Supplement 1

e PCR
IRTYTEF  Sample 1 2 NRFUTETP 3
LA No b 1o By (/200 WBC) 188 cyth  COX3 RDT
>20 1 Kenya FM 1140 F F F Pos
2 Van.Tanna F 368 F F F N.D
3 Van.Tanna A\ 220 v v A\ N.D
4 Van.Ambae v 134 v \% v N.D
5 Kenya M 122 M FM FM Pos
6 Van.Ambae F 120 F - F N.D
7 Kenya M 117 F FM M Pos
8 Van.Ambae \% 84 \Y% v v N.D
9 Kenya MO 80 F M FM Pos
10 Van.Tanna A% 78 A\ \Y% \" N.D
11 Kenya M 73 FM M ™M Pos
12 Van.Tanna A% 72 v - v N.D
13 Kenya FM 57 FM FM FM Pos
14 Kenya M 56 F F F Pos
15 Van.Ambae F 44 F F F N.D
16 Van.Ambae v 38 v - \% N.D
17 Kenya M 38 M M M Neg
18 Van.Tanna \% 36 A% v v N.D
19 Van.Ambae F 32 F F F N.D
20 Van.Ambae v 32 F F F N.D
21 Van.Ambae v 30 v - v N.D
22 Kenya M 27 M M M Pos
23 Van.Ambae v 24 v - v N.D
24 Van.Ambae v 22 \% - \Y% N.D
25 Kenya M 22 FM FMO FMO Pos
26 Van.Tanna A% 20 v v v N.D
4-19 27 Kenya (0} 19 M M FM Pos
28 Van.Ambae F 18 F - F N.D
29 Van.Ambae M 18 M - M N.D
30 Van.Tanna F 16 F F F N.D
31 Van.Ambae v 16 v \Y% v N.D
32 Kenya M 15 M M M Neg
33 Van.Tanna F 14 F - F N.D
34 Van.Ambae F 12 F - F N.D
35 Van.Ambae v 12 v \% v N.D
36 Van.Tanna F 12 F - F N.D
37 Kenya M 12 FM FM FM Pos
38 Kenya M 12 FMO MO FMO Pos
39 Kenya M 12 FM M FM Pos
40 Kenya M 11 F F FM Pos
41 Van.Tanna F 10 F F FV N.D
42 Van.Ambae M 8 M M M N.D
43 Van.Tanna v 8 A% - v N.D
44 Van.Tanna A% 8 v \% v N.D
45 Van.Tanna A\ 6 A\ - v N.D
46 Van.Tanna F 6 F - Fv N.D
47 Van.Ambae v 4 FV FV FV N.D
48 Van. Ambae \" 4 - - - N.D
49 Van.Tanna F 4 F F F N.D
50 Van.Tanna F 4 F - FV N.D
51 Van.Tanna v 4 - v v N.D
52 Van.Tanna F 4 FV - Fv N.D
53 Van.Tanna v 4 v v v N.D
1-3 54 Van.Ambae v 2 \" - A% N.D
55 Van.Tanna \ 2 v - v N.D
56 Kenya F 2 - - - Pos
57 Kenya F 2 FM - FM Pos
58 Kenya F 2 F - F Pos
59 Kenya F 2 FM - FM Pos
60 Kenya F 2 FM M FM Pos
61 Kenya F 2 F - FM Pos
62 Kenya F 2 F - F Neg
63 Kenya F 2 - - - Neg
64 Kenya F 2 F - F Neg
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136 Van.Tanna neg 0 - - - N.D
137 Van.Tanna neg 0 - - - N.D
138 Van.Tanna neg 0 - - - N.D
139 Van.Tanna neg 0 - - - N.D
140 Van.Tanna neg 0 - - - N.D
141 Van.Tanna neg 0 - - - N.D
142 Van.Tanna neg 0 - - - N.D
143 Kenya neg 0 - - - Neg
144 Kenya neg 0 - - - Neg
145 Kenya neg 0 - - - Neg
146 Kenya neg 0 - - - Neg
147 Kenya neg 0 - - - Neg
148 Kenya neg 0 - - - Neg
149 Kenya neg 0 - - - Neg
150 Kenya neg 0 - - - Neg
151 Kenya neg 0 - - - Neg
152 Kenya neg 0 - - - Neg
153 Kenya neg 0 - - - Neg

