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Introduction 

There are a few occasions (and only a few, 
in our opinion) when the publication of ' 

pre- 

liminary 
' 

papers or reports is justifiable. Thus 
a preliminary report may be advisable in order 
to claim priority for a discovery, or when?a 
new and probably extensive field for scientific 

enquiry having opened out?it is advisable to 

take stock of the position, to outline a future 

programme, and to lay a foundation, as it were, 
before proceeding to further work which may 
take months (or more probably years) of in- 

vestigation. Both these factors enter into the 

report which follows; our studies in monkey- 
malaria have only extended over the past nine 
months, but we are anxious to clear the ground 
for future investigation by the publication of 

this preliminary report. As far as possible we 
hope to make this report a brief one, and to 

omit all unnecessary detail, leaving full proto- 
cols, etc., for future publications. 
In what follows there are four main point 

to which we desire to draw the reader's atten- 
tion :? 

(i) The very great variation in susceptibility 
or resistance to a single species of monkey 
Plasmodium by monkeys of different genera 
and species. 

(ii) The spontaneous occurrence of hsemo- 

globinuric fever as a terminal event in monkeys 
of species Macacus rhesus, dying from this 
strain of monkey-malaria, and that, in the 
absence of any quinine administration. 

(in) The successful experimental transmis- 
sion of monkey-malaria to man, and the clinical 
features of the disease as studied in man. 

(iv) The extremely puzzling variations in the 
morphology of one and the same species of 

monkey Plasmodium when introduced into 
simian hosts of different genera and species, 
and in man. 

Experimental work on malaria in the human 
subject is attended with many difficulties. 

Calcutta has the reputation of being a mala- 
rious city, but actually the reverse is the case. 
Its environs are malarious, and the further 

/afield one goes the more intense becomes the 
endemicity of malaria in Lower Bengal. 
Although Anopheles stephensi breeds in almost 
every water cistern in Calcutta city, yet spleen 
rates are zero or only slightly above zero, and 
gametocyte carriers are so scanty that they are 
difficult to procure for mosquito feeds. Fur- 

ther, the ordinary Bengali is sufficiently sophis- 
ticated to take quinine on his own initiative 
when he gets fever?though he will not infre- 
quently come to the out-patient department of 
the School to have the diagnosis of malaria 

microscopically verified. Even when such a 

patient can be induced to come into hospital 
for treatment, if mosquitoes are fed upon him 
for experimental work, he usually leaves the 

hospital the next morning ! Patients naturally 
have to be treated, and then become useless for 
clinical investigations. They leave1 hospital 
long before they are radically cured, and it is 

usually impossible to follow them up. 

For all these reasons we have been attempting 
for several years to establish in our department 
a strain of avian or of simian malaria for 

experimental work. Here, again, we have 

encountered difficulties. Hsemoproteus infections 
are very common in many different types of 

birds in Calcutta, but Plasmodium infections 
are so rare that we have not yet encountered 
one; conditions must have changed very greatly 
in Calcutta since the days of Sir Ronald Ross' 
great discovery. Also, under the old-fashioned 
name 

' Proteosoma 
' it now appears that there 

are at least three?if not five?different species 
of Plasmodium included. It is almost impos- 
sible to keep sparrows alive in captivity, whilst 
canaries are very expensive. Monkeys offer a 

more hopeful field for study, and from time 

to time we have examined many batches of 

monkeys?chiefly Macacus rhesus?kept at the 
School, but previously with negative results. 

In July 1931, Dr. H. G. M. Campbell of 
the Kala-azar Research Department of the 
School found an extremely scanty infection with 
a Plasmodium in a Cercopithecus pygerythrus 
monkey said to have been imported from 
Singapore. The junior author (B. M. D. G.) 
took a Bass culture from this animal, and it 
yielded a good growth of a Plasmodium rather 
similar in its morphology to Plasmodium vivax 
of man. From this animal the strain was 

passaged into a second Cercopithecus monkey 
of the same species, and was thus established 
in the department. We are most grateful to 
Dr. Napier and to Dr. Campbell for permitting 
us to use this strain. After nine months' work 
with this virus it is now being regularly main- 
tained in our department, and graph I shows 
the various monkey and human passages to 

date. 
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Passages of the virus (graph I) 
We hope in the future to study this Plas- 

modium systematically in different species of 

monkeys, but hitherto we have had to utilize 
such monkeys as were available in the Calcutta 
markets. (We are very greatly indebted to 

Dr. Baini Prasad, Officiating Director, Zoolo- 

gical Survey of India, of the Indian Museum 
for identifying for us the species of several of 
the animals used.) 
The symbols used in graph I are indicated 

in the letterpress in the graph. A ring round 
an animal indicates that quinine was adminis- 
tered intramuscularly, and that the animal re- 

covered. A square indicates that the infection 

proved fatal. A ring plus a square indicates 
that quinine was administered, but that in spite 
of this the animal died. Hemoglobinuria is in- 
dicated by a deep black lower shading in the 

square. The vertical lines in graph I are pro- 

portional to the incubation periods to the first 

appearance of parasites in the inoculated 
animals. In all up to date we have studied 
the infection in the following hosts (43 animals 
belonging to 7 different species):? 
Ccrcopithecus pygerytlirus monkeys (C) . . 9 
Macacus rhesus monkeys (R) .. 23 
Macacus radiatus monkeys (M) .. 4 

Macacus cynomolgus monkeys (Cy) .. 1 

Semnopithccus entellus monkeys (S) .. 2 

Hylobates hoolock ape (H) . . 1 

Man (human volunteers, V) . . 3 

In addition to these, five other inoculated 

monkeys have been omitted from graph I; these 
died of intercurrent disease?pulmonary tuber- 
culosis or lobar pneumonia. Other monkeys 
which were inoculated to test the infectivity 
of the blood of infected human volunteers, or 

to confirm spontaneous recovery from the in- 
fection will be mentioned later; these were all 
of species Macacus rhesus, since this monkey is 
exceedingly susceptible. 

In all cases (except in the case of human 
volunteer No. 3, who was not under our direct 
control) thin and thick blood films were 

examined before the host was inoculated, and 
a Bass culture taken to make certain that the 
host was not harbouring latent malaria of its 
own. Almost all infections were studied by 
the enumerative method of Sinton (1924)*, 

and the dose of parasites given to each host was 
known. Human volunteers Nos. 1 and 2 were 

inoculated subcutaneously, volunteer No. 3 

intradermally; all monkeys were inoculated 

intramuscularly. 

Part I. Clinical aspects of the disease 

We may here deal in turn with the different 

species of hosts concerned. 
1. Cercopithecus pygerythrus.?Here ten 

animals were inoculated. One, inoculated with 
0.5 c.cm. of blood from Cercopithecus C 1 at a 
time when the latter showed only very scanty 
rings, failed to take and is not shown in 

graph I. 
The incubation periods varied from 7 to 11 

days, varying with the dose of parasites ino- 
culated. Parasites are present in scanty 
numbers, off and on for long periods of time, 
but the animal shows no evidence of disease, 
and there is no enlargement of the spleen. 
No. 2 showed scanty parasites for 56 days, 
then no parasite for 71 days, then again a 

scanty infection, then again no parasites; it is 

to-day alive and well and still shows infection 
at times. The highest count recorded was 1,480 
per c.mm., and the highest temperature shown 
by any animal 104.2?F. Gametocytes are 

fairly numerous throughout the infection, and 
in general morphology the parasite closely 
approximates to Plasmodium vivax of man 

(plate I, figures 1 to 12, and plate VI, fig. 1). 
The infection is readily cleared by quinine? 
doses of approximately gr. 1 intramuscularly 
daily, but if insufficient quinine is given relapses 
occur. Of the nine monkeys infected, seven 

recovered spontaneously from the infection after 
more or less prolonged periods of a low grade 
of infection, whilst one is still infected. The 
ninth monkey received quinine (probably un- 
necessarily) . 

The temperature chart and counts in a typical 
infection are shown in chart I. 

2. Macacus rhesus (chart II).?Here the 
clinical picture is completely different. This 
animal is extremely?almost, one might say, 

exquisitely?susceptible to infection. This is 
well illustrated in R 4 in graph I. It was 

inoculated with only 0.2 c.cm. of blood from 
Macacus radiatus M 1; the blood of the latter 
showed only 80 parasites per c.mm.?very 

scanty rings, gametocytes, and schizonts?and 
the total dose injected amounted to only 16,000 
parasites. The incubation period was very 
prolonged?31 days?but the infection then 
flared up, with counts up to 224,400 per c.mm., 
whereupon the animal was treated with quinine. 

So extremely susceptible is M. rhesus to in- 
fection that, as will be explained later, we are 

* We cannot speak too highly of this method, which 
we have now used systematically for four years in the 
study of malaria. Certain points with regard to it are 

important, however. In preparing the suspension of 
fowl's erythrocytes, the counts must be repeated; and 
an average of not less than 12?or preferably 20?counts 
taken before the suspension is diluted down to the 
necessary degree. The emulsion is kept in a rubber- 
capped bottle in an ice chest; our present emulsion 
was made in 1928 and has kept perfectly ever since. 
An amount just sufficient to last for a week or ten days 
is taken at a time from this for daily use into an insulin 
bottle. In taking up the material into the capillary 
pipette, first the volume of corpuscle suspension and 
then the volume of blood should be taken in that order; 

otherwise blood may be left in the pipette, and the 
count may not be completely accurate. The slides used 
must be perfectly free from grease, in order that the 
films shall be perfectly uniform; for this purpose they 
should be rubbed with prepared chalk before use. 
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now resorting to inoculation of this monkey as 
being the most delicate test available as to 

whether the blood of a given host is or is not 
infective. It is an even more delicate test 
than culture. 
The incubation period varied with the dose 

given, but in general is from 4 to 11 days, 
usually 7 or 8 days to the first appearance of 

parasites in the films. There then sets in very 

high fever, usually of daily remittent character, 
with temperatures rising to 105?F., 106?F., and 
even?in one monkey?as high as 106.2?F.* 
The parasite counts?at first low?rapidly soar, 
and may reach a figure of one to three million 
parasites per c.mm. before death. In most in- 
fections gametocytes are produced abundantly. 
In the meantime the monkey becomes severely 
ill, with complete prostration, and intense 

anaemia, the mucous membrane of the lips and 
mouth resembling white blotting paper. 

This condition lasts from 3 to 7 days? 
average period 5 days. The temperature now 
falls suddenly to subnormal and the animal 
dies. At autopsy the spleen is enlarged, black 
in colour, and soft and diffluent. Smears and 
sections from the viscera show an almost in- 
credible state of affairs; every organ shows 
masses of sporulating parasites and is loaded 
with pigment of a blackish, though also slightly 

brown, colour. (We do not propose here to 

deal with the histopathology of these infections, 
since this subject demands separate and detailed 
study.) Before death blood films show intense 
anaemia with marked anisocytosis, numerous 

normoblasts and Howell-Jolly bodies, frequent 
basophilia, and often a marked increase in 

platelets. The large hyaline mononuclear leu- 

cocytes may be loaded with haemozoin pigment. 

Chart II shows the temperature record and 

parasite counts in a typical fatal infection in 
Macacus rhesus. Photomicrograph 2 shows 

typical early infection in M. rhesus, and in the 
centre of the field a mature schizont-rosette 
with 8 merozoites and a dense excentric cluster 
of pigment. Photomicrograph 3 is from a blood 
film taken from a dying M. rhesus six hours 
before death; the extreme intensity of the in- 
fection will be noted?nearly 90 per cent, of 
the erythrocytes being infected; this animal 
was suffering from hamioglobinuria at the time 
when the film was taken. 
The infection is invariably fatal in Macacus 

rhesus monkeys, whether young or old. If 

quinine be administered intramuscularly in full 

doses?gr. 1 daily for four or five days of 

quinine bihydrochloride to a monkey weighing 
2 to 3 kilogrammes?the animal can be saved. 
If insufficient quinine is given at longer inter- 
vals the disease runs a more chronic course, the 

parasite count may remain low, but severely 
progressive ansemia develops, and the animal 

dies; such animals in this state are very sus- 

ceptible to intercurrent infections, especially 

* Byam and Archibald state that the normal tempera- 
ture of Macacus rhesus is 101?F. On the other^ hand 
we have frequently found temperatures of 102?F. in 

normal M. rhesus. 

Chart I 

Monkey (C. pygerythrus) C 2 of graph 

Weight before inoculation 1 kg. 922 grams 
I 

The animal is alive and perfectly well. 
16Ih March, 1932. 

