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" Chapter I

INTRODUCTION



Chapter I
b ]
INTRCDUCTION

1.1 The present study stems from the emerging interest
of geographers in understanding the environmental aspects
of human diseases. Studies related to malaria have evoked
keen interest in recent years. 4n attempt is made here to
understand the patterns of incidence of malaria in Orissa
especially in view of its recent upsurge. Unlike some

f\health studies conducted per se without reference to the

c,;;évailing environmentél and socio=-economic structures, this
study adopts the approa¢ﬁ §f‘spatial analysis. It aims at
identifying the spatial distribution of malaria and its
environmental correlates.

It must be noted however, that such studies felating
environment, man and disease, need to be carried out as an
interdisciplinary investigation with a team of mediéal men,
epidemologists, entomologists, biologists, environmentalists
and geographers, each contributing their expertise to a
common and vital problem. The present study therefore,
exzamines only the spatial and enﬁironmental aspects of .
malaria. It is hoped that the questions raised here would

'generatg more comprehensive and indepth studies for enrich-

ing our understanding and thus contributing to the eradicaa'

tion of malaria in India as a whole and Orissa in particular.

1.2 Statement of the Problem

»

Geographic factor$ have a considerable influence on



malaria through the vector, the causative agent and the host
or man. Depending on their ecological requirements different
species afe dominané in differing environments in varying
densities, thus causing varying intensity in thé incidence of
malaria. The spatial approach is therefore essential to the
understanding of the disease ecology of malaria.

: A recent study on malaria in_India has thrown light
on the broad spatial patterns of incidence in Origssa. f&om
this study we find that Orissa is highly malarious and has
an interesting incidence pattérn. The present study 1is
undertaken as an indepth anaiysis of the spatial and temporal
Varistions in the incidence of mglaria in Oprissa from 1968
to 1976. The study is carried out on a detailed section
level and is therefore a spatioftemporal one, along three
time periods of 1968-1972 and 1976 and covering over 2,500
sections. , ‘

The’aim of the study is two-fold. (1) The first is
to identify the spatial patterns of incidence and see 1f any
meaningfullpatterns exist of the study. The focus would be
to identify the areas of high incidence over the years which
may be acting as centres of malaria diffusion. (2) The
second queétIVe is to analyse the inter-relatiohships of
malaria in terms of the physical and social environment with

a Vview to explain the identified'incidence pattern. The

1 Rais Akhtar and 4.T.A, Learmouth, "Resurgence of

Malaria in India, *1965-1976", Geojourpal, vol. 1,
no. 5’. 1977’ ppo 69‘790



objective of this study would:therefore be *an attempt to
answer the following queétions - Is there any significant
malaria pattern in Orissa? What are the ecological charac-
teristics of the malarious areas? How far do the geographi-
cal factors (both physical and human) in Orissa explain the

 incidence pattern? Are there any malaria foei in Orissa?

1.3 The S ficance of W

Thé\question that one is answering here is, "why has
malaria beén chosen as the disease under study?" There are
several reasons for this. m

(1) The first is the fact that in the last two-three
years malaria has always been in the news. In recent times,
the incidence has shot up with a resurgence of malaria from
1965. The disease has again emerged as a serious health
problem of national importance. Indian health authorities
may soon be forced to declare an indian Malaria Year to focus
attention on and combat this disease. So much money has
been and is being spent on malaria eradication yet the prob-
lem is growing. Are there any socio-cultural, economic and
environmental factors involved in the incidence of malaria?

(2) From the host of diseases, malaria presents an
interesting distribution pattern, and only a geographer,
with his cartographic sophistication and spatial orientation

coupled with a broad cultural and pnysicai knowledge, can

2
tackle this problem. A wide range of geographical factors
2 L. S. Fonaroff, "Malaria Geography: Problems and
. Potentials for the Profession", The Professional

Ggog;aphg;, vol. 15, November 1963, p. 5.
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contribute to the‘maintenancevof high leveré of malaria. The
nature of relationships between the 3 vital components of
malaria (man - vector - parasite) is such that they can be,
to a significant extent, explainéd through gepgraphical pers-
pectives. The study of mglaria, hence, offers immense
interest and scope for research to a geographer.

(3) The understanding of the spatial aébects of
malaria is essential as the disease has serious economic
implications. The population exposed to malaria is very
large and the number affectedlis highest for any single
disease. 48 a result of.the high morbidity the loss in pro-
ductivity through loss in man hours is high and is of crucial
importance to any economy.3 Areas of high incidence need to
be identified and attempts made to control and eradicate
malaria in these foeci. |

(4) A4 national programme, called the national malaria
eradication programme (NMEP) functions to deal with the
probleﬁ of malaria. The NMEP is an organized programme
covering the entire country. This is a data oriented pro-
gramme as the control measures are impleménted on the basig
of the statisties collected. The availability of detailed
data at a micro level for different time periods proved to be

a strong deciding factor in favour of research on malaris.

G D Bernls de, Some Considerati ggg About Programme

Technigues E:LE d of
gud polect mralugtiion in the &
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(5) Finally, while there has been a good deal of re-
search on the clinical aspects of malaria, there is a dearth
of studies on the spatisl and environmental aspect of the
disease. In India studiés in medical geography are confined
largely to nutritional deficiency diseases, cholera, smail
pox, diseases of the digestive traect, with very few studiés
on malaria.4 When this is viewed against the background that
malaria is a leading contributor to morbidity in India the
vold in malarial research seems even greater. }In this study,

therefore, an attempt is made to study and highlight this
neglected aspect of malaria geography.

1.4 Ihe Choice of the Region |

Orissa was chosen as the study area for the following
reasonss: |

(1) The State is a significant malaria affected area.
Studies'on India have highlighted the probable existence of
a core of hyber—endemiqity in the State as stated earlier.
The State therefore has a lot to offer in terms of malarial
research.

(2) Within the State there exist apparent regional °
contrasts in the incidence of malaria. Besides, Orissa
offers that strong geographical contrast between coastal non-

tribal densely peopled plains and the tribal-sparsely

4 g. i@za% egéés;Ggograpny o#AHealth and Nutrition
wection”, iLSSR Journal of Abstracts apd Revieys:
'QE_QM’ .VOl. l,. 1975’ Pp. 18-240 :
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populated - forested-highland interior. Arm attempt is made
to help explain the variations in incidence through a varia-
tion in environmental conditions.

| (3) Malaria is said to be related withim development
as it is more prevalent among the poorer and backward communi-
ties.5 In terms of socio-economic development Orissa has
made little progress and offers a strong regional contrast in
terms of development.

(4) Probably an important factor deciding the choice
of Orissa was the fact that it is thé'home state of the pre-
sent student. This is a vital advantage when it comes to
collection of data and other information. Moreover, there
exists a strong bond of attachment for the home state and it
is in response to this sentiment that Orissa was chosen as

ﬁhe study area.

1.5 Data Base

" In attempting any empirical research, one of the major
problems encountered is the availability of sufficient and
reliable data. The present study was no exception. After
days of running around the state health officials, data was
finally prociured. A1l the statistics regarding the incidence
of malaria and the species has been colleqted from the officer
of the State Malaria Officer in the Health Directorate, Bhu-

baneshwgr. Data was taken for three time periods 1968, 1972
and 1976,

K
5 lié 62\ Prothero, Migrants and Malaria, London: Longman,
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For 1968, it was collected at the centre level while
for 1972 and 1976 it was at the section level. The State of
Orissa is divided into 15 malaria units each covering a popu-
lation of 1.5 million. Each unit is further divided into
centres there being 127 centres. Each centre 1s again divided
into sectors and‘each sector consists of 4-6 sections. A
section éovers a population of 10,000 and there are over
2,500 sections in the enfire state.

Data for 1968 and 1976 was collected under the follow-
ing heads: Total population of centre/section; total incidence
of malaria; number of cases attributed to the different
species, mainly PV & P #. For 1972, data wag available only
for total cases and species-data was absent. Age-wise
incidence data at the unit level was collected for 1965 and
1974 and figures for month-wise incidence of the units was
collected for 1976,

. Besides the data on malaria cases, information regard-
ing population density, irrigation and tribal population was
taken from the 1971 census publications on Orissa. Data

regarding rice acreage, and annual figures for eclimate was

6 Bpfore progressing any further a word has to be made
regarding the preciseness of the data. Statistics in
such a large number and at such a detailed micro level
may include a certain amount of error but it is hoped
that the margin of error is even over most of the
state. As the NMEP is itself a data based programme
it is hoped that 'the discrepancies in data are small.
Whatever be the data constraints, it is a reflection
of any good research work to make the optimum use of
it, to achieve medningful results.
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taken from the Bureau of Economics and Statistics publication
"Statistics of Orissa”, 1973, Month-wise climate data for .
the different stations was taken from the 30 year average
values of the Indian Metereological Report. Month-wise rain-
fall data was aggregated for 1976 from the Indian daily
weather report published by the Indian Metefeological Depart-
ment for 1976. This data was available at the Metereological
Office, Delhi.

1.6 Methodology

The data collected regarding the incidence of malaria
in Orissa has to be meaningfully made use of to attain opti-
mum results. The data has to be analyzed to show where cer-
tain conditions Qf'malaria are present and to assess whether
the spatial pattern of incidence can be explained through a
correlation of this pattern with other geographical factors.
Our aim is therefore two-fold and the method employed to
achieve the results is simple.

The basic tool of a geographer namely his cartogra-
phic skill is made ample use of to let the data reveal itself.
Maps have been prepared showing the incidence pattern and the
temporal and spatial changes are identified through a compari-
son of these maps. Likewise, ﬁaps have been made to show the
varying geographical factors liké population density, tribal
population, irrigated area, relief, soils, drainage, tem=-
Perature, humidity and rainfall, fores§3'and area under rice.

Correlation between thes& factors and the incidence pattern
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has alsc been attempted through a comparison and super-
imposition of maps. There was no need felt for the applica~
tion of any elaborate statistical technique'for this study.
The results arrived at through the map correlations were
sharp and brought out the spatial aspects of the problem.
Moreover, a sophisticated technique besides being time taking
would also prove difficult as the unit of study of the inci-
dence differs from that of the other factors. The malaria
sections do not coincide with the administrative boundaries

of the state and hence a statistical analysis would present
a prdblem.' % | '

The incidence map for 1972 and 1976 is at the section
level and it must be stated that the section boundaries have
been drawh on the basis of population covered by each section
in a police station as a séction level map was not avallable.
For 1968, the centre's incidence value has been marked and
isopleths drawn as the centre level map was also not available.
The class groups for 1972 and 1976 are the same to enable a
comparison and to bring out the sharp changes over the years.

For the geographical factors to be studies, an attempt

was made to get the data at the lowest unit possible, The

Percentage of irrigated area, population density and the

7 The map showing incidence is based on the API values.
The API is the annual parasite index which represents
the number of malaria cases per thousand population.
The API values for 1972 and 1976 were calculated for
all the sections while for 1968 they were calculated
for each centre. '
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percentage of'tribal population have been miapped at the

police station level this being fhe smallest unit of avail-
able data. There are 301 police stations in the state.
Temperature, rainfall and humidity data was collected station-
wise and isolines were drawn for each of these factors.
Similarly, in the relief map, contours are drawn of 150 metres,
300 my 600 m, and 900 m to reveal the nature of topography.
The drainage map shows the drainage pattern with the major
rivers marked out and it also shows the canals and reservoirs
located in the state.

Begsides the incidence map, there are two maps for
1968 and 1976 showing the pattern of the plasmodium distri-
bution over the state. This species map is at the centre
~level for 1968 and at the section level for 1976. The choro-
pleth map is made showing the percentage of PV to P}7.

Besides the visual interpretation provided by these
maps, the study is also supplemented by graphs to bring out
certain general aspects of mglaria in the state. The graphs
illustrate the seasonal nature and age-wise incidence of

malaria in Orissa.

It must again be emphasized that no elaborate techni-
ques were.employed in this study as the need for them was not
felt. Especially, for this particular study where the empha-
sis is on the spatial approach, the use of maps to represent
the data bringsabout the patterns sharply and at a glance.
Whatever, conclusions hav% been arrived at through this carto-

graphic teqhnique have been satisfying, though further detailed
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research may warrant the use of some statistical techniques.

1.7 Qutline of the Study

The proposed ;tructure of the thesis is presented
below. ,

‘The first chapter introducés?he problem under study,
the significance of such a study, the data base and the
methodology adopted.

The second chapter is a survey-of'literature on stud-
ies conducted along similar lines_in’different parts of the
world where malaria is prevalent. |

The main aspects of the malaria cycle are discussed
in chapter III to emphasize the inter-relations between man -
vector - parasite. ]

A description of the malaria situation in India would
enrich our understanding of the disease in orissa. Chapter
IV studies the nature of malaria incidence in India and the
measures adopted to combat the disesse. |

It is necessary to know the environmenfél background
of Orissa to understand the spatial aspects of malaria. In
chapter V the geographical aspects of the state are highlighted
with reference to malaria.

The main body of the thesis are chapters VI and VII.

In chapter VI the spatial Patterns in the incidence of malaria
in Orissa are identified for 1968, 1972 and 1976. This chapter
begins with a broad over-view of malaria in Orissa to provide

a better understanding ofethe detailed spatial picture of
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incidence. *

In chapter VII the pattern of incidence is correlated
with selected environmental and human factors in an attempt
'to explain the patterns of incidence identified.

Chapter VIII focusses attention on another aspect of
resurgence - the changing geography of the parasite from
1968 to 1976, ) 7

The concluding chapter IX presents a summary of the
major findings and some questions raised for fﬁrther micro
level research. In conclusion two theoretical spatial models,

of diffusion and interaction are proposed.
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Chapter II

4 REVIEW OF LITERATURE DEALING WITH THE
SPATIAL ASPECTS OF MALARIA
Interest in the studies of the geographical aspects
of malaria is growing as an important developing branch of
medicsl geography. This can be seen from the following sur-
vey of the recent contributions in this field. This chapter
is divided into two parts, the first dealing with general

aspects of malaria and the second with specific area studies.

2.1 General Aspects 7

As early as 1202, a medical man S. P, Jamesl had empha-
sized the spatial dimension of malaria research, "when all
factors considered, some regions too, appear in themselves to
be more or less malarious than others and some importance is
doubtless attached to the Regional factor".

But it was not until a decade or so ago that interest
was generated in research on the geographical aspects of
malaria. anaroff2 focussed attention on those areas of re-
search to which geograbhers may contribute. 4 major factor in
understanding the malaria map relates to man in some cultural

setting as this defines the degree and conditions of exposure

1 S."P, James, Malgria in Indiz, Scientific Memoirs,
Officers of the Medical and Sanitary Departments,
Government of India, Calcutta, 1902, p. 83.

2 L. S. Fonaroff, "Malaria Geography: Problems and
Potentials for the Profession", The Professional
Geographer, vol. 15, November 1963, pp. 1-7.
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thét a group presents to the environment. Regional varia-
tion in land ﬁse and vector ecology have introduced unexpec-
ted twiéts in disease geography. Fonaroff is of the view
that there is some relationship between malaris geography,
regional settlements and development. The common affinities
of physical geography and malaria have always been recognized
yet no sustaining liaison_has been established between the
groups. Among the physical elements he mentions climate,
hydrograbhic conditions, landscape, soil and configuration
of water bodies. He identifies some questions as falling
within the ambit of interest of geographers and that need to
be answered in malaria geography. They are: How and why do
men interfere with their environment and what are the social,
economic and demographic consequences of such interference?
Malaria levels in many areas do not always correlate with
rainfall but may with economic and social stress ~ How can
_this be measured? What is the relationship between mosquito
population, disease levVels and fluetuating urban densities?
While Fonaroff deals with the conceptual %nd theoreti-
cal aspects of malaria geography, Datta and Dutt map out the
existing picture of malaria in thefworld, with an aim to
identify a global pattern of incidence. The authors begin by
discussiﬁg the different éspects of the malarial cycle in é
general ecological background. For the life cycle of the

malarial parasite to continue, the parasite, vector, and host

3 H, N. Datta and A.K. Dutt, "Malarial Ecology: 4
Global Perspective", Social Science apnd Medicine, U.E.
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need certain kinds of ecological bases. Temperature, rain-
fall, humidity, soils, drainage, attitude, econémic conditions
and cultural habits are all in some way related to the cycle.
The authors have identified the 15°C and 32°C isotherms as

the haunts of malaria and based on this world maps have been
prepared for July and January. From the maps it is evident
that there is a northward shift of malaria in July and a
southward shift in January with the tropics being the over-
lapping zoﬁes of year round malaria. The authors propose that
at the equator malaria is found till 8,000 ft, at 20° latitude
till 6,000 ft, at 30° till 5,000 £t and at 40° latitude till
3,000 ft. This shows the impact of latitude on the altitudi-
nal range of malaria. Maps showing temperature, rainfall

and attitude conditions for the world are combined to prepare
a map showing the areas of the world that are physically most
susceptible to malaria, in order to emphasize the areas of
hyper-endemicity.

The above studies bring out the fact that a geogra-
pher's contribution to malaria canvbe meaningful. It follows
that from the general we come to the specific and tﬁe second
Part of this chapter which deals with specific ecase studies.
of maléri:a undertaken in different parts of the world. The

studies are tackled in chronological order to trace the trends

in studies of this kind.

2.2 Specific Ares Studieg
P : 4 v
Ackerknecht's study contrasted the different exposures

4 E. H. Ackerknecht, Malaria in the Upper Mississippi
(Footnote contd.)
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. that the French and American frontier commumities presented
to the disease environment. Both the regions were malarious
but the American community had a higher incidence. This was
explained by the cultural factors of settlement types and
land’use, and the changes in malaria levels were concurrent
with changes in housetypes and land use patterns.