! Van. Ambae = XX T7YET X B; Van. Tanna = F&¥ 5
PP =BERA-T YT, M=BAA~Z)T7; 0=0F~FV7; V= ZA&~T V7T
S RDT I AAX T Y ETIH T T2y, N.D = BlESd
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Epidemic Malaria and ‘Colonial
Development’:
Reconsidering the Cases of Northern
and Eastern India

Kohei Wakimura
Graduate School of Economics, Professor

1. Introduction

When we examine the population
statistics for British India from the beginning
of the 1870s, we see that there was a sudden
change in the population growth rate in the
1920s. Until the 1920s the population growth
rate remained at a very low level, then
increased to a level of more than 1%. The low
population growth rate in the first period was
determined by the high mortality rate resulting
from numerous famines and epidemics
(smallpox, cholera, plague, malaria, influenza
etc.). The links between famines and
epidemics, particularly between famine and
malaria, was most operative in pushing up
mortality.> This paper suggests that epidemic
malaria was an especially important factor in
this low population growth regime. In addition,
studying epidemic malaria will improve our
understanding of the impact of colonial
development on population change and the
well-being of the people.

The period from the middle of 19"
century to the First World War saw significant
socio-economic changes in British India. The
improvement of transportation measures, the
development of infrastructure, and the
incorporation of the territory into the world
economy promoted the export of agricultural
products and the commercialization of
agriculture. This process generated income
growth in many rural areas. Therefore, this
period was not economically stagnant,
although income distribution was possibly
becoming more unequal and the standard of
living of the lower strata was becoming
unstable. Why, then, despite modest growth,
did this period see many famines and
epidemics? This is certainly a paradoxical
situation.

It is no easy task to explain why many
famines and epidemics occurred in this period,
but we suggest that an analytical approach can
provide some important insights. First, we
need to examine changes in the vulnerability of

the lower classes to famines. Although
agricultural growth occurred, the food
entitlement of the agricultural laborers and
rural artisans may have become unstable
during this period. Second, we need to
examine changes in the disease environment in
general. The various by-products of the
development process, including the greater
mobility of people, the deterioration of living
conditions in urban areas, and the spread of
waterlogged land, increase the likelihood of
epidemics.

We will only briefly touch upon the
first point in this paper. We will mainly focus
on the second one. We take epidemic malaria
as one of the cases of ‘developo-genic disease’,
the term coined by C.C. Hughes and J.M.
Hunter in a celebrated paper about 30 years
ago. The ‘developo-genic diseases’ consisted
‘in those pathological conditions which can
realistically be interpreted as (usually
unanticipated) consequences of  the
implementation of developmental schemes’.’

We will pay special attention to the
following three factors that were concerned
with amplification of the damage of epidemic
malaria: poverty or malnutrition, migration,
and environmental change. Epidemic malaria
was a notorious killer in Punjab and the
western United Provinces, but in fact it was a
danger well beyond this region. Epidemic
malaria was also widespread in Bengal in the
second half of the 19" century, where it was
generally called the ‘Burdwan Fever’. It was
also prevalent in tea plantation areas, such as
the Duars in northern Bengal.

Although this paper relies heavily on
historic studies by British malariologists *
during the first half of 20" century, it surveys
recent studies, synthesizes them and assesses
the role of epidemic malaria in the
demographic and disease history.

2. The Cases of Northern India

Epidemic malaria took thousands of
lives during the period from the late 19®
century to the early 20™ century in northern
India. This scourge came almost periodically,
often in combination with famine. Some recent
studies on Indian famines have observed the
demographic impact of epidemic malaria
during famines.” This section starts from S.R.
Christophers’ celebrated work, then proceeds
to a survey of recent studies.
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(1) Epidemic Malaria and Famine

S.R. Christophers for the first time
consciously analyzed the relationship between
famine and epidemic malaria in his famous
report on the 1908 Punjab malaria epidemic.6
But this study has been neglected until
recently.

After a detailed examination of this
epidemic, Christophers wrote a report in 1911,
in which he said that while the danger of the
anopheles mosquito could not be ignored,
since flooding caused by excessive rain left the
area waterlogged, more importance should be
placed on human factors. He claimed that the
most important factor causing malaria
epidemics was the economic condition of the
people. To begin with, he examined the
relationship between mortality rates and social
status, and then studied the relationship
between the prevalence of epidemic malaria
and scarcity of food. Conceming the latter
relationship, he pointed out that epidemic
malaria had often broken out in the year
following a famine. Epidemic malaria did not
occur during the year of the famine itself,
because there was little rainfall. If excessive
rainfall occurred during the year just after the
famine, the anopheles factor would become
tied up with the human factor, the deterioration
of nutritional conditions.