Chart I 

Monkey (C. pygerythrus) C 2 of graph I 
Weight before inoculation 1 kg. 922 grams 

The animal is alive and perfectly well. 
lGth March, 1932. 
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pneumonia. Photomicrograph 4 is from a blood 
film taken from an animal insufficiently treated 
with quinine; it will be seen that there is ex- 
treme anisocytosis, normoblasts are present, 
many of the corpuscles show basophile staining, 
whilst near the centre of the field is a large 
hyaline mononuclear leucocyte loaded with 
ha3mozoin pigment. 

Of the 23 M. rhesus monkeys shown in 

graph I, 5 recovered after quinine administra- 
tion, 6 died in spite of quinine administration, 
and 12 untreated monkeys all died rapidly. 
It should be noted further that the same 

sequence of events and fatal termination occurs 
whether the M. rhesus be inoculated with in- 

fected blood from Cercopithecus, from Macacus 

rcidiatus, from infected human volunteers, or 

in serial passage from other infected Macacus 
rhesus monkeys. 
A few examples may next be given of the 

infection in Macacus rhesus :? 

M. rhesus R 5 oj graph I. 
12th September, 1931.?Given 0.5 c.cm. of infected 

blood from Cercopithecus C 2, showing very scanty 
lings and schizonts, count 240 parasites per c.mm. 

21st September, 1931.?Temperature 101.2?F. No 
parasites seen. 
22nd September, 1931.?Temperature 102?F. Very 

scanty schizonts. 
23rd September, 1931.?Temperature 100.4?F. Count 

2,880 per c.mm., schizonts and gametocytes. 
24th September, 1931.?Temperature 104.8?F. Count 

34,800 per c.mm., very numerous schizonts and a few 
gametocytes. 

25th September, 1931.?Temperature 99?F. Count 
1,500,000 per c.mm., chiefly rings. 
Animal died that night. 

M. rhesus R 12 of graph I.?This animal was inocu- 
lated with a strain which had been passaged through 

one Cercopithecus, two M. rhesus, two human 

volunteers, three M. rhesus, and one Cercopithecus in 
turn. Yet the infection, both clinically and morpho- 
logically, held true to 'rhesus' type. 
2nd November, 1931.?Given 0.5 c.cm. of blood from 

Cercopithecus C ti, with a parasite count of 12,800 per 
c.mm., showing growing trophozoites, schizonts and 
early gametocytes. 

7th November, 1931.?Temperature 103.4?F.; scanty 
rings present in films. 

9th November, 1931.? Temperature 103.8?F.; rings in 
fair number in films 

10th November, 1931 ?Temperature 105.2?F.; count 
200,000 parasites per c.mm., chiefly rings showing early 
division of chromatin. 

11th November, 1931.?Temperature 10o.6?F.; count 

680,000 parasites per c.mm., chiefly rings, but also a 

fair number of schizonts and gametocytes. 
Animal died that night. 

M. rhesus R 17 o) graph I.?Inoculated from the 

original Cercopithecus strain. 
8th December, 1931.?Given 0.2 c.cm. of blood from 

Cercopithecus C 2, showing a parasite count of 1,480 per 
c.mm., schizonts, gametocytes, and scanty growing 
trophozoites. 

14th December, 1931.?Very scanty rings in films. 
15th December, 1931.?Temperature 103.2?F. Count 

14,800 per c.mm., chiefly rings. 
16th December, 1931 ?Temperature 103.8?F. Count 

33,800 per c.mm., rings, growing trophozoites, and a few 
gametocytes. 

17th December, 1931.?Temperature 105.4?F. Count 

284,000 per c.mm., rings and scanty gametocytes. 
18th December, 1931.?10-30 a.m. Temperature 

103.4?F. Count 233,000 per c.mm., growing trophozoites, 
early schizonts, and gametocytes. 

5 p.m. Monkey moribund. Blood films show an 

extremely intense infection, some 80 per cent, of the 

erythrocytes being infected, mostly ring forms present. 
Animal died that night. 
M. rhesus H 2 of graph I.?Monkey cured with 

quinine. 
15th August, 1931.?Given 0.5 c.cm. of blood from 

M. rhesus R 1 of graph I, showing a large number of 

Chart II 

Monkey (M. rhesus). Weight before inoculation 4 kg. 480 grams 

The animal died at night. 

Chart II 

Monkey (M. rhesus). Weight before inoculation 4 kg. 480 grams 

The animal died at night. 
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parasites, chiefly growing trophozoites with a fair num- 
ber of gametocytes. 
22nd August, 1931.?Scanty rings in films. 
24th August, 1931.?Temperature 104.8?F. Numerous 

rings and schizonts in films. 
25th August, 1931.?Temperature 105.8?F. Films full 

of schizonts, with also rings and gametocytes. 
Quinine bihydrochloride grain 1 intramuscularly. 
26th August, 1931.?Temperature 102.4?F. Films full 

of schizonts, with also rings and numerous gametocytes. 
Quinine bihydrochloride grain 1 intramuscularly b.d. 
27th August, 1931.?Temperature 102.6?F. Films 

show scanty rings and growing trophozoites. 
28th August, 1931.?Temperature 103.2?F. No para- 

sites seen in films. 
29th August, 1931.?Temperature 103?F. Very scanty 

rings in films. 
Quinine bihydrochloride grains 1J intramuscularly. 
30th August, 1931.?Temperature 102.4?F. No para- 

sites seen. 
31st August, 1931.?Temperature 103?F. No parasites 

seen in films, but marked anaemia, anisocytosis, normo- 
blasts, megaloblasts, and Howell-Jolly bodies present. 
Platelets increased. 
2nd September, 1931.?Temperature 103?F. No 

parasites seen. 
15th September, 1931.?Scanty rings in films; relapse. 
17th September, 1931.?Very numerous rings and 

some schizonts in films. 
19th to 25th September, 1931.?Temperature 102?F. 

to 103.4?F. No parasites seen. 
26th September to 2nd October, 1931.?Temperature 

102.6?F. to 103.4?F. Scanty parasites in films. 
3rd October, 1931.?Temperature 102.8?F. Rings, 

schizonts and gametocytes in films. 
5th October. 1931.?Temperature 106?F. Films full 

of rings with some gametocytes. 
6th October, 1931.?Temperature 104.8?F. Rings, 

numerous schizonts, and some gametocytes in films. 
Given grain 1 quinine bihydrochloride intramuscularly. 
7th October. 1931.?Temperature 104?F. Fairly 

numerous growing trophozoites in films. 
Given grain 1 quinine bihydrochloride intramuscularly. 
9th October, 1931.?Temperature 105?F. No parasites 

seen. 

29th October to 8th December, 1931.?Monkey in 

good health. No parasites seen. 
17th March, 1932.?Monkey in excellent 'health. 

Blood negative. 
It will be seen in this animal that sufficient quinine 

was not given at first to prevent a relapse, but the 
relapse proved readily amenable to further quinine 
therapy. 
M. rhesus R 18 of firaph T.?Chronic, fatal infection 

after insufficient quinine. 
14th December. 1931.?Given 0.75 c.cm. of blood from 

Macacus rhesus R 4, with a parasite count of 28,240 

per c.mm., chiefly rings. 
22nd December, 1931.?Films full of rings, with 

schizonts and gametocytes also present. 
Given quinine bihydrochloride grain 1 intramuscularly. 
23rd December, 1931.?Films full of rings with 

schizonts and gametocytes also present. 
Given quinine bihydrochloride grain 1 intramuscularly. 
24th December, 1931.?No parasites seen in films. 
29th December, 1931.?Temperature 104?F. Scanty 

rings in films; anisocytosis, normoblasts, hsemozoin in 

large mononuclears. 
30th December, 1931.?Temperature 105?F. Films 

show rings, gametocytes, and many mononuclears with 
ingested hanmozoin. 

31st December, 1931.?Films show growing trophozoites 
and some gametocytes. Pigment-bearing mononuclears 
abundant. 

1st January, 1932.?Films show growing trophozoites 
and some gametocytes. Pigment-bearing mononuclears 
abundant. Rings and normoblasts also in films. 
2nd January, 1932.?Films show growing trophozoites 

and some gametocytes. Pigment-bearing mononuclears 
abundant. Rings and normoblasts also in films. 

4th January, 1932.?Temperature 102.6?F. Films full 
of rings showing early division of chromatin; also grow- 
ing trophozoites. Very numerous normoblasts, and 
pigment-bearing mononuclears. 

11th January, 1932.?Temperature 102.4?F. Rings, 
growing trophozoites, and pigment-bearing mononuclears 
in films. 

26th January, 1932.?No parasites seen in films, but 

pigment-bearing mononuclears present. 
6th February, 1932.?Temperature 102.8?F. Rings 

and growing trophozoites in films. 
16th February, 1932.?No parasites in films. 
22nd February, 1932.?The animal-is extremely anaimic 

(anaemia of macrocytic type). Parasite count 4,480 per 
c.mm., rings and trophozoites. The films also show 
abundant normoblasts, anisocytosis, and pigment-bearing 
mononuclears. 
Animal died that afternoon. 

_ 

It will be seen that in this animal the infection 

persisted at a low level for two months, and finally killed 
the monkey from severe ansemia. 

Blackwater fever in Macacus rhesus.?Three 
of the infected Macacus rhesus monkeys showed 
acute hfemoglobinuria as a terminal event 

shortly before death?R 14, R 15 and R 16 in 
graph I. A study of graph I shows that these 
monkeys?especially R 14 and R 15?were 
inoculated with virus which had been serially 
passaged through other M. rhesus monkeys; 
that the incubation periods were shortening, 
and that the virus was apparently becoming 
exalted in virulence. So far we have seen 

ha?moglobinuria only in Macacus rhesus, and 
then only as a terminal event just preceding 
death, associated with extremely intense? 
almost terrific?infections. During life the 
urine passed is deep red in colour, but darkens 
to a porter colour on standing, whilst at autopsy 
"the bladder is found to contain urine which is 
almost black in colour. 

These monkeys are so important that details 
with regard to them must be given. None of 

them received any quinine. 

M. rhesus R 14 of graph I. 

23rd November, 1931.?Given 0.2 c.cm. of blood from 
M. rhesus R 13, showing a parasite count of 31,040 per 
c.mm., rings, schizonts, and gametocytes. 
28th November, 1931.?Scanty rings in films. 
30th November, 1931.?Temperature 104?F. Films 

full of rings. 
1st December, 1931.?Temperature 104?F. Films full 

of rings and schizonts. 
2nd December, 1931.?Temperature 102?F. Acute 

anasmia; red corpuscle count 3,720,000 per c.mm. 

Parasite count (estimated as against red cell count) 
approximately 3,348,000 per c.mm., all rings. Photo- 
micrograph 3 is from one of these films. 
Commenced to pass hsemoglobinuric urine at 5 p.m. 

Animal died that night. 

M. rhesus R 15 of graph I. 
23rd November, 1931.?Given 0.2 c.cm. of blood from 

M. rhesus R 13, showing a parasite count of 31,040 per 
c.mm., rings, schizonts and gametocytes. 

27th November, 1931.?Scanty rings in films. 
30th November, 1931.?Temperature 106?F. Parasite 

count 280,000 per c.mm., chiefly rings. 
1st December, 1931.?Temperature 1062?F. Some 85 

per cent, of the erythrocytes infected; estimated parasite 
count 3,100,000 per c.mm., all rings. 
Passed hsemoglobinuric urine throughout the day. 

Animal died that night. 



306 THE INDIAN MEDICAL GAZETTE [June, 1932 

M. rhesus R 16 of graph I. 

4th December, 1931.?Given 0.25 c.cm. of blood from 
M. rhesus R 4, showing a parasite count of 280 per 
c.mm., all rings. 

15th December, 1931.?Scanty rings and schizonts in 
films. 

16th December, 1931.?Temperature 102.8?F. Parasite 
count 25,400 per c.mm., rings, growing trophozoites and 
young gametocytes. 

17th December, 1931.?Temperature 103.2oF. Parasite 
count 52,000 per c.mm., growing trophozoites, schizonts 
and gametocytes. 

18th December, 1931.?Temperature 102?F. Parasite 
count 67,200 per c.mm., growing trophozoites and early 
gametocytes. 

21st December, 1931.?Animal moribund, and passing 
ha;moglobinuric urine. Parasite count as estimated 

against red corpuscle count approximately 2,976,000 per 
c.mm., all rings. 
Animal died that afternoon. Full autopsy. Tissues 

preserved. 

We will postpone discussion of these results 
until later in this paper. 