Local varigtions in land use techniques and disease
incidenCe providé immense research potential for geographers.
One such study5 brings to light how some malaria-free tidal
mangrove areas of Malaya became infected in the reclamation
measures that were taken in this region. Originally the
lécal vector occupied the low zone sunlit pools while the
higher mangrove zone was malarious. With clearing, the disease
geography was reversed as the low zone became malarious and
the higher zone became malaria-free. |

The relationship between man and the anopheles is
worked out in a four stage framework.6 This scheme broadly

defines the pertinent circumstances that often shape the

malaria map. The four stages signify the progress of

Valley, 1760-1900, Bull, History of Medicine, Supp.
%, Baltimore, Johns Hopkins, 1945, in L. S. Fonaroff,
"Malaria Geography: Problems and Potentials for the

Profession", Professional Geographer, vol. 15,
November 1963, p. 2. . v

5 Watson Malcolm, Ihe Erevention of Malaysia in the
- Federated Malay States, New York: Dirtton & Co.,
1921, in Fonamff, QoD. m. :

6 F. Sinton, League of Nationg Health Organization.
C.H./Mal./202, 23 March 1933, in Fonaroff, gop. cit.
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development in region: (1) While land is being brought under
cultivation and is characterized by the presence of non=-
immune labour force and infected migrants or vice versa, there
is usually an increase in the incidénce of malaria; (2) In
stage 2, there is extension of cultivation with the migrant
labour still provid;ng a resexrvoir for Malaria infection.
Stages (3) and (4) mark the stabilization of population, the
development of medical facilities and a decrease in the number
of migrants, 4s a result, we find, usually, a decrease in
the incidence. _

An inquiry into the pattern of incidence as related to
environmental factors reveals that mglaria in Ceylon is mainly
in the lowlands and rarely above 3,000 ft.7 On the basis of
rainfall Ceylon is divided into 3 zones - the wet zone with
over 40" rainfall, intermediate zone with 20-40" and dry zone
with less than 20" rain. In the wet zone there are two peaks
of malaria in May-June and»December-Januany corresponding to
the periods of high rainfali.‘ In the dry zone the .peak inci-
dence is in DeCember-January~thg months of highest rain when
small pools are formed. The intermediate zone is the epideg}c
area while the hilly country and low country wet zone are areas
of low endemicity. The whole dry zone is a hyper-endemic area

as it engages the attention of the agriculturists in relation

to colonization schemes.

? K, J. Rustomjee, "A Brief Account of the Epidemology

of Malaria in Ceylon", Calcutta Geographical Review,
vol. 5, December 1943, pp. 135-39,
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- 8
An earlier study on Orissa highlights the malarious

parts of the state for eradication purposes. The entire
belt of the northern plateau and eastern gﬁats were hyper-
endemic while the coastal zone and inland plateau also had
a high degree of endemicity with focal outbreaks in the
Chilka coast area. The author also identifies the spatial
distribution of the chief vectors in the state in terms of
the hilly forested areas, plains and coastal tracts. The
hilly and forested belt of Jaypore, Koraput, Phulbani Kala-
handi, and Sundargarh have year round transmission with little
seasonal varigtions while in the plains it‘is mostly during
the post-monsoon period.

A clear exposition of the human ecology of disease
and a strong advocacy of an ecological human geography of a
most dynamic kind is found in Prothero's work.g Malaria 1is
said to be also related to human activit& and one form of
activity, probably a crucial factor in incidence is migration,
Prothero illustrates the significance of various types of
migration for malaria distribution and incidence and especially
as complicating factors in the implementation_of a control .
programme with reference to Africa. In Africa migration, es-
peclally in the case of nomadic, daily and seasonal migration,

forms an excellent agency for malaria transmission. The study

8 J. K. Sehgal, "Progress of Malaria Eradication in

Orissa State during 1965-66", Bulletin of the Indian
Society for Malaria and Eomﬁnigahls.&s_e_aae.s, vol. 5,
1968, pp. 88-93.,

9 Ifé 61*54 Prothero, Migrants and Malaria, London, Longmans,
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does not end with migration only, instegd the resulting cul-
tural problems are also studied. The attitude of the nomads
who have accepted malaria as a part of life, their temporary
settlement patterns;-the difficulties of enumerating the
migrants and the numerous political boundaries dividing the
state, all present problems in the control of the disease.
Besldes presenting the general aspects of migrants and their
impact on malaria, the author further emphasizes his point
with the help of case studies.
_ Thevimportance of cuitural factors and malaria in
Trinidad is the basis of Fonaroff's paper.lo In this paper,
the author clearly demonstrates the close association between
the climatic conditions, the vector and the cacao plantation
which affords an ideal environment both for the vector (a.
Bellator) and its access to the host. The other malaria
Vector is A. aquasalis which is found in the coastal swamps.
Much of Trinidad's sugar cultivation is within flight range
of these swamps and this further emphasizes the importance
of studying the spatial relations of vectors habitats and
Presence of man's activities. |

The above studies were all undertaken when control
measures.for malaria were introduced and total eradication
envisaged. In the last five years we have seen the failure
of thesevprogrgmmes and a resurgence of malaria in India and

South East Asia. This has generated re-newed interest among

10 L. S, Fonaroff, "Man and Malaria in Trinidad: Ecologi-
cal Perspectives of a Changing Health Hazard", dnpals

of the Agsociation of American Geographers, vol. 58
1068, pp. 526-56. ’ ’
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researches regarding the reasons for the resurgence and
changes in the pattern of malaria before and after the re-
surgence. |

Some of these points have been answered in a recent
paper with regard to India.lx The authors have identified
1965 as the year of resurgence and have attempted to give
reasons for this resurgence. The resurgence of the vector
in terms of its spatial dimension is similar as in 1940s with
a. Cuf%ifacies the dominant vector and A. Stephensi the chief
vector in urban areas. In terms of the parasite, plasmodium
vivax remains the most important with plasmodium faleciparum
dominant over middle India in a beit from east to west and
in.assam;. The API figures are mapped for each year from
1965 to 1975 to see the spatial patterns over time. The
incidence of 1975 was correlated with geographical factors
of which popﬁlation density revealed a negative correlation;
irrigation revealed an inverse correlation and intensity of _
cropping an inverse relation, there being no clear relation-
ship with the other variables. From a comparison of the
series of maps the authors identify four foci which have
‘acted as centres of diffusion. These four are: (1) Kutch
saltmars§, (2) Madhya Pradesh hill forests, (3) Orissa hill
forests and (4) Assam hill forests. Their study raises a lot
of questions needing detailed research and the present study

stems from this macro level analysis.

11 Rais Akhtar and A.T.A. Learmouth, "The Resurgence of
Malaria in India, 1965 to 1976", Geojournal, vol. 1,
no. 5’ 1977, ppo 69"'79.
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Hyms and Ramesh have attempted avmeédrlevél study of
malaria in Tamil Nadu,lg where they dgscribe the areal varia-
tions and trends in Malaria during 1965 to 1975 and trace the
behaviour pattern of»disease by areas of incidence and sea-
sons. This is g unit level study there being 24 units in the
state. The incidence map reveals the sharp rise in incidence
in 1975 over 1963-64. The interior North-West emerges as thé
nucleus of malaria concentration which is explained by the
labour migration to the area for many purposes and the cons-
truction of two irrigation projects located there. The sea-
sonal pattern shows 2 peaks of incidence corresponding to the
rainly months in July-August (higher peak) and in December.
The transmissions>season and chief vector species for the |
state have been chalked out. 4An important point that emerges
from this study is‘the Teversal of units from maintenance to
consolidation phase which has serious 1mp11catlons.

The survey of literature on the spatial and environ-
vmental asPects of malaria makes it clear that geographer's
can make meaningful Qontributions to the study of the disease.
With the recent resurgence and spatial spread of Malaria,
studies of this kind become even more vital to help identify
high incidence foci énd explain the reasons for their'preva-

lence so that control measures may be successfully implemented.

12 B. Hyma and A. Ramesh "The Geographlc Distrlbution
and Trends in Malaria Incidence in Tamil Nadu",

Watlgggéo_ggg;aggl_ Journal of Indi ch-June 1977,
bPP. -00.«
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Chapter III
THE MALARIA CYCLE

3.1 For there to be any occurrence of malaria three ele-
ments are essential - man, malarial parasite: female anophe-
les mosquito. The understanding of the baslc relationships
between the parasite-host-vector and the victim is vital to any
study of malaria. These three elements exist in an environ-
ment which affects the functioning of each.of them. This is
illustrated with the help of the given diagram below:

Infected Persong—  Vector——— HVigtim

Fig. 3.1 - Environment (Physical and Human)

(Source: R.M, Prothero, Migrants and Malaria,

London: Longmans 73“3)).

Between these three factors themselves there is an inter-
locking chain of relationships. The vector is the female
anopheles mesquito; the host is the infected man having
malarial parasites in his blood and the victim is the fresh °
case of malaria.

The perpetuation of malaria is dependent upon_the pro-
 cess of transmission. The female 4. mosquito needs a blood
meal for the%ﬁéturation of its eggs and hence bites human
beings every 48 hours or so. When a female A. mosquito bites

an infected person harbouring malarial parasites in his blood,
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the parasites enter the stomach of the mosqwito. This mos-
quito starts spreading maiaria, when it bites healthy‘persons
after a period of 10 days as the parasite requires about this
much time for its further development.

The parasites injected by the mosquito lodge and
develop in a man's liver and spleen. After a week to 10
days they enter his blood stream where they multiply in the
red blood corpuscles and attack them. This cycle of destruc-
tion takes 48-72 hours and is responsible for the periodiecity
of the bouts of malaria fever every 48-72 hours. Depending
on the parasite is the nature of fever, with tertian malaria
occurring every second day and quartan malaria every fourth
day. In the tropics the nature of fever is of the 48 hour
cycle tYPe.l A simple flow diagram illustrates the malaria

cycle discussed above.

——>Plasmodium to Female Anopheles———
in blood meal

Man infected when Plasmodium igg;de

dnopheles suck blood mosquito stomach wall
and divide into spor
zites .

Plasmodium from female&

Fig. 3.2 The Malaria Cycle,‘A Simple Flow Diagram

(Source: A.T.A. Learmouth, Patterns of Disease and
Hunger, Fig. 15) :

1 F. Hawking, "The Clock of the Malaria'Parasite",
§clentific American, June 1970, in vol. 9 Readings
in Life Sciences, offprint 1181, pp. 3399-3407.
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3.2 The Vector *

The incidence of malarié is largely dependent on the
distribution of the Anopheles mosquito and wherever the
latter are unable to breed we find no trace of the disease.
There are a number of varieties of the anobheles_of'which
the followling are of importance. A, stephense mainly in
urban areag;A. Philippinensis mainly in Bengal and Bihar;

A. minimus found in hilly terrain; A. Sundaicus along the
eastern coast and 4. culcifacies found alongT;est coast.

The different mosquitoes are found in Varying environments
with each species tending to have a particular ecological
habitat. But as a general rule, mosquitoes are not found in
areas where summer temperatures fall below 60°F (15.5°C).
High a%titudes above an elevation of 3,000 méters are mglaria
free as also the regions beyond 60°N'and 30°S.3 The reaction
of insects to temperature is presented in the given graph.

Besides temperature, mosquitoes require adequate mois-
ture conditions for breeding and are therefore absent in the
deserts. They breed ﬁnder conditions of heavy rainfall in
fresh or brackish water. At the end of the dry season when _
the onset of the rains provides increased water, there results

an explosive rise in mosquito breeding. A seasonal peak of

malaria is related to both the amount and the distribution of

2 An Experiencéd Professor, Preventice and Soeiazl
Medicine, 1969, Calcutta: Current Publications.

3 A.C, Cleggy and P.C. Cleggy, Man Azainst Against Diseage, 1973
' London: Heineman Ltd., pp. 202-19. "Protozoan Para31tes
of Man - Malaria".
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rainfall. Mosquitces can breed in fish ponds; clear slow
running water; rice fields; shallow wells and pools; cisterns
and tanks. Mosquitoes bite voraciously when the atmospheric
relative humidity is high and they avoid both heat and light.

The longevity of the female Anopheles mosquito varies
with the availability of food, temperature and humidity. Hot,
dry summers may reduce their life sPan to only two weeks while
increased humidity has pgotective effects on the longevity
of the Anopheles. A relative humidity of 55 per cent at 70°F
ensures the normal life span of the Anopheles and a long life
span entails a longer period of transmission by the mosquito.
For the eggs to develop into adults climate plays an impor-
tant role as very dry and cold climates retard this develop-
ment, which is much faster in July and August or the post-
rainy season. The optimal conditions for mosquitoes are
between 22° and 30°C with over 60 per cent relative humidity.
dreas with rainfall between 30 and 60 inches have high poten-
tial for malaria with over 60 inches rainfall regions héving
highest potential and in below 30 inches rainfall areas the
occurrence of malarig decreases.4
3.2 The Parasite

Thre sexual phase of the parasite requires a certain
temperature. The dependence of the parasite on certain eco-

logical conditions is not as clearly established as that of

4 H.M. Datta and A,K. Dutt, "Malaria Ecology: A Global
Perspective", Social Science and Medicine (U.K.), 1974.
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the mosquito. The main species of.plasmodium affecting man
are plasmodium vivax (PV), plasmodium falciparum (P ?), plas-
modium malariae, and plasmodium ovale. Of these the first
two are mainly responsible for the incidence of malaria.

PV is found in temperate areas as its sexual cycle is
completed in lower temperature while P 2 is confined to
tropical and sub-tropical lands as it needs a higher tempera-
ture. The minimum temperature below which the development
of parasites gets retarded is 19°¢C for P 4 and 15°C for PV,
Very high temperatures are also harmful to parasites and over
32°C their survival is low while the ideal temperature for
PV and P 7 1s around 20°C.

3.4 The Malaris Cycle ip Orissa

In concluding this chapter, a malaria cycle is cons-
tructed for Orissa on}the lines of that given for Morocco |
(Figd-4). There are three elements having interlocking cycles
the man - vector - parasite. In this model besides illustrat-

ing the malaria cycle an attempt is made to depict the breaks

in the cycle through eradication measures.

5 Ibid.
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Chapter IV

MALARIA IN INDIA - A HISTORICAL REVIEW

Mélaria:has had a long history in India with reference
made to it since ancient times. The Atharva Veda (1500 BC)
gives a cliniecal descfiption of the seascnal épproach of
fevers. Susruta, the father of ancient Indian medicine,
refers to the mosquito as the vector of fhe disease associa~
ted with chill and fever.l To cope with this pressing public

health problem various programmes were chalked out since early

twentieth century.

4.1 Orgsnizations and Eradicationg
Measures :

The earliest organization to deal with thé disease was
the Central Malaria Bureau in 1910 which became the Malaria
Survey of India in 1927. In 1935 a Malaria Institute of
India was established. 411 these programmes were instituted
by the British and their influence was confined to areas of
immediagte interest to them - the mining, plantatioh areas and
their own townships.2 The control of malaria was hence limi-
ted in its coverage to a few pockets. The nature and trans-
mission of malaria being_what it is these sporadic efforts at

controlling malaria were not very successful. By independence,

the situation was grave as a large part of the country remained

1 Report of the Special Committee to Review the Working
of the NMEP and to recommend measures for improvement,
New Delhi, 1967, p. 2.

2 Harry Cleaver, "Political Economy of Malaria De-

Control", in Economic and Political Weekly, vol. 11,
no. 36, September 1976, pp. 1463-73,
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highly malarioﬁs showiﬁg a rising trend of Incidence. iThe
need was felt for a national programme focussing attention
on malaria and covering the whole country and thus the
National Malaria Control Programme (NMCP)-came into being in
1953, Before this control programme was undertaken in 1945
it was estimated that 75 millibn people suffered from malaria
and about 8 lakhs died directly due to 1t.” Under the NMCP,
DDT was sprayed in areas with a high incidence of malaria to
éheck the growth in vector population. The results of the

" control prégramme were Very encouraging and on the insistence
of the World Heglth Organization, it was felt that the prog-

ramme should change over to eradication.

4.2 The NMEP

The National Malaria Eradication Programme (NMEP) came
into operation in 1958. Malaria eradication work is the
world's biggest public Health campaign against a communicable
disease. The NMEP covered the entire country except areas of

over 5,000 feet above sea-level consisting of a population of

aroun@éfifteen million in a zone where transmission does not

occur,

Por the purbPose of eradication the country was divided
into malaria units with a total of 393.25 units covering a
population of 527 million. Each unit now covers a population

3 Rais Akhtar and A.T.A. Learmouth, "Resurgence of
Malaria in India, 1965-1976", Geojourpal, vol. 1,
Nno. 5, 1977, PP. 69"79.

4 "Why Malaria 4gain?", NMEP (New Delhi), 1977, p. 4.
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of 1.5 pillion and is broken up into sub-units covering a
population of 40,000. The sub-units are further broken up
into sectors and each sector consists of 4-5 sections each
covering 10,000 people,5

The NMEP consists of four phases of preparatory,
attack, consolidation and maintenance. Of these, the whole
country has passed through the first stage as a result of the
earlier programmes. The attack phase includes those areas
of high incidence demanding regular spraying of all the houses
with surveillance introduced after two years. In the consoli-
dation phase there is only focal spraying of areas where cases
have been found and surveillance continues. In the final
maintenance phase there is intensive surveillance as trans-
mission is reduced to nearly zero. Initially the programme
was Very successful witﬁ morbidity beingwreduced from 75
million to about one lakh per year ip 1965, At this stage
75 per cent of the country was in the advanced phase of
eradication and only 25 per cent was in the attack phase.6

The eradication programme received setbacks after 1965
due to various reasons.7G)The first is that insecticide sprays
could not be carried out according to the time schedule
because of the delayed receipt of imported insecticides follow-

ing the closure of the Suez Canal in 1965. (2) Most of the

5 8.°L, Dhir, JMEP - Retrospect Prospect, NMEP
New Delhi, 1970. and ’ ’
6 Ibid.

7 "Why Malaria Again®?", NMEP, op. git., p. 3.
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financial resources for eradication came from the USA and
this aid for the programme ceased in 1965 hampering the
supply of insecticides, drugs and other equipment. (3) The
cost of insecticides rose tremendously after the oil crisils,
leading to a reduction in purchasing power. (4) The loss of
urgency in achieving total eradication once the initial re-
sults were achieved, resulted in the programme_getting less
priority than before. (5) Due to the continued use of DDT
the malaria mosquito has developed resistance to DDT and this
necessitated a switch to costlier drugs like BHC and
Malathion. (6) The malarial parasite (especially P ?) has
also developed resistance, in some parts to the common anti-
malarial. (7) Lgstly, the people's cooperation in accepting
the spraying has decreased as most other insect pests killed
earlier by the sprays, have now developed resistance to it.
Viewing the rising trend of malaria, since 1965, all
over the country, the NMEP was reVised.8 It was suggested'
that the emphaSis be shifted again on control as a short-term
measure and then eradication as a long term aim. This sug-
gestion was made after'noting‘with dismay the reversal of

many units into thelr former phase of attack or consolidation.

4.3 The Indian Situation

The table below shows the incidence of malaria in India

8 Report of the Consultative Committee of Experts to

Determine Alternative Strategies under NMEP, Delhi,
August 1974, p. 1.
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from 19&5 to 1976 after the resurgence.9 .
Table 4.1

Yeax | Total Cases Deaths
1965 100,185 -

1066 148,136 -
1967 | | 278,621 -
1968 274,881 -
1969 348, 697 -
1970 694, 647 ' -
1971 | 1,323,118 -
1972 1,362,806 | -
1973 1,934,485 -
1974 3,167,658 30
1975 | 5,166, 142 99
1976 | 5,830, 300 40

The resurgence of malaria can be viewed through the
vector -~ parasite and the incidence pattern itself. The
chief vector of malaria in India is A. culcifacies
(A = Anopheles) which is foﬁnd in the entire northern belt,
Central India, 4ndhra Pradesh and Tamil Nadu. This vector
can breed in any still water that is sometimes moving slowly.
A. fluviatilis is found in the entire west, Andhra coast and
Bihar favouring clear, slowly moving streams except after

floods. In the Ganges delta and Orissa the chief vector is

2] Rais Akhtar and A.T.A. Learmouth, op. cit.