There seems very little doubt that the two
factors, rainfall and scarcity, are the
determining causes of the epidemic malaria
seen in the Punjab. Broadly speaking until
plague appeared malaria must have been the
main agent which brought to a head in actual
mortality the effects produced by the great
economic stresses. Just as in famines
malaria cannot act until nature is about to
bring them to an end, so there can be little
doubt that the effects of scarcity are to a
large extent held over until the appearance
of the first heavy monsoon. Then though the
effect of the rain is to reap a harvest of
deat}715 the period of stress is brought to an
end.

Epidemic  malaria was  closely
connected with famine in other parts of
northern India. For example, in the United
Provinces this situation had occurred before
1908 in the years 1860-61, 1868-69, 1877-78,

1895-96 and 1899-1900.*

Arup Maharatna’s historical study of
famines during the British period gives us very
insightful analysis of epidemic malaria. He
analyzed four major famines in 1876-8, 1896-7,
1899-1900, and 1907-8, which covered the
Bombay Presidency, Berar, Punjab, and the
United Provinces. Then he tried to examine the
existing hypotheses:

(a) A relatively low incidence of malaria
owing to dryness during the drought year
reduces the population’s immunity level;
this enhances the chances of a malaria
epidemic when the rains resume in the
following year.

(b) Since a fever mortality peak appears to
have often occurred after the resumption
of rains, along with an improvement in
nutritional levels, it may result from the
‘refeeding of malaria’.

(c) In view of a strong correlation found
(historically) between food scarcity and
fever (or malaria) mortality in parts of the
Indian subcontinent, the occurrence of
malaria epidemics in the wake of famines
may be related to acute nutritional stress
and its debilitating effects.’

Mabharatna attaches greater importance
to acute nutritional deficiency than any factors,
then basically supporting (c) hypothesis. Now
we will examine the relevance of each
hypothesis.

The (a) hypothesis takes immunity
more seriously than any other factors.
According to I. Stone, who emphasized the
immunity factor, there were two types of
malaria in the western United Provinces during
this period: endemic ‘benign malaria’ and
epidemic ‘malignant malaria’. The endemic
‘benign malaria’ was due to Plasmodium vivax,
which often caused relapses but also
maintained the immunity of the infected
persons. When a relapse occurred, the infected
person suffered from high fever, but did not
become seriously ill, except for small children
and infants, whose severe conditions could not
be treated. On the other hand, the ‘malignant
malaria’, which was due to Plasmodium
falciparum, became epidemic malaria in this
region. People who contracted ‘malignant
malaria’ did not suffer relapses, and so did not
maintain their immunity. Therefore the
epidemic ‘malignant malaria’ periodically
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devastated the region, killing many people.
The immunity factor explains these periodic
outbreaks of malaria epidemic. But this factor
does not explain the famine-malaria nexus
itself.

The second (b) hypothesis denies the
close  relationship  between  nutritional
deficiency and epidemic malaria. This
hypothesis claims that nutritional recovery
(refeeding) coincided with the appearance of
epidemic malaria. T. Dyson and E. Whitcombe
emphasize the famine and epidemic malaria
nexus, but they seem to deny that nutritional
deficiency is a causal factor. They claim that
nutritional deficiency protects people from
being susceptible to malaria. Moreover,
Whitcombe notes that ‘re-feeding may enhance
susceptibility to malaria’. In any case the main
causal factor for epidemic malaria is as
follows:

In the famine years of greatest mortality, the
association of  prodigiously high
temperatures with  ‘unseasonable’ rain
greatly increased the level of atmospheric
humidity and prolonged it, creating the
optimal  conditions for a massive
proliferation of vectors and an uncommon
increase in their longevity ...... Proliferation
of anophelines on such a scale favoured an
increase in infectivity sufficient to
destabilise the precarious equilibrium
between infection and immunity which
obtained in areas where malaria was
endemic in ‘normal’ years. '

This hypothesis assumed the following
causation. The anopheles factor collaborated
coincided with the re-feeding process, and then
resulted in an increase in the infection rate.