3. Macacus radiatus (chart III).?Here 
four monkej^s were used, M 1, M 2, M 3 and 
M 4 of graph I. Three were inoculated with 
blood from infected Macacus rhesus, and one 

with infected blood from Cercopithecus pygery- 
thrus. In all the infections were of mild type, 
and in all spontaneous recovery occurred. 
The incubation periods ranged from 5 to 9 

days, varying with the dose of parasites injected. 
In M 1 there was a mild, relapsing infection 

lasting for 41 days; thereafter the infection 

cleared, and the monkey is to-day in good 
health (19th March, 1932). Its temperature 
chart is shown in chart III. The infection was 

throughout scanty, but gametocytes were pre- 
sent throughout, and hsemozoin-containing large 
mononuclear leucocytes were seen. In M 2, 
inoculated with only a small dose of parasites 
from a Cercopithecus?0.3 c.cm. of blood con- 

taining 800 parasites per c.mm., growing tro- 

phozoites, schizonts and gametocytes?the in- 
cubation period was 9 days, the scanty infec- 
tion persisted for 18 days, and then spontaneous 

recovery ensued. In M 3 a scanty infection 

persisted for 5 days, rings, growing tropho- 
zoites, schizonts and gametocytes were all seen 
in the films, and the highest temperature 
reached was 104.2?F.; the monkey then spon- 
taneously recovered. In M 4 a mild infection 

persisted for 5 days, and thereafter spontaneous 
recovery took place. 
There is no appreciable enlargement of the 

spleen in this species, and the monkey does not 
seem to be ill in any way. It is of great interest 
to contrast the extreme mildness of the infec- 
tion in M. radiatus with the hyperacute infec- 
tions in M. rhesus, although both monkeys 
belong to the same genus. 

4. Macacus cynomolgus.?Only one monkey 
of this species has been available up to date 

?Cy 1 of graph I. Its history was as 

follows :? 

20th February, 1932.?Given 0.5 c.cm. of blood from 
Mac.ncus rhesus R 22, showing 192,000 parasites per 
c.mm., rings only. 
26th February, 1932.?Rings and growing trophozoites 

in films. 

29th February, 1932.?Early schizonts, scanty gameto- 
cytes, and growing trophozoites in films. 

1st March, 1932.?Scanty trophozoites and schizonts. 
2nd March, 1932.?Scanty trophozoites and schizonts. 
3rd to 19th March, 1932.?Blood negative; animal in 

good health. 

This animal at no time showed any appre- 
ciable symptoms, and the infection cleared up 
spontaneously. Macacus cynomolgus would 
thus appear to react in the same manner as 

M. radiatus. 
5. Semnopithecus entellus?the ' hunuman ' 

monkey of Assam. Here two animals were 

used, S 1 and S 2 of graph I. Both were in- 
oculated with heavy doses of virus from 
Macacus rhesus monkeys, both contracted a 

severe infection with grave anaemia; an attempt 
was made in both cases to save the animal by 
quinine administration, but both monkeys died 
of lobar pneumonia. Details are as follows :?- 

Chart III 

M. radiatus (a young specimen). Weight 1 kg. 925 grams 

Chart III 

M. radiatus (a young specimen). Weight 1 kg. 925 grams 
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Semnopithecus entellus S 1 of graph I. 
16th December, 1931.?Inoculated with 0.2 c.cra. of 

blood from Macacus rhesus R 4, showing a count of 
224,000 parasites per c.mm., chiefly rings. 
22nd December, 1931.?Very scanty rings in films. 
23rd December, 1931.?Temperature 103.6?F. Schizonts 

in films. 
24th December, 1931.?Temperature 103.2?F. Parasite 

count 434,000 per c.mm., schizonts and gametocytes. 
A Macacus rhesus (not shown in graph I) was inocu- 

lated on this date with 0.1 c.cm. of blood from S 1. 
This M. rhesus has since remained in good health and 
has never shown any infection. 

25th December, 1931.?Temperature 105?F. Parasite 
count 723,000 per c.mm., very numerous growing tropho- 
zoites, early schizonts, and some gametocytes. 
26th December, 1931.?Temperature 104.2?F. Parasite 

count 112,800 per c.mm., numerous growing trophozoites 
and early schizonts, with some gametocytes. 
A second Macacus rhesus (not shown in graph I) was 

inoculated on this date with 0.4 c.cm. of blood from 
S 1. This M. rhesus has since remained in good health 
and has not shown any parasites. 

27th December, i931.?Films show exceedingly 
numerous growing trophozoites, with some rings and 
gametocytes. 

28th December, 1931.?The animal is extremely ill 
and very anamiic. Parasite count 13,600 per c.mm., 

growing trophozoites, schizonts and gametocytes. 
Quinine bihydrochloride grains 1J injected intramus- 

cularly. 
29th December, 1931.?Very scanty parasites in films. 
Quinine bihydrochloride grain 1 injected intra- 

muscularly. 
30th December, 1931.?Temperature 101 ?F. Films 

show scanty schizonts, ha?mozoin-bearing large mono- 

nuclears, very marked anisocytosis, basophilia, and the 
presence of normoblasts. 

31st December, 1931.?Temperature 101 ?F. The 
animal is extremely anaemic. No parasites seen in films. 

5th January, 1932.?Temperature 100.8?F. Rings 
present in films. 

7th January, 1932.?Temperature 100.4?F. Scanty 
trophozoites in films. 

12th January, 1932.?The animal died last night. 
Autopsy showed both lungs completely consolidated. 

Semnopithecus entellus S 2 of graph I. 
27th January, 1932.?Inoculated with 0.4 c.cm. of 

blood from Macacus rhesus R 21, showing a count of 

40,800, chiefly growing trophozoites. 
1st February, 1932.?Schizonts, growing trophozoites, 

and scanty rings in films. 
2nd February, 1932?Temperature 103.8?F. Tropho- 

zoites and early schizonts in films. 
3rd February, 1932.?Temperature 104?F. Films are 

full of schizonts, with some trophozoites and gameto- 
cytes. 
4th February, 1932.?Numerous schizonts, trophozoites 

and gametocytes in films. 
Quinine bihydrochloride grains 1} intramuscularly. 
6th February, 1932.?Animal is extremely anaemic. 

No parasites seen in films, but very marked anisocytosis, 
basophilia and .many normoblasts present. 

9th February, 1932.?Monkey died this afternoon. 

Autopsy showed both lungs consolidated; spleen 
blackish, soft and diffluent. Tissues preserved. 

The results in both these monkeys are thus 
somewhat inconclusive, but had no treatment 
been administered it seems practical!}7 certain 
that they would have died of acute malaria. 
This species is almost as susceptible as is 

Macacus rhesus, and the infection is very acute 
and associated with extreme anaemia. The loss 
of virulence of the strain to Macacus rhesus in 

Semnopithecus S 1 requires explanation, and a 

further study of this point will be necessary. 

6. Hylobates hoolock?the c hoolock ' monkey 
of Assam. Only one animal was available? 
H 1 of graph I. Details are as follows :? 

Hylobates hoolock H 1 of graph I. 
20th February, 1932.?Inoculated with 0.5 c.cm. of 

blood from Macacus rhesus R 22 of graph I, showing a 
parasite count of 192,000 per c.mm., all rings. 

21st February to 1st March, 1932.?No parasites seen. 
2nd March, 1932.?Very scanty rings in films. They 

resemble those of Plasmodium malaria; of man, and 
closely resemble the forms of the monkey parasite in 
man to be described hereafter. 
3rd March to 19th March, 1932.?No parasites seen. 
As will be seen, this anthropoid ape is almost 

insusceptible to infection. The animal did not 
show any symptoms of illness at any time. 

Part II. Experimental transmission of the 

infection to man. 

Up to date we have successfully transmitted 
infection with this monkey Plasmodium to three 
human volunteers; all three showed parasites 
(completely different in morphology from that 
of any of the three human species of Plasmo- 
dium) ; in one patient the disease was extremely 
severe, in another of moderate intensity with 
a relapse, in the third only a mild grade of 

intermittent fever resulted. 
Details are as follows :? 

Human volunteer V 1 of graph I (chart IV). 
Manmatha Das, Hindu male, aged 33 years, a resident 

of Beliaghata, Calcutta city, was admitted to the 
Carmichael Hospital for Tropical Diseases, Calcutta, on 
18th July, 1931, for the treatment of paretic symptoms 
following an attack of dysentery one year and eight 
months previously. The patient had lived all his life 
in Calcutta city. He gave a' history of an attack of 
cholera 15 years previously, and of syphilis 12 years 

previously. 
On examination he was found thin and emaciated. 

The eyes had a fixed and staring expression. The right 
knee jerk was increased and the left hand grip much 
diminished. Eye reflexes were normal, the elbow and 
wrist jerks were increased, there was a slight Babinsky 
reflex present, with tremor of the fingers and toes and 
somewhat hurried speech. Intelligence was normal. 
The Widal, Wassermann, aldehyde, and dysentery 

agglutination serum tests were all negative. Microfilaria 
were present in the night blood, and hookworm ova in 
the stools. Bacteriologicallv, the stools were normal, 
and showed no protozoa. Thin and thick blood films 
showed no malaria parasites. Neither the spleen nor 

the liver was enlarged. The patient denied all history 
of fever with rigors. 
From 18th July, 1931, to 21st. August, 1931, various 

lines of treatment were tried without appreciable 
improvement. The temperature throughout this period 
was normal or subnormal. 
Diagnosis presented some difficulty, and opinion 

varied; different opinions given being alcoholic neuritis, 
residual effects of encephalitis lethargica?though the 
patient gave no history of fever, and paresis of syphilitic 
origin. 
As the patient was not improving, it was decided to 

try the effect of induced malaria, and, as the monkey 
strain of Plasmodium was by then well established in 
the Department, to try to transmit this infection. 
22nd August, 1931.?Thin and thick blood films showed 

no parasites. 
23rd August, 1931.?Bass culture?5 c.cm. of blood? 

taken for malaria. This remained sterile and free from 

parasites. 
On the same afternoon the patient was given 2 c.cm. 

of blood subcutaneously from Macacus rhesus R 2 of 

graph I, showing a parasite count of 36,400 per c.mm., 
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rings and schizonts predominating. This corresponds 
to a total dose of approximately 72,800,000 parasites 
injected. 

11th September, 1931?Temperature rose to 99.5?F. 
No parasites seen *. 

12th September, 1931.?Temperature 100.3?F. Rings 
present in films. 

13th September, 1931.?Temperature 101.8?F. 
14th September, 1931.?Temperature 101.5?F. Parasite 

count 4,320 per c.mm., mostly growing trophozoites. 
Two c.cm. of blood from the patient was inoculated 

on this date into a Macacus rhesus intramuscularly, R 7 
of graph I. This monkey developed very severe malaria 
14 days later, and died on the 8th day after first appear- 
ance of parasites. The parasite forms present in this 
AT. rhesus were of ' rhesus' type, vide infra. 

15th September, 1931.?Temperature 100.4?F. Parasite 
count 4,000 per c.mm., growing trophozoites onlj'. 

16th September, 1931.?Temperature 100.3?F. Parasite 
count 4,480 per c.mm., growing trophozoites and scanty 
gametocytes. 

17th September, 1931.?Temperature 100.2?F. Parasite 
count 480 per c.mm., chiefly growing trophozoites. 
Five c.cm. of the patient's blood was inoculated sub- 

cutaneously on this date into human volunteer V 2 of 
graph I. 

18th September, 1931.?Temperature 99.6?F. Parasite 
count 120 per c.mm., rings and growing trophozoites. 

19th September, 1931.?Temperature normal. Parasite 
count 80 per c.mm., rings only. 

20th to 27th September, 1931.?Temperature normal. 
No parasites seen. 

28th September to 2nd October, 1931.?A mildly 
febrile relapse with scanty rings and trophozoites in 
the films. 

3rd October to 6th November, 1931.?Temperature 
normal. 

6th November, 1931.?Bass culture taken for malaria; 
result negative. 

7th November to 11th December, 1931.?Temperature 
normal throughout. 

11th December, 1931.?Patient discharged from 

hospital. There is some improvement in his condition, 

probably due rather to prolonged rest and the treatment 
of secondary infections than to the induced malaria. 

It is to be noted that the primary attack of fever 
was of a daily remittent type. The temperature chart 
and parasite findings are shown in chart IV. 

Human volunteer V 2 of graph I.?This volunteer 
was a sub-passage from volunteer V 1 (chart V). 

L. K. Biswas, Hindu male, aged 20, carpenter. 
15th September, 1931.?Patient referred to the Depart- 

ment from the Calcutta Medical College with a history 
of having been bitten on the dorsum of the left foot 
by a rat six days previously. 
On examination, a small ulcer present at the site of 

the bite. Temperature normal. Examination of serous 

* This appears to be an invariable rule in malaria 
when induced therapeutically; we have seen it to occur 

again and again in such cases. Fever sets in and may 
last for one, three, or five days before parasites are 

detected in the blood films. 

