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Abstract

Background & objectivesMosquito-borne diseases particularly malaria and Japanese encephalitis
(JE) are becoming most dreaded health problems in Dehradun district. Keeping in view that the
climatic factors particularly temperature and rainfall may alter the distribution of vector species—
increasing or decreasing the ranges, depending on weather conditions that are favourable or
unfavourable for mosquito breeding, it is aimed to find out the effect of climatic factors on malaria
incidence with particular emphasis to capture the essential events as a result of climatic variability.

Methods:Mosquito sampling and identification was done using WHO entomological methods and
follow-up of recognised keys and catalogues. Data on malaria incidence and meteorological
information were gathered in a collaborative study with the District Malaria Office, and the Forest
Research Institute, Dehradun respectively. Pearson’s correlation analysis was applied for establishing
relationship between climate variables and malaria transmission.

Results:Higher positive correlation of association was found between monthly parasite incidence
and climatic variables (temperature, rainfall and humidity). However, highest significant correlation
was found between rainfall and malaria incidence (r = 0.718, p < 0.0001) when the data were staggered
to allow a lag of one-month.

Interpretation & conclusionClimatic variables that predict the presence or absence of malaria are
likely to be the best suited for forecasting the distribution of this disease at the edges of its range.
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Introduction mate. Climate variability and the breeding activity of
Anophelesre considered one of the important envi-

Among vector-borne diseases, the malaria is higtynmental contributors to malaria transmis$ion
influenced by spatial and temporal changes in thbere is a paucity of literature on climatic variables
environment, which are introduced mainly, but nand malaria transmission from Inéiftbut a consid-
exclusively by climate variability. Climate has beeerable amount of work has been carried out in other
established as an important determinant in the distuntrie$ 13 Githekoet all* assessed the evidence
bution of vectors and pathogénin fact, the physi- for the past and current impacts of interannual and
cal environment is an important modifier of local clinter decadal climate variability of vector-borne dis-
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eases on a continental basis with the aim of shedditiger factors like urbanisation, irrigation, deforesta-
light on the increased likelihood of climate changgon and agricultural practices have affected malaria
As per their views the average global temperatugges. Since no such study has been conducted in the
with rise by 1-3.5°C, increases the likelihood @ehradun Valley, henceforth, it was decided to ex-
many vector-borne diseases in new areas. Investigiare empirical relationship of primary climatic fac-
tions made on the climate change and the resurgeiace with the malaria incidence using Pearson’s cor-
of malaria in the east African highlands revealed rélation analysis and to capture the essential events
climate is not changed at the study sites, othlresponsible for such variability.

changes must have been responsible for the observed

increase in malarfd. As the malaria vectors are Material & Methods

poikilothermic, temperature is a critical variable in ,
malaria epidemiology, for instance in the range gtudy area:The actual site selected for the present

18-26°C a change of only 1°C in temperature cShydy .is the .Doon Valley in district Dehradun geo-
change a mosquito’s life span by more than 95apPhically lies between 29°55" and 30°30’ N lati-

week®, Previously it was reported that the tempergj-de’ and 77735’ & 78°20" E longitude. The follow-

ture of 20-30°C and humidity > 60% are optimal ff9 four spots—town area of the Valley, Sahaspur,
Anophelegto survive long enough to acquire anff0iwala and Kalsi were chosen for recording cli-
transmit the parasfeRecently, Zhoet af® demon- Matic variables vs. malaria incidence.

strate.d the |mport.ant role (.)f chmate. variability '.rllz'ntomological dataMosquito collection was done
malaria dynamics in some high land sites. According.

to them the malaria transmission involves complgxIng aspirator and torch-ligiftfrom both indoor

interaction betweerPlasmodiumparasites, ano- and outdoor resting habitats during morning hours

pheline mosquitoes and humans. It has been (()%@00_0800 hrs) on fortnightly basis between Janu-

. . ary 1999 and December 2002. The collected mos-
served, if the development time of the pathogen ex-. . .
ceeds the life span of the insect, the transmissﬁ])u'tOeS were .f'rSt narcotlsgd, sgparated and sorted
cannot occtkl ’ oUt genera wise and then identif8&% Per man-