The (c) hypothesis emphasized the
existence of a close causal relationship
between famine or malnutrition and epidemic
malaria. This relationship has been recognized
by A. Maharatna, K. Wakimura and S.
Zurbrigg in the 1990s. Zurbirgg’s argument is
the best articulated. She applied regression
analysis to the correlation between malaria
mortality index and the food price index.'! She
pointed out that ‘acute hunger’ or ‘frank
starvation’ was important in explaining the
causation of epidemic malaria. ‘Acute hunger’
or ‘frank starvation’ means that nutritional
intake decreases drastically. Her subsequent

finding is that the number of casualties in
epidemic malaria was determined not by the
incidence of infection but by the case mortality.
The following question was posed: why did the
victims of epidemic malaria diminish after the
1908 epidemic? Her answer was: ‘What
appears to have changed after 1908 is not so
much the incidence of infection—numbers of
persons infected during the post-monsoon
period—but lethality of malaria infection, the
proportion of infected people dying of
disease’.'” Stark malnutrition determined the
lethality of malaria infection. After the 1908
malaria  epidemic, ‘the frequency and
prevalence of overt starvation clearly
declined’’ in Punjab and elsewhere. This is
not an issue of exposure to the pathogens, but
an issue of case mortality, though information
on the latter is usually absent. The reason for
the case mortality increase must have been the
reduced nutritional intake.

We again return to Zurbrigg’s second
question. Why did the damage caused by
epidemic malaria decline after 1908? S. Guha
presented almost the same explanation as
Zurbrigg. He referred to S.R. Sen’s comparison
of agricultural stability between two periods.

Comparing the period 1900-1 to 1923-24
with 1924-25 to 1950-1, he [S.R. Sen]
observed that while foodgrain output was
rising in the first period yet the divergence
between peaks and troughs of output was
also increasing. On the other hand, the
second quarter-century saw a stagnation in
output accompanied by a convergence
between peaks and troughs, so that
agriculture was stagnant but stable. 1

He attributed the decline in mortality after the
1920s to the stability of agricultural production.
Although he does not mention epidemic
malaria, he seems to pay great attention to the
famine-induced epidemic malaria.

We can add that the food entitlement of
the lower social strata (agricultural labourers
and artisans) in rural areas must have become
very unstable in the process of
commercialization during the period 1900-1 to
1923-24.

(2) Epidemic Malaria and Canal Irrigation
Christophers denied the role of canal
irrigation in increasing the numbers of victims
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of epidemic malaria. But the causal
relationship between the introduction of canal
irrigation and the prevalence of epidemic
malaria has been pointed out in many cases.
The reason why Christophers denied it was
that epidemic malaria did not occur in the
western Punjab where canal irrigation was
most developed during the period. Instead, the
areas often affected by epidemic malaria were
the submontane northern and the southeast
parts of Punjab, where there was relatively
little canal inrigation.15 There is now a strong
criticism against Christophers’ argument about
the influence of canal irrigation. S. Watts
emphasized that Christophers’ view was
derived from his subordination to ‘gentlemanly
investors in irrigation’. Therefore, Watt
claimed, Christophers deliberately avoided this
question.

Though admitting that ‘the exact mechanics
of epidemic malaria is still unknown’, he left
readers with the impression that in the
Punjab epidemics were caused by natural
forces—heavy rains, floods, excessive heat
and resulting famines —and that they were in
no way brought about by the irrigation
practices of British engineers. This
impression was later openly confirmed by an
official on the governor-general’s council.
Speaking early in 1914, the head of the
Department of Education and Sanitation put
it on record that Christophers’ malaria
survey of the Punjab had ‘demonstrated...a
most important point ...that irrigation has no
special relation to the distribution of
mortality in these epidemics...and that the
great exciting causes of these epidemics are
floods’. '°

But I think that Watts presents little evidence
to support his claim in the paper.

Christophers was not alone in his claim.

According to C.A. Gill’s study in 1929, canal
irrigation had no significant impact on the
level of damage caused by epidemic malaria.
He agreed with Christophers’ views on
epidemic malaria. He stated, ‘(c)anal irrigation
is not a factor of any importance in
determining the incidence or severity of
epidemics of malaria’. But, as far as endemic
malaria is concerned, its influence should not
be neglected. He continued,

As a partial exception to the general rule it is
certain that whenever canal irrigation gives
to water-logging a vicious circle is set up in
which endemic malaria leads to bad health,
bad health to economic stress and economic
stress to further privation and more sickness,
and, finally, as the combined result of a high
death rate, a low birth rate and emigration,
to the depopulation of the affected tract."”

