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GLOBINURIA IN CERTAIN SPECIES
OF MONKEY
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While carrying out routine blood examina-

tion o1 monkeys, =5 @ preliminary measure to

certain hematological experiments in connec-
tion with our kala-azar research york, ome Of

s (H. G. M. (C.) encountered a protozoal
parasite in a red blood corpuscle. On further
investigation we found that in the peripheral
blood of this monkey, subsequently identified
as Cercopithecus pygerythrus, there
number of different forms of a Plasmodium
which had mgny of the characters of Plasmo-
dium kochi. (We have made no further gtudy
of the paragite from the protozoal aspect =s
this 1is being done by other workers in the
School.) The monkey did not seem to be in
any way affected py this infection which was
intense and always
patent, careful and prolonged
examination of the blood was made.

were a

never which was not

even when a

About two cubic centimetres of the blood of this
monkey was taken from a vein added to an
equal quantity of citrate saline and inoculated
intravenously into three monkeys, two Cercopi-
thecus pygerythrus and ome Maccicus rhesus:
the former two became infected on the 14th and
15th days, respectively, taking = mild infection,
and in the other, the rhesus monkey, parasites
were first found on the 9th day; by the 12th

day he was found to be Suffering from a most
intense infection, with at least 60 per cent, of
the red cells infected, and to this he rapidly
succumbed.

Just before his death blood was taken?less
than one cubic centimetre; diluted
with citrate saline and injected subcutaneously
into four more M. rhesus monkeys .

Subsequently, the plasmodial infection was
passaged through = series of monkeyg of both
these gpecies in order to gtudy the cytological
changes which occurred in the blood during the
development and resolution of this jpfection, in
connection with our kala-azar investigations‘
No gpecial plan was followed in passaging this'
strain; some monkeys were given small doses

of quinine to prevent the infection killing
them, others were left untreated. Our primary

consideration was to avoid losing the strain and

this was

such monkeys as were available for passage
were used.

We found that by giving the monkeys one
grain of quinine sulphate = day by the mouth
for about a yeek, and then a single dose of
one or two grains now and then, the infection
was kept in check.

The animals did not exhibit

any regular

pyrexia. Occasionally their temperature rose
to 105?F. from their normal which is between

102?F. and 103?F., but the fever bore no rela-
tionship to the parasite count; the only charac-
teristic feature was the rapid drop to well below
normal when the infection rose to above a
million parasites per cubic millimetre.

About the same time blood was taken from

the original monkey by Dr. B. M. Das Gupta
who wished to study the parasite from the

protozoological aspect, and the infection was
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passed through = second series of monkeys ©f
a number of different species and, =as = thera-
peutic measure, to three human patients.

Amongst the monkeys of the first
(inoculated in the kala-azar laboratory)
number were found to be guffering from hjemo-
globinuria; this complication was not at first
noted amongst the monkeys of Dr. Das Gupta's
series, but at a later date some of these also
developed hemoglobinuria.

It was noticed that hemoglobinuria occurred
Only in M. rhesus’ but it was not clear Why
some did and others did not develop this com-
plication. By way ©f investigating this point
we decided to trace the course of the plasmodial
strain in the various monkeYS through which
had passaged it. We made tables
marizing the experiments and drew a  geneo-
logical tree' ShOWng the source of the morbid
material with which each monkey had been
infected, the ]_ength of the incubation period,
and the fate of the infected monkeys. & few
be noted from the chart and the

series

a

we sum-

facts can
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was not noted; it was noted in only ome of the
three untreated monkeys of the second passage;
but in the third and fourth paggages 7 out of 8
M. rhesus monkeys died with hemoglobinuria.
(d) The incubation periods in days
shown in the table below

are

1?7

Days before appearance

, . A Mean num-
of parasites in peripheral

blood ber of days
1st passage 9
2nd passages 8, 8,9, 9 8.5
3rd 45,5 1, 13
4th - 55 5 6 7,9 6.3
There yould, therefore, appear to be a ten-
diminution in the incubation

dency towards
period in the later passages.
nution in the survival period in the untreated
monkeys will be Observed; in the first
passages the mean was 12.25 days, and in the
latter passages ?-6 days, if the monkey which
showed resistance' to infection and
survived be excluded.

