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The genesis of the enquiry 
During the last few years a number of 

children suffering from kala-azar have come to 
us from the Oxford Mission settlement at 

Behala, a village about six miles from Calcutta, 
and have been treated in the Carmichael Hos- 

pital for Tropical Diseases. We have from 
time to time visited this settlement, as it was 

thought that a study of the conditions might 
throw some light on the transmission problem. 
Except that they are more sanitary, the general 
conditions under which these boys live are very 
similar to those prevailing in the ordinary 
Bengal village; the huts in which they live are 
constructed with bamboo and plaster, the floors 
are of mud, and the roofs are thatched. The 

compound is closely surrounded by villages, in 

a part of the country in which kala-azar is 
endemic and which is intensely malarious. 
Phlebotomus argenti'pes can be found in the 
huts at most times of the year. From July to 
November each year the sick-rate from malaria 

is considerable; hitherto the diagnosis has been 
made on clinical grounds, and quinine has been 
the usual treatment. In January and February 
each year one or two cases of kala-azar have 
been diagnosed. In most instances the diagnosis 
has been made on clinical grounds, following 
the failure to obtain any improvement with 
quinine; the Sister in charge of the dispensary 
is familiar with the aldehyde test, but usually 
contrives to make a diagnosis before this test 

becomes positive. In the Carmichael Hospital 
for Tropical Diseases the diagnosis is confirmed 

by spleen puncture in every case. 

We have never been able to trace any hut or 

any cases-to-case infection; in fact the kala- 
azar history of the settlement is very similar to 
that of any Bengal village, except that the 
incidence is more or less continuous and not 

subject to the usual waves. This is probably 
because there is a continual supply of fresh sus- 
ceptible material, as new children are introduced 
from various parts of the country. About half 
the boys in the settlement are adopted as infants 
and remain in the settlement until they reach 
manhood; of these there are 3 or 4 new arrivals 
each year. The remainder came at the age of 
about 9 years and remain until they are about 
15; of these there are 6 or 7 new arrivals each 
year. 
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Last year it was reported that there was an 
exceptional amount of malaria during the 
months of August and July, and we decided to 
investigate this point. All the boys and most 
of the Indian women who help to look after 
the children were examined, and thick and thin 
films taken from each. Short notes on their 

histories, the sizes of their spleens and the 
results of the blood examination were entered 
in a register kept especially for the purpose. 
At this examination, during the third week 

in September, out of 111 persons 18 were found 
to have enlarged spleens; of these 7 were less 
than 10 years old, 6 were between 10 and 15, 
and 5 were 15 years or more. The result of 
the blood examinations were:?? 

Plasmodium falciparum trophozoites, 7. 

P. falciparum crescents only, 2. 
P. vivax trophozoites, 6. 
That is to say 15, or about 14. per cent., 

showed malarial parasites. 
Of the 111 persons, 12 have had kala-azar 

and been treated by us. Of these 10 had 

malaria, and 6 had an enlarged spleen. 
In this part of Bengal the malarial season 

does not reach its height until November, so 

that it was obvious that a heavy malaria sick 
rate was to be expected. We, therefore, decided 
that this offered a favourable opportunity to 

carry out certain experiments which had been 
suggested by recent work in the treatment and 
prophylaxis of malaria. 

(a) The work of James, Nicol, and Shute 
(1931) in London demonstrated that, given in 

large enough doses, Plasmochin will prevent 
the development of the malarial parasite in a 

person bitten by a malaria-infected mosquito. 
The doses they gave (0.02 gramme three times 

daily for seven days after subjection to the 

bite) are entirely impracticable for routine use 
in an endemic area where the whole population 
is daily at risk of being bitten by infected 
mosquitoes. The dose we settled upon was 

obviously a minimal one, but the cost of even 
this dose would not be a negligible factor were 
a large coolie force subjected to it. We gave 
a single dose of 0.01 gramme three times a 

week to boys of 12 or over, and half this 
amount to younger boys. We decided to give 
about half the boys this prophylactic course; 

actually, it was only given to 46. 
(b) A large number of observers have shown 

that even in small doses Plasmochin rapidly 
clears malaria patients' blood of gametocytes. 
The possibility of turning to account this 

property of Plasmochin, and of carrying out 

anti-gametocyte treatment on a large scale in 

a community, thereby removing from the 

mosquitoes in the neighbourhood the source of 
infection, has also been appreciated as a new 

anti-malarial weapon by certain malario- 
logists. The recent experiments of Knowles 
and Das Gupta (1930) showed that a total 

dose of 0.06 gramme, given in doses of 0.0] 

gramme twice daily for three clays, after an 

ordinary course of quinine was invariably 
followed by the disappearance of all the game- 
tocytes; we therefore adopted this dosage for 
older boys, giving doses of 0.005 gramme to 
the younger boys. 