This distinction between endemic malaria and
epidemic malaria probably corresponds with
Stones’ distinction between endemic ‘benign
malaria’ and epidemic ‘malignant malaria’.

On the contrary, the recent study by E.
Whitcombe did not distinguish endemic
malaria from epidemic malaria in terms of the
adverse influence of canal irrigation, arguing
instead that both could be aggravated by the
introduction of canal irrigation. In the
monsoon season, ‘(t)he climatic characteristics
of the third quarter, annually, in the semi-arid
zone, the persistence of high temperatures in
conjunction with maximum precipitation,
drove atmospheric humidity in ‘normal’ years
to well above this threshold, prolonging the
longevity of anophelines and thereby
intensifying  their  breeding  capacity’.
Whitcombe stated,

Incidence was highest where atmospheric
humidity was highest: in submontane tracts,
and in waterlogged areas of the plains. This
‘stable’ pattern in the incidence of malaria
could be destabilized by excessive rainfall, a
major determinant of the incidence of
epidemic malaria. Here too, incidence was
inevitably highest in tracts waterlogged
naturally, or as a consequence of irrigation.

Stone gave us very useful information
concerning the ecology of anopheles. In the
western United Provinces the main malaria
carrier, Anopheles  culifacies, was S0
zoophilous and short-lived that the probability
of transmission was relatively low. For that
reason only when the numbers of this species
of anopheles increased significantly for some
reason did the possibility of transmission
increase. Needles to say, the usual reason was a
heavy rain that increased the breeding places
of anopheles and created atmospheric humidity
in the monsoon season. Stone recognized that
in any case incidences of both endemic malaria
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and epidemic malaria were intensified by the
waterlogging caused by canal irrigation,
though he claimed that the total economic
benefit of canal irrigation substantially
exceeded the environmental costs.

Now we should interpret the difference
of views on the influence of canal irrigation.
Christophers and Gill took the western Punjab
as a typical irrigated area, pointed out that
epidemic malaria rarely occurred there and
concluded that there was no relation between
canal irrigation and epidemic malaria. But the
claims by Whitcombe and Stone were based
upon the cases of irrigated areas in the western
United Provinces. Here, since the second half
of the 19™ century victims of epidemic malaria
have often been concentrated in the Doab
irrigated area. 1 would guess that this
difference of case area has a strong effect on
the differential assessment of canal irrigation.

Therefore, we need to situate this
difference in the wider geographical
configuration. Following the study of
Christophers and Sinton, Learmonth once
pointed out that there was ‘the 40-inch isohyet
as a crucial divide, a line on the map familiar
to geographers as roughly dividing humid
(rice-eating) India from arid and semi-arid
(wheat and millet-eating) India: here it is
similarly taken as the malariological divide
between humid and endemic India as against
arid and semi-arid epidemic India’. "
According to Learmonth, the epidemic area
can be divided into two parts. One was ‘area(s)
liable to fulminant epidemicity (diluvial)
malaria’.?® Another was the drier area where
modest epidemic malaria occurred. The
western United Provinces and northern and
southeastern Punjab are located in the former
area. If we look at a map indicating average
annual precipitation, we find this area inside of
the 20-40 inches precipitation region. On the
other hand, the western Punjab is located in the
latter area, where average annual precipitation
is under 20 inches. We can conclude that
fulminant epidemic malaria often occurred in
the western United Provinces but rather rarely
in the western Punjab, *though this is still a
highly speculative observation.

In any case contemporary evidence
often shows that the introduction of canal
irrigation amplifies the damage of malaria in
India still now. For example, an outbreak of
epidemic malaria occurred in the western

Rajasthan in the 1990s. The cause of epidemic
malaria is said to be the introduction of canal
irrigation.zl

3. The Cases of Eastern India

Since the middle of the 19th century
intense malaria epidemics, called ‘Burdwan
Fever’, struck central and western Bengal.”
This epidemic malaria started from the Jessore
district in 1847-48, proceeded to Nadia and
24-Parganas in 1857, spread to the Burdwan
district in 1868, and then penetrated Birbhum,
Midnapur and Howrah. The ‘Burdwan Fever’
changed central and western Bengal from a
rather healthy region into a very malarious one.
For example, according to the dispensary’s
record in the city of Burdwan, the fever rate,
the proportion of malarial patients among total
admissions, increased from 10.58% in 1865 to
23.81% in 1868 and to 39.5% in 1870-71.%