The same dimi-

two

some

Chart

03

Ouiigbadhetaradfiprinfierted Cercopithecus pygerythrus.
Cercopithecus pygerythrus.

indicates died degpite treatment.

The lengths Of the vertical lines are preperticnate ©8 tie inCHBAEiBH perigd.

tables.
c —
C1lto C6 —
R1 tdRUL6 — Macacus rhesus.
O indicates treated. 2 indicates died.
j indicates died with hemog]_obj_nurj_a_
{a) In Cercopithecus pygerythrus the infec-

tion runs a mild course; excluding the monkey
in which the orj_gj_na]_ strain was found, six were
infected and of these acquired = fatal
infection although no treatment was given; in
this species the mean incubation perj_od
10.5 days_

(b) In Macacus rhesus the infection runs
virulent course; out of 16 inoculated,
given quinine and of these 3 gyrvived; 12 were
not treated, and of these 11 died.

(c) Hemoglobinuria was noted in 8 of the
11 M. rhesus ponkeys that died. In the
M. rhesus of the first passage, hemoglobinuria

none

was

a

4 were

There can be no question about the conclu-

sion regarding the gsusceptibility of the
species but the other two observations require

two

some comment.

There was no association between the occur-
rence of hgemoglobinuria and the giving of
quinine; it appeared before quinine was given

and in no instance 1in which there was not
already evidence of hgemoglobinuria did it
appear @after quinine was given, In some

instances the hgemoglobinuria was apparently
associated with suppression of urine, as in these
cases mo urine was pagged and on post-mortem
examination only = small guantity of dark re/>
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Table 1
Macacus rhesus
Source op inoculated blood Infection Death
Serial
number : _ £ Remarks
umber of ngrofflmate n‘.‘““ From Date wh nfDi?sie 'O Incuba- fr]g?ly;?rst
monkey Ipar.amtes monkey > whe ISt posi- oy period Datn ]
perc.mm.1in 1inocu- number given tive find- in davs inocula-
lated blood ins tion
R 1 Scanty C 23-7-31 1-5-31 4-8-31 12
R 2 2,000,000 R 21-8-31 12-5-31 15-8-31 11 Hemoglobinuria.
R 3 2,000,000 R 1 4-8-31 12-8-31 18-8-31 14
R 4 2,000,000 R 1 4-8-31 13-8-31 1G-s-31 12
R 5 2.000,000 R I 4-5-31 13-8-31 Alive Quinine gr. ! daily,
given from
13-8-31 for ome
week.
R o 1,200 R 5 15-9-31 19-9-31 24-9-31 IIHemoglobinuria.
R 7 1,200 R 5 15-9-31 20-9-31 21-9-31 Hii'n og lObinutin.
R 8 2,000 R 5 21-9-31 2G-9-31 12-11-31 Quinine gr.! from
28-9-31.
R o 2,000 R 5 21-9-31 28-9-31 Alive Quinine gr.i from
28-9-31.
R 10 Scantv-f 300 R8 4 R 9 19-10-31 26-10-31 28-10-31 9 Hemoglobinuria.
R 11 400 R 1, 8-11-31 21-11-31 13 23-11-31 15 Haemoglobinuria.
R 12 300 R 8 8-11-31 14-11-31 6 19-11-31 11 Htemoglobinuria_
R 13 1,200 R 9 8-11-31 17-11-31 9 18-11-31 10 Haemoglobinuria_
R 14 300 4 GOO R 9 4 R 5 20-11-31 25-11-31 27-11-31 Hemoglobinuria.
R 15 300 4 000 R 9 4+ R 20-11-31 25-11-31 Alive Quinine grs. i
from 28-11-31.
R 16 300 4 GOO R9 4+ R5 20-11-31 25-11-31 Alive
Table 1II
Cercopithccus pygerythrus
Source of inoculated blood Infection
Serial
number of Approximate num- From Date of Incubation Remarks
monkey  ber of parasites pei Date when . . , .
; monkey . first posi-  period in
©-mm- in  blooc number given tive findin d,
inoculated. gl ays
Nm yrally infectc
c o1 Scanty c 23-7-31 7-8-31 15 Rll three died, obviously ©of
C 2 Scant C 23-7-31 6-8-31 14 some intercurrent infection,
Y a few weeks later.
c 3 400 R 8 28-10-31 4-11-31 7
C 4 Scantv 4 30 Rs 4+ R 19-10-31 2G-10-31 7 Alive
C s 500 4 300 R5 4+ RO 13-11-31 25-11-31 12 ’
C 6 400 4+ 300 R8 4+ R 9 28-10-31 5-11-31 8
urine was found in the pladder; in others the In the second series of monkey passages