(c) Dr. 0. Urchs, the expert representative 
of Bayer-Meister Lucius of Leverkusen, where 
Plasmochin was first produced and where as 

the result of recent experiments a new anti- 
malarial drug has been produced, kindly placed 
a considerable quantity of this new compound, 
Atebrin, at the disposal of the senior writer for 
purposes of testing its efficacy. The latter 

(Napier and Das Gupta, 1932) has already 
carried out a series of laboratory-controlled 
experiments with patients in hospital and it was 
considered that we had here an opportunity of 
carrying out a field experiment with this drug. 
The dosage adopted was the same as that of 

the hospital experiment, namely, one tablet 

(0.1 gramme) three times daily for four days, 
for boys of 12 or over and half a tablet for 

younger children. The routine procedure 
adopted was as follows :? 

Every person suffering from malaria was 

admitted to the hospital in the settlement; 
blood films, both thick and thin, were taken 
immediately by one of the writers who resides 
in, and is in medical charge of, the settlement, 
and if the patient was considered to be seriously 
ill, or if the condition was clinically typical 
malaria, treatment was commenced imme- 

diately; if not, the result of the blood examina- 
tion was awaited. The films were sent to the 
School of Tropical Medicine and examined, 
hurriedly at first, in order that in the case of 

a heavy infection there should be no undue 

delay, and later, at leisure, in order to confirm 
the original diagnosis. The patient was put 
on Atebrin for four days and then Plasmochin 
for three days (dosage as mentioned above); 
after this both thick and thin blood films were 

again taken and examined carefully. The 

results of these three sets of experiments will 

be considered separately : 

The result of the administration of 'prophy- 
lactic' Plasmochin 

The administration of the Plasmochin was 

personally supervised by one of us (D. B.) for 
most of the period and was given regularly 
during this period, but in her absence, during 
part of October, the administration was not 

thus supervised and is known to have been 

irregular. A note was made -regarding this 

irregular dosage but in view of the results 
obtained in this experiment this irregularity in 
a small proportion of the group does not assume 
any importance. The prophylactic Plasmochin 
was not given to patients who were actually 
under treatment for malaria, but after dis- 

charge from hospital they were again put on 
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the roster. The prophylactic Plasmochin was 

given from September 20th to December 21st. 
Of the 46 persons on prophylactic Plasmochin, 

26, or 57 per cent., suffered from malaria 

during the period of observation, i.e., September 
13th to January 31st; of the remaining 65 
persons, 24, or 37 per cent., suffered from 
malaria. Taking into consideration only the 

period during which, in view of the incubation 
period of malaria, the drug might be considered 
to take effect, that is, the months of October, 
November and December, the figures were 17, 
or 37 per cent., and 12, or 18 per cent., respec- 
tively. And, finally, if we separate the species, 
we see that during the three months 16, or 35 
per cent., were infected by P. falciparum, in 

the prophylactic group, and only 7, or 11 per 

cent., in the group which received no prophy- 
lactic Plasmochin, the figures for P. vivax 

being 3, or 6 per cent., and 6, or 9 per cent., 
respectively. These results are shown in 
table I. 
We were prepared to find that this compara- 

tively small dosage of Plasmochin gave no 

protection against malaria infection, but these 
figures, which seem to indicate the reverse effect, 
are very surprising; at the same time, though 
the numbers involved are small, the difference 
in the two sets of figures is so great that they 
cannot be dismissed as not being significant, it 

is, therefore, necessary to examine them care- 
fully to see if a fallacy can be detected. 