N
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4., sundaicus which breeds in brackish water°and lagoons.

4. stephensi is the chief vector in urban areas breeding in
small pools or cisterns. The vector map is given alongside
showing the distribution of the various species.

Plasmodium vivax (PV) is the main specles of the
malarial parasite in India and is less virulent than plasmo-
dium falciparum (PF). Incidence of falciparum malaria is
rising and PF cases are found in g ;arge belt running east
to wést in Central India and in Assam. This belt roughly
corresponds to the tribal highland core of the Indian heart-
land which though is an areag of low density yet total popula-
tion exposed is large. These_two parésites are the major
contributors to malaria in India.

For the country as a whole the incidence of malaria
was faifly low in 1965 (map 4.8) with north and south Indis
recording no cases. The main belt of incidence stretched
right across Central India from Gujarat to Orissa with the
north-east also recording a high incidence. In 1970, there
is seen an overall rise in API rapes with North and South
Orissa still exhibiting low API rates. Gujarat, Rajasthan,
North Maharashtra and the North-East reveal a high rise in
malaria cases. In 1976, a map (4.8) of the API rates sharply
1llustrates the steep rise in malaria in all parts of the
country. The entire Indq-gangetic pPlain, Rgjasthan, Gujarat,
Maharashtra, Karnataka, Madhya Pradesh, Orissa and the north-
east record high API rates of 20 and above. Only Kerala, a
large part of the Tamil Nadu and Andhra Pradesh, the northern
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districts of Uttar Pradesh, Bihar and.West Bengal are the
small areas of low incidence.

In_ all the yearly incidence maps we find that Orissa
consistently has high levels of malaria.
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Chapter V

THE GEOGRAPHICAL SETTING OF ORISSA WITH
REFERENCE TO MALARIA

SiﬁCe, as we have noted earlier, malaria in its inci-
dence and spread is significantly influenced by the natural
environment of the region, an attempt is made here to present
the main aspects of Orissa's physical build and biotic cover
as a preliminary to our anélysis.
5.1 Landscape Factors Significant

in Incidence of Malaria

Although the geological evolution, lithology and
structural factors provide the region with its base, Orissa's
present land forms are largely the product of its recent
geological history of uplifts, peneplantation and the asso-
clated transport and deposition of the denuded material.l
The geological matrix ranges from the Archaeans, Dharwars,
Gondawanas to the recent alluvium. The first major distinc-
tion is the one between Orissa's highlands in the interior,
stretching from the Mayurbhanj‘plateaus to the Baudh Khondmals
in the south rather spectacularly broken by the Mghanadi
vailey and the coastal lands abutting the Bay of Bengal and
consisting of the Mahanadi delta 1n the centre and the allu-~
#ial stretches to the north and.south. For our purpdse, these
major features may be further classified, after Chatterji,
into (a) the Garhjat Hills in the north, (b) the Baudh Khond-

mals complex in the south with its extension in the Bolangir

1 D.N., Wadia, Geology of India (London: Macmillans,
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valley of the Chhattisgarh basin in the west, and (c) the
Coast lands.2 |

The highlands show features of erosional topography
ranging from furrowed steep scarp edges, undulating plateaus
with levelled summit plains, basins at elevation rimmed with
rounded hills and undulating pediplain expanses below seamed
with major rivers and their tributa:ies showingahere and
there worn out "whale backs", dykes and knolls. The region
is drained by the river systems of the Brahmanai, and Mgha-
nadl, with many parallel flowing other rivers which include
Subernrekha, Baitarani, Rishi Khlya, Vamsédhara rising from
the hill scarps and emptying thelr waters directly to the
Bay of Bengal. The extreme southwest is drained westward by
the head streams of the Godavari.

The coastlands with thelr extensive stretches of allu-
vium stand in sharp contrast to the highlands. But even here
there are immense local variations in landscape that are
significant not only in human occupance and land use, but arve
more relevantly in understanding the patterns of incidence
of malaria. The stream meanders, levees in the deltaic re-~
gion, and entrenched river and stream beds mark the alluvial
landscape, and increasingly southwards remnant hills are

striking features in topography, many of them having played

2 S.P, Chatterji, National Atlas Organization, Physical
Plate: Orissa. ‘

3 K.L.V, Raman Rao and R. Vaidyanathanh "Evolution of

Features Over the Keonjhar Pediplain", Geol. Min. &
L’I.eﬁ‘ Society, India, 1974.
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their historic role ss—having playedtheirhistorie—rote as
defensive sites.4 The shore line processes contribute to the
formation of the major bay with ifs limits marked off by the
mouths of the Subernarekha and Brahmani. In the middle, the
prograding delta of thg Mahanadi shows at its shore line the
formation of spits and sandbars, all smoothened by northward
moving wave action, which in the case of the Chilka Lake_and
its lesser counterparts locks the draining waters into
lagoons. The coastline south of the delta is straight, and

all along the entire coastline there is a shelving marine

platform.
5.2 Hydrological Regime i i
to Landforms .

The regime of rainfall in relation to the Orissam
landforms has an important bear@ng in our problem. The mon-
soonal seasonal rainfall, heavy in the east and south-
east and progressively declining west and norﬁh-west, saturates
the soils, with some rain water percoléting underground and
most of it rubs off as a surface flow. The torrential regime
of the rainy season is followed by shrunken.water eourses, .
‘threaded channels, cut-off pools and deep but stagnant follows.
Except on the steeper flanks of the hill ranges and the trans-
verse gorges of the rivers ofbwhich the Maghanadi reach is more
sPectacular, the stream courses are graded; with developing

meanders, terraces and abandoned courses as typical features.

4 Dhaulagiri, Khandagiri, Udaygiri.




|

TyPES O? JorasTs

[PV US UV S—

TYyPES 0F WORESTS

ik

CIES M- 6

e
TT&

[T
2dxy

3 o S
3?.%51”
w%nm&e
oMﬂ. L4
238, § R
a 5 ~d

5 &> ™
RDER )
s r iR g oa
FEg5
afTux v

ap. 3.3

MiLEL




37

With the advance 6f summer conditions, almost all the water
features tend to dry up, some totally dried up while others
as shrunken stagnant pools. These hydrological conditions,
coupled with temperature and humidity associations, are, it

is suggested, significant in the inecidence of malaria.

5.3 The Biotic Cover

Orissa is still one of the fortunate States which
retains vegetal cover to a large extent. The proportion of
forest cover is 44.6 per cent of the total geographical areas.
Baudh Khondamals and Sunda;garh areas have a cover of over
70 to 55 per cent. However, there are hardly any areas which
have not been affected by timber cutting, shifting cultiva-
tion ('podu'), permanent clearance for agriculture and over
grazing. In the existing cover, the ecosystems with their
pPlant-animgl species intefaction and the impéct of tribal
communities have suffered degradation which has been further
aggravated in the shadow of modernization: forest operations
and timber and fuel wood utilization, minerals exploitation
and building of dams and communications. The natural environ-‘
- mental contrast is reflected in the distribution and densities
of population and their occupational patterns. The lowlands
are densely populated (250 per km2) with an .element of urbani-
zation with Puri, Bhubaneshwar and Lea°%§ Cuttack as principal

eentres but rural communities dominate with their rice economy

S R.L. Singh, ed., AMR i _eggmpll.x.ci_ndi_a
Varana51, 1971, p. 758, ?
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largely dependent on rains but increasingly'making use of
irrigation, especially in the command areas of the Hirakund
Dam and the deltaic distributaries. Except for the short
winter, it is the moist heat that influences human activity.

In the highland areas, there is a contrast between
the cultivated tracts and the enclosing forested hills often
descending on slopes and the upper valley courses. The tree
covered areas are important from the po%nt of view of both
plant and human ecology. Vegetation types range from the
moist deciduos, mixed, to scrub and stunted bushes. Grass-
lands form an important element in the mixed and serub types,
and sharp local changes are introduced by edaphic factors;
undulating hollows, for example, are covered with bamboos,
' especially‘angxggalaggs_ tric u‘, and xerophytes cOVer.the
lateritic soils. On the lowlands, clumps of trees, usually
of economic value like the mango (Mangifera i.) and Tamarind
(Tamarindus i.) on lower elevations and scrub on the isolated
knolls; the coastline carries extensive mangrove vegetation
and typlcal salt water flora including Poonang (Callophllum
inophyllum) in the interior trécts and gll of course decorated
here and there by coconut palms fringing the gmbankments of
the better soils and cashew nut clumps in the scrubby patches
on the poorer soils.

But it is in forested highlands that the man-nature
interaction 1s seen at the best, though in a declining form.

The traditional energy cycle consists of good and thick plant
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growth, animal life - wild and partly arboreal - with an in-
fusion of domesticated animals, and the tribal communities
which tend them and draw their needs from them as well as

whatever that nature offers.

5.4 The Tribal Setting |

Of the 23.1 per cent of tribal population in the State,
the Bhuyians, the hill Kharias, 4garias, of the Northern
plateau lands, the Kultas of the central plateaus and the
Bhatras of the southern hills, are now agriculturally oriented,
but not so the others like the Koltachasas, the Bhatras,
Koyyas, and Savaras of the southern hills. Thus there is a
wide range from the most tribal tax elements in the hills to
the advanced farming communities of the low lands which exhi=-
'bit a Varying degree of interaction with the natural environ-
ment: from the Savaras who are almost a part of the natural
ecosystem to the skilled Khandayats of the lowlands who
operate in thelr agrarian environment within what is largely
a man-made ecosystem. And within this web of biological inter-
action, diseases including malaria, act as interruptors to the

human energy contributions to the ecosystems.

5.5 Mineral Wealth

| The fact that Orissa is rich in minerals has its over-
tones in the incidence of malaria. The inclusion of minerals
in this study is based on two facts: (1) Mining activities
lead to population movements in the nature of in-migrating

labour force who may act as carriers of infection or as the
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6 ) ,
susceptible population; and (2) Large scale mining activity

ig a form of man-environment interaction that brings with it
many changes in the form of new settlements springing up and
the landscape changing (with areas being dug up, communica-

tions developing and construction work taking place). All1
these activities result 1n creating conditions fqr breeding

(by the hollows where water collects) and thus leading to a

rise in malaria incidence.

The spatial picture of mining activities shows the
nature of concentration of”minerals in the state. The highly
mineralized region Qovers the districts of Sundargarh, Mayur-
bhanj, Keonjhar, Sambalpur, Bolangir, Kalahandi and Koraput
where over 200 mines are working to exploit different
minerals.7 It is in north, west and south Orissa that the
mining activities are concentrated (map no.54). Among the
important minerals, iron ore is found mainly in Sundargarh
(Bonai), North and South Keonjhar and North West Mayurbhan}j.
Coal reserves in Orissa are found at Rampur in Sambalpur and
at Talcﬁer in Dhenkanal. Manganese is mdstly found around
Joda in North Keonjhar in Sundargarh and North Bolangir with
some found around Rayagarh in Koraput. Chromite is largely
found in Surkinda in Cuttack, in South Keonghar and Dhenkanal.

Limestone and dolomite are located in Sundargarh, Dungri

6 ?égé Prothero, Migrants and Malaria, London: Longmans,
7 B.N. Sinha, Geography of Orissa, New Delhi: National

Book Trust, 1971, pp. 114-22,
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(Sambalpur), and Koraput. Fire-clay is mainly found 1n.Bel-
pahar in Sambglpur while China-clay is mined near Jashipur
(Mgyurbhanj). Graphite occurs in Koraput, Kalahandi, Bolangir
and Sambalpur while Bauxite is found in Sambalpur, Bolangir
and Kalahandi. | |

From the spatial pattern of minerals dist;ibuti&n it
is clear that mining activities are lgrgely found in North
Orissa and some in West and South drissa._ Whethef this pat-
tern has any impact on malaria incidence will be discussed

’ A

in its appropriate context.
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Chapter VI

INCIDENCE OF MALARIA IN ORISSA - A
SPATIO-TEMPORAL ANALYSIS

Before examining the detailed section level incidence
pattern, a broad overview of malaria in Orissa is given to
help in understanding better the micro level spatial picture.
This introduction to malaria in Orissa traces the broad
ineidence patterns over the years and also studies the sea-
sonal and age-wise incidence pattern for the state.

6.1 Opissg 1948- 976
._~IQ&“JﬁﬁﬂLl£H

From our general study of Indig ?e find that the
state is intensively malarious on'accounﬁ of a major part of
it being hilly, and flood affected. This present analysis
is on a broad unit level the state being divided into 15 units.
Table VI.1 gives the incidence figures for the state since 1961.

Table VI.1

Year No of Cases
1961 ‘ 5,052

1962 11,758

1963 17,376

1964 31, 796

1965 24,992

1966 9,949

1 " Rais Akhtar and A.T.A, Learmouth, "The Resurgence of

Malaria in India, 1965-1976" Geojournal, vol. 1,
no. 5, 1977, ppo 69-790
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1067 " 18, 561

1968 31,794

1969 28,962

1970 11,388 -
1971 33, 260

1972 | 51, 226

1973 1,89, 767

1974 2,97,701
1975 3,17,669 .
1976 32,92,052

In 1948, we find that a large part of south-western
Orissa is hyper-endemic with regard to malaria. This
includes the entire units of Jeypore, Rayagada, Bhawanipatna,
Phulbani and large parts of eastern Bolangir, northern
Sundargarh and northern Keonjhar. Surprisingly, the state
also boasts of a malaria free area in north Gangam extending
into eastern Bhanjanagar and West Puri. The rest of the state
has endemic malaria. The hyper-endemic belt of western
Orissa is a part of the larger core covering Central India.
’From 1951 to 1960 malaria was responsible fér over 50 per cent
of deaths resulting from all diseases in the state.2

In 1965 (map 4.2), Rayagada had an API rate of over 11

which was the only area in the country having such a high rate,

with the exception of an area in Assam. Bhawanipatna, Phulbani

2 Census of India, vol. XII, Orissa Part 1-B, Report
on Vital Statistics and _ertllliz Survey, 1961.
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and Sundargarh had an API of 3-5 while Jeypore had a value
of 1-3. The rest of the state had an API value of 80.99.

In 1970 (map 4.8), there are six units which have no
record of malaria incidence and on the whole incidence shows
a fall in the state as a whole. In Rayagada unit there is a
distinet decline in incidence from over 11 API to 1-4 API
while théfﬁhits show an API of 80.99. |

The 1976 API map (4.8) sharply brings out the pheno-
menal rise in incidence from 1970 to 1976. Within Orissa no
units have an API of less than 3 and Puri and Jajpur are the
2 units with the lowest API rate between 3 and 5. Phulbani
has the highest rate of 30-50 followed by Rayagada (20-30).
From a comparison of the 4 years we find that Rayagada, Phul-
5an1 and Bhawanipatna have persistently had high incidence,
over the years. A4nother point of interest is that 1970 was
a year of low incidence for the whole state.

This broad analysis of the spatial patterns of inci-
dence ralises some questions, the answers to which can emerge
only after a detailed indepth study which follows. In terms
of transmission and chief vector species, Orissa can be divi-
ded into (1) the hilly areas of year round transmission with
a peak in October-November and Marcﬁ-ipril with the chief
vectors being 4. fluviatilis, A. varuna and 4. minimus;

(2) the plains where transmission begins in July (with a peak
in October) and ends in November with A. Annularis the chief
vector and (3) the coastal areas where there is transmission

throughout the year except June and A. Sunidaicus is the chief
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3
vector species. .

Besides identifying the spatial patterns of incidence,
two other general aspects of malaria in Orissa have been
studied. The first concerns the seasonal rythmn of malaria
for Orissa as a whole while the second deals with the age-wise
pattern of incidence at the unit level. Both these studies
would provide a further insight into the understanding of
malaria in Orissa.

é.z Month-wise Ineidence of
Malarig in Origsa

The seasonal pattern of malaria inecidence in thé state
is shown below for two time periods 1973 and 1976 (Fig. 6.1),
One obvious fact that emerges from the graph is the sharp
rise In number of cases between 1973 and 1976,

The graph for 1973 reveals that the peak incidence
occurs in November-December while a sma;ler peak is to be
found in August. In the other months there does not seem to
be much changeg. The peak of July-August is preceded by a
month of lower incidence in May dque to the dry conditions
Prevailing. |

The graph for 1976 shows a marked yariation from the
1973 one. It begins with a very low Valqe for January-February
rising till April, after which there is a SIigbt fall preceding
the peak of July-August. This post-monsoon peak is followed
by a fall till September-Octoﬁer and then in November there is

3 F.J. Dy, "Present Status of Malaria Control in Asia",
EEO Bulletin, vol. II, 1954, pp. 725-63.



L Mmea

. .'.,.f-"'-.."...;.élfw o

A _ovenss
AgE grevrs | .




46

another peak. Unlike the 1973 graph in 1976 there are 2

ma jor peaks with the July-August being more pronounced. The
higher peak in November-December in 1973 can be explained by
the higher winter rainfall during this year. The graph
clearly brings out that the drier ﬁonths are the low incidence
months both in May-June and September-October and that the
seasonal rythmn of incidence of malaria in Orissa is charac-

terized by 3 peaks.