Chart IV 

Name M. D., age 33. Human volunteer TT 1 

Chart IV 

Name M. D., age 33. Human volunteer V 1 
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exudate from the site of the bite failed to show Spirillum 
minus. A young guinea-pig was inoculated with the 

patient's blood; but failed to show spirilla at any time. 
Thin and thick blood films negative for malaria 

parasites. 
Patient comes from Krishnagar, and has been resident 

in Calcutta only during the last six months. 
16th September, 1931.?Again seen in the Protozoology 

Department. Temperature normal. Examination of 
serous exudate from the lesion showed no spirilla. Thin 
and thick blood films showed no parasites present. 

17th September, 1931.?Bass culture?5 c.cm. of blood 
?taken for malaria. Remained sterile and free from 

parasites. 

Patient admitted to the Carmichael Hospital for 

Tropical Diseases. On admission no enlargement of the 
spleen or liver could be detected. 
Given 5 c.cm. of blood subcutaneously from human 

volunteer V 1, showing a parasite count of 480 per 
c.mm., chiefty growing trophozoites. This corresponds 

to a total dose of approximately 2,400,000 parasites 
inoculated. 

22nd to 25th September, 1931.?Temperature 99?F. to 
101 ?F. No parasites seen. 
26th September, 1931.?Temperature 99.3?F. No 

parasites seen*. 
27th September, 1931.?Temperature 101.8?F. Scanty- 

rings present in films. 
28th September, 1931.?Temperature 104.2?F. Grow- 

ing trophozoites present in films. 

29th September, 1931.?Temperature 103.6?F. Parasite 
count 3,480, growing trophozoites and young gameto- 
cytes. 
Five c.cm. of the patient's blood was inoculated on this 

date into a Maccicus rhesus R 8 of graph I. This 

monkey became infected after an incubation period of 
7 days, was treated with quinine and cured. 

* Vide footnote to human volunteer V 1. 

Chart V 

Name Lalit K. Biswas, age 20. Human volunteer V 2 

Chart V 

Name Lalit K. Biswas, age 20. Human volunteer V 2 
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30th September, 1931.?Temperature 104?F. The 

patient was now very seriously ill and comatose. 

Preparations were made to give him pituitrin and to 
administer quinine intravenously, but the temperature 
suddenly dropped abruptly to 96?F., and stimulants and 
warmth had to be administered. No quinine was given. 

1st October, 1931. Temperature 96.4?F. Scanty 
rings and haemozoin-bearing large mononuclear leuco- 

cytes present in films. 
2nd October, 1931.?Temperature normal. No para- 

sites seen in either thin or thick films. 
Ten c.cm. of the patient's blood was inoculated into 

a Macacus rhesus (not shown in graph I). This animal 
was examined daily until 25th November, 1931, and 
never at any time showed any trace of infection. 
3rd October to 10th November, 1931.?Patient kept 

in hospital on general tonics, etc. Temperature con- 

sistently afebrile. 
10th November, 1931.?Patient discharged from 

hospital in good health. 

It is to be noted in this case also that the 
fever was at first of a daily intermittent charac- 
ter. The patient's temperature chart and 

parasite findings are shown in chart V. We 
have previously seen similar untreated cases 

in a critical condition with very high fever, 
where the temperature has suddenly come down 
with a rush and the infection has immediately 
been exterminated or almost exterminated within 
24 hours, no quinine having been administered. 
The very violence of the body reaction seems 
to sterilize the body of parasites. 

Volunteer V 2 sustained so severe an illness 
that we did not passage the virus further in 

man. There appears to be here some evidence 
of increase of virulence of the strain on sub- 

passage, as already noted by Napier and 

Campbell on page 246 of the last issue of this 
journal. Human volunteer V 1 received a total 
dose of 72,800,000 parasites and had an incuba- 
tion period of 23 days; human volunteer V 2 
received a total dose of 2,400,000 parasites, yet 
the incubation period was only 10 days. 

Human volunteer V 3 of graph I (chart VI) 

This patient was placed at our disposal 
through the kindness of Dr. E. Muir, Leprosy 
Research Worker, Calcutta School of Tropical 
Medicine. Dr. Muir holds the view that a 

secondary attack of fever, whether due to 

malaria or to kala-azar, sometimes effects con- 
siderable improvement in a patient with leprosy, 
and asked us to induce malaria in this patient. 
At the time our strain of monkey-malaria was 
being serially passaged in Macacus rhesus 

monkeys, and had become extremely virulent, 
M. rhesus R 14 and R 15, both inoculated from 
R 13, having very rapidly died from a hyper- 
acute infection, with hemoglobinuria. We 
decided to use M. rhesus R 13 as the donor, 
but to give a very small dose intracutaneously. 
Details are as follows :? 

Shashi Bhushan Maity, aged 25, Hindu male, formerly 
a resident of Midnapore, and an inhabitant of Gobra 

Chart VI 

0.1 c.cm. of blood injected subcutaneously on 2Mh November, 1931, from monkey No. 23 
showing a parasite count of 1,180,000 per c.mm. (growing trophozoites, schizonts and gametocytes) 

Name Shashi Bhushan Maity, age 25 years. Disease Leprosy. Human volunteer V 3 

Chart VI 

0.1 c.cm. of blood injected subcutaneously on 24th November, 1931, from monkey No. 23 
showing a parasite count of 1,180.000 per c.mm. (growing trophozoites, schizonts and gametocytes) 

Name Shashi Bhushan Maity, age 25 years. Disease Leprosy. Human volunteer V 3 
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Leper Hospital, Bengal. Leprosy of C 3 type and of 
duration five years. Nodules on face and ears, erythe- 
matous thickened patches on the body and extremities, 
anaesthesia over the legs and feet, innumerable acid- 
fast bacilli in smears from the nasal mucosa and in a 

smear from a nodule on the right ear. Gives a history 
of syphilis two years previously, Kahn test + + +, 
and hookworm ova present in the stools. Spleen and 
liver not enlarged. From time to time has had fever 
whilst in the hospital, but examination of blood films 
on such occasions has never shown any malaria parasites 
present. (As Gobra Hospital is some considerable dis- 
tance from the School, it was not possible to carry out 
a preliminary Bass culture, but there was no evidence 
of any latent malaria.) 
24th November, 1931.?Given 0.1 c.cm. of blood 

intracutaneously from M. rhesus R 13, showing a parasite 
count of 1,180,000 per c.mm., schizonts, trophozoites and 
gametocytes. 

14th December, 1931.?First rise of temperature, 
99.4?F. Incubation period 20 days. 

15th December, 1931.?Temperature 101.2?F. Com- 
plains of pains all over the body. 

16th December, 1931.?Temperature 100.4?F. Films 
taken at the hospital and sent to the School showed a 
fair number of parasites, rings and trophozoites. These 

corresponded morphologically to the ' 

monkey-human' 
type of parasite to be described later. 

17th December, 1931.?Temperature 99?F. Scanty 
trophozoites in films. 

18th December, 1931.?Temperature 97?F. Very 
scanty trophozoites in films. 

19th December, 1931.?Temperature 97?F. No 

parasites seen in films. 
20th December, 1931.?Temperature 96.8?F. No 

parasites seen in films. 
Thereafter the patient ran a normal or subnormal 

temperature, and he is to-day free from any evidence 
of malaria. It is to be noted that the fever was of 
daily remittent type. The patient lost 5 lbs. in weight 
during the attack. His temperature chart and parasite 
findings are shown in chart VI. 
In none of the three human volunteers was any 

quinine or other anti-malarial drug administered, and 
all three?even including V 2, a very severe infection? 
recovered from their ' 

monkey-malaria 
' spontaneously. 

Discussion of these findings will be reserved 
till later in this paper. 

Part III. The morphology of the species of 
Plasmodium concerned 

In all we have studied the morphology of 
this parasite in 43 hosts belonging to 7 differ- 
ent species of Primate. Our studies in this 

subject?although only preliminary to much 
further work which lies ahead of us?have ex- 

tended over nine months, and many hundreds 
of films have been examined. For the counts 
the films were stained by Giemsa's stain; for 

other purposes films were stained by combined 
Leishman's and Giemsa's stain (Knowles, 1928, 
p. 687). 

In the present paper we do not propose to 

attempt to identify the species of monkey 
Plasmodium concerned. The literature on the 

Plasmodia of monkeys is like only too much of 
the literature in medical (and veterinary) pro- 
tozoology, and can only be termed 

' 
an unholy 

messSome of it is even buried in inaccessible 
annual laboratory reports or obscure French or 
German veterinary journals. Worker after 

worker has described new species on the most 
slender grounds, or on no grounds at all. There 

is a type of mind which delights in the crea- 
tion of new species, and the chief duty which 
faces, the honest medical protozoologist of to- 

day is to attempt to create order where at 

present chaos reigns. The senior author of the 

present paper has to place on record his regret 
that he has been responsible in his earlier and 
more inexperienced days for adding to this 
muddle (Knowles, 1919). Having discovered a 
severe infection with a Plasmodium in a mori- 
bund hunuman monkey?Semnopithecus entellus 
?in Assam, he described the parasite as a new 
species, Plasynodium semnopitheci. What he 
did not realize at the time was :? 

(i) that before creating a new species, it is 

necessary to search the whole of the previous 
literature, and make certain that it has not 

been described before. This somewhat heroic 
task still lies ahead of us in connection with the 
Plasmodium referred to in this paper. 

(ii) that the morphological appearances of 
a dying blood-inhabiting protozoon in a dying 
host may be extremely aberrant and far from 
normal. Anyone who has studied blood films 
from a rat dying from surra will understand 
what we mean by this. Two hours before the 
rat's death the blood films are full of Trypano- 
soma evansi of monomorphic type, staining well, 
and showing the normal morphology of that 

parasite. Half an hour before the rat's death 
the trypanosomes in blood films are degenerat- 
ing; the parabasal body and flagellum are being 
bodily ejected from the trypanosomes, the 
nucleus is breaking down into granules of vary- 
ing intensity of staining reaction which fill the 

posterior half of the trypanosome, and hardly 
a single normal form is to be encountered; just 
before the rat's death not a single trypanosome, 
recognizable as such, may be encountered in 
the films. The parasites have died just prior 
to the death of their host. 

' Plasmodium semnopitheci' is probably 
synonymous with some previously-described 
monkey Plasmodium, and the species dealt 
with in the present paper is probably identical 
with some species that has been (inadequately) 
described previously. 

With regard to periodicity, this appears to 
be diurnal, though very much further study on 
this point is required. In Cercopithecus 
pygerythrus monkeys the infections are so 

scanty that it is impossible to determine the 

periodicity. In infected Macacus rhesus, 
Semnopithecus entellus, and human volunteers 
the fever tends to be of daily remittent or 

intermittent type?though this may not mean 

much, since James (1926) has shown that 

primary induced benign tertian malaria may 
show a daily periodicity in man. We tried to 
determine the periodicity in Bass cultures, but 
these become so full of growing trophozoites 
and schizonts at all stages of development that 
it is impossible to settle the point. Macacus 
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rhesus R 15 of graph I showed the following 
findings :? 

30th November, 1931.?Count 280,000 per 
c.mm. at 5 p.m.?almost all young rings. 

1st December, 1931, at 5 p.m.?Hyperacute 
infection; estimated count (as against 
erythrocyte count) 3,100,000 per c.mm.? 

only ring forms seen. 
The animal died the following night. 
This may perhaps indicate a 24-hour cycle, 

but the point requires further investigation. 
In studying the morphology of this Plas- 

modium, our first finding was so amazing that 
it appeared to us to be incredible. In Cerco- 

pithecus pygerythrus the parasite is morphologi- 
cally very like Plasmodium vivax of man; the 
infected red corpuscles are enlarged and pale 
and show Schiiffner's dots very well, whilst the 
growing trophozoite forms are very amoeboid. 
On the other hand, in Macacus rhesus the in- 
fected red corpuscles are not enlarged and show 
no stippling; except for the fact that the game- 
tocytes are globular, rounded bodies and not 

crescent-shaped, the morphology of the para- 
site in Macacus rhesus rather recalls that of 
Plasmodium falciparum of man. In man the 

parasites show little or no amoeboid activity, 
the red corpuscles are not enlarged, with Irish- 
man's or Giemsa's stain no stippling is seen, 
and the general morphology rather recalls that 
of Plasmodium malarice of man. 
The more we studied the subject, the more 

puzzled we became. One fact soon emerged; 
that the morphology of the parasite remained 
constant for the host species concerned; in 

Cercopithecui pygerythrus the morphology was 
invariably the same?of 

' 

Cercopithecus type', 
if we may use the term; in Macacus rhesus the 

morphology was always the same?of ' rhesus 

type', if we may use the term; in man the 

morphology was always the same?of 
1 human- 

monkey type if we may use the term. 