Table I 

Showing results of 
1 

prophylactic' Plasmocliin 

f Number 
Prophylactic Plasmochin = 40 

1 Percentage 

No prophylactic Plasmochin = 65 {Number Percentage 

Total 
malaria 
incidence 

26 

57 

?!24 

37 

Outside pro- 
phylactic 
period 

17 

12 

18 

Prophylactic period 

P. falci- 
parum 

le- 

ss 

7 

11 

P. vivar 

3 

6 

6 

9 

Either 
species 

17* 

37 

12* 

18 

* Instances of double infection account for discrepancy. 

Table II 
' 

Prophylactic' Plasmochin in different age groups 

Age 
group 

s?3 

Prophylactic 
Plasmochin 
No prophy- 
lactic 

Plasmochin 

Prophylactic 
Plasmochin 
No prophy- 
lactic 

Plasmochin 

Prophylactic 
Plasmochin 
No prophy- 
lactic 

Plasmochin 

Prophylactic 
Plasmochin 
N o prophy- 
lactic 

Plasmochin 

| Malaria No malaria 
Malaria 

No malaria 

Malaria 
No malaria 
Malaria 

No malaria 

Malaria 
No malaria 
Malaria 

No malaria 

Malaria 
No malaria 
Malaria 

No malaria 

Total 

4 
7 
.5 

15 

9 
8 
13 

22 

13 
5 
6 

26 
20 
24 

41 

October 
to 

December 

2 
9 
2 

18 

7 
10 
7 

28 

10 
3 

17 
29 
12 

53 

Outside 

period 

2 
9 
3 

17 

2 
15 
6 

29 

4 
14 
3 

8 
38 
12 

53 

I 
11 

20 

} 17 

| 35 

I 18 

I 10 

46 

65 

Number 
in group 

31 

52 

| 28 

I"1 

Number 
with 

malaria 

22 

19 

50 

Percent- 
age with 
malaria 

29 

42 

68 

45 
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There were two possible fallacies, both asso- 
ciated with the populations of the two groups. 
The selection of the boys for prophylactic 
Plasmochin was more or less arbitrary. During 
the period a certain number of the boys went 
to their homes for a short holiday, between 
two and three weeks; those that were known 
to be going home were not selected, but no 
other factor was allowed to influence the 
selection. 
The age factor.?It will be seen that this is 

an important factor. In table II we have 
divided the patients into three age groups 
(2') 15 years or older, (H) ten years but under 
15 years, and (Hi) under ten years of age. It 
will be seen that there is a considerable differ- 
ence in the incidence of malaria in these three 

groups, from 29 per cent, in group (i) to 68 

per cent, in group (Hi), and it will also be seen 
that ' 

prophylactic' Plasmochin was given in 
much greater proportion in the most heavily 
infected group, (Hi). However, the predomin- 
ance of malaria infections in the ' 

prophylactic 
' 

group is still apparent in each separate age 

group. Furthermore, looking at it another way, 
it will be seen from table I that the percentage 
of malaria infections occurring outside the 

prophylactic period was almost exactly equal in 
the two groups. On the whole, therefore, it 
does not seem probable that the age factor had 
much influence in bringing about this striking 
difference in the malaria incidence in the two 

groups. 
The holiday factor.?Nearly all the boys that 

went away to their village homes; these villages 
are mostly malaria infected, but it is possible 
that they are not so heavily infected as the 
Behala settlement, and, furthermore, it is pos- 
sible that a few of the boys may have been ill 

during their absence and have recovered before 
their return. However, it will be seen from 

table III that, if all those who went away for 

any reason at all during the period are excluded, 
an even more marked difference in the malaria 
incidence in the two groups exists. 

Table III 

Prophylactic \ AA 
Plasmochin / 

No prophylactic \ 
Plasmochin / 

Malaria 
THROUGHOUT 

WHOLE 

PERIOD 

Num- 
ber 

25 

Per- 

centage 

57 

36 

P. falciparum 
during PRO- 

PHYLACTIC 
PERIOD 

Num- 
ber 

15 

2 

Per- 

centage 

36 

9 

Through a misunderstanding during uctODer 

in the absence of the Sister some boys were 

given a few doses of quinine. As these were all 

but one amongst the prophylactic Plasmochin 

group the only effect this mistake could have 
would be to reduce the malaria incidence in 
this group. 