6-31“_&4&&_1119.1@;2_@_13_&&5&'

A demographic aspect has been introduced to the study
to determine whether there 1s any correlation between age
and malaria. The age-wise ineidence is plotted on a graph
for two time periods of 1965 and 1974, 1965 was chosen as
'this was the year when the resurgence began and 1974 was the
last year for which figures for age-wise incidence were
available. The figures are avallable for each malaria unit
for the following age groups - 0«5, 5-8, 9-14, and over 15,
there being a break-up of the first group in 1974 to below
1l year and 1-4. -

In 1965 (Fig. 6.24&B), the broad pattern of the graphs
is that incidence 1s nearly constant from 0-5 to 9-14 age
group after which it rises sharply, whiéh can be explained by
the fact.that the over 15 age group category covers a large
number of years. Within this pattern one exception is Sundar-
garh which shows a steep rise in incidence from 5-8 to 9-14

age group with a more gradual rise in the over 15 group. All
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the coastal units along with Sambalpur, Keonjhar and Bolangir
show a nearly constant incidence pattern for all age groups
with a veﬁy gradual increase in the over 15 group. On the
other hand Ragyagada, Jeypore, Bhawanipatna and Phulbani units
show a small rise in the 0-5 age group followed by a decline
and then a steep increase in the‘oVer 15 group. This reveals
that in these malarious units Malaria among infants is greater
and also the incidence in the over 15 age group is much higher
than in the other units. Rayagada shows highest incidence
in the 0-5 and over 15 age groups. ‘ 7

In 1974 (Fig. 6.3A4&B) the graphs clearly show the
phenomenal rise in overall incidence in 1974. The occurrence
of maglaria is very low among the infants or the below 1 age
group in all the units. But in 1974 there is a steady rise
in incidence_with each succCessive age group, the rise being
-steepest in the over 15 group. Balasore, Bolangir, Berhampur,
Jeypore, Puri and Cuttack units reveal a low. incidence pattern
in all age groups with a gradual rise in the over 15 age
group. In contrast to this, Sundargarh, Phulbani, Bhanjanagar,
Bhawanipatna, Sambalpur, Angui, Keonjhar, Rayagada and Jeypore
units show a higher incidence in all the age groups with a
Very'steep rise in the over 15 age group. Highest incidence
figures for all age-groups are recorded by Sundargarh unit.
Phulbani unit has tﬁe steepest rise in incidence from the 9-14
to over 15 group. From the graphs it is evident that‘Varia-
tions in age~wise incidence are sharpest in the interior units

as compared to the eoastal ones.
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If the graphs for 1965 and 1974 are cGompared we find
that age-wise variations in incidence have risen over the
years being larger in 1974 than in 1965. Sundargarh unit
reports high incidence and variation in both 1965 and 1974.
Most of the other units also show a similar pattern in 1965
and 1974. In 1965, the rise in incidence in the over 15
category for Phulbani was not as steep as it was in 1974,
Malaria among infants is low for most distriets and incidence
is highest for the over 15 age group. This age group consists
of the work force of a population and the higher prevalence
of malaria within this age group has serious economic consi-
derations, involving loss of man hours and labour productivity.
This rise in incidence in the over 15 age group could also
be a reflection of the decrease in immunity against malaria
among the higher age groups due to a fall in incidence till
1965, With resurgence the higher age groups are probably
most affected as they interact maximum with the environment.
Thisvis only an assumption and one needs more detailed data
(wifh the over 15 age group being further broken up into
smaller categories) before any conclusions can be drawn.

After having introduced the broad patterns of inecidence
in the State, we begin our in-depth spatial study. This is
almed at analyzing the spatial pattern of incidence to see if
any meaningful picture emerges. The study, at a Section level
for 1972-76 and a centre level for 1968, combines an analysis
of the temporal changes by covering the three years of 1968-
1972-1976. This three year data is reduced to maps (6.1, 6.2,
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6.3)., The reasons for taking these three years is based
wholly on the avallability of data for these specific years.
The resurgence of malaria in India began from 1965 but de-
tailed data was available only from 1968.and then only for
1972 and.197é at the section level. The study was carried
out for 1976 as data was not avaiiable for 1978 or 1977 and
also because 1976 was the year recording highest incidence

since the resurgence.

6.4 Incidence in 1968

For 1968, the incidence map (No. 6.1) is at a centre
level and as the map of centre boundaries was not available,
Variations in incidence are shown through isolines.

The spatial picture as evident from this map is that
the coastal plain areas of Balasore, Cuttack, Puri and Ganjam
districts show a very low incidence below 5 API with many
pockets of no incidence within them. The iﬁterior districts
reveal a higher incidence rate. Highest API values of 28,8
are registered in Naktlideul (in South Sambalpur) followed by
Thakurmunda in South Mayurbhan] which has a rate of 19.7.
Barkote in East'Sambalpur with 15.8; Lephripara in West
Sundargarh with 15.8, Bangriposi in North Mayurbhanj with
14.5; Kalimela in South Koraput with 14.5; Berhampur in West
Balasore with 12.7; Riamal in South Sambalpur with 11; Palla-
hara in North West Dhenkanal with 10.6 and Harichandanpur in
South Keonjhar with 10.4 are the centres with a API r;te

above 10. The areas of high incidence are South Koraput, a
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large area comprising of South East Sambalpur and North
Dhenkanal, South East Keonjhar and South West Mgyurbhanj and
North Mayurbhanj. From among all the districts Mayurbhan}]

has the highest incidence. In the intermediate level of '
incidence (5 to 10 API) lie Phulbani, Dhenkanal, Kalahandi
districts and large parts of Rayagada, Jeypore centres, Bolan-
gir and Sambalpur districts. The coastal areas are the low
incidence areas with two pockets of high malaria in West’
Balasore and West Ganjam corresponding to the hillief parts

of the two districts.

6.5 Incidence in 1972

| The incidence bpicture in 1972 is very different from
that in 1968. The map for 1972 (No.6:RL) reveals an increase
in incidence for the state as a whole. But, tge coastal areas‘
are still areéas of low incidence below‘lo API.as also are the
northern, western and southern peripheries of‘the state. It
_ is the interior tract of Orissg that 1s the area of high
incidence agbove 50 API. This area of high malaria is in the
form of a belt running through the heart of the country from
north-east to South-west. The reasons for the existence of
this belt are a combination of relief, slope, climate and
vegetation which are discussed in detail in the next chapter.
This high incidence zone covers southern and north-eastern
Koraput, North West Bolangir, South West Sambalpur and
Jujomara in central Sambalpur, a lérée contiguous area in
North Phulbani - South Dhenkanal - North West Puri, South

Keonjhar, South Mayurbhanj and another small pocket in Cuttack
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around the Mahanadl delta. The reasons for *these high
malaria levels emerge when these areas are examined a2gainst
the existing envirbnmental conditions as is attempted in the
next chapter. The highest API rate registered is 131 in
South Keonjhar which is much higher than the figure in 1968,

There are 13 sections recording an API rate of over 50.

-

6.6 Inc ce in 1976

The map for 197é (Nb.éiﬂ) clearly brings out the sharp
rise in igcidenCe from 1972 to 19?6.m The glassmgroups for )
the two years of 1972 and 1976 are kept the same to facilitate
compari son. Tﬁe emerging picture for 1976 is that, once
again, the coastal areas are areas of lower incidence below
25 API which include Balasore, Cuttack, coastal Puri and
cQastal Gaqjam districts, a large part of eastérn Dhenkanal.
Besides the coastal piains, 6ther areas of low incidence are
a large part of Bolangir and South Westrsambalpur district.
Medium level incidence (25 to 50 API) was found in Northwest
Koraput, North and West Kalshandi and a contiguous area com-
prising East KEOnjhér and West Mayurbhanj. The areas under
high incidence above 50 API have expanded their spatial
coverage in 1976. These areas recording a very high incidence
are South and East Koraput extending into Southwest Ganjam and
Southwest Phulbani; central Sambalpur; Northwest Bolangir and,
Southwest Sambalpur; Southwest Sundargarh; Northwest Keonjhar
and central Mayurbhanj. Sundargarh, Sambalpur and Phulbani
districts may be labelled highly malarious as large parts of
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them have high incidence. The eastern andryestern peripheral
zones of the state have a much lower API rate as compared to
the intensely malarious interior. The high incidence belt
extends from Koraput in the South through Phulbani to Sambal-
pur and Sundargarh in the north ﬁith an offshoot towards
Keonjhar and Mayurbhanj. _ |

The reasons for the spatial pattern being what it is
are not easy to seek as they depend on multiple factors. The
identification of these factors and their role in terms of
incidence would be the aim of the next chapter.
6.7 A Comparison Between the Ipcidence

in 1968-1972-1976

The most important temporal change that emerges from
a glance at the three incidence maps is the‘sharp rise in
malaria from 1968 to 1976. While most of the state had an
API rate of below 10 in 1968 in 1976 a large part of Orissa
(40 sections). had an API rate of over 100. The rise in
incidence from 1968 to.1972 though very obvious was not as
marked and sharp as that between 1972 and 1976. This shows
that the increase in incidence is greater in 1976 than in
1972. Besideé the total increase in numbers, there has also
been a spatial expansion of high incidence areas over the |
years. In 1968, areas of high incidence were few with the
highest API being only 28.8,in 1972, the areas of high incidence

* The break-up of the 40 secticns having an API of over

100 is 15 in Koraput; 8 in Puri; 5 in Sambalpur; 3 in
Mayurbhanj; 2 each in Bolangir, Phulbani, Sundargarh
and Dhenkanal and one in Ganjam.
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increased with the.highest API rate being 180, In 1976, the
highest API rate was 398 (in North West Puri) and the spatial
coverage of areas with an API of above 50 has risen. The
maps hence clearly focus on the’spatial spread of malaria
through an increase in the high gnd medium incidence areas.
The spatial pattexrn of incidence has not undergone much
change over the years. The areas ofvlow and high incidence
have by and large remained the same with pnly some expansion
and reduction’ over the years. In 1968, the coastal plains
were the areas of very low and no incidence and this was
true of 1972 and 1976. Though the incidence ovVer the years
had risen in the low incidence region yet the coastal plains
remained areas of low incidence for the three time periods.
The spatial extent of this low incidence zone has reduced a
little from 1968 to 1976 but by and large the coastal tracts
retained their low incidence chafacter. Similarly, the
interior belt of Orissa running Northeast to Southwest has
Persisted as an area of high malaria over the years. Within
this belt API rates have sharply risen from 1968 to 1976 but
in each of the 3 year Periods, this interior belt was an area
of high incidence. The spatial extent of this belt has grown
from 1968 to 1976 and it roughly extends from Koraput in the
South to Mayurbhanj in the north being broader in the North
and narrowing down in the South. & comparison of the three
maps hence shows a consistency in the persistence of the

broad spatial patterns of incidence in 1968, 1972 and 1976.
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6.8 Identification of Cores '

One of the aims of a spatial and temporal comparison
of the three incidence maps is to try and identify certain
areas where a high incidence Qf malaria has persisted over
| the years. These stable areas of cqntinuihg high‘API rates
of over 75 API gre the endemic cores serving as malaria foci
from where the spatial diffusion of the disease occurs (Map
No. gg). | ‘

High incidence areas which were present in 1968 and
persisted in 1972 as cores were: (1) in Koraput district
around Lakshmipur and in the extreme Southeast near Gunupur;
(2) in Sambalpur district North of Waktideul; (3) in Keonjhar
district, one North of Keonjhar and one Soﬁth of Harichandan-
pur and (4) in Mayurbhanj district in the North near Bisoi
and one South of Bisol and a big core east of Thakurmunda.
Other areas of high inecidence in 1972 but which had low
incidence in 1968 are =~ around Bhawanipatna in Kalahandii
district, in North West Bolangir; around Hirakud, in Sambal pur;
a contiguous area in extreme northeast of Phulbani and extend-
ing into West Dhenkanal and a small pocket South of Daspalla
in Puri district. | | |

dreas which have persisted in having high API rétes
through 1968, 1972 and 1976 are singled out as endemic cores
in this study. From a study of the 3 maps four endemic cores
‘have been identified. These four cores are the first Jgman-
kira in central Sambalpur, South Koraput, Soufgf§gonjhar and

North Mayurbhanj. Of these the first core is the most crucial
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as it has had very high API rates in 1968, 1972 and 1976.
Other cores that are pockets of high incidence in
1972 and 1976 are in (1) North West Bolangir; (2) around
Hirakud; (3) North Phulbani; (4) South Dhenkanal; (5) central
Keonjhar; (6) South West Ganjam; (7) North East Koraput;
(8) around Bhawanipatna and (9) Central Mayurbhanj. These ©
éores are of recent emergence between 1972 and 1976 but are
of vital importance as in 1976 we find that a spatial expan-
sion of cores occurs instead of the earlier pattern of small
scattered pockets. This is especially true of 2 large areas
which have developed as foci, namely (1) North East Koraput -
South West Ggnjam - South West Phulbani and another (2) North
East Phulbani - West Puri - South West Dhenkanal. The grow-
ing spatial spread of these two large cores pPoses a threat
of malaria that needs to be checked.
It is interesting to note that while on the one hand
' we find the number and spatial coverage of cores growing in
1976 there are certain distriets with}an absence of cores,
viz. Kalahandi, Balasore, Cuttack and Puri districts are free
of any notable malaria foci. While the explanation for this
is the fact that the last three districts are the coastal
districts of low incidence the reasons for Kalahandi district
having a low incidencé and only a small core are not easy
to find.and 35 BAnother interesting fact that needs further
study is the sharp rise in incidence over most of Sundargarh
district in %976 espeqially the western part which has regis-
tered very high API rates in 1976, after being a district of
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- fairly low incidence till 1972. ’

What are the reasons for this phenomahal‘rise in
.Sundargarh? Why is interior Orissa so malarious? Why have
certain pockets persisted as foci? Why is western Orissa -
North West Koraput and Western Kalahandi an area of lower
incidence? Do certain geographical factors favour malaria?
These are some crucial questions the answers to which are

sought in the next chapter.



Chapter VII

CORRELATION OF INCIDENCE WITH SPECIFIC
ENVIRONMENTAL AND HUMAN FACTORS



Chapter VII

CORRELATION OF INCIDENCE WITH SPECIFIC
ENVIRONMENTAL AND HUMAN FACTORS

ihe purpose of}this chapter is to identify possible
correlations between the pattern of incidence and certain
selected variables. The choice of variables is based on the
fact that (1) data for them was available to some detailed
level and also (2) the fact that other research indicates
that malaria may be dependent 6n these Variables.l It'is on
the findings of this chapter that certain relationships.may

be established and generalizations drawn.

7.1 Pattern of Incidence and Relief

Relief forms an important environmental factor affect-
ing malaria as it includes altitude, drainage and slope of
the land,all three belng of cqnsiderable influence on the
pattern of incidence.2 A greater emphasis is laid on alti-
tude as malaria is greatly dependent on it the high moun-
tainous areas of over 5,000 feet being malaria free. |

The relief map (5.1) has to be correlated with the
pattern of incidence for each of the 3 years of 1968, 1972 and
1976. For 1968, the correlation reveals that the plains or

areas below 150 metre contour are areas of low malaria, while

it is in the hilly tracts that higher incidence of malaria is

1 P, HeMir, Malaria ip India, London, 1935.

2 . H.0.T. Iyengar, "Topography of Land in Relation to

Malaria", in Sympogium on the Malaria Problems in
India, 1938, pp. 181-4,
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found. The entire interior belt of hill country also records
higher incidence, especially in South East Koraput, North
East Koraput, Central and Easterﬁ Sambalpur, South Keonjhar
and Central Mayurbhanj. 41l these areas mentioned are hilly
areas mainly between 300 and 609 metres and going up to 900m
in Mayurbhanj and Koraput. Areas above 900m are small and
are hence, not as conspicuous as malaria free regions. In
1968, there seems to be a strong correlation between relief
in terms of altitude and malaria.

In 1972, the 150 metre contour envelops areas of low
incidence, in other words, the plains are the areas, where
incidence is low. The high and a large part of the medium
incidence areas lie above this contour and one can state that
malaria is confined mainly to eléVations above 15m. The
only exception being a pocket of high incidence in the Maha-
nadi delta, which may be explained by its swampy and poor
drainage charactér. The four coastal districts of Balasore,
Cuttack, Puri and Ganjam are largely areas of low incidence
and low relief as also, a large part of East Dhenkanal.

While Koraput is largely a distriect of high rélief in 1972,
it has a low malaria incidence except in South and North East
Koraput, where the high relief and high malaria are cotermin-
ous. The hilly terrain of Ndrth East Phulbani - South West
Dhenkanal - West Puri records a high incidence in 1972, This
is an area of a series of small hills and plateaus ranging
between 300 and 600 metres. While the other high incidence

areas of South Keonjhar and Central Mayurbhahj are élso areas
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of high relief(Soo-Qumetreé, There are two ‘pockets of high
incidence in Central Sambalpur aznd North-West Bolangir, which
correspond to areas of intermediate relief of 300-600 metres.
Adreas in Kalahandi and Koraput of over 900m have a low inci-
dence. The correlatlon pattern that emerges in 1972 is that
in the areas below 150 metres malaria is less prevalent;
while above 200 metres, it is also less met with. The peak
malarious areas are those lying within 390;600 metres. One
notable exception to this is North-West Koraput, a plateau
area lying between 300 and 600m but which records a low inei-
dence. A possible explanation for this would be the success
at reducing malaria of the Dandakaranya project - North-West
Koraput forming a part of this project. |

Though, the intensity and spatigl spread of incidence
has risen markedly in 1976 yet one interesting fact remains
the same between 1968-72.3hd:1976. This is the fact that the
150m contour, again, encompasses those areas of comparative
lovw incidencg in 1976, The low-lying plains record the
lowest API values for the year except for a few pockets.
Considering the phenomenal rate of increase of incidence, it
is surprising that the plains were least affected, though,
compared to 1972, even the plains have registered an increase
in incidence. The very hilly tracts Qf above 900m in South
Koraput and Kalahandi, again, remain areas of low incidence.
The picture that exists in 1976 also points to the fact that
the very high to high incidence areas are of intermediate

relief, between 300 and 600 metres being the peak malaricus
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tracts. The intensely malarious interior belt from South-

East Koraput - North-East Koraput - South Western Ganjam -
Phulbani - West Puri - West Chenkanal-central Sambalpur -

West and East Sundargarh - Séuth and West Keonjhar and

central Mayurbhanj is the area iying between 300 and 600
metres. This high ineidence belt stretches Northeast-Southwest
and is broken in small pockets by the river valleys. This
middle hilly country is also characterized by steep rise in
elevations except in Sundargarh and North Sambalpur, where
there is a gradual rise.

The Mahanadi valley plays the rolg of a huge tongue
penetrating into the interior from West=East and in this way,
extending the low incidence tracts in the interior. The
other rivers of the State are also responsible for their
surrounding plains‘haVing a lower incidence than the other
pParts of the State. The high incidence areas are mainly the
dissected plateaus of the Eastern ghats, while the higher
Peaks in the ghaté'are areas of low occurrence of malaria,
Altitudes are not so high in the State to mark out any area
as malaria-free. In 1976, a year of very high incidence, the
picture revealed is that the Eastern and Western parts of
the State record a lower incidence that the other parts of
the State. If thigs is examined with reference to the relief
map, it is found that the Eastern districts and the Western
part of Orissa are area§ of low relief. While the Eastern
Part consists of the low-lying plains, the Western part also
is characterized by fairly iow relief in South Sambalpur,
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Bolangir, Kalghandi and North-West Koraput with a gradual
rise in elevation excepf for North-West Kalahandi.

The four major malaria foel are found between 300 and
600-metres with the exception of Lakshmipur in North Koraput
where elevations are over 600 but below 900 metres. The
nature of topography in these core areas is that of undulating
plateau surfaces. These four major foci are not along ahy
important river but their gradual slope and undulating topo-

graphy may lead to water stagnation.

7.2 Pattern of Incidence and
Climate

Climate is the second important environmental factor
to be correlated with incidence of malaria (mep—6). The
three important components of climate chosen for this study
are temperature, rainfall and relative humidity as each of
these plays an important role in influencing malaria. Data
for temperature and relative humidity is available at a
station level and enables a spatial comparison, while that for
rainfall is available only at a distriet level.