Now there is nothing easier?or, in our 

opinion, more fallacious?than to make a 

general study of a blood film containing malaria 
parasites, and then to sit down and write a 

general account of the morphology of the para- 
site forms observed. This matter has been 

fully dealt with elsewhere (Knowles and Senior 
White, 1930, pp. 385-398), and we need not 

enter into it here. In no branch of medicine 
is the well-worn tag of Hippocrates more appro- 
priate?' Experience is fallacious and judgment 
difficult 

We determined, therefore, to examine the 

problem by standardized methods. All films 
examined were stained by the combined Leish- 
man-Giemsa method, and six different infections 
were intensively studied. A full description of 
each of the first 100 parasite forms encountered 
in turn was written down, together with notes 
on the changes?if any?in the infected ery- 

throcyte. These were then grouped in tabular 
form under the following headings :?? 

rings, i.e., very early trophozoite forms with 
the vacuole still present; 

growing trophozoites; 
schizonts, whether early or late; 
mature schizont-rosettes in which the mero- 

zoites had become clearly differentiated 
and mature; 

gametocytes. 
A general account of the morphology in the 

infection concerned was then written out from 

a study of the tables *. No attempt at com- 

paring the morphology in different hosts was 
made until all had been studied. At first we 
examined only 100 parasites per infection, but 
later we attempted in each infection to collect 

descriptions of 100 rings, 50 trophozoites, 50 

schizonts and as many gametocytes as possible. 

(i) The morphology of the parasite in its 

original strain in Cercopithecus pygerythrus 
Cercopithecus pygerythrus C 2 of graph I 

was selected for this. It has shown a chronic 
infection with parasites present off and on for 

seven months, and was inoculated directly from 
the Cercopithecus which was originally dis- 

covered to have a natural infection. 
The morphology of the parasite in this host 

is illustrated in plate I, figures 1 to 12. Plate 

VI, fig. 1 shows a typical growing trophozoite 
form. 
The morphology of the parasite in Cercopi- 

thecus pygerythrus may be summarized in the 
following terms :? 
The rings are very thin and hair-like. They are 

amoeboid or very amoeboid, and about one-third to one- 
half the diameter of the red corpuscle. They are 

frequently situated laterally (i.e., not accole forms, but 
lying on the discoid surface of the red cell and extend- 
ing to its margin). There is but little enlargement of 
the red corpuscle at this stage, and stippling is not much 
in evidence, though it may occur. Occasionally the 
chromatin has divided, and double infection of the 

erythrocyte has been noted. 
The growing trophozoite forms are amoeboid or very 

amoeboid. By this time there is very definite enlarge- 
ment of the infected red corpuscles, and Schiiffner's 
dots are well in evidence. Occasional band-like forms 
are seen, but the shape of the growing parasite is usually 
quite irregular owing to its amoeboid activity. 
The mature schizont-rosette lies in a considerably 

enlarged red corpuscle with Schiiffner's dots well in 

evidence. The hsemozoin, consisting of fine brown- 
black pepper-like grains, is at first scattered throughout 
the growing parasite, but as the schizont matures it 
collects into a dense black cluster situated excentrically. 
The merozoites?from 9 to 10 in number?are collected 
around it in a grape-like cluster. 
The gametocytes in general resemble those of P. vivax. 

The macrogametocyte is a large globular non-amoeboid 
body, staining deeply, and lying in an enlarged or much 
enlarged red corpuscle showing Schiiffner's dots; its 
chromatin is present as a deeply-staining red mass 

situated laterally. The hsemozoin grains are diffusely 
scattered throughout the parasite. The microgameto- 
cvte is a large, globular, non-amoeboid body occupying 
the whole of an enlarged or much enlarged red corpuscle 
showing Schiiffner's dots. It stains badly?purplish, 
rather than blue. The chromatin is present as a diffuse 

* The tables have not been reproduced here, owing 
to want of space.?Editor, I. M. G. 
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Explanation of Plate I 

The morphology of the parasite in its original strain in Cercopithecus 
pygerythrus, monkey C 2 of graph I. 

Fig. 1.?An early ring. 

Figs. 2 to 5.?Growing trophozoites. 

? 6 to 8.?Schizonts. 

Fig. 9.?A macrogametocyte. 
? 10.?A microgametocyte. 
? 11.?Macrogametocyte plus schizont within the same erythrocyte. 

? 12.?Schizont plus schizont within the same erythrocyte. 

Explanation of Plate II 

The morphology of the parasite in an established strain in Macacus rhesus, 
monkey R 18 of graph I. 

Figs. 13 to 15.?Ring forms. 

? 16 and 17.?Growing trophozoites. 
? 18 to 21.?Schizonts. 

Fig. 22.?Ruptured schizont-rosette 

? 23.?Macrogametocyte. 

? 24.?Microgametocyte. 



Explanation of Plate III 

The morphology of the parasite in man, human volunteer V 1 of graph I. 
Figs. 25 and 26.?Ring forms. 

? 27 to 29.?Growing trophozoites. 

? 30 to 32.?Schizonts. 

Fig. 33.?Macrogametocyte. 

Explanation of Plate IV 

The morphology of the parasite in Semnopithecus entellus, monkey S 2 of graph I. 

Figs. 34 and 35.?Ring forms. 

? 36 and 37.?Growing trophozoites. 

? 38 to 41.?Schizonts. 

Fig. 42.?Macrogametocyte. 

? 43.?Microgametocyte. 

? 44.?Macrogametocyte plus macrogametocyte within the same erythrocyte. 
? 45.?Macrogametocyte plus schizont within the same erythrocyte. 

Explanation of Plate V 

The morphology of the parasite in Macacus radiatus, monkey M 3 of graph I. 

Figs. 46 and 47.?Ring forms. 

Fig. 48.?Growing trophozoite. 
Figs. 49 to 52.?Schizonts. 

Fig. 53.?Macrogametocyte. 

? 54.?Microgametocyte. 
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and badly-staining equatorial band. The ha;mozoin 

grains are scattered throughout the parasite. 
The combinations macrogametocyte plus schizont 

and schizont plus schizont within the same erythrocyte 
have been observed. 

It will be seen that both from the clinical 
and morphological aspects the infection in 

Cercopithecus pygerythrus closely resembles 
chronic benign tertian malaria in man. Monkey 
C 2 has shown the infection off and on for 

seven months and the parasites have throughout 
remained true to morphological type. Monkeys 
C 3, C 4, C 7 and C 8 of graph I were all of 

species C. pygerythrus inoculated from infected 
C. pygerythrus; in all of these the parasites 
showed exactly the same morphology as above 
described. 

(?) The morphology of the parasite in an 

established strain in Macacus rhesus 

Here matters are again completely different 

from the conditions in C. pygerythrus, just as 
there is an extreme difference in the clinical 

aspects of the disease in the two different hosts. 
The monkey selected for this study was R 18 
of graph I. The consecutive passages before 

inoculation of this monkey with the virus had 
been as follows :? 
C1-C2-R1 M 1 R 4 R 18. 

The strain was an extremely lethal one for 

R 11, R 16 (blackwater), and R 18, all inocu- 
lated from monkey R 4, died rapidly. Films 

were studied from the early phases of the in- 

fection, on the first and second days after the 

appearance of parasites. 
The morphology of the parasite in this host 

is illustrated in plate II, figures 13 to 24. 

Plate VI, fig. 2 is taken from one of these 

films; plate VI, fig. 3 is from a fatal infec- 

tion associated with hemoglobinuria; and plate 
VII, fig. 4 is from a more chronic but fatal 

infection in an infected M. rhesus partially 
treated with quinine. 
The morphology of the parasite in Macacu 

rhesus may be summarized in the following 
terms :? 

The rings are large and thin. In general they resemble 
those of P. falciparum, but they are considerably larger, 
and have more cytoplasm, especially to the side of the 

ring where the chromatin is not situated. They are 

frequently distorted. A small proportion of the rings? 
18 per cent.?are small, compact, and non-amoeboid 
(these are probably the precursors of gametocytes). 
Occasionally the rings are thinner, more hair-like, and 

more closely resemble those of P. falciparum. Accole 

forms are seen. The ring usually occupies from one- 

third to one-half the diameter of the corpuscle. 
The chromatin in the ring is generally dot-like or 

blob-like and well in evidence. It often occurs as a 

small curved bar, not infrequently inside the vacuole, 
resembling the similar well-known appearance in 

P. falciparum; sometimes as a straight bar. Early 
division of the chromatin is a very marked feature of 

this stage (40 per cent, of rings showing two chromatin 
dots, and 3 per cent, three). There is not a trace 

of enlargement of the red cells, or of stippling. 
The growing trophozoite forms lie in red corpuscles 

which show not a trace of enlargement or stippling (in 
fact many of the infected cells appear to be slightly 

smaller and definitely paler than normal). They are 

non-amccboid, or only very slightly amoeboid forms, with 
the haemozoin in the form of scattered fine brown-black 
dots. They occupy about two-thirds or a little more 
of the infected cell. Very occasional egg-like and band- 
like forms are seen, recalling those of P. malarias. The 
chromatin is usually a blob-like mass, well in evidence, 
and not infrequently situated laterally. It may also 
extend along one side of the parasite in a band-like 
form. 

The growing schizont forms occupy almost the whole 
of the infected red corpuscle, and schizogony does not 
appear to set in as a rule until this stage is reached. 
The cell is not enlarged, it shows no stippling, and 
occasionally appears smaller and paler than normal. 
From two to ten bits of chromatin are present, and 
the haemozoin is at first scattered in the form of 
brownish-black grains. Later, as the schizont matures, 
the hamiozoin collects into a dense, black, excentric 
cluster situated towards one pole. 
The mature schizont-rosettes recall those of 

P. falciparum, but the number of merozoites is much 
less. There are from 8 to 11?(usually 10)?merozoites 
arranged in a grape-like cluster around a dense 
excentrically situated mass of pigment. No enlarge- 
ment of the cells is seen, and there is no stippling. 
The gainetocytes recall those of P. malarice, but are 

less deeply pigmented. They lie in red corpuscles which 
are not enlarged and which show no trace of stippling. 
In the macrogametocyte the chromatin forms a large 
mass, deeply staining, lying laterally towards one 

margin of the parasite; there is no sign of a halo around 
it; the hamiozoin is scattered throughout the parasite 
in the form of fine brown-black grains. The micro- 
gametocyte stains less deeply; in it the chromatin 
extends as an equatorial band more or less across the 
centre of the parasite; it is diffuse and badly staining. 
The pigment grains tend to be arranged around the 
margins, leaving the centre relatively free from 
pigment. 
As the infection deepens in intensity the multiple 

infection of the red corpuscles, abundant accole forms, 
and early division of the chromatin all resemble an 
acute infection with P. falciparum (vide plate VI, fig. 3). 

It will be seen that the morphology of the 
parasite in Macacus rhesus is completely unlike 
that in Cercopithecus pygerythrus. On the 
other hand the morphology of the parasite 
remains true to 

' rhesus type' whether the 
M. rhesus be infected from C. pygerythrus, 
M. rhesus, M. radiatus, or man. 

(Hi) The morphology of the parasite in man 

In man the parasite assumes a morphology 
which is quite unlike that in C. pygerythrus, 
and which is rather different from that in 
M. rhesus, the general resemblance being to- 
wards P. malarice, though the fever is a daily 
intermittent or remittent one. The films selec- 
ted for intensive study were those taken from 
human volunteer V 1 of graph I on the 16th 
and 1.7th September, 1931, at the height of the 
infection. As will be seen from graph I, the 
successive passages of the virus had been as 

follows :? 

C1-C2-R1-R2-V1. 
The morphology of the parasite in man is 

illustrated in plate III, figures 25 to 33, whilst 
plate VII, fig. 5 is from one of these films, 
and shows a growing trophozoite form. 
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The morphology of the parasite as seen in 
man may be summarized as follows :? 

The rings are compact, dense, and with considerable 
cytoplasm. They are either non-amoeboid or only 
slightly amoeboid. They occupy from one-third to two- 
thirds of the red corpuscle. The infected red cell is 

normal, and not enlarged. With Leishman's and 
Giemsa's stains no stippling is seen. On the other hand 
in films stained by Shute's method?(James, 1929)? 
a faint Ziemann's stippling, or a bronzing of the cor- 

puscle rather than a true stippling may be seen. Not 

infrequently the infected cell appears to be smallish 
and pale; it is often crenated. The chromatin is 
situated as a prominent dot or blob in the thinner 

margin of the ring, more rarely as a curved bar, 
sometimes as a prominent blob within the vacuole. 
Ha;mozoin may appear quite early in some rings. 
The growing trophozoites are sometimes but little 

amoeboid, sometimes rather amoeboid, and only very 

rarely very amoeboid. They occupy from one-half to 

two-thirds of the infected cell, which is never enlarged 
and which shows no stippling (except by Shute's 

method); sometimes the infected cell appears a little 

smallish, pale and crenated. The chromatin is usually 
present as a blob-like mass situated laterally, more 

rarely centrally, rarely as a curved bar, or as a marginal 
tenue band. Hasmozoin appears early in the form of 

fine, scattered brown-black grains. 
The early schizonts are compact, globular, non- 

amoeboid forms, occupying from two-thirds to three- 

quarters of the infected cell. At the first chromatin 
division, the daughter nuclei often pass to opposite 
poles of the parasite. In the maturing schizont the 
hamiozoin is frequently situated marginally, but later 
collects into a dense, excentric cluster. The infected 
red corpuscles are normal in size, often paler than 
normal in colour, and sometimes show a faint stippling. 
A feature of the schizont is that the first division of 
the chromatin often occurs when the parasite only fills 
half the red cell. The mature schizont has about 10 

merozoitcs. 