Discussion.?As far as P. falciparum infec- 
tion is concerned there is no evidence that 

Plasmochin, in the doses in which it was given, 
has any prophylactic effect, and on the other 
hand there is some indication that the reverse 
is actually the case and that this drug either 

precipitates a malarial attack in an infected 

person or makes a malaria-free person more 

susceptible to infection. 
When we commenced this investigation we 

were unaware that any observations regarding 
the provocative effect of small doses of Plas- 

modium had been made. The senior writer, in 
his paper with Dr. B. M. Das Gupta in this 
issue, noted that in one patient, who?because 
he had shown no asexual forms in his blood for 

some time and was afebrile?was at first given 
Plasmodium only, fever recurred and asexual 

forms appeared in the peripheral blood. 
Recently, our attention has been drawn to 

the work of Fischer and Weise (1927) and 

Swellengrebel (1931) who have made similar 

observations. 

The effect of the anti-gametocyte measures 
It is scarcely conceivable that the malaria 

in the settlement could have been much more 
intense than it was this year. In previous years 
the blood of the patients has not been examined, 
so that the incidence of malaria is not known 

accurately, but the fever-sick rate was higher 
this year than last year. Though it is fairly 
obvious that no beneficial result followed the 

anti-gametocyte measure we adopted, this does 
not mean that in other circumstances similar 
measures will not be successful. There are 

many factors to be taken into consideration; 
in the first place, these measures were adopted 
much too late in the year and, secondly, it is 

probable that the proximity of malaria-infected 
dwellings, where it is not possible to institute 
these measures, make this method of malaria 
control valueless in this settlement. 
No conclusions can be drawn from this 

experiment. 

Results of the Atebrin and Plasmochin 
treatment 

As we have already explained above, when 
the routine examination of the 111 residents in 
the settlement was carried out in September, 
15 were found to harbour malarial parasites; 
most of these patients were suffering from 
fever at the time, but whether they were or not, 
they were treated as cases of malaria and given 
the routine course of Atebrin and Plasmochin 
(vide supra). Subsequently, only those who 
were suffering from fever had their blood 
examined. 

Fifty patients had malaria; these had 61 

attacks, 43 due to P. falciparum infection and 
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18 P. vivax. (In one instance the species of 

parasite was in doubt, but it was classed as 
P. vivax because the patient had previously suf- 
fered from this infection; in three instances both 
species were present, but these were classed as 
P. falciparum because it was the predominating 
parasite, also in one instance it was the para- 
site of the previous attack, the other two being 
cases of a single attack). The months of inci- 
dence of these attacks are shown in the follow- 

ing table:? 

Table IV 

Months of incidence 

September 
October 
November 
December 
January 

Total 

P. vivnx 

18 

Total 

24 
17 
12 
2 
6 

61 

Immediate clinical results of treatment.? 

Altogether the course of Atebrin and Plasmo- 
chin was given in 56 cases. In no instance 
were any toxic symptoms noted or complained 
of, nor was any yellow colouration of the skin 
observed. 

In every instance where there was fever, the 
administration of Atebrin checked the fever 

usually on the second or third day, but as in 
many cases accurate temperature records were 
not kept we have not attempted to estimate 
the average days of fever in this series. 

Routine parasitological observations after 
treatment.?In 41 instances the blood was 

examined within a few days of the conclusion 
of treatment; in one out of 26 cases of malig- 
nant tertian malaria, 

' crescents' of P. falci- 
parum were found but no asexual forms, and 
in the remaining 25 cases of malignant tertian 
and in the 15 of benign tertian no parasites 
were found. 

In 7 cases, of which 6 were malignant tertian 
infections, the blood was examined at a later 

date; no parasites were found in any of these. 
In 8 cases, of which 6 were malignant ter- 

tian infections, for various reasons no examina- 
tion was made. 

In three instances the patients went away 
immediately after diagnosis and no treatment 
was given, and in two other cases patients were 
admitted to hospital and given quinine. 
Final clinical results of treatment.?There 

have been no recurrences following those attacks 
that occurred in November, December and 

January, but in the case of the last two months 
the period of subsequent observation has been 
so short that it will be as well to exclude them 
from our considerations. 

The other results are shown in tabular form 

(table V). 
Table V 

Recurrences after Atebrin 

a. 

September 
October 
November 

Total . 