The relation between temperature and relative humidity
and malaria in 1968 is not Very clear. The temperatures 1so-
therms reveal lower temperatures towards the coast, then,
higher temperatures away from the coast, then decreasing as
one goes further inland and in the heart of the State, égain,

showing an increasing trend towards further inland (map g;&).

3 P, Herir, op. cit.
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The temperaturé ranges from 30°¢C to 25°¢C, The temperature
map shows that lower temperatures prevall in the interior
part of Orissa which has lower temperatures from Koraput in
the South to Keonjhar-Mayurbhanj in the North with tempera-
tures rising away from this interior belt. ©North Orissa has
much higher temperatﬁres in Sundargarh and Sambalpur than
South Orissa. When this temperature pattern is superimposed
upon the incidence map for 1968, certain interesting facts
come to light. The central-interior belt of high incidence
largely corresponds to the trough of low temperature in the
State. The only exception being Sundargarh, where high
incidence andﬂhigh temperatures are met with. At this point,
it must be stated that Orissa, as a whole, experiences hot
weather throughout the State and the low temperatures men-
tioned are only in terms of spatiasl variation. Thé coastal
districts of high temperatures have low incidence as also
Bolangir, Kalahandi and Western Sambalpur. The zone of high
incidence lies between the 25 C and 27°C isotherms the only
exception being South Koraput,”where high incidence occurs
between 23 C and 2500. |

The picture of relative humidity (RH) shows a decrease
from the coast to the interior. The highest RH values of
80 per cent are recorded around the Chilksa Lake area, while
in Western Orissa, the values fall to 55 per cent. If this
is compared with the inecidence picture of 1968, we find that
high humidity does not play as important a role in affecting

malaria in Orissa, while humidity below 55 per cent also does
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not favour malgria. It is in areas having humidity between
55 per cent and 70 per cent that the malarious areas exist
with 65 per cent RH being the optimal humidity value favour=-
ing malaria.

But as already stated, the 1968 picture of correlation
is not very clear and any generalizations made would depend
upon the correlation in 1972 and 1976, where detailed inci-
dence data is available.

In 1972, the picture depicted in 1968, changes some-
what, though, the essen%ial characteristics remain the same
The high temperature interior zone, again, remains an area
of high incidence, while away from this zone both temperatures
and incidence rates decline. The highest incidence rates
occur between 25°C and 27°C. One exception is Koraput, where
low incidence is met with low temperatures. The high tem-
Perature areas of above 2700 are, by and large, areas of
lower incidence comprising the coastal districts, Dhenkanal,
'Bolangir, Kalahandi and large parts of Sundargarh and Sambal-
pur distriects. |

In 1972, high humidity (70-80 per cent) coastal dist-
ricts record a lower incidence of malagria except for a small
pockét of high inéidence in the Mahanadi delta region. The
areas with humidity below 60 per cent reveal a pattern of
lower}incidence in West Koraput, Kalahandi, Bolangir and
large parts of Sundargarh and Sambalpur districts. The areas

of higher incidence are found between 65 per cent and 70 per

cent humidity isolines.
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.

1976 is marked by a steep rise in incidence as re-
vealed in the map. Ihe eésential picture remains the same
vas in 1972. The central low temperature zone corresponds
to the high incidence zone this time extending from South
Koraput to Sundargarh with an extension in West Keonjhar and
central Mayurbhanj. This zone of high incidence has expanded
spatially and now, areas bordering the low temperature
trough also report higher incidence. The higher temperature
coasfal distriets, Bolangir, and Dhenkanal still have a lower
incidence from the rest of the State. Certain exceptions to
this picture are West Koraput, which has lower temperatures
and a low incidence and Western parts of Sambalpur and Sundar-
garh districts, which have higher temperatures and high inci-
dence. 25°C-27°C temperature zone envelops the areas of
high incidence with high incidence occurring at 23°C in
Koraput only. o

The areas of high humidity of over 70 per cent are the
coastal districts that show low incidence. On the other hand,
Western Orissa with a humidity of below 55 per cent in West
Koraput, Kalshandi and Bolangir districts also records a
lower incidence. The interior areas of high incidence corres-
ponds to the region of humidity between 60 per cent and 70
pPer cent.

From a comparison of the results of the three years
obtained through a correlation between climate and incidence,
certain important factors come to light. The first is that

malaria in Orissa is not confined to the hottest parts of the



) kN .
e

. NORMAL Ram®mie

) o incms)]

q asove re0.

] 160 =160

E} ' :,o.. 150

1130-1w0

120180




65

State rather the malarious areas are found mainly between
25°¢ and 27°c temperature in the interior of the State. The
second important fact is that a very high RH does not corres-
pond to a high incidence of malaria instead, RH values bet-
ween 60 per cent and 70 per cent cover the areas of high inci-
dence. On the other hand, with a fall in humidity to below
60 per cent, there results a decline in the incidence of
malaria. ‘

As the rainfall figures are available only for dist-
ricts, a spatial comparison between it and the incidence of
malaria is not as meaningful. Nonetheless, an attempt is
made to broadly study the rainfall incidence patterns. The
highest rainfall districts are Mayurbhanj, then, Sundargarh,
Phulbani and Bglasore. Ganjam records the lowest rainfall
followed by Kalghandi, Dhenkanal, Bolangir and Puri. Broadly,
it may be stated that the higher rainfall districts also
revegl a higher incidencé pattern, while the lower rainfall
digtricts have a low pattern of incidence. The high incidence
districts of Mayurbhanj, Keonjhar, Koraput, Phulbani, Sambal-
pur and Suhdargarh are also the districts of higher rainfall,
being hillier., For a more meaningful correlation to emerge

between rainfagll and incidence, detailed data on rainfall

is needed.
7.3 8 onal Patte f C
and Incidence v
The seasonal pattern of incidence is compared with

monthly rainfall, temperature and humidity (30 year average
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data) to see if any correlation emerges. THe monthly tempera-
ture for the different observatories is plotted on a graph
(Fig. 7.14&B). The temperatﬁre pattern shows a general rise
from Januaryvto May the month of highest temperature for all
the observatories. There is a fall in temperature from‘May
to July with nearly constant temperatures till December. This
trend is found in all the stations with Koraput recording
lowest temperature values and Tiﬁlagarh having highest values
gnd there being not much variation among the other stations.
 The monthly rainfall graphs (Fig. 7.2A&B) for the
stations show that rainfalllis lowest in December-January
rising till July-August and then, falling steeply to December.
The stations of Gopalpur and Puri record a smaller peék in
October but for all thevstations, the peak rainfall is in
July-August. Highest rainfall is found in Sambalpur, fol-
lowed by Koraput and Titlagarh. There is not much variation
in the rainfall values of the stations with most months
recording nearly same Values except for July, August and
September. In these 3 months, there is a large variation
with Sambalpur recording highest values for July-Adugust fol-
lowed by Koraput and Titlagarh. Low rainfall in July-dugust
is found in Gopalpur (has winter maximum), Puri and Chandbali,
which have high rainfall in October. The interior stations
show greater seasonal variations in rainfall than the
coastal ones. |
- The humidity graph (Fig. 7.34&B) shows a pattern that
1s falrly similar in all the stations. Humidity is fairly



_enriva wmsiry

e

AEIATIVE Hrgidi Ty
re

p .

R X

Ty T

SHOWIN _ RECATIVE HUMIOITY = IRNTNNSE * .



67

high in Janﬁany gradually decreasing till Mdrch, then, show-
ing an upward trend till July/August after which it falls '
- £i11 December. From the graph, it is clear that there is not .
much variation in humidity between the stations from July‘to
December. The highest humidity values are in July and August
Qith April-May recording the lowest values. Lower humidity
exists in the interior districts with Sambalpur and Titlagarh
having the lowest values, while the coastal districts have
higher humidity. The variation in monthly humidity is also
greater in the interior than in the coast. There is a steep
rise in humidity and rainfall from April to July and this
"rise is steepest in the interior.

Against this picture of monthly temperature, rainfall
and humidity 1s studied the monthly pattern of incidence for
the various districts. The purpose of such an exercise is

~to determine (1) whether any seasonal pattern of incidence
exists and (2) whether the pattern can be explained through

climatic factors.

Sambalpur (Fig, 7.44) shows a high incidence of

malaria with 3 peaks ih April, July-August and November-
December'with July-August being the months of maximum inei-
dence and January-February being the months of lowest inci-
dence., The monthly variation in incidence is large in the
case of Sambalpur being largest between December -and January.
The variations in rainfall, temperature and humidity are also
highest in Sambal pur being greatest for the months of Juiy
and August. The very high rainfall in July-August after a
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nearly dry spell could explain the rise in tneidence in July=-
August. The peaks in April and December are more difficult

to explain.

Ganjam (Fig., 7.4B)

Incidence shows a rising trend from January to December
with the highest peak being in December. The unit is éonspi-
cuous ﬁy an absence of any peak in July-August. When this
is viewed against the monthly climatic data, we find that
Ganjam has a high winter‘rainfall the peak being in October,
while in July-August, rainfall is lower. This winter maxima
rainfall may explain the peak incidence in December further
strengthening the view that malaria is highly dependent on

rainfall. Humidity during December is 70 per cent and tem-

peratures are high 2200.

Dhenkanal (¥ig., 7.4C

Incidence reveals a 3 peak pattern with clearly de-
fined peaks in 4April, July and November with lowest values
in Februgry.hePeak in July iswexplained by.the high rainfall
in July and August but the peaks in April and November are
difficult to explain as rainfall and humidity are low during

these months and there is not much variation in temperature.

Bolangir (Fig, 7.4D) |

It also has a 3 peak incidence pattern with a very
pronounced peak in NbVembervand the other two being very
small peaks. The very steep November peak is, again, not

easy to explain as Bolangir has little winter rain, while it
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has high rainfall in Jyly-August but no corresponding high

peak of incidence. The 1ow ineidence till June would be

because of the very low humidity conditions.

Balasore (Fig, 7.4E)

| There are 3 peaks of incidence with November being the
month of highest incidence. The peak in November is explained
as this is an area of winter rain ih Qctober with high rain-
fall in July-August also. The peak in April could be a result

of rising temperature and humidity conditions.

Koraput (Fig. 7.4F)

| The incidence graph for Koraput reveals a two peak
pattern with a very sharp rise in July followed by a less
steep rise in November. Incidence rises Very markedly from
February to July with peak in July being highest from among
all the other districts. The very high incidence in July can
be explained by the very high rainfall in July-August along
with high humidity. The sharp rise in incidence from Feb-

ruary to July may be a result of the increasing temperatures,

which fall in the winter months to below 20°C.

Puri (Fig. 7.4G

Incidence in Puri also reveals a three peak pattern
with one in April, July=-August and November. with November
being the month of highest incidence. This distriet is also

one of high winter rainfall, which could explain the November
Péak.
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From our comparison with the 30 year‘monthly average
data we find that rainfall does play a role in determining
the seasonal pattern of incidence of malaria. As the monthly
incidence figures ére for 1976, it was felt that for a more
meaningful picture of correlation monthly rainfall values
for 1976 should be correlated with incidence in 1976 for
selected stations. With this in mind, daily rainfall daéa
for 1976 was aggregated for eaqh month and then graphs drawn
(Fig 7.54&B). .The selected statlons are Kbraput, Jharsuguda,
Balasore, Bhubaneshwar and Titlagarh. In the case of Titla~-
garh we find that there is not much change in the pattern

of rainfall in 1976 except for a slight rise in August. But
| when compared to incidence in Bolangir we find that rainfall
Plays a subdued role as thermonth of highest incidence is
November-December while rainfall is highest in July-August
when there is a Very small peak of incidence. Rainfall in
Koraput in 1976 is highest in July-August which is also the
" month of maximum incidence. In Jharsuguda, July-August are
the months of highest rainfall but incidence reveals no
marked peak patterns in Sundargarh. Both Bolangir and Koraput
have high incidence in November-December but have no winter
rains. In the coastal disfricts the two stations of Balasore
and Bhubaneshwar reveal a stronger correlation between ineci-
dence and rainfall in 1976. In 1976, the correlation betweeh
incidence and rainfall is stronger for the coastal areas
while in the interior stations it is not as elear. The high
winter incidence in the interior may be explained by the late
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monsoons of 1976,
The findings of this correlation exercise between
elimatic factors and monthly incidence have been summed up

in chapter IX.2.

7.4 P n of Incidenc d
Soil Cover

The relationship between soil conditions and ineidence
needs detailed analysis before any meaningful conclusions
may be drawn. Nonetheless, a broad correlation is attempted
to highlight future directions for_research. | | |

The soil map of EQEESA(7,3) eclearly shows the dominance
of lateritié soil in South Orissa and all along the coastal
Plains till Balasore in the North. North Orissa, on the other
hand, is coﬁered with red soil from Sambalpur to Mayurbhan]
in the East. In the coastal plains and riVef valleys is
found the river alluvium.

When the soil map is compared to the incidence map for
both 1972 and 1976, we see that the laterite and red soil
areas coincide with the areas of high incidence with some
exceptions in Kalahandi and Bolangir districts. On the other
hand, the coastél plains with their fertile alluvium are the
areas of low incidence of malaria. Both the red soil and
~lateritic soil are poor for plant life due to their poor
drainage characteristiecs. This could, probably, to some
extent, explain the higher incidence in these soil regions
as compared to the well-drained alluvial soil of the coasﬁs.

'Soils having poor dralnage do play a role in influencing the
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incidence of malaria by providing ideal breeding grounds for
the mosquitoes through water stagnation. At a broad level,

we find that in Orissa, the poorly drained lateritic and red
soills do correspond, by and large, to areas of high inecidence,
while the more well-drained soil areas record low incidence. .
- Exceptions are found in the black cotton scil area of South-
West Dhenkanal, which is an area of high incidence and in
North~-West Kalghandi, where we find the presence of lateritic
soils but a low incidence. This is only a broad analysis and
one needs to carry out detgiled localized studies to ldentify

concrete relationships.
7.5 Pattern of Incidence and-
Forests

 Forest Play a vital role in malaria incidence as
forest growth creates conditions for breeding in the jungle
streams, ditches, still pools and holes in trees and thus
favouring malaria.4 - The high temperature and high rainfall
and the dense forests create a biotic environment conducive
to the mosquito population.

As already seen in the forest map (map 5.3), Orissa
is thicgly forested with the distribution being very uneven.
The coastal region with high population densitf has little
or &o forests as also the inlénd tracts of the river valleys.

Forests have also disappeared from portions of Koraput,

4 4,.T.4, Learmonth, "Geography and Health in the Tropi-
cal Forest Zone", in R. Miller and Jwatson, eds.,

Geographical Egsavs in Memory of 4lan G. vi
ondon: Nelson, 1969, pp. 195-200 & ’

J
L]
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Phulbani and Ganjam, where shifting or Podu’cultivation is
practised. Phulbani has the highest area under forests
(over 70 per cent) followed'by Koraput, Dhenkanal, Sundar-
garh and Keonjhar with Balasore (5 per cent) having the:
lowest acréage followed by'Cuttaék and Puri.

When this distribution picture is compared with the
incidence maps for 1972 and 1976, we find a strong correla-
tion emerging. Those areas of dense forest growth are the
areas of a high incidence, while those areas of Sparse
forests have low incidence. The districts of thick forest
cover like Sundargarh, Koraput, Mayurbhanj, Phulbani, Keon=-
Jhar and Dhenkanal are the districts of highest incidence
also. The only exception to this is Kalghandi, where there
are dense forests but a lower incidence. This fact may be
explained partially by the fact that a large part of the
forests of Kalghandi are the dry deciducus forests, which
reflect on the low rainfall conditions_of the district, which
in turn, probably results in a decreése in malaria. Other
areas of dry deciduous forests are areas of lower inéidence
as in West Koraput and parts of Bolangir and Sambalpur. It
is the central belt of tropical moist deciduous that is a
region of high malaria as moisture conditions are suitable
for mosquito breeding. The coastal areas of little or no
forests are areas of low malaria incidence. It can be sum-
marized, therefore, that forests do play a positive role in
‘increasing incidence by creating an ideal habitat for mos-

quito breeding.



Ay

74

7.6 Pattern of Ipci d
Lirrigation

Malarig is often believed to be partly a man-made

disease. 4Among the many man-made phenomenon, irrigation
is, probably, of most crucial importance to malaria.v The
presence of large reservoirs, tanks and cansls mean the pré-
sence of stagnant or slowly moving water, which provides the
breeding groundé%ﬁ the mosquitoes. It is keeping this view
in mind, that irrigation has been included as an explanatory
variable in this study.

| The irrigation map for Orissa (map 7.2) shows the
irrigaxhdl area at a police-station level for 1971. The
same map has been corfelated to the pattern of incidence for
1972 and 1976 as the spstial character of the irrigated area
remagins essentially the same. The map for irrigated area
clearly brings out the low level of irrigation in the State.
Three important areas of higher irrigation can be identified:
(1) the Rushikulya area in Ganjam; (2) the Mahanadi delta
area and (3) the Hirakud area in Sambalpur. Besides these
areasy, Kalahandl, Bolangir and most of Sambalpur districts
have some irrigation, while for the rest of the State, irri-
gation is below 5 per cent. In the three areas of high
irrigation, irrigation is largely throughvcanals, while over
the rest of the State, it is through tanks. Canal irrigation
is confined to the flat low-lying plains, while the hillYer

5 W.C. Sweet, "Irrigation and Malaria", in Sympogium
on the Malaria Problems in India, 1938, pp. 185-90.
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areas have tank irrigation.

When irrigation is compared to incidence in 1972, we
find that the areas of high ineidence tend to largely coin-
cide with areas of low irrigation. The entire central belt
of high incidence is an area of low irrigation with the ex-
ception of the Hirakud area. The hilly malarious interior
has hardly any irrigation. On the other hand, the coastal
distriets of Cuttack, Puri and Génjam with a high irrigated
area are areas of low incidence. The general assumption that
irrigation leads to a rise in incidence is refuted by our
observations in Orissa. The only area conforming to this
assumption is the area served by the Hirakud project, where
~high irrigation and high incidence is met with.

If the same irrigation map is compared with the inci-
dence mép of 1976, we do nthfind much change from the earlier
pictpre. The highﬁincidence areas are not areas of high
irrigation rather they are characterized by low irrigation
generally. The areas of lower incidence are, by and large,
areas of high irrigation with the exception of Balasore and
East Dhenkanal, where low irrigation and low incidence is
found. In 1976, we find that the high irrigation area around
Hirakud has emerged as an area of high incidence encompass;ng
Sambalpur, Eastern Bolangir and North Phulbani. In 1976, we
find an increase in areas of high incidence having low irri-
gation due to the spatial diffusion and increase of malariax -

The main points that.emerge frdm this correlation are

that (1) high irrigation is not accompanied by high incidence.
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Only in the case of Hirakud, do we find that high irrigation
has led to a higher incidence as evident in 1976. Generally,
the areas of higher irrigation are the river deltas and low-
lying plains of Bolangir and Kalahandi, which are character-
ized by lower incidence. Bglasore is an area of low irriga-
tion and low incidence and along with the Hirakud area sup-
ports the assumption of high irrigation leading to higher
malaria. But on the whole, this hypothesis needs further
testing in the light of the Hirakud experience.