' hour density (PMHD) of vector mosquitoes col-

In the Dehradun Valley, the main vectors of malarllgl(:ted from every possible indoor habitats like hu-

are Anopheles stepherdi and An. fluviatilist8 man dwellings, cattlesheds and mixed dwellings was

(Diptera : Culicidae). For the last couple of yeagglculated using the following formula:

vectors-borne diseases are becoming the most PMHD =n x 60/p x t

dreaded health problems in the state of Uttaranctwhere n = Total No. of each mosquito species: p =

because of developmental activities in one or the, ¢ persons involved during collection: t = Time
other ways. Although many campaigns against th%’?fent in min)

diseases have been conducted, malaria, Japanese en-

cephalitis (JE) and dengue fever are still the majgeteorological dataThe data on monthly maxi-
health problems in some of the districts of Umum, minimum and mean temperature, mean rain-
taranchal particularly, Dehradun, Hardwar, Udhafg|| and mean humidity of two different hours during
Singh Nagar and Bageshwar (Unpublished reporte study period was obtained in a collaborative

Uttaranchal Health Directorate, Dehradun). Aktudy with the Environment and Ecology Division,
though, there have been few studies on the relatigirest Research Institute, Dehradun.

ship between climatic variables and malaria rates in
India, many studies have addressed the ways tRatasitological data The pattern of annual and
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monthly parasite incidence is based upon epidemkmown primary vectors of malariaAn. culicifacies,
logical data for the years 1999-2002, obtained frofm. fluviatilisandAn. stephensionstituted 37.47%
the District Malaria Office, Dehradun. of the total anopheline population. Besides the ano-
pheline mosquitoes other dominant groups in the
Data analysisTo examine the relationship betweeanollection belonged tGulex mimeticus, Cx. vishnui
the monthly incidence of malaria/parasites ar@@k. quinquefasciatusndAedes albopictuiptera:
monthly mean temperature—maximum and minGulicidae)
mum, monthly rainfall and monthly mean relative
humidity of two different hours the calculation wasnnual/Monthly incidence of malaria in Dehradun,
done by applying Pearson’s correlation analysis.1299-2002There was remarkable high incidence of
correlation of PMHD of vectors with malaria paramalaria in 1999 which showed a declining trend dur-
site incidence (MPI) and rainfall has also been dag the next successive three years. With regard to
veloped to make the conclusion more informativeanonthly variations in the incidence of malaria cases
the peak seasons were monsoon and post-monsoon
Results (June to September) (Fig. 1). Although incidence oc-
curred between May to November but during the
Mosquito prevalence in the Doon Vall&s many as winter months (December to February), it was al-
10 species of anopheline mosquitoes were collectedst negligible. In the years of high incidence—
during the study period. The collection includes boif®999 and 2000, the monsoon and post-monsoon
indoor and outdoor capture (Table Bn. subpictus (June to September) peak was more pronounced as
was predominant species followedAwy. stephensi, compared to other years.
An. vagus, An. maculatus, An. fluviatilis, An.
culicifacies, An. annularis, An. nigerrimus, AnCorrelation between climatic variables and monthly
splendidusand An. aconitusin succession. Theincidence of malariaPearson’s correlation analysis

Table 1. Anopheline mosquitoes collected from different habitats of study areas in District Dehradun

Anopheline Town area of Valley Sahaspur Doiwala Kalsi Total
species

Indoor  Outdoor Indoor Outdoor Indoor Outdoor Indoor Outdoor
An. aconitus 105 0 78 1 29 0 35 3 251 (2.62)
An. annularis 275 0 113 3 87 2 121 8 609 (6.34)
An. culicifacies 297 3 213 6 175 2 283 10 989 (10.30)
An. fluviatilis 316 2 197 4 218 4 346 23 1110 (11.56)
An. maculatus 370 11 288 9 328 12 231 15 1264 (13.17)
An. nigerrimus 48 4 223 13 109 9 177 15 598 (6.23)
An. splendidus 87 4 67 1 78 4 76 2 319 (3.32)
An. stephensi 387 8 257 8 271 11 542 14 1498 (15.61)
An. subpictus 472 12 358 20 371 5 338 4 1580 (16.46)
An. vagus 305 5 372 11 352 3 327 1 1376 (14.34)