monkey passed red urine, and after death a
distended bladder full of hgemoglobinized urine
was found.

When passed the urine was bright red, later
turning to a dark brown colour. Urine
covered from the bladder of a monkey that had
died over-night was almost completely black.
Chemically it gave the usual haemoglobin =e-
actions and the pregence ©Of haemoglobin was

confirmed gpectroscopically. NO© unhaemolysed
red blood cells were observed in the specimen.

The hsemoglobinuria was always associated
with yery heavy parasite counts in the peri-
pheral blood.

re-

carried out by Dr. B. M. Das Gupta hemoglo_
binuria was not noted; this could probably be
accounted for by the fact that at first he
passaged mostly from Cercopithecus monkeys.
In his series the only monkeys that showed
hemoglobinuria few M. rhesus
passage of the wvirus through other M.
monkeys.

A suggestion that has been made regarding
the variations in incubation time is that they
have varied with the dose of the wvirus.

after
rhesus

were a

may
This was, however, obviously not the only
factor; 1in the first pagsages = much larger

quantity of blood was used than in the later
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passages after we had found that a large
quantity was ynnecessary; as little as 0.1 cubic
centimetre was found to be sufficient. In these
cases the incubation perj_od bore no relationship
to the dose of virus administered.

A reasonable hypothesis is that the virulence
of the infection, as evidenced by a shorter in-
cubation period and hemoglobinuria’ was raised
by passage through = series of monkeyg ©of =
more gusceptible species.

Discussion

The presumptj_on is that in nature the Plags-
modium pagges £rom monkey to monkey ©f the
species in which we first found i, with some
mosquito as intermediate host and transmitter,
and that' in this monkey, which has either a
natural or an acquired immunity, the infection
runs a benign course but is maintained as a low-
grade infection. If by any chance the infec-
tion were transmitted to a rhesus monkey, the
latter would probably die prior to the develop-
ment of gny significant number of gametocytes
and that particular strain of Plasmodium would
die with it.

One cannot resist drawing comparison
between this state of affairs and that which is
observed in the case of human mglaria, where
the indigenous population ©f certain tropical
tracts gppear to suffer little inconvenience from
their malarial attacks but where gtrangers
suffer severe infections frequently ending in
blackwater fever.

From our observations it would gppear that
the virulence of the strain is increased py = few
rapid passages through = highly-susceptible
hOSt, and one wonders if the same thlng occurs
in these highly-malarious districts and accounts
for the variations in the geverity of the clinical
manifestations in different individuals.

It is obviously not possible to be dogmatic
on these few Observationsl but’ as it would
take a yery large number of experiments in-
Volvj_ng the sacrifice of numerous monkeys to
prove the theory which our preliminary obser-
vations gyggest and as this particular strain of
Plasmodium has now been pagsaged so frequent-
ly that it may have lost its original pathogenic
characteristics, we feel that we should record
our observations and leave it to others, Dbetter
qualified to do g, to caryy on this investiga-
tion.
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