7.7 Rice Cultivation and Incidence

Rice-growing usually has a direct impact on malaria
as the factors that fé&our rice-growing to allarge extent
are the factors that favour malaria.6 The only difficulty
facing a comparison of the two is that while the malaria

incidence data is available on a detailed level, the data for

area under rice cultivation is available only at the district

level. Nonetheless, a broad idea of the interaction Between

the two can be attempted.
If the area under cultivation Gmap—?rsé is compared

with the incldence maps for 1972 and 1976, we find that areas

of higher cultivation are the areas of lower inecidence, while
the low cultivation areas are the high incidence areas. The
entip? hilly central zone of Orissazcharacterized by high

malaria records the lowest acreage under cultivation. TR
S~

6 G.D, de Bernis, "Some Considerations about Programme
and Project Evaluation Techniques in the Field of
Health", 1975. -

-
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coastal districts having a high acreage undéer cultivation
have a low incidence. This pattern is explained by the fact
that in hilly terrain, cultivation is difficult and it is
this particular environment that is conducive to malaria being
a region of high rainfall and dense forests.
, ¢maP 1.¥)

The correlation pattern between acreage under rice,and
incidence of malaria is not as clear. The districts of high
cultivated area are not necessarily those with high acreage
of rice and thosé of low cultivated area do not record low
rice acreage also. Balasore, which records highest rice
acreage has a low incidence of malaria, while Koraput and
Phulbani showing low rice acreage record very high incidence
figures. The high rice acreagerdistricts of Sambalpur,
Sunda:garh, Mayurbhan] and Keonjhar are those having high
incidence., Kalahandi-and Puri with low rice acreage are
largely low incidence districts. Cuttack, Bblangir and Dhen-
kanal with fairly high rice acreage have low incidence except
for West Dhenkanal and North-West Bolangir. In the Northern
districts, we find that high rice cultivation and high inci-
dence are met with. To draw any generalizations on such a
comparison is risky and detailed micro-level data on rice -
cultivation is needed for a meaningful picture to emerge.

7.8 Tpribal Population and
Incidence

Besides, environmental factors, there are certai;\:arh~.
tural factors that could influence malaria. A very important

one from among these is the presence of tribal populations
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which present some social setbacks to malar?a and its eradi-
cation.7 Orissa has a Vvery .large tribal segment and the
spatial distribution of tribals correlated with the incidence
of malaria may reveal interesting results. |

_ The given map (map no. 7.8) shows the perégntage of
tribal population to total population at a police~-station
level for 1971. From this map, it is clear that the hilly
forested tracts of the State are the tribal areas. Tribal
populations are largely concentrated in North.Orissa and
South Orissa, the two areas separated by the Mahanadl river
valley. In North Orissa, the tribal belt extends in a‘conti-
nuous stretch from Sundargarh in the West to Mayurbhaﬁj in
the East and includes Sundargarh, Keonjhar and Mayurbhanj
districts and a large part of Eastern Samﬁalpur distriet. 1In
South Orissa, the tribal belt includes the districts of
Koraput, Phulbani, South-West Ganjam and a pocket in North
Kalahandi and North-West Bolangir. In these two tribal belts,
the tribals are in avmajorify over most areas. Coastal
Qrissa, Dhenkanal, North Sambalpur, East Bolangir and South
Kalghandi districts are the areas of low tribal population.
Within the tribgl belt, South-central Sundargarh, South-West
and North Mayurbhanj, West Keonjhar, South Ganjam and parts

of B. Koraput have a tribal concentration of over 70 per cent.

If the tribal population map is correlated with ;E:\\“

7 H.S. Dhillon and S,B, Kar, "Malaria Eradication - &n
Investigation of Cultural Patterns.and Beliefs Among
Tribal Populations in India (Orissa)", WHQ/Malaria
Series. _
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incidence map of 1972, it is clear that by and large, the
areas of high tribal concentration coincide with areas of
high incidence. This is hardly surprising as it is the hilly
tracts, which house the tribes and are also malarious as seen
from our earlier correlations. The tribal areas of South
and East Koraput, Phulbani, Ea;tern Sambal pur, Keonjharhand
Mayurbhanj reveal a high incidence of malaria. 4As compared
to this, the non-tribal coastal districts, Dhenkanal, Bolangir
and Kalshandi have a lower incidence.‘ Some.exceftions to
this pattern are North-West Koraput, which has a high tribal
segment but a 10# pattern of incidence. Parts of Sundargarh,
also, have a high percentage of tribal population but a lower
incidence. North-East Phulbani has a low tribal population
but a high incidence. |

In 1976, the picture becomes even sharper. The rise
in incidence is maximum in the tribal areas. The high tribal
segment areas report a high incidence of malaria. The dis-
triets of Sundargarh, Keonjhar, Mayurbhanj and Phulbani along
with most of Koraput and East Sambalpur have both a high
tribal population and a high incidence. Large parts of the
- tribal Sundargarh district, which had low incidence in 1972,
report high incidence in 1976. The coastal districts of
Cuttack, Puri, Balasore and most parts of Ganjam, Dhenkanal,.
Kalahandi and Bolangir, which have a low tribal segment, also,
have a low incidénce. " Within these distriets, those aregg‘\‘.
of higher tribal concentrations have higher incidence as is

found in North-West Bolangir, South-West Ganjam, West and
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North Dhénkanal, West Puri and Western_BalaSOre. The only
anomaly areas are'North—West Kofaput, which hags a large
tribal population but a low incidence rate due to, probabl&,
the concentrated efforts of the Dandakaranya authorities to
control the disease here. Anothér pocket of anomaly is
North-East Phulbani, where a‘low tribal population and high
incidence is met with. Besides, these two mentioned areas
for the rest of the State, the pattern is clear. Tribal
areas do record a higher incidence of malaria than the non-
tribal areas. In fact, another important point that emerées
is that tribal areas previously reporting a lower incidence
are in 1976 areas of high incidence suggesting the spatial

sPread of mglaria to areas of near control in the tribal belt.

7.9 Eah&s;n_gi_%ngiggggg_agé
" Population Yensity

The map, showing population density is on a police-
station level and for 1971 (map no. 7.%).

This map shows that coastal Orissa i§ an area of high
density of over 200 persons per sq. km. Balasore, Cuttack,
Puri and a large part of Ganjam districts record high densi-
ties. Besides the coastal plains, small pockets of high
density are to be found in East Dhenk;nal,.Titlagarh in
South Bolangir, Kesinga in North-East Kalshandi, Nowrangpur |
and Jeypore in Koraput, Dungripalli and Loisingha in Wesgt
Bolangir, Sambalpur,'Barpali, Bargarh, Brajrajnagar and T,
Jharsuguda in Sambalpur district. 'All the aﬁove-mentioned

police-stations have a density of 200 persons per sq. mile.‘
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High density is associated with all the plain areas of below
150 metre contour whereas with a rise in altitude, we find

a fall in density. Very low densities are found in Venkata-
palam and Mudulipada in South Koraput and Belghar in South-
West Phulbani, where density falls to below 25 persons per
sq. km. The central hilly tract of Orissa is the low density
area of the State.

When population density is ccrrelated with incidence
of 1972, we find that by and large, it is the low density
areas that have a high incidence, while it is the high density
areas that report low incidence., Coastal Orissa records
high densities but low inpiﬁence, while the hilly interior
has low densitj but high incidence of malaria. The areas of
high incidence are all areas of low density in 1972, though,
areas of medium incidence report low to medium density.

Even}in 1976, the high incidence areas are areas of
low density but in some high density areas, incidence ha;
risen in 1876, On the whole, most of the high density areas
have a lower incidence except in the interior, where the high
density pockets in Koraput record a higher incidence.

From this analysis, it is evident, that high popula-
tion density and malaria are not co—exisfént, rather an
inverse correlation is to be found with high incidence and
low population density and vice-versa. The role of density

in affecting incidence is hence not clear.
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7.10 Role of Socio-Cultural
Factors in Maloaria

Besides physical factors, there are some cultural fac-
tors that also influence malaria., But while the impact of
physical factors 1s.discern1bie through the use of some techni-
ques, the role of cultural factors is more difficult to deter-
mine. In this study, the role of cultural factors has nnt been
statistically assessed, bu* nonetheless, their probable
influence has been discussed, A study of interaction between
culture and health is especially important in countries like
India, where people have adopted certain health practices,
habits and medicaments and a view of health along traditional
lines and are not very receptive to the new foreces of change.g
A question often raised in connection with malaria is
whether it is 2 social disease., The more direct is mants con-
tact with his environment the greater is the incidence of
malaria, Malaria is largely present in agriculture, where
primitive practices are in use and poor land-use is the result
met forming especially, rice-growing with its parti2ally sub-
merged fields has a direct impact on malaria, which becomes
of greater relevance if it is combined with living in the
fields. An important factor that enters into malaria epidemio-
logy is: the natural history of man. O¥1ssa offers a varied
cultural front with its strone tribal segment. Moreover, the
State has till very recently been unexposed to the forces oq
change with the result that customs, traditions, beliefs and

8 Ivid.,
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living habits have undergone little change over the years and
this is, specially, more true of the tribals. 4Orissa has a
ma jority of its people living in rurél areas (80 per cent) and
its urban population is 6nly a recent outcome. In the rural
“areas, the impact of modern preventive health measures 1s negli-
gible as the exposure to them is a very recent phenomenon and
: ié enjoyed by a small number. The large rural segment of
Orissa is scattered in numerous Villages mostly below 500 popu~-
lation and this makes the diffusion of new idegs all the more
difficult. Educational level is rather low (26.2 per cent
literacy) and this determines the attitude towards health.
Occupation of people influences health as people engaged in
agriculture specially ricé cultivation are more exPosed to
diseases like malaria, and this 1s true of Orissa where over
70 per cent of the populgtion is engaged in agriculture and
rice 1s the dominant crop. |

The incidence map makes it Very clear that the entire
State suffers from a high incidence of mglaria with the tribal
areas being intensely malarious. The eraq;cation pProgrgmme in
Orissa has not met with great success - why? What are the
factors hampering eradication in Orissa?_ HQw Have the tribals
reacted to eradication? These are some of the questions'that
spring to the mind and their answers lie deeply rooted in the
cultural ethos of the region. Most of the houses in Orissa are
made of mudwalls and bricks and haveé thatched roofs. The l;ck
of a cement or smooth finish gives rige to many nooks and dark

corners; where the mosquitoes rest. The thatched roof provides



84

breeding conditions during rains for the mosquitoes. Besides
this, the walls are lime-washed or mud plastered regularly,
which negates the effeet of D.D.T. Moreover, there is not
much cooperation from thé pedpie to allow spraying. Even when
allowed, spraying is not permitted in the entire house =~ the
kitchen, prayer room, and females' quarters are generally left
unsprayed. This is because the idea of hgving the spray men
enter the inner parts of the house has not yet been accepted.
In recent years, the people's cooperation in écéepting the
spray has decreased as the insects and mosquitoes, which died
earlier, have, now, developed resistance to the insecticides.
Malaria has been a scourage for so long that people have
accepted it and are not too bothered, when they suffer from it.
In Orissa, the conditions were such that malaria thrived and
hence, the disease does not hold much fear and not much is
done to get rid of it, as in the case of small-pox. The living
habits of the people are such that no significant preventive
measures are involved. The use of mosquito-nets or any other
Precautionary measure to keep away mosquitoes is by a negligi-
ble number with the majorityrsleeping in the open as they
Canhot afford these comforts. Almost every house has a pond
or a well in its backyard providing conditions for mosquito
breeding. This presence of a well in m;st houses is the
source of water for all purposes for the household. Besides
this well, there usually is a pond ("pokhari") in each viiiage,
which is most often a fish pond. The village's consumption

of fish is caught there. Many rich households have a fishpond
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of their own in their houses.
There is a need in spreading anti-malaria consclousness
and making these measures a part of life, with clean surround-

ings and well-maintained water courses.

7.11 The Tribal Area Problems

From our study one find that it is in the tribal areas
that incidence of malaria is highest. Why is it so? Besides,
the févourable environmental conditions in these areas, there
are certain socio-cultural factors that play an important role
in maintaining these high levels of malaria among the tribals.

Dhillon and Kar9 undertook a study to go into the causes
of why eradication is a failure among the tribals. Their
findings throw a lot of light on the beliefs and customs of
the tribals and their way of life. Health was not listed as a
major problem by the tribals, who laid more emphasis on irriga-
tion, roads, etc. Amongst the diseases mentioned, fever or
malaria holds high priority. In their perception of diseases,
the causative agents are thought to be evil spirits rather than
any micro-organisms. Hence; the concept of transmission of
disease and its prevention is a hard to accept concept for
them. The idea of mosquitoes or sick pexsons being carrieré
of mglaria is alien to them and a mosquito bite is not consi-
dered harmful oﬁly irritating. The general treatment for

disease is mainly through magico-religious rituals. It is ‘only

9 Ibid.
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as a last resort that help from the health centres is sought
and this is more often an exception rather than the rule.

Malaria is described by the tribals as fever with
shivering ('kxampoo jhar') and is an accepted problem. It is |
viewed as a mild, self—limiting disease that gets cured by
itself in a few days. The major effect of malaria is on the
children, reflecting that a certain degree of immunity is
built up against it over the years. The tribals regard clima-
‘tic factors as causative for malaria. The disease is associa-
ted with agriculture in that when a person working in the
fields in summer is exposed to rains, his body temberature
drops suddenly resulting in fever, which comes with chill and
shivering. Generally, no treatment is taken for malaria as it
is’considered a self-limiting disease.

Tribals use of clothing is very limited and this leads
to greater exposure to mosquitoes and a higher probability of
getting malgria. House plastering is associafed with deeply-
held reiigious, ceremonial and aesthetic traditions and is done
usually 8-10 times annually. The effects of D.D.T. spraying
are, hence, negated by this regular plastering 6f walls. While
the tribals are aware of a small decline in mala:ia, it is not
-attributed to the spraying of D.D.T. Spraying is not liked
and considered useless as people are not aware of its benefits
in eradicating malaria. Moreover, it is believed that D,D.T,
increases bed bugs which have now become resistant to it uniike
before. A greater acceptance is revealed in the use of anti-

malarial drugs as a result of its direct and qhicker
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demonstrative results.

The need for educating the tribals about malaria and
its eradication measures needs hardly to be exaggerated.
Efforts should be made to involve the village leaders and
educate the people through them as acbeptance of ideas is,
then, easier. The aim of the education should be that malaria
is communicable and a mosquito bite can cause malaria. The
exceedingly high rate of illiteracy amongst the'tribals makes
their education process difficult, though, visual aids like
documentaries could be immedigtely effective.

An understanding of the tribals’ attitﬁdes and customs
is essential in aiding and achieving eradication and it is here
thét the role of socio—cﬁltural factors assumes greater imporf
tance.

This chapter was a correlation exercise in identifying
the role of various environmental and human factors on inci-
dencey, as the spatial patterns of thesevfactors does influence
the spatial pattern of incidence. The various variables chosen
in this chapter can be integrated quantitafively by working
out a correlation matrix. This matrix would help in revealing
statistieally the nature of correlation between these bariables
chosen and incidence. From the correlation Vvalues arrived at
it would be possible to identify the main causal factors of
incidence in a given area{ Such a quantitative exercise can
be attempted in future research, for selected sample areas.

where detailed data is availgble regarding the different

indicators.
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Chapter VIII

THE CHANGING GEOGRAPHY OF THE PLASMODIUM:
AN ASPECT OF RESURGENCE

Malgria in India is laréely 6f'the p;asmodium vivax dgs
type but in recent years with resurgence the incidence of
falciparum cases is rising and is even reported in many states
where it was not prevalent before. Majority of the deaths
from malaria are from falciparum infections and it accounted
for 12 per cent of the total malaria cases in 1976, while in
1973 it was only 6.8 per cent. In the country, 55 districts
in 15 states and union territories account for 80 per cent of
the total falciparum cases.1 |

This trend at the national level is reflected with

greater clarity in Orissa as seen from Table VIII.1.

Table VIII,1

PF Cases in Opigsa
Year - | PF Cagses
1961 : 676
1962 2,960
1963 ' 4,006
‘ 1964 . o 6,939
1965 \ 7,466
1966 | 7,141
1967 15, 449
1968 | 24,854 '
1 Dr. V.S. Orlbv and Dr. D.D. Arora, "Intensive Need for

Containment of PF Malaria", NMEP, Newsletter (New Delhi),
December 1977, pp. 21-22, ‘

’
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1969 ' | 22,379

1970 5, 346
1971 13, 562
1972 23,458
1973 N 79,379
1974 ' 1, 54,665
1975 , 1,47, 760

4

° The changing pattern of the pl;smodium between 1968 and 1976
in the state is evident from the two maps. The aim of pre-
paring these maps is to identify and demarcate those areas of
rising falcipérum cases. This is necessary as the PF is re-
sistant to chloroquine and is a more virulent form of malaria
that needs to be immediately controlled. The emphasis on the
percentage of PV cases to PF cases is lald to assess the
changing trends in speéies distribution in an area. Earlier
studies have shown that PF has formed a significant part of
the resurgence of malaria in a belt acréss middle India. From
the species map for 1976 it is clear that resurgence in maléria

in Orissa is associated with an increase in PF cages.

8.1.1 PV to PF Cases in 1968

‘ In Orissa it is the PV gnd PF tyé!s of malaria that
together account for nearly the total malaria cases. In 1968
malaria in Orissa was lérgely thé PV type accounting for over
70 per cent of the cases in most of the state. In coastal'
Orissa we find a higher predominance of the PF type of malaria

especially in Bglasore and around the Chilka coast. Another



ORISSA
PERCENTAGE OF PV TO PF CASES ‘1976

T
AN
- ~

N -
oy A~V

) T
& ..
W = %age of PV to PF Cases
’{_,;::_:::: ____ XYV, D 115
= 530
{ e @’ L
Y R
A ¥ = “[-3.-
' SIS ')
- %LU '
T 5 \
[ . - Mites
[ v _1* o ¢ x
} :‘ _ ~J
AR W
[y

= MAP & .



90

pocket of PF incidence is North West Bolangir. Besides these
areas the rest of the state has a PV majority and which is
more so in the interior areas. This was the existing pattern

of species distribution in 1968.