Total 2662 49 2166 76 2018 52 2476 95 9594 (100)
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Fig. 1: Monthly rainfall, PMHD of vectors and MPI in Dehradun during 1999-2002

was conducted relating to monthly incidence of meember (Fig. 1). Although malaria cases were
laria vs. monthly climatic measures (temperaturegemed to be prevalent throughout the years, higher
rainfall and relative humidity) following differentincidence of malaria cases was mostly found during
lagged periods (Table 2). All the variables showédigust and September. When rainfall was more,
positive correlation with the monthly incidence diigher number of malaria cases were recorded. At
malaria. Mean, minimum temperature and rainfalbme points there was a slight change, which may be
showed consistently stronger correlation with a orgue to other factors. As far as the vector density is
month time lag. Less correlation was found with lagencerned, there was a shoot up in the PMHD of
of 0, 2 or 3 months. In case of maximum tempengectors with corresponding increase in rainfall and
ture, highest correlation was found with two-montiPl. In general, it can be mentioned here that
period lag. All correlation between relative humidit? MHD of vectors showed a direct relationship to
(different hours) and monthly incidence of malariainfall and MPI. Both the MPI and rainfall data
with different lag periods were very low. But highesthowed statistically positive correlation with PMHD
correlation was found during O period lag, 0.114 {n= 0.482; p > 0.001 and r = 0.695; p < 0.0001) of
0719 hrs and 0.692 in 1419 hrs. Relative humidiyctors.
(RH) of 1419 hrs showed more positive relation with
malaria incidence. On the basis of correlation analy- Discussion
sis, highest significant correlation was found be-
tween rainfall and malaria incidence (r = 0.718; p&he transmission of malaria is determined by cli-
0.0001) when the data were staggered to allow a kagtic, non climatic and biological factors. The cli-
of one-month. matic factors include all the independent variables
like temperature, rainfall, humidity, etc. while the
When the data of monthly rainfall, vector densityon climatic factors are human activities, socio-eco-
and monthly parasite incidence were plotted, themic conditions like developmental changes, hous-
rainfall was found highly seasonal with maximum iimg and living conditions, adopted control measures,
July and almost no rain between November and Decal ecological environment (vegetation, introduc-
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Table 2. Correlation between climatic variables and
monthly parasite incidence of malaria in
the study area

Climatic Month(s) Monthly p-value
variables parasite
incidence
T nax 0 0.322 <0.02
1 0.491 < 0.0001
2 0.567 < 0.0001
3 0.523 < 0.0001
Timin 0 0.617 < 0.0001
1 0.705 < 0.0001
2 0.602 < 0.0001
3 0.349 <0.01
Trnean 0 0.509 < 0.0001
1 0.636 < 0.0001
2 0.613 < 0.0001
3 0.444 <0.001
Rain 0 0.667 < 0.0001
1 0.718 < 0.0001
2 0.555 <0.001
3 0.182 <0.05
RH 0 0.114 <0.05
(0719 hrs) 1 -0.235 <0.05
2 -0.502 <0.05
3 —-0.667 <0.05
RH 0 0.692 < 0.0001
(1419 hrs) 1 0.532 < 0.0001
2 0.217 <0.05
3 -0.176 <0.05

are depended on independent climatic varidBldis

is already mentioned that climatic variables exhibit
impact on the incubation rate Bfasmodiunpara-
sites and the breeding Ahophelesand thus consid-
ered as the important environmental contributors to
malaria transmissién

The present study shows higher positive correlation
between monthly incidence of malaria and monthly
minimum temperature, mean temperature and rain-
fall with a one-month lag effect. The correlation co-
efficient for the association between monthly rainfall
and monthly incidence of malaria was found greater
than that for the association between temperature
and malaria incidence. This indicates that rainfall
seems to play a more important role in the transmis-
sion of the disease than temperature does. Several
workers from different placé326-27found the same
results. Moreover, it has been previously shown that
a strong positive association exists between the inci-
dence of falciparum malaria and rainf8lf Just
contrast to this Poveds al 30 found no significant
association between entomological variables and
primary climatic factors to which the authors do not
agree.