September 
October 
November 

Total 

Attacks 

17 
17 
6 

40 

13 

Treated 
Atebrin 

and Plas- 
mochia 

15 
14 
G 

35 

13 

Recurrences 
amongst 
these 

3 
2 
0 

Thus, considering the P. falciparum infec- 
tions first, in the 35 instances in which Atebrin 
and Plasmochin were given there were recur- 

rences in 5 (or 14 per cent.). The intervals 
between the two attacks were 6, 8, 9, 9, and 13 
weeks, respectively. It is of course impossible 
to say whether these were cases of relapse or 
re-infection, but of the 76 persons who did not 
have a malignant tertian infection in September 
or October only 6 (or 8 per cent.) had an attack 
during the following three months, so that (if 
the comparison is a fair one, but we do not feel 
confident that it is) the indications are that 
two or three of the five recurrences were cases 
of relapse. In one of the cases of recurrence, 
only 8 doses of Atebrin (instead of 12) had 
been given. 

Similarly, in the case of the P. vivax infec- 

tions, there were two recurrences in 13 cases, 
and of those who did not have this infection 
in September or October eight were attacked 
subsequently. The intervals between the two 
attacks in the two cases of recurrences were 

9 and 15 weeks, respectively. 
One case of P. vivax infection in September 

was followed by a P. falciparum infection in 

October, and three cases of P. falciparum infec- 
tion in October were followed by a P. vivax 

infection, in November in one instance and in 

January in the other two; one of the latter 
was one of the hospital cases in which quinine 
only had been used in the first attack. 

It was mentioned above that in October 
some of the boys were given a few doses of 

quinine in error. This error fortunately does 
not vitiate our observations, as the quinine was 
not given in conjunction with the Atebrin, and 
in only two instances to patients who had pre- 
viously been treated by Atebrin; both of these 
had a recurrence despite the quinine. 

Summary and conclusions 
In the Oxford Mission settlement at Behala 

kala-azar is endemic, but we have never been 
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able to observe in the local conditions any 
special feature which adds to our knowledge of 
the epidemiology of the disease as it exists in 
rural Bengal. 
The settlement is heavily infected by malaria; 

during the period of 44- months of observation 
50 out of 111 persons were affected. 
Out of 12 old kala-azar cases traced, 10 

suffered from malaria during the 4^ months; it 
would thus appear that they are more suscep- 
tible than the general population. Six had 

enlarged spleens; as the general spleen rate was 
only 16 per cent., this suggests that kala-azar 
predisposes to chronic splenic enlargement. 
The high malaria incidence presented an 

opportunity to carry out three experiments :? 
(a) Plasmochin was given in minimal doses 

as a prophylactic measure, 0.01 gramme three 
times a week (to boys of 12 and over and half 
this dose to smaller boys), to 46 persons for 
a period of three months. The result was a 

much higher incidence of malaria amongst the 
' 

protected 
' 

population; in the case of malig- 
nant tertian infection the figures were 35 per 
cent, amongst those receiving prophylactic Plas- 
mochin and only 11 per cent, amongst those 
not receiving Plasmochin. 
Though the numbers are small the difference 

is so great that the observation suggests some 
' 

provocative' effect of this small Plasmochin 

dosage. 
(b) The anti-gametocyte measures that we 

adopted did not appear to check the malaria 

incidence, but the period during which they 
were carried out was too short for any con- 

clusion to be drawn. 

(c) In a series of 35 cases of malignant ter- 
tian malaria and 13 cases of benign tertian 
malaria in which 1.2 gramme of Atebrin in a 

four-dav course followed by 0.06 gramme of 

Plasmochin in a three-day course was the only 
treatment given and in which the patients were 
kept under observation for at least two months 
subsequently, there was a maximum of five and 
two clinical relapses, respectively; it is ver- 

probable that some of these were re-infections. 
In 41 cases the peripheral blood was examined 

immediately after the course of treatment and 
in one only of these were malarial parasites 
found; in this case a few P. falciparum cres- 

cents were seen, but no asexual forms. 
No toxic symptoms followed this course of 

Atebrin and Plasmochin. 
As it is not yet known what is the maximum 

safe dosage with Atebrin it is impossible to 
draw conclusions regarding its efficacy relative 
to that of quinine. It is, however, apparent 

that in this relatively small and safe dosage, 
it exhibits a considerable degree of efficacy in 
the treatment of malaria, and that it is therefore 
a drug that can be employed under field 
conditions. 
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