Gametocytes were extremely rare findings in the films 
from man. They resembled those of P. malarial, but 
were less heavily pigmented. The infected red 

corpuscles were neither enlarged nor stippled. 

In general the infection in man resembles one 
with P. malarice in its morphology. The mor- 

phology of the parasites seen in human volun- 
teers V 2 and V 3 conformed closely to the 
above description. The scanty rings and tro- 

phozoites seen in the infected Hylobates hoolock 
also corresponded to this morphology. 

(iv) The morphology of the parasite in 
Senmopithecus entellus 

The films selected for studying this were 

taken from Semnopithecus entellus S 2 of 

graph I. As will be seen from graph I, this 
animal was inoculated with what one may term 
an 

1 established' strain in Macacus rhesus? 
from R 21 of the graph. The films were taken 
on the third day after the first appearance of 

parasites, when the infection was a fairly heavy 
one. The findings are illustrated in plate IV, 
figures 34 to 45. 
The morphology of the parasite in Semno- 

pithecus entellus may be summarized in the 

following terms 
The rings in general are thin and hair-like, resembling 

those of P. falciparum, but with more cytoplasm. They 
are amoeboid or frequently distorted; a few (? pre- 

gametocytes) are small, dense and compact. They 

occupy from one-quarter to one-lialf of the red corpuscle 
and the chromatin is characteristically present as a very 
prominent deeply-staining lateral dot or blob; sometimes 
it occurs as a curved bar in the vacuole. The red 

corpuscle is unchanged and normal in appearance; only 
very rarely is there any suggestion of enlargement of 
the cell; occasionally there may be basophile stippling. 
Accole rings occur, but the usual position of the ring 
is lateral towards the margin of the red corpuscle; it 

may sometimes be marginal without being accole. 

Early division of the chromatin during the ring stage 
occurs. 

The growing trophozoites occupy one-half to three- 

quarters of the infected corpuscles. They may be globu- 
lar and compact and non-amoeboid, or, on the other 

hand, may be somewhat or even very amoeboid. Band 
forms occur resembling those of P. malaria?. The mass 
of chromatin is present as a prominent deeply-staining 
lateral dot or blob, sometimes as a lateral band or lateral 
curved rod; only rarely is it central in position. The 
hsemozoin is in the form of scattered brown-black 

grains, sometimes more developed around the margins 
of the growing trophozoite than in the centre. The 
infected red corpuscle is normal in size, usually unaltered, 
though it may sometimes show a suggestion of a very 
fine stippling. 
The maturing schizonts are usually globular and 

non-amoeboid. On the other hand the first nuclear 
division may take place whilst the parasite only occu- 
pies two-thirds of the cell and is still in amoeboid 
activity; at this first nuclear division the two daughter 
nuclei tend to occupy opposite poles of the parasite. 
As the schizont matures the fine grains of pigment are 
especially well seen in the margins of the parasite, and 
later collect into a dense, excentric cluster. The mature 
schizont-rosette occupies the whole of the cell and lias 
about ten merozoites, the pigment being situated in a 

dense excentric cluster. The infected red corpuscle is 
normal in size and appearance, very occasionally 
however suggesting pallor and very slight enlargement. 
The gametocytes resemble those of P. malarias. They 

occupy the whole of a red corpuscle which is not 

enlarged or stippled. In the macrogametocyte the 
chromatin is situated as a deeply-staining lateral mass 
with no halo around it; the pigment is present as fine 
grains scattered throughout the parasite. The micro- 
gametocyte occupies the whole of an infected red 
corpuscle which is normal in size and staining reactions; 
its chromatin is present as a diffuse, badly-staining, 
equatorial band, whilst the pigment grains are well 
developed around the margins of the parasite. 
The combinations macrogametocyte phis macro- 

gametocyte and macrogametocyte plus schizont-rosette 
within the same erythrocyte were encountered. 

It is rather hard to ' 

place 
' this morphology. 

It bears resemblances both to P. falciparum and 
P. malarice. 
The morphological appearances in the other 

huniiman used, S 1 of graph I?also inoculated 
from a M. rhesus?were similar. 

(v) The morphology of the parasite in Macacus 
radiatus 

The films selected for this study were from 
Macacus radiatus M 3 of graph I, inoculate 
with a ' rhesus ' strain. The films were taken 
011 the first and second days after the first 

appearance of the parasites, when the infection 
was a heavy one and the temperature oscillat- 
ing between 104?F. and 104.2?F. 
The appearances seen are illustrated in 

plate V, figures 46 to 54. 
The morphology of the parasite in Macacus 

radiatus may be summarized in the following 
terms :? 
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Fig. 1.?Growing trophozoite in Ccrcopithecus 
pygcrythrus, original strain, C 1 of graph I. 

Fig. 1.?Growing trophozoite in Ccrcopithecus 
pygcrythrus, original strain, C 1 of graph I. 
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Fig. 2.?Early but moderately intense infection in 
Macacus rhesus; in the centre of the field is a mature 
schizont with eight merozoites and an excentric mass 

of jet black dense pigment. 

Fig. 2.?Early but moderately intense infection in 
Macacus rhesus; in the centre of the field is a mature 

schizont with eight merozoites and an excentric mass 
of jet black dense pigment. 

Fig. 3?Terminal infection 
in Macacus rhesus, R 14 Qf 

graph I, taken six 
hours before death, at a time when 

the monkey was suffering 
from hajmoglobinuria The 

intensity of the infection 
is terrific, some 90 per cent 

of the erythrocytes being infected. 

Fig. 3?Terminal infection 
in Macacus rhesus R 14 0f 

graph I, taken six hours before death, 
at a time when 

the monkey was suffering from hsemoglobinuria The 

intensity of the infection 
is terrific, some 90 per cent 

of the erythrocytes being infected 



Plate VII 

Fig. 4.?Chronic fatal infection in a Macacus rhesus 
partially but insufficiently treated with quinine. The 
animal showed intense anajmia; the film shows marked 
anisocytosis, basophilia, the presence of normoblasts, 
and in the centre of the field a large mononuclear 

leucocyte containing ingested hsemozoin. 

Fig. 4.?Chronic fatal infection in a Macacus rhesus 
partially but insufficiently treated with quinine. The 
animal showed intense ana>mia; the film shows marked 
anisocytosis, basophilia, the presence of normoblasts, 
and in the centre of the field a large mononuclear 

leucocyte containing ingested hsemozoin. 
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Fig. 5.?Growing trophozoite form in man; it rather 
resembles a trophozoite of P. malarias. 

Fig. 5.?Growing trophozoite form in man; it rather 
resembles a trophozoite of P. malarice. 
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The rings occupy about one-third to one-half of the 
infected red corpuscles, which are in all cases normal 
in size, unchanged, and do not show stippling. In 

general they are thin or very thin and hair-like, 
sometimes the cytoplasm is so scanty that they recall 
anaplasmata, rarely there is a fair volume of cytoplasm. 
They are amoeboid, very amoeboid, or extremely amoeboid, 
and easily distorted. A few?5 per cent.?are compact 
and non-amoeboid (? pre-gametocytes). Accole forms 
are common, and the ring is often situated towards the 

margin of the corpuscle in a lateral position. The 
chromatin is characteristically present as a prominent 
dot or blob in the lateral aspect of the ring, more rarely 
as a small curved bar, exceptionally it is shaped like a 

minute ring. Sometimes it is placed within the vacuole. 
Double infection of the same erythrocyte with two 

rings was seen once, and early division of the chromatin 
is common?10 per cent, of rings show it. 
The growing trophozoite forms occupy from one-half 

to three-quarters of the red corpuscle, which is usually 
normal and unchanged, but which may appear much 
paler than normal; there is no stippling. They are 

amoeboid, very amoeboid, or extremely amoeboid; some? 
26 per cent.?are non-amoeboid and globular (? pre- 

gametocytes) . The chromatin is characteristically 
present as a dense laterally-situated mass, it may be a 

small laterally-placed curved bar, or a straight laterally- 
placed band. Egg-shaped forms recalling those of 
P. malaria; are seen. The hsemozoin consists of fine 
brown-black grains, but sometimes it is unexpectedly 
coarse in character. It is usually scattered throughout 
the growing parasite, but may be marginal in position. 
The vacuole may persist to an unusually late period 
in the growing trophozoite. Macrocytes were prominent 
in the films, also large hyaline macrophages containing 
ingested pigment; these resemble those seen in infec- 
tions with P. falciparum, the ingested pigment being a 

round big black blob. 
The growing schizonts occupy two-thirds to three- 

quarters of the infected red corpuscles, which are normal 
in size, but which may appear to be definitely paler 
than normal; there is no stippling. They are globular, 
non-amoeboid or only very slightly amoeboid forms. At 
the first nuclear division, the two daughter nuclei tend 
to pass to opposite poles of the growing parasite. The 
hamiozoin is usually scattered throughout the growing 
schizont in the form of fine grains, but sometimes the 
grains are unusually coarse. The mature schizont- 
rosette was a very rare finding in the films, but resembles 
that seen in M. rhesus with about ten merozoites. 
The gametocytes are large, globular, non-amoeboid 

bodies filling red corpuscles which are usually normal 
and unchanged, but which may occasionally appear 

pale. The macrogametocyte stains deeply blue, with 
the pigment scattered throughout it. The chromatin 
is in a characteristically lateral position to one side, 
usually as a dense, well-staining mass, sometimes a little 
diffuse. Only two microgametocytes were seen. They 
stained badly?a diffuse reddish colour; the chromatin 
was diffuse, badly staining, and equatorial in position; 
the pigment was coarse and arranged marginally. The 
combination macrogametocyte plus macrogametocyte 
within the same erythrocyte was seen once. 
The morphological appearances in Macacus radiatus 
M 1 and M 4, both inoculated from M. rhesus, were 
the same; so also were the morphological appearances 
in M. radiatus M 2, although this monkey was inocu- 
lated from a Cercopithecus pygerythrus. 

(vi) The morphology of the parasite in Cerco- 
pithecus pygerythrus, when inoculated with 
an established ' rhesus ' strain 

Having obtained an established 
' rhesus' 

strain of parasites showing the typical 
' rhesus 

' 

morphology, it occurred to us that it would be 
of interest to see what happened when this 
virus was passaged back into a clean Cerco- 

pithecus pygerythrus. This was accordingly 

done, C. pygerythrus C 9 being inoculated with 
0.25 c.cm. of blood from M. rhesus R 18, with 
a parasite count of 10,400 per c.mm.?rings and 
trophozoites (vide graph I). After an incuba- 
tion period of 7 days parasites appeared in the 
C. pygerythrus, the infection persisted for 8 

days, and then cleared up spontaneously 
(although the same strain proved fatal to 

M. rhesus R 19, inoculated from the same 

source). Films were taken on the second and 

third days after the first appearance of the 

parasites. 
We were prepared to find in this animal that 

the parasites had either reverted to the 
1 Cerco- 

pithecus' type of morphology, or had retained 
their ' rhesus ' 

type of morphology. The actual 

findings may be summarized as follows :? 
The young rings are small, from one-fifth to one-third 

of the diameter of the red corpuscle. They are thin 
and hair-like, in general resembling those of 
P. falciparum, but with more cytoplasm; some 20 per 
cent, however are small, dense and compact (? pre- 
gametocytes). Occasionally they may be amoeboid or 

distorted. They are very constantly lateral in position, 
and may reach the margin of the erythrocyte, though 
accole forms were not seen. The infected red cell is 

usually unchanged, not infrequently it is crenated, and 
may even seem smaller than normal. The chromatin 
of the ring stands out very clearly as a big dot or blob, 
staining deeply. 
The growing trophozoite forms show a great variety 

in morphology. They occupy from one-half to two- 
thirds of the infected cells, and may be globular and 
non-amoeboid, slightly amoeboid, or very amoeboid. The 
chromatin is characteristically present as a single very 
prominent mass, situated laterally, more rarely as a 

lateral or central band. The hajmozoin grains are 

usually scattered throughout the trophozoite, sometimes 
however they are marginal in position. The red cell is 
usually normal and unchanged in appearance, but it 

may seem pale, a faint stippling may be present, and 
a few appear to show some enlargement. 
The growing schizont forms occupy red corpuscles 

which are usually normal in size and appearance, but 
which may be paler than normal and show a faint 

stippling. At the first nuclear division the two daughter 
nuclei move apart and come to occupy opposite poles 
in the growing parasite. The haemozoin is at first 
scattered, not infrequently marginal in position; as the 
rosette matures however, it collects into a dense cluster, 
placed excentrically. The number of merozoites is 
about ten. A characteristic feature of the younger 
schizonts is that nuclear division may set in whilst the 
parasite still occupies only one-half to two-thirds of the 
cell, and whilst it is still in amoeboid activity. 
The gametocytes in general resemble those of 

P. malaria}, but are less deeply pigmented. The macro- 
gametocyte fills a red corpuscle which is normal in size, 
but which may show a faint stippling. The chromatin 
is situated as a very prominent deeply-staining mass, 
placed laterally, with no halo around it. The haemozoin 
grains are scattered throughout the gametocyte. The 
microgametocyte stains badly, and fills a red corpuscle 
which may be of normal size or may appear to be 
slightly enlarged. The chromatin is present as a diffuse, 
badly-staining equatorial band, and the ha)mozoin grains 
are characteristically situated around the margins of 
the gametocyte. 