8.1.2 PV to PF Cogeg ip 1976

The picture in 197é_after a gap of 8 years changes
drastically. The 1968 pattern of PV majority over most of the
state 1s not to be found in 1976. The interior hilly areas of
Koraput, parts of Kalahandi,'Bolangir,'Wéstern Sambalpur and
Eastern Mayurbhanj are the areas of PV majority. The coastal
areas which were largely having a PF type of malaria in 1968,
in 1976 report a PV majority. Balasore which had higher PF
malaria in 1968, has high PG in 1976 denoting a complete switch
in species. Most of central Orissa is domiﬁated by the PF type
found in Sundargarh, Keonjhar, Western Mayurbhanj, Phulbani,
Southern Ganjam, parts of Kalahéndi, Bolangir, Qést Dhenkanal
- and Cuttack. In this large area there has also"been"a change
but from PV to PF type. Phulbani, Sundargarh and Keonjhar
districts are ehtirely under falcifarum malaria in 1976.

From a comparison of the two maps it is obvious that
over the years there has been g large-Slee introduction of
PF malarisg egpecially seen in the.central belt of Orissa.
There seems to be a replacement of speciés from 1968 to 1976

with PF areas becoming PV and vice Versa. Koraput, Dhenkanal

and East Mgyurbhanj are the only areas where PV has a majority
in both years. A small pocket around Banki in Cuttack district
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and another in North West Bolangir also record PF majority in

both Years.

8.2 PV: PF ibuti

Incidence

An attempt is made to correlate the species pattern with
the ihcidence pattern for 1968 and 1976 to determine if any
relationship exists between the two. As there is no species
data for 1972, a comparison for this year is not possible.

For 1968, there is no definite correlation between inei-
denée and species. Incidence for most of the state is low and
the main species is PV, The high incidence areas generally
have a PV type of malaria with PF in the coastal district of
Balasore which has low inéidence. Another avea of falciparum
malaria is North West Bolangir which also records low malaria.
Areas of PF malaria are few and report low malaria while the
higher incidence areas have a PV type of malaria. From the
picture in 1968, it is not possible to draw any conclusions as
there is no strong obvious correlation between the species
distribution and the pattern of incidence.

In 1976, there is a marked change from 1968 in both the
species distfibution and the incidence maps. From a comparison
of the two maps for 1976 it is very cle;; that the resurgence
of malaria is accompanied by the emergence on a large-scéle of
the falciparum type of malaria. The correlation between inci-
dence and species is much clearer in 1976. The PV areas are
confined to the coastal tracts, Koraput distriet and around

Hirakud in Sambalpur. The PV majority areas have a lower
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incidence except in the case of South and North East Koraput
and the Hirakud area where there is high incidence. The
intensely malarious areas of central Orissa where incidence
has risen phenomenally between 1968 and 1976 are the areas of
PF majority. Except in parts of Kalahandi and Bolangir, the
rest of the PF majority areas report high incidence rates.
This ciearly'points out that areaé of faleiparum malaria have
incidence rates. The rise in falcifarum malaria is associated
therefore with the resurgence of malafia and this 1s a trend

that needs immediate attention in terms of control measures.
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Chapter IX

CONCLUSION

9.1 Fipdings of the Study

We may now summarise our findings and indicate some
problems emerging for the purposes of further reséarch.

(1) Among the general aspects of malaria in Orissa,
the pattern of seasonal incidence is one. From this analysis
(Fig. 6.1) it is seen that the state in its.annugl eycle has
two prominent ?eaks of incidence in July-August and November-
December with a smagller peak in April. The first peak is the
most prominent recording highest inclidence whereas incidence
is lowest in January-February. The high peak in July-August
lis explained by the fact that these two months are the months
 immedigtely following'the monsoon when breeding conditions for
the mosquito are created. The reason for a peak in November-
December may be again due to the influence of the retreating
monsoon which brings rainfall to north and coeastal Orissa.

The smaller peak in April is more difficult to explain but may
be a result of rising temperature and humidity conditions.
The trough of low incidence in January-February seems to be a
result of the low temperature conditioné and absence of rains.
This is the seasonal rhythm for the state as a whole and a
more meaningful picture emerges from the spatial variations in

seasonal incidence.

(2) The seasonal pattern of incidence for the dist=
ricts (Fig. 7.4 ard 72.5) reveals that most have a three peak
pattern in April, July and November. The districts with
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highest incidence in July are Koraput, Sambalbur, Keonjhar

and Dhenkanal. Ganjam, Bolangir, Magyurbhanj, Balasore, Sundar-
garh, Kalahandi, and Purl have November as the month of highest
incidence. The interior districts show a greater seasonal
variation in incidence than the coastal districts the only
exception being Sundargarh which has the least seasonal varia-
tion from among all the districts. Koraput has the maximum
seasonal variatlon fcilowed by Sambalpur. These two districts
aiso record the'highest incidénce in the state. Those districts
having high winter rainfall tend to have thelir maln peak in
November as is the case with Puri, Balasore, Ganjam and Mayur-
bhang. Most districts have a'high incidence in July-August as
this is the period following t@e monsoons. The presence of a
small peak in April could probably be explained‘by the fact
that temperature and humidity begin rising as a résult of which
incidence mgy receive an impetus. Some questions which emerge
from this seascnal incidence are why the very sharp peak of
incidence in November in Bolangir and in Kalahandi?

(3) The age-wise varigtions in incidence hagve increased
from 1965 to 1974 (Fig. 6.24 and B; 6.3A4 and B). Malaria is
less prevalent among infants of below‘oge year. The age group
affected maximum by_malaria is that of over 15 years. This
fact is of vital importance as it implies that the population
most afflicted by mglaria is the working force of the State.
This has great economic implications as it would mean a hiéh
loss in man hours and productivity. From this observation a

question that arises is: whether increasing human interaction
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with the environment leads to a higher occurrence of malaria?

(4) The incidence maps (Nos. 6.1, 6.2, 6.3) reveal a
marked temporal increase in malaria from 1968 to 1976. The
phenomenal rise in incidence from 1968 to 1276 points to the
resurgence of malaria in Orissa. The rise in incidence is
sharper between 1972 and 1976 than between 1968 and 1972 which
shows the faster rate of malaria spread during recent years.

(5) Besides the rise in absolute number of cases over
the years (Tables 4.1 and 6.1) there is also found a spatial
expansion of the high incidence areas of above 75 API OVef the
years. Areas above 50 API gnd more specifically above 75 API
cover larger areas in 19?6 than in 1968 or 1972 - as seen in
the North East Koraput - South West Ganjam - South West Phulbani
and North East Phulbani - South West Dhenkanal - West Puri
areas of high incidence. In other words, malaria in Orissa
reveals spatial and temporal changes. )

(6) Though areas of high incidence have expanded
spatially the basic spatial pattern of incidence remains essen-
tially the same over the years. While incidence has shot up,
those areas of low incidence have remained low while the same
areas of high incidence have remained h%gh over the years.

In some peripheral low incidence areas the incidence has become
high in 1976 but an area of high incidence becoming low is hof
found. The central hilly and fore#ted belt of the state offers
conditions conducive to the prevalence of malaria in terms.of
relief, rainfall, temperature, forests and socilo-economic

conditions. It is for these reasons that this belt has
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persisted as the malarious tract of Orissa over time. In the
coastal districts the low incidence found is not as much a ‘
result of adverse environmental conditions as it is of the
concentration and pértial success of the eradication measures
iﬁ this area. But evVen, within this area the Mahanadi delta
which offers conditions ideal for mglaria (with its floods,
swamps and marshes, sluggish waterflow, and stagnant water
pools) reports a Very high ineident in 1972 but a comparison
in 1976 was not possible as daté was not available for this
area in 1976. ‘ |

(7) The study has identified the persistent or endemic
cores where malaria was high from 1968 to 1976 (map 6.4).
These chief foci are Jam;nkira and Jujomora in Central Sambal=-
pur; South Koraput;VSouth Keonjhar and North Mayurbhanj. Of
these the first core is most crucial as it had thg highest
API values in 1968 and 1976. All the four cores are located
in the Plateau areas of high rainfall, poor drainage and
forests, and high tribal population. The last two cores are
located in areas of heavy mining éctivity.

Besides these four major foci there are other smaller
cores that have developed between 1972 gnd 1976. They are in
North West Bolangir, around Hirakud in Sambalpur, North Phul-
bani, South West Dhenkanal, central Keonjhar, South West Ganjam,
North East Koraput, around Bhawanipatna and in central Mayur-
bhanj (map no.tﬁg). The new cores are largely found close.to
the major cores except in the case of North East Phulbani and
South Dhenkanal. The foci of any disease needs to be identified
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as it is from here that ﬁhe spatisl diffusion of disease takes
' place. An attempt is made to mark out the directions of dif-’
fusion of malaria with regard to the four main foci as seen in
Map No.‘éé. Cne finds that in 1976 a spatial expansion of two
cores has taken place which have merged to cover a large area.
These are the North East Phulbani - South West Dhenkanal =
West Puri core and the North East Koraput - South West Ganjam -
South West Phulbani core. |

(8) 4As compared to the increase in foci and their
spread, we find that there are certain districts having an
absence of any notable foci. Balasore, Cuttack, Puri and
Kalahéndi are free of any cores except for a small one around
Bhawanipatna. In the three coastal‘districts and coastal
Ganjam the role of eradication measures explains the absence
of any foci. The probability of the Mahanadi delta area being
an important foci cannot be ruled out but due to the lack of
data for 1976 it cannot be tested. The absence of any notable
foei in Kalshandi is difficult to explain. The very steep and
hilly nature of terrain along with low humidity and rainfall
may partially explain the existing situation but this area

3

provides scope for further research befgre any conclusions can
be drawn.

(9) An important fact that emerges from this study is
that Sundargarh district reports a sharp rise in incidence
from 1968 to 1976. Even in 1972, it had fairly moderate AéI
rates below 50 but in 1976 the entire district records very

high API values above 50. Prqbable reagsons for this cén only
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be suggested as this is another area for further research.
This border district is a very important mining and industrial.
district of Orissa being very rich in mineral wealth. The
rise in mining activitieé and the expansion of industry with
the location of the Rourkela Steel Plant may have resulted in
the rise in the immigrants. This is evident from the fact
that Sundargarh has recorded (in 1971) the highest percentage
decadal growth of 35.87 per cent and leads in Orissa in inter-
state immigration and these in-migrants may have acted as
carriers of malaria into Sundargarh. It is also possible that
mining operations lead to formation of ill drained structures
and stagnant pools because of the springing up of new settle-
ments and construction wﬁrk. These are only speculations and
they need to be tested in a micro-regional environmental study.
(10) Altitude and incidence present an interesting
correlation as evident from this study. Areas lying below 150
metre contour are aréas of lower incidence in Orissa. Like-
wise, areas lying above 900 metre contour are also areas of
low incidence due to the adverse effects of altitude on the
mosquitoes. The reason for the low~-lying plains having a low
incidence is based t& a large extent on the prevalent eradicag-
tion measures here; The peak malarious.areas lie between 300
and 600 metres in the northern plateaus and the eastern hills.
In terms of altitude therefore, 300-600 metres offers the
most favourable conditions for malaria. ‘ )
(11) Besides altitude, slope plays an important role

in malaria incidence, as on it depends the nature of drainage.
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-Steep slopes allow for no water collection and hence fewer
mosquitoes while gradual slopes have water collecting in hol- -
lows and poolé. In north Orissa, north of the Mghanadi, the
slopes are gradual and the undulating plateau.surfaces favour
slow drainage and water collection. This may be a causal
factor in the higher incidence of malaris in this region. On
the other hand South of the Mahanadilvalley slopes are steeper
but there are also wide open upland plateaus fringed with hills '
in Phulbani, East Koraput and South West Ganjam where the
incidence is also high. The flat pléiné are areas of low

- incidence. Thus, malaria appears to be agsociated with gradual
slopes and undulating surfaces of the plateau topography.

(12) Malaria in Orissa is not confined to the hottest
parts of the state, rather the malarious areas are found bet-’
ween 25°C and 27°C and in the interior. From ouf study, one
finds, that temperature does not seem to play a very signifi-
cant role in the incidence pattern as over most of the state
' temperatures are high and there is not much variation except
in the hiily parts of South Orissa. The relationship between
Variations in humidity and incidence is not quite clear though
the findings support the view that a humi@ity of 60-70 per
cent and high incidence go together. Wﬁ;eas with over 70 per
cent and under 60 per cent humidity have low incidence. With
lower humidity, incidence falls as it becomes drief as seen
in Kalahandi distriect. The low incidence associated with over
70 per cent humidity in the coastal tracts is bétter explained

in terms of the eradication measures already referred to.
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Rainfall reveals a clearer‘relationship from among the
three climgtic variables. Higher rainfa11 districts record
high incidence and vice versa. Malaria in Orissa has a |
stronger correlation with rainfall than with the other two
climatic factors. This point is further strengthened when we
study the seasonal pattern of incidence and rainfall and |
observe the peaks in incidence being controlled by rainfall.

(13) The red and lateritic soils of poor drainage
covering most of interior Orissa correépond to the higher
incidence éreas of the state. The areas of river alluvium
report a lower incidence with the soil having a better drain-
age capacity. However, more analysis needs to be done on the
relation between soils and malaria for a definite correlation
to be established. These red and lateritic soils are used
locally for building purposes. vThis construction work would
- mean aregs being dug up apd then pools forming with the rains
which would act as breeding'sources for the mosquitoes. This
is only a tentative observation and this aspect merits further
research.

(14) The districts of dense forest cover are the areas
of high incidence (Map No.5F) - Sundargarh, Koraput, Keonjhar,
Phulbani and the forested parts of Dhenkanal and Ganjam. The
areas having low forest cover are aiso the areas of low inci-

dence. The only exceptions being Kalaghandi where the dry
| deciduous forest cover may explain the low incidence due té
lack of adequate moisture conditions. But, by and large,

forests do seem to play a promoting role in the incidence of
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malaria in Orissa.

(15) The relationship between irrigation and malaria °
incidence in Origsa is not quite clear in terms of present '
findings. Malaria in Orissa is largely found in the plateaus
and hills vhere irrigation is low. It is the coastal tracts ;
of Orissa that have a higher irrigated area but incidence is
low. This does not conclusively prove the role of irrigation
as much of the incidence is curtailed by eradication measures.
But, in the Hirakud area the development of irrigation coin-
cides with a rise in incidence in 1976. This inverse relation-
ship between incidence and irrigation that is found in Orissa
corroborates the finding at the national level by Akhtar and
Learmonth.l More micro-level studies under controlled obser-
vations are necessary to understand this relationship which is
generally regarded as a causal one.

(16) Rice cultivation.creates conditions favourable
for malaria as the flooded rice fields provide ideal breeding
ground for the mosquitoes. 4s data on rice acreage was avail-
able only at the district level, this exercise in correlation
is of a very generalized nature. In north Orissa, high rice
cultivation and high incidence is met with but in South Orissa
we find that low rice cultivation correéponds to high incidence
and high rice acreége and low incidence is met with. The
reason for South Orissa having low rice cultivaéion is the

nature of terrain which restricts the cultivation of this érop.

1 Rais Akhtar and AeT.&; Léarmonth, "The Resurgence of

Malaria in India, 1965-1976", Geoiourpal, vol. L. no. 5
1977, Dp. 69-79. RO ? VOLe 5 ’
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But even in these areas acreage under rice is increasing and

this cultivation of more land, along with the other environ- °

mental factors could explain the high incidence in South
Orissa. It is necessary to establish if there is a relation-

| ship between the annual agricultural calendar including methods

of watering of specific crops and incidence of malaria.

(17) Tribal population and incidence show a strong
positive correlation in the state = tribal areas recording a
higher incidence of malaria than the non-tribal areas. Some
tribal areas reporting low incidence in 1972 were reporting a
high incidence in 1976. Therefore, with the resurgence there
has been a spatial spread of malaria in the tribal belt and
the rise in incidence.in‘1976 was most marked in these - -
areass It is necessary to analyse further now for this rise in
incidence is due to (a) immigrating carriers causing diffusiqn
in new areas, (b) conditions favouréble'in the new areas for
the malaria cycle and (c¢) lack of physiological immunity among
the tribals or the non-tribal in-migrants and (d) the social
inhibitions of the tribals to accept and adopt anti-malaria
measures.

(18) an exception to the above finding is North West
Koraput where we notice a high tribal ségment but low malaria.
The reason for this could be the fact that North West Koraput
forms part of the Dandakaranya project for tribal development.
This is a 'péckage? programme in which one of the main efférts
was to control malaria which‘waé high in the 19605 in this

area. The low incidence of malaria in this region may be a
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result of the success of this project in controlling the
disease. This only emphasizes the need for similar measures °
in other tribal parts of the state.

(19) Population density has a negative correlation
with incidence further proving phe point that Akhtar and
Learmonth2 made in thelr study conducted at the national level.
Low density areas are characterized by high incidence while
high density areas have a low incidence. Population density
by itself hence does not play a positive role in influencing
incidence as the densely peopled areas have low incidence as
it is here that the eradication measures are strong. Malaria
in Orissa thus spreads over a large part of the state affect-
ing smaller population gfoups rather than concentrations of
population. |

(20) One aspect of resurgenée in Orissa is the sharp
rise in falciparum cases (Map Nos. 8.1 and 8,2), The plasmo-
dium distribution reveals marked temporal change between 1968
and 1976. In 1968, over 70 per cent of the malaria cases in
Orissa were of the Vivax type but in 1976 we find faleiparum
malaria emerging as a major contributor. 'Besides temporal
- changes there have been interesting spa?ial changes. Between
1968 and 1976 a reversal of species has occurred in coastal
Orissa (PF to PV) and Central Orissa (PV to PF). The entire
districts of Phulbani, Sundargarh and Keonjhar are under

falciparum malaria. Areas of PV majority report low incidence

2 Ibid.
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while areas of PF domination report high incidence. The .
| emergence of faleiparum malaria has serious undertones as’ *
this malaria is of a more virulent type with a higher mor-
tality. ‘ B

(21) * Taking the incidence map of 1976 (Map 6.3) an
attempt is made at identifying malaria regions of Orissa. The
Map (No. 91 ) gives us a rough idea of the malaria regions of
Orissa in terms of high, medium and low incidence. This re=-
‘gionalization has been done in order to bring out sharply the
nature of malaria prevalence in the state, especiglly in terms
of the high maléria incidence regions. It is hoped that in
these regions identified.efforts should be strengthened to
control and check malaria.

Based on this study and on our findings certain ques-
tions emerge wﬁich need further research. These questions

require g micro-level approach.

9.2 Some Questions Raiged

The questions arising out of this study are:

(1) Does increasing human interaction with the environ-
ment lead to higher malaria incidence? Does agriculture favour
malaria more than secondary or tertiary'activity?

(2) What is the relationship between the annual agri-
cultural Ealendar, including methods of watering of specific
crops and incidence? N .