Rainfall plays an important role in malaria epidemi-
ology because water not only provides the medium
for the aquatic stages of the mosquito’s life but also
increases the relative humidity and thereby the lon-
gevity of the adult mosquito&sThe impact of rain-

fall on the transmission of malaria is very compli-
cated, varying with the circumstances of a particular
geographic region and depending on the local habits
of mosquitoes. Rains may prove beneficial to mos-
quito breeding if it is moderate, but may destroy

tion of irrigation schemes) and drug resistance lifeeding sites and flush out the mosquito larvae
malaria parasites. The biological factors comprighen it is excessie The authors agree with this
abundance oAnophelespecies, the propensity andtatement and in particular with establishment of an
frequency of the mosquitoes to bite human beingsterrelationship between climatic variability and
its susceptibility to the parasite, the longevity ®reeding of anophelines.

mosquitoes, the rate at which the parasite developes

in mosquitoes, aquatic stages of immature, etc. tffak study reveals highest correlation between rain-
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fall and malaria with a lag of one-month. EstimatesixdAnophelesluring winter and thus accelerates the
for the duration of lag period include 15 days for theEansmission dynamics of malaria and spread it into
preimaginal development of vectAnopheles4—7 populations that are currently malaria-free and im-
days for the gonadotrophic cycle for parous/nuliinunologically naive
parous female mosquitoes and 12 days for the
sporogonic cycle for th€lasmodium falciparum If annual parasitic index (API) or monthly parasitic
parasites in the vector mosquitdesn fact about 30 index (MPI) are directly related to climate, it should
days are needed for the development of a new gee{ossible to predict malaria outbreak before its oc-
eration of infective female insect vectors. currence, either to strengthen control measures
enough to prevent the outbreaks or at least to create
Many processes get accomplished between the omsketquate facilities for the appropriate treatments. As
of rains and appearance of malaria cases. Afteloag-term weather forecasting becomes more accu-
heavy rain, there is a possibility for water to recedate, it may even be possible to forecast the weather
so as to provide new breeding sites. Further, timehsat might trigger an outbre#gk Rainfall provides
needed for larvae to hatch, mature pupae and fdire breeding sites for mosquitoes and increases rela-
adults, for the adult female to find an infected hotste humidity necessary for mosquito survival, lead-
and become infected itself and for completion @fg to increase in the number of mosquitoes biting
sporogonic development of malaria parasite witham individual per unit time, the human biting
the vector. Additional time may be required for thate33:37:38 The authors are of the opinion that with-
infected mosquito to bite an uninfected host. out sufficient rainfall or water collections mosqui-
toes cannot proliferate and infect humans.
Our findings in respect of one month lag effect are
supported by earlier studies of Prakaskaf2 who Although malaria cases usually occur after periods
observed a two-week time lag between rainfall anélheavy rainfall, excessive rainfall does not always
vector abundance in a forest-fringed villages tigger an epidemi®. On the contrary a negative
Assam. The authors also agree to the fact that raiarrelation was observed between rainfall and ma-
fall also increases the rate at which humans wéaea incidence in a nine years study on Colombian
bitter3. In the dry zone of Sri Lanka, two-monttPacific coast®. Hicks and Majid! believed that it
time lag between rainfall and increased malaria waas high humidity, not the total rainfall that was the
observed®. However, Vanderwal and Paulfon key factor leading to an epidemic. In Madhya
found strongest correlation for a time lag of 9—Rradesh, weak correlation was observed between the
weeks between rainfall and malaria. Due to the masmber of rainy days and the incidence of mafaria

ture of biological processes and the degree to which ) o _ )
they depend on such physical factors as altitude, ¢pnclusively, the climatic variables that predict the

pography, temperature, surface water, vegetation &hgS€Nce or absence of mgla_ria are Iikely_ to _be best
humidity3®, it seems probable that the time lag pavited for forecasting the distribution of this disease

tween rainfall and malaria would be somewhat r&t the edges of its range. However, the transmission
gion specific. Pengt a3 reported highest positiveOf malaria i_s very complicated_ and deta_iled ecologi-

correlation between monthly incidence of malarfz! @nd epidemiological studies are still needed to
and monthly mean minimum temperature with 35€ss the true local risk factors.

one-month lag effect. A rise in temperature, espe-
cially minimum temperature, would, in some loca-

tions, enhance the survival chance®lEfsmodium The authors are grateful to the District Malaria Of-
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