It will be seen that, in general, the parasites 
tended to retain their ' 

rhesus' type of mor- 

phology, but in some cells there was definite 

enlargement of the cell, and in some definite 

stippling. The growing trophozoite forms were 
in some instances very amoeboid. It may seem 
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ridiculous to suggest that the parasites were 

trying to get back to the 
' 

Cercopithecus type 
' 

of morphology; yet it would have been of in- 
terest to have subpassaged further into 
C. pygerythrus monkeys and have seen what 

happened. Further work on this subject is 

obviously necessary, and in future experiments 
?instead of inoculating such monkeys as are 

available at the moment?it will be necessary 
to collect sufficient monkeys of each species in 
turn and to work along systematic lines. 

General remarks on the morphology of the 
parasite 

We have given above the collected data and 
the observed facts. Their interpretation is not 

easy. For the sake of comparison we have 

grouped the morphological findings in tabular 

form in table I, p. 318. 

Before we proceed any further, we may answer 
two criticisms which are certain to be made. 

(0 That toe were dealing with a mixed, injection. 
This is certainly not the case. In the original host 

from which the virus came?Cercopithecus -pygerythrus 
C 1 of graph I?the parasites were so scanty that it 
was at first difficult to make certain that the infection 
was one with a Plasmodium, and neither a piroplasma 
nor an artefact. C. pygerythrus C 2 was inoculated 

directly from CI. It has shown the infection off and 
on for seven months, and the parasites throughout have 
retained their ' 

Cercopithecus' morphology. In the 
three C. pygerythrus C 3, C 4 and C 8 inoculated 

directly from C 2, the parasites retained their 
' 

Cercopithecus' morphology, and the infections were 

of the characteristic chronic nature with low counts and 

spontaneous recovery (C 3 would almost certainly have 
recovered without any quinine). On the other hand 
in the four Maccicus rhesus inoculated from C 2?viz, 
R 1, R 3, R 5 and R 17?the infections were morpho- 
logically of 'rhesus type', and all proved fatal. It is 
not so much the morphological strain of parasite 
inoculated, as the species of host which receives it, that 
determines the morphology. 
Further, had we been dealing with a mixed infection, 

it is certain that one or other species of parasite would 
have come to predominate at the expense of the other. 
This is the rule in mixed infections in human malaria, 
and will presumably apply also in monkey-malaria. 
Even in Bass culture, which is an extremely delicate 
test as a rule for the presence of mixed infections, no 
evidence of mixed infection was detected. We paid 
particular attention to this point, for we realized that 
the presence of a mixed infection might explain the 

findings. We are driven to the conclusion, however, 
that we are dealing with infection by a single species 
of the genus Plasmodium, the natural host of the 
parasite being the African monkey Cercopithecus 
pygerythrus. 

(ii) That we were dealing with latent malaria in 
some of the 43 hosts used in graph I, and that the 
inoculations awakened this latent malaria into activity. 

This, again, is certainly not the case. In all hosts 
used (with the exception of human volunteer V 3) thin 
and thick blood films were examined and Bass cultures 
of the blood taken before inoculation; all these proved 
negative. We have already mentioned our previous 
want of success when searching batches of M. rhesus 
purchased locally for natural plasmodia of their own. 
Also it is incredible that 43 consecutive Primate hosts 
belonging to 7 different species should all have had a 

latent and undetected malaria infection of their own. 
We have taken every possible precaution to use only 
' clean ; hosts. 

This being the case, we are faced with what 
we believe to be an entirely new problem in 

protozoology, if not in parasitology generally. 
Analogies arc dangerous, and for the time being 
we may stick to the genus Plasmodium. But, 
given a single species of Plasmodium, inocula- 
ted into and ' 

taking' in hosts of different 

genera and species in the suborder Anthropoidea, 
we sec that in such hosts there occur very great 
differences in (i) susceptibility or resistance to 
infection, associated with (ii) great differences 
in the morphology of the parasite itself. 

Whatever the explanation of these findings, 
the problem is obviously one requiring much 
further and more systematic study. In passing, 
it may be noted that three factors appear to 

vary simultaneously, viz?(i) enlargement or 

non-enlargement of the erythrocytes, (ii) the 

presence or absence of stippling in the erythro- 
cytes, and (Hi) the amoeboid or non-amoeboid 

activity of the trophozoite phase. 
Presumably parasites of the genus Plasmo- 

dium are at first applied to the discoid surface 
of the erythrocytes, but as they grow the grow- 
ing trophozoites enter into the interior of the 

erythrocytes. If we might postulate slight 
differences in the internal viscosity or osmotic 

pressure within the erythrocytes of Cerco- 

pithecus pygerythrus, Macacus rhesus, and 

man, respectively, this might account for the 
differences in morphology of the parasite in 
these three hosts. But other explanations are 

possible, and it is obvious that much further 

study of the problem is required. 

Part IV. Discussion 

Long as this paper is, we cannot bring it to 
a conclusion without briefly commenting on 

some of the very numerous problems and 

possibilities which arise from this preliminary 
study of the subject. 

(i) As a mere side line, the establishment of 
this strain of monkey-malaria in our depart- 
ment provides magnificent material for teach- 

ing post-graduate students. In teaching 
students, it is essential to present the parasitic 
and entozoic protozoa of man as merely a few 
members of a very much wider group of closely 
allied protozoa, parasitic or entozoic in a very 
wide range of other animal hosts. The latter 
often provide much fresher and better material 
for class study than can be obtained from 

man,?e.g., from post-mortem material. 

(ii) The whole histo-pathology of slight in- 

fections, of relapsing infections, and of hyper- 
acute infections could well be studied with this 
strain of monkey-malaria. This is a piece of 
work which we are not competent to undertake. 

(in) Using monkeys of different genera and 

species, questions relating to differences in racial 
immunity or susceptibility to malaria could 
well be studied. The causation of relapses 
could also be investigated. 
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(iv) The problems of the aetiology and 

pathogenesis of blackwater fever could be in- 

vestigated in an experimental animal?Macacus 
rhesus. 

(v) Enumerative and cultural studies on this 
strain of monkey-malaria might throw consi- 
derable light on some of the many unsolved or 
only partially-solved problems in human 
malaria. 

(vi) The question of anopheline transmission 
of this infection will certainly have to be taken 
up. So far we have only dealt with animals 
infected by direct inoculation with infected 
blood. 
These are only a few of the many possibi- 

lities for study that appear to open out. It will 

probably be months (or years) befotre we 
shall be in a position to publish any further 
communication on this subject; and it is for 
this reason that we have decided on the publi- 
cation of this preliminary memoir. 

Part V. Summary 
(Here we prefer to use the word 

' 

summary 
' 

rather than 1 
conclusions ', since we are at pre- 

sent far from having arrived at any conclu- 

sions.) In all, we have studied this strain of 

monkey-malaria in 43 hosts belonging to 7 

different species of Primate. All were infected 

by inoculation with infected blood. 

(i) The parasite occurs as a natural infec- 
tion of the African monkey C ercopithecus 
pygerythrus. In this host the infections are 

scanty and either spontaneous recovery occurs 
within a few days or weeks, or a very light 
infection persists off and on for periods up to 
seven months at least. There are no symp- 
toms of disease. Morphologically, the parasites 
closely resemble P. vivax of man, and gameto- 
cytes are relatively abundant. 

(w) In Macacus rhesus, no matter from 

what infected blood inoculated, matters are 

entirely different. This species is exceedingly 
susceptible, and the infection is invariably fatal 
?usually within a week or less of the first 

appearance of parasites. M. rhesus can be in- 

fected with an extremely minute dose?e.g., a 

total inoculation of only 16,000 parasites. 
There is fever rising to 106.2?F., with profound 
and progressive ansemia. All phases of schizo- 
gony are seen in the peripheral circulation, 
whilst the terminal phases of infection are of 

terrific intensity, with parasite counts up to 

3^ million parasites per c.mm. The internal 
viscera are crammed with infection. Morpho- 
logically the earlier ring and trophozoite phases 
bear some resemblance to P. falciparum of man, 
whereas the gametocytes resemble those of 

P. malarice. The infected red corpuscles are 

not enlarged and not stippled. Pigment-bear- 
ing macrophages are a prominent feature of the 
infection, whilst the mature schizont-rosette has 
about ten merozoites arranged in a grape-like 
cluster around an excentrically-placed clump 

of pigment. Death occurs after a sudden fall 
of the temperature to subnormal. 

(Hi) The terminal infection in Macacus 
rhesus is sometimes accompanied by haemoglo- 
binuria. This finding may render it possible to 
study the aetiology and pathogenesis of black- 
water fever in an experimental animal. 

(iv) In Macacus radiatus the infections are 

scanty and persist for from 5 to 40 days; para- 
site counts are low, and spontaneous recovery 
the rule. There are no symptoms of illness. 

Morphologically, the parasites occupy an inter- 
mediate position between P. falciparum and 
P. malarice; the growing parasites are amoeboid 
or very amoeboid, the red corpuscles unchanged, 
the hsemozoin often coarse, and the gametocytes 
resembling those of P. malarice. 

(v) Semnopithecus entellus?the ' hunuman ' 

monkey of Assam?is very susceptible. Severe 
infections occur, with parasite counts up to 

728,000 per c.mm. and fever to 105?F. Severe 
and progressive anaemia develops and the 
animals become very ill; both those inoculated 
died of lobar pneumonia as a secondary infec- 
tion. Morphologically the parasites show 
resemblances to both P. falciparum and P. 
malarice of man; the red corpuscles are un- 

changed in size but may show a faint Ziemann's 
stippling with Shute's technique. This species 
appears to be nearly as susceptible as M. rhesus. 

(vi) Hylobates hoolock?the 1 hoolock ' 

anthropoid of Assam?is only slightly suscep- 
tible and shows only a transient infection for a 
few days unaccompanied by any symptoms. 
Only the ring and trophozoite phases of the 

parasite were seen in this host, and they re- 

sembled those of P. malarice in man. 

(vii) The infection has been successfully 
transmitted to three human volunteers, viz:? 
V 1, in whom a mild grade of fever occurred 

with a tendency to a diurnal remittent chart, 
and a maximum febrile rise to 101.8?F. After 
a very mild relapse this patient showed spon- 
taneous recovery. 
V 2, a subpassage from Y 1. This patient 

showed a very severe attack of malaria with 

the temperature rising to 104.2 ?F., and there- 
after a sudden drop to subnormal, accompanied 
by extermination of the parasites and spon- 
taneous recovery. 

V 3, in whom there was only a mild daily 
remittent fever lasting for four days, followed 
by spontaneous recovery. In all three infec- 
tions spontaneous recovery occurred without 
the administration of quinine (or any other 
antimalarial drug). Morphologically the 

parasites rather resembled P. malarice of man, 
and gametocytes were a very rare finding. 

(viii) In Cercopithecus pygerythrus inocu- 
lated with an established strain from Macacus 

rhesus, the parasites tended to retain their 
' rhesus type' of morphology, but the amoeboid 
character of the trophozoites and occasional 

enlargement and stippling of the erythrocytes 
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Table I 

Comparative morphology in different hosts 

Size 

General 
characters. 

Situation on 
R. B. C. 

Chromatin 

Infected 
R. B. C. 

Size 
General 

characters. 

Chromatin 

Hsemozoin 

Cercopitheeus, original 
strain 

1/3 to 1/2 R. B. C. 
diam. 