During the period a series of malaria
epidemics affected population change in this
region. The rate of population increase from
1901 to 1911 was 2.8% in the western Bengal
and 5.1% in the central Bengal, while the rate
was 12.0% in the eastern Bengal. The low rate
of population growth in the former regions was
certainly due to these malaria epidemics.**

The following section tries to identify
the causal factors for this series of outbreaks of
epidemic malaria that is called ‘Burdwan
Fever’, basically relying on the work of
malariologists’ conducted at that time.**

(1) Epidemic  Malaria and  Labour
Migration

S.R. Christophers and C.A. Bentley
presented a paper entitled ‘Human Factor’ to
the Bombay Medical Congress in 1909.%° They
tried to clarify the causes of heightened
malaria prevalence in particular areas. They
pointed out that previous research had
attributed high malaria prevalence only to the
anopheles factor and claimed that human
factors were more important in certain
situations. Whenever some virulent malaria
prevalence occurred, it probably arose from a
situation that could be called ‘tropical
aggregation of labour’, referring to places,
such as plantations or railway construction
sites, where large numbers of labourers lived
and congregated. Continuous ‘non-immune
immigration’ and ‘physiological poverty and
hardship’ in these places increased infection
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rates. This cause of intensified malaria
prevalence was thought to be applicable to
wider areas. Thus Christophers and Bentley
listed three human factors believed to provoke
epidemics: ‘tropical aggregation of labour’,
‘non-immune immigration’, and ‘factor of
residual infection’.

It was commonly believed that ‘the
factor producing these epidemics has been a
change in the natural drainage of the country’.
In short, either ‘water-logging of the soil” or
‘an increase of anopheles mosquitoes’ was
cited as the main culprit. 27" However,
Christophers and Bentley denied this simple
causation theory. They attached more
importance to the vicinity of Calcutta, because
many labourers went there to work in railway
construction, road construction, and factories.
They argued that the ‘tropical aggregation of
labour’ had been created over this wide area.

Prior to 1860 there is little evidence of the
existence in this area of anything like the
modern movement towards the immense
industrial expansion of recent times; but
from about this date commences a period of
phenomenal activity and commercial
enterprise and an era which saw the
inauguration and completion of enormous
public works. Within a decade three great
canal systems, the great railways, a vast
network of important roads, together with
huge industries like that of coal, cotton, jute
and tea, sprang into existence and underwent
extraordinary development. Calcutta, the
primary centre of this new movement,
rapidly increased in size extending in every
direction under the stimulus of a growing
commercial activity, which necessitated the
establishment of docks and the expansion of
harbourage, and led to the erection of vast
blocks of new buildings both within the city
and throughout its widening suburbs.”®

They concluded that tropical labour
aggregation was the main factor causing
epidemics of malaria.

Tropical labour aggregation appeared
quite typically on the tea plantations of
northern Bengal. The Duars was a portion of
the ‘terai’ land that stretched along the eastern
Himalayas. This was a ‘hyper-endemic’ area,
meaning that people living there had often
suffered from malaria from infancy and had

acquired certain degrees of immunity. The
problem in this area was not malaria among the
indigenous people who had lived there for
generations, but rather severe infection among
the immigrants to the tea plantations. Intense
malaria epidemics sometimes attacked this
area, a problem, according to Christophers and
Bentley, that resulted from the continuous
entry of non-immune immigrants into the tea
estates and their poor living conditions. »
During the early decades of the 20th century in
India, there was an appreciable increase of
labour mobility and a rise in wages, which was
brought about by industrial development and
migration. More attention was paid to the
availability of labour than ever before; and
therefore malaria on tea plantations should be
understood within such a context. They argued
that this rising demand for labor was the main
factor in the high rate of malaria on tea
plantations.

The immigrants came from Chota
Nagpur and the Santal Pargannas in Bihar, and
also from Nepal and the Darjeeing Hills. The
labour population in the tea plantations of the
Duars was estimated to be 150,000 in the early
20 century, annually receiving approximately
30,000 newcomers. Some of the Duars’ newly
hired workers were free from malaria but
others were infected.