(3) How important is the role of migration movements

of quasi-permanent nature, as in industrial and mining areas,
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and of seasonal nature as in the "Rath Jatra festival of Puri,
in the incidence of malaria? | : )

(4) Why does Sundargarh record such a sharp rise bet-
ween 1972 and 197é when till 1972 the district had a low inci-
dence?

(5) What are the reasons for Kalahandi having a lower
rate of incidence of malaria and why has incidence here
decreased considering Bhawanipatna unit had a high incidence
till 19652

(6) How can the high peaks of ineidence in November
in Bolangir and Kalahandi be explained? ”Why is there a
smaller peak of incidences in April in many units? Why does
Sundargarh have little séasonal varigtion in incidence when
it has marked climatic variations?

(7) What are the micro-level factors that are responsi-
ble for the peak malarious tracts occurring between 300 and
600 metres?

. (8) How far at micro-level situations do the poorly
drained red solls and lateritic areas in Orissa, where worked
out quarries entail stagnant pools of water, cause higher
incidence? |

(9) How far is the identified n;gative correlation
between irrigation and malaria incidence due to-anti-malaria
measures?

(10) The peak incidence months of malaria occur in the
Post rainfall period which is the season of heavy agricultural

activity in Orissa. What is the extent of economic loss in
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~terms of man hours by workers incapacitated'by malaria? In
assessing this economic loss, is it possible to argue that *
apart from the social obligation imposed in adopting anti-
malaria measures, there is an element of economic viability
in these measures?

(11) What is the role of improved health facilities
in bringing down the incidence rate of malaria? Can the low -
incidence in the urban areas be explained through better
health facilities?

I+ would be seen that the present study tries to cor-
relate each aspect of the natural environment with malaria
incidence. But in nature these factors operate by way of
complex interactions and the malaria cycle constitutes an
intrusion into the local ecosystem. 4s a further step to
this study, it is necessary to seize out”more important fac-
tors and measure their interaction. 4 rather ambitious factor
analysis approach to selected sample areas is indicated. This
should reveal a clearer picture of the mglaria cycfe and the
causative and the restraining factors. The end product of
such an exercise would‘test empirically its conformity to and
deviations from a conceptual model of ipteractioh Presented
later (Fig. 9.2). '

Evidently this exercise would depend on the choice of
the sample areas (having varying levels of incidence); avail-
ability of recorded data, generating data by field observa;ions
and enquiry including measurement of changes in natural aspects

like soils, humidity and temperature, forests, drainage
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characteristics and the local seasonal rhythm in the malaria

cycle. ) ¢

9.3 Some Theoretical Implications
9.3.1 Before concluding an éttempt is made to present two
,spatial models basedlon the findings from the present study.
The first is a simple spatial diffusion model which shows the
nature of spread of malaria. An analysis of diffusion of )
disease affords an opportunity to consider how a variety of
Physical and cultural ecological factors may have influenced
patterns of dispersal.3

From the study of Orissa, it was noted that a diffusion
of malaria has taken place from 1968 to 1976. With the re-
surgence a spatial diffusion 6f malaria has occurred beginning
with 1965 when the process was gradual but by 1976 it had
diffused over most of the state. That a selection process of
diffuéibn or spread of malaria seems to occur is evident froﬁ
the fact that malaria in Orissa is largely found in dispersed
clusters of population rather than in contiguous better popu~
lated areas. The process of diffusion is particularly seen
in the tribal areas where the incidénce has risen sharply in
recent years. |

For diffusion to take place there are certain required

conditions. Firstly, there has to be an infected node or foci

3 Such studies have been made, e.g., A.J. Ray, "Diffusion
of Disease ip'Wéstern Interior-of Canada, 1830-1850",
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and secondly, there has to be interaction among this and

other regions through population movements. The migrant éctS'
as a carrier and is significant in the diffusion process.
Besides migration, if there is vector movement from the malaria
focl to other regions diffusion may occur with the infected
mosquito acting as the transmission agent. Besides these two
factorsy for diffusion to occur there should be suitable en~ .
vironmental and human conditions favouring malaria. Diffusion
usually takes place from an endemic core to other areaé which
develop as smaller foci as seen from our study of Orissa.

The process of diffusion may be hindered due to some
factors that act as barriers. If there is no interactidn bet-
ween a malaria foci area.and other reglons through migration
then the process of diffusién gets checked as there are no
carriers to spread the disease. If there is no vector movement
‘then diffusion is not possiblé as the transmission agent is
absent. In the process of diffusion of malaria there has to
be either infected human or vector movements from the foeli to
other regions as these two are the}channels of diffusion. For
the transmission agent to be present and effective there are
certain conditions required. When these conditions are un-
favourable to the mosquito then diffusién is not p&gsible.
Another barrier to diffusion.is man-made, namely, eradication;
which implies the use of anti-malaria measures which prevent

the spread of this disease by controlling the vector and
Parasite population. |
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The main aspects of this model are-highlighted in
Fig. 2.1.

9.3.2 The second conceptual quel presents the nature of
interaction between.incidence and the factors affecting it.
Incidence is a function of two forces, the positive contri-

‘buting variables and the negative set of contributors.
Incidence = Positive - Negative Forces

The diagram (Fig. 9.2) focusses on the main elements
of this model. In our previous model we stated that there
are certain conditions which favour malaria while there are
some that do not. These factors are now elaborated upon. In
the positive contributors to incidénce, we consider certain
environmental and socio-economic Variables while among the
negating contributors we include eradication and development.
Among the POéitiVe environmental factors are undulating relief
with a gradual slope of the land, high rainfall, humidity and
temperature, water stagnation, poorly drained soils and
forests. The socio-economic variables to be considered are
irrigation, nature of agriculture especislly rice cultivgtion,
in-migration and beliefs and customs of the people. Each of
these factors may over a specific time and space contribute
towards the rise in incidence if an ideal combination of each
of these factors exists. For example, steep slopes and an’
elevation of over 5,000 feet do not favour malaria rather .

gentle plateau surfances and a lowér elevation are ideal.
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Besides these faétors another important contributing factor
to incidence is the presence of the vector and the parasite. °
The presence of the vector or the female Anopheles mosquito
is essential to the perpetuation and rise of malarig it 5eing
the transmission agent, while the parasite is the causative
agent. The presence of this last stream is itself a function
of the environmental and socio-economic conditions prevailing -
in a region. |

Among the factors playing a negative role with regard
to incidence, are eradication  and developmental measures es-
peciglly with regard to health facilities. DBoth these measures
are responsible for controlling malaria. There does exist a
positive correlation between malaria and underdevelopment and
carefully organized development is necessary for its eradica-
tion.4 It appears.that some of the more direct interactions
that humans have with their environment 1ead to a greater pre-~
*valence of malaria. Malaria is largely present in agriculture
where primitive practises are used and there is poor land re-
covery. With a shift in the occupational structure from primar
to secondary and tertiary activity there are chances of a
decrease in malaria. Development, henc§, Plays a positive role
in controlling malaria'by creating an awareness of the problem
and its solution and by providing better health facilities.

- Without proper development there can be no malaria eradication

4 G.D. de Bernis, "Some Considerations About Programme.
and Project Evaluation Techniques in the Field of
Health", 1975, :
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as the masses need to be educated about the behefits.of eradi=~
cation. ) *

Linﬁed with development is the aspect of eradication.
Ersdication aims at attacking the vector and the parasite
population and deqreasing their numbers and effectiveness.
This is achieved with the help of anti-malarials and spraying
of insecticides. Eradication in turn plays a positive role N
in regional development and the difficulties of eradication
are largely concerned with human ecology problems.

The incidence of malaria is therefore a result of these
two sets of forces. When the positive forces are more dominant
we have a higher incidenqe, whereas i1f the negative forces
become stronger there is a decline in incecidence. These forces
operate over both time and space. In different parts of
Orissa the role of these two forces varies resulting in spatial
varigtions in incidence as seen from our study. There are
temporal variations also in the role of these forces and in
Orissa three phases can be identified. The early phase of
high incidence prior to 1958 when the positive forces were
strong; the phase from 1958 to 1965 when incidence fell with
eradication measures being strong and lgstly the phase of re-
surgence from 1965 onwards when the positive factors are again

dominant (in this case the vector and parasite population) and

eradication measures have become weak.

In the present study the spatial patterns of incidence

have been identified. There are certain atttributes of incidence
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in the form of positive and negative variables as seen from
our study which have resulted in the variations in ineidehce °
and the spread of malaria. It is for the purposes of compar-
ing the present study with similar studies of other regions

in Indias and other malaria affected parts of the world, that
the two conceptual models have been suggested - (1) the spatial
model of diffusion and (2) the interaction model showing rela-
tionship between incidence and the factors affecting it.

These are mainly conceptual models derived. as generali-
zations from the present study, and they require more precise
testing at micro-level situations in Orissa. Such micro-level
studies are likely to be.seminal ih understanding further -

(a) the patterns and process of diffusion, (b) the role of
barriers or suppressors to diffusion, (c¢) the criticél focal
points in the channels of diffusion where eradication measures
may be concentrated, and (d) the importance of natural and
human factors in malaria incidence.

Thus these approaghes hold some promise in the theore-
tical aspects of spatial diffusion of a disease and in the
practical applicétions towards its control and eradication.

In conclusion, it may be stated Fhat this study is
ma;nly centered on the spatial aspects of incidence and spread
of malaria which has resurged in Oprissa and on a search for
causes of the patterns of malaria by way of spatial variations
in environment. The elinical and physiological 00mponents.are |
only marginally touched upon as they belong more properly to

fields of Medicine, especially Environmental Medicine. Our
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attempt has been to show that significant patterns of malaria
do exist and that the understanding of the incidence.of . .
malaria becomes more meaningful if the disease is also studied
with reference to the spatial and environmental framework
within which it operates. An understanding of these spatial_
environmental and human factors is vital in the implementation
and success of eradication measures. This study makes no more,
claims than as an effort in identifying the spatial aspects

and patterns of malaria in Orissa.



BIBLIOGRAPHY



BIBLIOGRAPHY

Akhtar, Rais and Learmonth, A.T.A., "The Resurgence

of Malaria in India, 1965-1976", *
Geo journal, vol. 1, no. 5, 1977,
ppo 69-790

Armstrong, R.W., "Medical Geography and Its Geologlc
 Substrate", in Cannon L. Helen-and
Hopps C, Howard, eds., E

_mug_nmn:al
Qagshgm;szz% in Health and Disease,
Geological Society of America, 1971,
pp 212-20.

Banks, A, Leslie, "The Study of the Geography of

Disease", Geographical Journal
VOIQ 125, 1959’ ppo 199-2160

Basu, B. Bikash, "The Concept and Contours of Geo-
medical Study", Abstracts of Proceed-
ingsg of Internationsl Geggraphical
Congress, New Delhi, 1968,

Bernis, de G. Destanne, "Some Considerations About
Programme and Project Evagluation
Techniques in the Field of Health, 1975.

Cleaver, Harry, "Political Economy of Malaria De-

Control", Economic and Political Weekly,
vol. V, no. 36, September 1976,
PP 1463 73.

Cleggy, A.C. and Cleggy, P.C., Map Against Disease, Londdn:
Heinemann Educational Books Ltd., 1973
pPp 202-19.

Dhlllon, H.S. and Kar, S.B., "Malaria Eradication - An
Investigation of Cultural Patterns and
Beliefs Among Tribal Population in India',

Igtgrnatlonal Journal of Heglth Education,

Dhir, S.L., NMEP - Retrospvect and grg_m, NMEP, New
. Delhi, 1970.

Dutta, M. Hiran and Dutt, K. Ashok, "Malaria Ecology:
A Global Perspective", Social
and Medicipe, vol. 12, 1978, pp. 69-84.

Dutta, Kanti Mrinal, "The Diffusion and Ecology of .
Cholera in India", Geographical Reviey



118§

Dy, F.J., "Present Status of Malaria Control in Asia"
WHO Bulletin, vol. 11, 1954, pp. 725-63.

anaroff, L.S., "Man and Malaria in Trinidad: Ecologlcal
Perspectives of a Changlng Health Hazard",
_nna;.s of the j of American
Geographers, vol. 53, 1968, pp. 526-56.

s "Malaria Geography: Problems and Poten-~
tials for the Profession", Professional
Geogravher, vol. 15, November 1263,

ppo l"?

Hawking, Frank, "The Clock of the Malaria Parasite”,
Scientific American, June 1970. Quoted

from Readings in Life Sciences, Offprint
1181, vol. 9, pp 3399-3407,

Hehir, P,, Malaria in Ipdia, London: Humphrey Milford
Oxford University Press,' 1927,

Howe, G.M., Man, Environment and Disease, DaVld-Charles,
Newton Abbot, 1272.

Hyma, B. and RameshAA., "The Geographic Distribution
and Trends in Cholera Incidence and
Mortality Patterns in Tamil Nadu",

Indian Ggogrgphlcal Jourpal, June 1976,
ppo 1‘320

s "The Geographic Distribution and Trends
in Malaria Incidence in Tamil Nadu",
National Geographical Journal of _nd;.a,
March-JdJune 1977, pp. 40-60.

Iyengar, M.0.T., Topography of Land in Relation to
Malaria®, Symposium on the Malaria
Eroblems in India, 1968, pp. 181-4.

James, S.P,, "Malaria in India", _g_gntiii_ Memoirs,
_f___emflc of Medical and Sanitary Depart
mepts, Government.of India, Calcutta,
1902, p. 83,

Khan, Razia, "Purpose, Scope and Progress of Mediecal

Geography", The Indian Geographical

Learmonth, A4.T.A., "Ecological Medical Geography",
Progress in Geo y Vol. 7, 1975,’
ppP. 203-26,



116
Legrmonth, A,T.A,, Patterns of Dise and Hungep: A

Study in Medical Meography, David and .
Charles, Newton Abbot, Devon, 1978,

"The Geography of Disease in the
Forest Zone", in-Miller, R. and Watson,

J.W., eds., Geographical Egsays in
Memory of Alan G. Ogilvie, London:

Lilienfeld, Abraham M., Foundations of Epidemiology;
London: Oxford University Press, 1976. .

May, Jacques M., "World Atlas of Diseases No. 3 - World
Distribution of Malaria Vectors",

Geographical Review, vol. 41, 1981,
McGlashan, N.D., Medicgl Geography - Techpniques and

. Field Studies, London: Methuen, 1272.
y "Nature of Medical Geography", Pacific

Viewpoint, vol. 10, September 1969,
pp. 60-65. :
Misra, R.P., Medical Geography of Indias, New Delhi:

National Book Trust, 1970. '

Prothero, R.M., Migrarts and Malaria, London: Longmans,
~ 1965,

Rustomjee, K.J., "A Brief Account of the Epidemiology

of Malaria in Ceylon", Calcutts & hi-
sal Revew, vol. ¥, Diccnber 1943 oralil
ppc l 5_90 .

Sehgal, J.K., "Progress of Malaria Eradication in Orissa
Stape Duripg 1965-66", Bulletin of the
Indian Society for Malaria and Communi-

Sinha, B.N., Geography of Orissa, New Delhi: National
Book Trust, 1971.
Sweet, W.C., "Irrigation and Malaria", in Symposium on
- the Malaria Problemsg in Ipdiaz, 1938,
pp . 185-90 . .
Wadia, D.N., Geology of Indis, London: Macmillans,

1944, ppo 308-270



117

White, R.S., "Physical Factors in Vector Ecology y in

Symposium on the Malaria Problems ;n
Indiga, 1938, pPp. 223-8.

An Experienced Professor, Preventive and Socisl Medicine,
Calcutta, Current, 1969.

Government Reports

Report on Vital Statistics and Fertility Survev, Census

of India, Orlssa, vol. XII, Part 1-B,
1961,

Control of Communicable _is§a§g§ in Man, Report of
American Public Health Association, 1960,
pp. 11l0-12,

Report of the Special Committee to Review the Working

of the NMEP and to Recommend Measufes
for Improvement, New Delhi, 1967,

NMEP Newsletters, New Delhi, 1977.
Why Malaria Again? NMEP, New Delhi, 1977.
Census Atlas, Orissa, 1961.



	TH3340001
	TH3340002
	TH3340003
	TH3340004
	TH3340005
	TH3340006
	TH3340007
	TH3340008
	TH3340009
	TH3340010
	TH3340011
	TH3340012
	TH3340013
	TH3340014
	TH3340015
	TH3340016
	TH3340017
	TH3340018
	TH3340019
	TH3340020
	TH3340021
	TH3340022
	TH3340023
	TH3340024
	TH3340025
	TH3340026
	TH3340027
	TH3340028
	TH3340029
	TH3340030
	TH3340031
	TH3340032
	TH3340033
	TH3340034
	TH3340035
	TH3340036
	TH3340037
	TH3340038
	TH3340039
	TH3340040
	TH3340041
	TH3340042
	TH3340043
	TH3340044
	TH3340045
	TH3340046
	TH3340047
	TH3340048
	TH3340049
	TH3340050
	TH3340051
	TH3340052
	TH3340053
	TH3340054
	TH3340055
	TH3340056
	TH3340057
	TH3340058
	TH3340059
	TH3340060
	TH3340061
	TH3340062
	TH3340063
	TH3340064
	TH3340065
	TH3340066
	TH3340067
	TH3340068
	TH3340069
	TH3340070
	TH3340071
	TH3340072
	TH3340073
	TH3340074
	TH3340075
	TH3340076
	TH3340077
	TH3340078
	TH3340079
	TH3340080
	TH3340081
	TH3340082
	TH3340083
	TH3340084
	TH3340085
	TH3340086
	TH3340087
	TH3340088
	TH3340089
	TH3340090
	TH3340091
	TH3340092
	TH3340093
	TH3340094
	TH3340095
	TH3340096
	TH3340097
	TH3340098
	TH3340099
	TH3340100
	TH3340101
	TH3340102
	TH3340103
	TH3340104
	TH3340105
	TH3340106
	TH3340107
	TH3340108
	TH3340109
	TH3340110
	TH3340111
	TH3340112
	TH3340113
	TH3340114
	TH3340115
	TH3340116
	TH3340117
	TH3340118
	TH3340119
	TH3340120
	TH3340121
	TH3340122
	TH3340123
	TH3340124
	TH3340125
	TH3340126
	TH3340127
	TH3340128
	TH3340129
	TH3340130
	TH3340131
	TH3340132
	TH3340133
	TH3340134
	TH3340135
	TH3340136
	TH3340137
	TH3340138
	TH3340139
	TH3340140
	TH3340141
	TH3340142
	TH3340143
	TH3340144
	TH3340145
	TH3340146
	TH3340147
	TH3340148
	TH3340149
	TH3340150
	TH3340151
	TH3340152
	TH3340153
	TH3340154
	TH3340155
	TH3340156
	TH3340157
	TH3340158
	TH3340159
	TH3340160
	TH3340161
	TH3340162
	TH3340163
	TH3340164
	TH3340165
	TH3340166
	TH3340167
	TH3340168
	TH3340169
	TH3340170
	TH3340171