Very thin and hair-like. 
Amoeboid or very 
amoeboid, many dis- 
torted. 7 per cent, 

compact, globular. 
(? pre-gametocytes). 

Frequently lateral. 
Accole forms not seen. 
Double infection of 
R. B. C. occurs. 

Prominent dot or blob. 
Occasional early divi- 
sion. 

About 25 per cent, 

enlarged and some 

show Schuffner's dots. 
75 per cent, normal. 

1/2 to 3/4 R. B. C. 
Amoeboid or very amoe- 
boid, shape irregular. 
Occasional band-like 
forms encountered. 

Usually as dense mass, 
excentric in position. 

Scattered fine brown- 
black grains. 

M. rhesus, established 
strain 

1/3 to 1/2 R. B. C. 
diam. 

Thin, like P. falciparum, 
but with more cyto- 
plasm. Amoeboid, 
many distorted. IS 

per cent, small, com- 
pact, globular. (? pre- 
gametocytes). 

Frequently lateral. 
Accole forms rare, 1 

per cent* Double 
infection of R. B. C. 
3 per cent. 

Prominent dot or blob. 
Sometimes as curved 
bar in vacuole. Two 

chromatin dots in 46 

per cent., three chro- 
matin dots in 3 per 
cent. 

Unchanged, no enlarge- 
ment, no stippling. 

About 2/3 R. B. C. 
Non-amceboid or only 
very slightly amoeboid. 
Egg-shaped and band- 
like forms seen, 
resembling P. malarice. 

Blob-like mass lateral 
in position. Sometimes 
as lateral band, tenue- 
like forms seen. 

Scattered fine brown- 
black grains. 

Man from M. rhesus 

Rings. 
1/3 to 2/3 R. B. C, 
diam. 

Compact, dense, with 
much c y t o\p 1 a a m , 
resemble P. malaria;. 
Few only amoeboid. 

Nothing characteristic. 
Accole forms not seen. 
Double infection of 
R. B. C. occurs. 

Prominent dot or blob. 
Sometimes curved bar 
in vacuole, sometimes 
marginal band, occa- 

sional early division, 
2 per cent. 

Normal, no enlargement, 
no stippling, some- 

times a little pale, 
sometimes crenated. 

Trophozoites. 
1/2 to 2/3 R. B. C. 
Slightly or somewhat 
amoeboid. 

Blob-like mass, usually 
lateral, sometimes 
central. Rarely as 

curved bar or marginal 
tenue-\\ke form. 

Scattered fine brown- 
black grains. 

Semnopithecus entellus 
from M. rhesus 

1/4 to 1/2 R. B. C. 
diam. 

Thin, hair-like, resemble 
P. falciparum, but 

more cytoplasm. 
Amoeboid or very 
amoeboid, many dis- 
torted. 12 per cent, 

small, compact, globu- 
lar. (? pre-gameto- 
cytes). 

Usually lateral in 

position. Accole forms, 
5 per cent. Double 
and even triple infec- 
tion of R. B. C. occurs, 

j 
Prominent dot or blob. 
Sometimes as curved 
bar in vacuole. Two 
chromatin dots in 17 

per cent. 

Normal, no.enlargement, 
no stippling. May be 
basophile at times. 

1/2 to 3/4 R. B. C. 
Very variable, some 

globular and non- 

amoeboid, others some- 
what or very amoe- 

boid. 
Prominent lateral mass, 
sometimes lateral band 
or curved rod. Rarely 
central in position. 

Scattered fine, brown- 
black grains; some- 

times marginal in 
distribution. 

M. radiatus from 
M. rhesus 

1/3 to 1/2 R. B. C. 
diam. 

Thin or very thin, 
hair-like, amoeboid or 

extremely amoeboid, 
frequently distorted, 
cytoplasm often very 
scanty. 5 per cent, 

small, compact, globu- 
lar. 

Frequently lateral. 
Accole forms, 8 per 
cent. Double infection 
of R. B. C. occurs. 

Prominent dot or blob, 
more rarely curved bar, 
inside vacuole in 16 

per cent. Two chro- 
matin dots in 10 pei- 
cent. 

Unchanged, no enlarge- 
ment, no stippling. 

1/2 to 3/4 R. B. C. 
Amoeboid or extremely 
amoeboid. 26 per cent, 

globular, non-amoeboid. 
(? pre-gametocytes). 
Egg-shaped forms seen. 

Dense, laterally situa- 
ted mass. Sometimes 
lateral curved rod 

straight band. 

Scattered fine brown- 
black grains; some- 

times marginal in dis- 
tribution, sometimes 

unexpectedly coarse. 

Cercopithecus from 
M. rhesus 

1/5 to 1/3 R. B. C. 
diam. 

Thin, hair-like, resemble 
P. falciparum, but more 
cytoplasm, amoeboid, 
many distorted. 20 per 
cent, small, compact, 
globular. (? pre- 
gametocytes). 

Usually lateral in posi- 
tion. Accole forms not 
seen. Double infection 
not seen. 

Prominent dot or blob, 
sometimes curved bar. 
Divided chromatin not 
seen. 

Normal, no enlargement, 
no stippling. Some- 
times small and 
crenated. 

1/2 to 2/3 R. B. C. 
Very variable, some 

globular and non-amce- 
boid, others slightly or 
very amoeboid. 

Prominent lateral mass, 
sometimes lateral or 

central band. 

Scattered fine brown- 
black grains; sometimes 
marginal in distribu- 
tion. 
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Infected 
R. B. C. 

Size 

General 
characters. 

Chromatin 

Hcemozoin 

Mature 
schizont-rosette 

Infected 
R. B. C. 

Microgameto- 
cyte. 

Macrogameto- 
cyte. 

Invariably enlarged. 
Schiiffner's dots very 
prominent. 

Occupies almost whole 
R. B. C. before schizo- 

gony sets in. 
At first amoeboid; later 
globular, non-amoe- 

boid. 
2 to 10. 

At first fine scattered 
grains; later in dense 
excentric cluster. 

9 to 10 merozoites in 
grape-like cluster. 
Pigment in dense 
black excentric clump. 

Enlarged, often much 
enlarged. Schiiffner's 
dots well seen. 

Globular, non-amceboid 
fills R. B. C., stains 
badly, chromatin 
diffuse, as equatorial 
band, pigment mar- 

ginal. R. B. C 
enlarged or much 
enlarged. Schiiffner's 
dots very prominent. 

Globular, non-amoeboid, 
fills R. B. C., stains 
deeply, chromatin as 

dense lateral mass. 

Pigment scattered. 
R. B. C. enlarged or 

much enlarged. 
Schiiffner's dots very 
prominent. 

Unchanged; some appear 
pale and smaller than 
normal. No enlarge- 
ment, no stippling. 

Occupies almost whole 
R. B. C. before schizo- 

gony sets in. 
Globular, non-amceboid. i 

2 to 10. 

At first fine scattered 

grains; later in dense 
excentric cluster. 

8 to 11?usually 10? 

merozoites in grape- 
like cluster. Pigment 
in dense black excen- 
tric cluster. 

Normal, not enlarged, 
no stippling. May be 
smaller and paler than 
normal. 

Globular, non-amoeboid, 
fills R. B. C., stains 
badly, chromatin diff- 
use, as equatorial band, 
pigment marginal. 
R. B. C. normal size, 
may be pale. No 
enlargement, no stip- 
pling. 

Globular, non-amceboid, 
fills R. B. C., stains 
deeply, chromatin as 

dense lateral mass. 

Pigment scattered. 
R. B. C. unchanged, 
no enlargement, no 

stippling. 

Unchanged; some appear 
pale and smaller than 
normal, some crenated. 
No enlargement, no 

stippling, or some- 

times very faint 
stippling. 

Schizonts. 
Occupies 2/3 to 3/4 of 
R. B. C. before schizo- 
gony commences. 

Compact, globular, non- 
amoeboid. 

2 to 10. At first nuclea*- 
division daughter 
nuclei often pass to 

opposite poles. 

At first fine scattered 
grains, or may be 
marginal in position. 
Later in dense excen- 
tric cluster. 

10 merozoites in grape- 
like cluster. Pigment 
in dense black excen- 
tric cluster. 

Size normal. Often 
appear pale. Fine 

stippling may be pre- 
sent. 

Gametocytes. 
Globular, non-amoeboid, 

fills R. B. C., stains 
badly, chromatin diff- 

use, as equatorial band, 
pigment marginal. 
R. B. C. normal, no 

enlargement, no stip- 
pling. 

Globular, non-amoeboid, 
fills R. B. C., stains 
deeply, chromatin as 

dense lateral mass. 

Pigment scattered. 
R. B. C. unchanged, 
no enlargement, no 

stippling. 

Normal and unchanged. 
A few appear to show 
a very fine stippling. 

Occupies 2/3 to 3/4 of 
R. B. C. before schizo- 

gony commences. 

Globular, non-amoeboid. 

2 to 12. Nuclear divi- 
sion may set in early, 
whilst parasite is still 
amoeboid. At first divi- 
sion daughter nuclei 
tend to pass to oppo- 
site poles. 

At first fine scattered 
grains, often marginal 
in position. Later 

dense excentric cluster. 

9 to 12?usually 10? 

merozoites in grape- 
like cluster. Pigment 
in dense black excen- 
tric cluster. 

Usually normal. Rarely 
may appear pale and 
slightly enlarged. No 

stippling. 

Globular, non-amceboid, 
fills R. B. C., stains 
badly, chromatin diff- 
use, as equatorial band, 
pigment marginal. 
R. B. C. normal, no 

enlargement, no stip- 
pling. 

Globular, non-amoeboid, 
fills R. B. C., stains 

deepfy, chromatin as 

dense lateral mass. 

Pigment scattered. 
R. B. C. normal, no 
enlargement, no stip- 
pling. 

Usually normal and 

unchanged. No stip- 
pling. Some appear 
to be paler than 

normal, 24 per cent. 

Occupies 2/3 to 3/4 of 
R. B. C. before schizo- 

gony commences. 

Globular, non-amoeboid 
or only very slightly 
amoeboid. 

2 to 9. At first nuclear 

division, daughter nu- 
clei tend to pass to 

opposite poles. 

At first scattered grains, 
some of which are 

unusually coarse. 

(Not seen). 

Size normal. May be 
paler than normal, 56 
percent. No stippling. 

Globular, non-amoeboid, 
fills R. B. C., stains 

badly, chromatin diff- 

use, as equatorial band, 
pigment marginal, 
coarse. R. B. C. nor- 
mal size, sometimes 

pale, no enlargement, 
no stippling. 

Globular, non-amoeboid, 
fills R. B. C., stains 
deeply, chromatin 
lateral mass, sometimes 
a little diffuse. Pig- 
ment scattered. R. B. 
C. normal size, some- 
times pale, no enlarge- 
ment, no stippling. 

Usually normal and 
unchanged. A few 
appear to show enlarge- 
ment, and some show 
a faint stippling. 

Occupies 2/3 to 3/4 of 
R. B. C. before schizo- 
gony commences. 

At first amoeboid or very 
amoeboid; later globu- 
lar, non-amoeboid. 

2 to 10. Nuclear divi- 
sion may set in early, 
whilst parasite is still 
amoeboid. At first divi- 
sion daughter nuclei 
tend to pass to oppo- 
site poles. 

At first fine scattered 
grains, sometimes 
marginal in position. 
Later in dense excen- 

tric cluster. 
9 to 10 merozoites in 
grape-like cluster. 
Pigment in dense black 
excentric cluster. 

Size normal. Often 
appear pale. A very 
faint stippling seen in 
some. 

Globular, non-amoeboid, 
fills R. B. C., stains 
badly, chromatin diff- 
use, as equatorial band, 
pigment marginal. 
R. B. C. normal, or 

slightly enlarged; no 

stippling. 

Globular, non-amoeboid, 
fills R. B. C., stains 
deeply, chromatin as 

dense lateral mass. 

Pigment scattered. 
R. B. C. of normal 
size, may show a faint 
stippling 

* Accole forms rare in early phase of infection, but very numerous in terminal phase. 
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appeared to show a tendency towards reversion 
to the ' 

Cercopithecus type 
' of morphology. 

(ix) Whilst there is great variation in the 
earlier phases of the infection in hosts of 
different species, the mature schizont-rosettes 
are fairly constant in morphology with about 
ten merozoites. The gametocytes resemble 
those of P. malarias in all hosts, except in 

C. ynjgerythrus where they resemble those of 

P. vivax. 

(x) The extreme differences in susceptibility 
of hosts of different genera and species, accom- 
panied by very considerable differences in para- 
site morphology, suggest that further investi- 

gations with this strain of parasite in simian 
hosts may throw considerable light on the 

problem of racial susceptibility or immunity to 
malaria, and on other unsolved or only partially- 
solved problems in malaria. 
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