Most of the recruiting localities, if we may
judge by the coolies coming from them to
the Duars, are comparatively healthy; others
are more or less malariaous, and some even
apparently intensely so. Thus in the Duars
malaria carriers from malarious districts and
susceptible people from healthy areas are
mingled; and, in the presence of anopheles,
we have ready the constituents for an
explosion of epidemic malaria.*®

The prevalence of malaria outbreaks
resulting largely from labour migration can be
found in contemporary evidence. The
phenomenon called ‘migration malaria’ is
taken seriously in India today. For example,
outbreaks of malaria sometimes occurred near
the sites of construction projects in cities
because seasonal migrant labourers came from
malaria endemic areas and lived in
impoverished, unsanitary housing. This
situation was further aggravated by the
proliferation of anopheles in the construction
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sites. Not only construction labourers but also
inhabitants in the neighbourhood often became
infected with malaria.”!

The same phenomenon can be seen in
Africa as well. One Africanist wrote a
monograph entitled Migrants and Malaria in
1965. The author emphasized that labour
mobility aggravated malaria problems in

Sudan, the Horn of Africa, East and
South-West  Africa, West Africa and
Morocco.>

(2) Epidemic Malaria and Poverty
In addition to the labour migration
factor, we need to take into account the poor

living conditions of labourers in tea plantations.

The labour conditions in tea plantations of
Duars were bad, and nutritional deficiency
among labourers was common. ‘An inadequate
dietary in the case of new coolies leading to
the vicious cycle of --- inadequate diet ---
physiological poverty --- increased liability to
sickness especially to malaria --- less wages
earned --- increased hardship and privation
with still less adequate diet, and so on’ were
pointed out in the report on Duars. Not only
nutritional conditions, but also housing and
sanitary situations were hopeless. These
notorious conditions were led to by the
‘sardari’ labour system. In any way these
disadvantaged economic conditions among
labourers were closely connected with
epidemic malaria.”

The theory of vicious circle between
disadvantaged economic conditions and
epidemic malaria was applied to a much wider
area by Bentley. He developed his human
factor approach by analyzing malaria
prevalence in Bengal, which was ‘Burdwan
Fever’. He explained this situation in terms of
‘agricultural deterioration’.

The epidemic malaria of the Punjab is
regarded therefore as arising from the
conjunction of conditions favouring an
increase of anopheles mosquitoes and the
consequent spread of malarial infection with
a period of serious scarcity of food among
certain classes of the population. And in
Bengal epidemic malaria can likewise be
shown to be due to the action of the same
factors. But unlike the Punjab, which is
naturally a dry and comparatively well
drained country in which abnormally heavy

rainfall encourages the multiplication of
anopheles, scanty rain and diminished
flooding favours the increase of these
mosquitoes in Bengal. And allowing for this
difference, the epidemic malaria of the latter
province is seen to be due to the operation of
causes fundamentally similar to those
responsible for its occurrence in the Punjab,
viz., an increase of facilities for the spread
of malarial infection on the one hand
together with abnormal economic stress on
the other. In the delta tracts of Bengal short
rainfall and scanty inundation favour
anopheles mosquitoes, and lead at the same
time to agricultural deterioration and poor
harvests, the immediate result of this
combination of factors being a great
intensification of malarial infection, which
manifests itself either in the form of acute
epidemic outbreaks of the disease or by the
more gradual depopulation of the areas
affected. ™

What  caused this  ‘agricultural
deterioration’ in central and western Bengal?
According to Bentley, river inundations had
given deltaic Bengal a highly fertile soil; but
when railways or roads were constructed, the
embankments disturbed river inundation,
preventing proper silt accumulation. From the
middle of the 19th century to the early 20®
century, the ‘proportion of current fallow and
cultivable waste to net cropped area’ had
increased in central and western Bengal, and
the ‘percentage by which the outturn of
principal food crops fell short of the normal’
had also risen.>> On the other hand, in eastern
Bengal agricultural growth was very prominent.
This is a very clear contrast.

During the same period, as already
mentioned, population growth was stagnant in
central and western India. Sometimes
population declined due to both malarial
impact and outmigration. S. Bose indicated in
his recent book:

Population density in Burdwan fell back
from over 700 to under 550 per square
during the 1860s and 1870s. The population
of Hooghly was said to have been halved
between the late 1850s and the late 1870s. In
the malaria-infected parts of Midnapur
population declined by nearly a third in the
latter half of nineteenth century. Local
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