water Fever. Took
quinine grains 15 at noon and
had Black-water Fever at 4 Py,
Lived near coolie lines. Reco.
vered

Had been out in Assam 6 years

and had kept apparently pretty
fit. Lived near coolie lines,
Had some few davs malaise and
then took 35 grains of quinine in
less than 24 hours, together
with calomel 16 grs. and 1 oz
magnesivm sulph,  Very severe
case. Black-water Fever |asp.
img mearly 4 days.  Recovered,

Dr. Dodds Price of Nowgong.

Went to Ameriea when 6 years,

Returned to Assam when past
Had travelled about in the hilﬁ;
with his father. Was found to
be ill. and had some guinine
given tohim. This was follow-
ed by Black-water Fever, which
eccurred on 3 of 4 cccasions.
Recovered,




“Name.

Particulars of attack.

?.
American ¢ ..
Age 4. L

| Came s Assam
when 4 months
old, Had no less
than & attacks of
Black-water
 Fever,

R eciian dohild:

ge 0.

Doctor.
.34.

Age

Notes

Mr. G.—Planter.

Babu B. C.. Native' Nov. 1907

Apl - May
1307,

June 1g0o— .
July 1900, |°

Auvg. or Sept.
1060,

contributed by
Mar gy .

Dr. Falkiner,

ot ot by D1 e i v

-

: Child had beena lew weeks in

Darjecling, and had two mild
attacks of Black-water .Fever.
Subsequently he had  several
other attacks after DMay 18gg.
They appeared nlter small dases
of qunine. Temperature some-
times wenk 1o 107,

! In June 1goo he had enchinin in

1 gr. doses without ill effrce,
but later he had fever every
second day (tertan), and alter a
dose of 4 gra. of euchinin severe
Black-water Fever occurred and
after 40 hours resulted in death,

Had also been in Darjesling with
the boy, and had shown similar
symptoms of Black-water 'Fever
after taking quinine. She had
gone to America when 2§ years
old, returning to Assam when 5
years.  Recoverad,

A native of Dacca, nearly 1a
years on gparden where Black-
water Fever occurred. Had
severs malaria in 1601 for some
6 months, Went on short leave
to country in Igas. Had been
taking quinine 1o grs. once a
fortnight for some time before
attack.

Aszam.

Had becn many years in Assam,
and had becn to Hurma. Went
to England on leave in 1904 or
1905. Returped to Assam and
went to Burma again duing much
travelling and camping. Much
run down before attack, and
looked sallow andill. Took grs.
1o of quinine., Black-water
Fever followed and lasted 3

Great igastric Eain. o
spleen or liver felt. Recovered.

.
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?MM garden, Name,
North Lakhim- | Mr.~Planter . inog, -
pur District,
s=am :E
26 | Mr.—Planter o mgoeb . .
Cachar 27 | Mr.—Railwayman 1905 . .|
|
-1 Babu; —Post| 1goo. .!
master. 1
Sylhet 20 | Mr. J—Assistant. | 1a0; .' . i
Ape 2s, . |
3o \Mrr T aﬂth oy . waa
3t | Mr. ﬂ.—hllmgef June 1go8 |
Bmmgm Miss—Nurse .| 1903 or 1904 b
a2

e

: [| No particulars received.
Mo partieulars  yel

| Partientars of attack,

Dyeath.

received,
| Death,

An engin2 driver who had been
| atone time on the Hald Coast,
Dreath.

I This fcllowed quinine. Recovery,

| Had come out from England at
| the beeinning of 1899. Whas
living on an unhealthy garden
rear the hills. Severs  attack
| of Black-water Fever followed
| period of many malarial attacks
| in1gol. Recovered 1gor.

Patient had been less than a year

| in India and had already had a

| previows attack in the Duars
Recovered.

Had previously been 5 or 4 years
in Assam, and was in his third
year in Sylhet. Death,

Had not been very
Aszam ;
io hand.

ery long in
full particulars not yet
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