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Abstract Changing climate scenario has resulted in recent
emergence and re-emergence of various arboviral diseases
including Chikungunya. This disease is caused by
Chikungunya virus (CHIKV), which belongs to Togaviri-
dae family of viruses and spread by Aedes mosquitoes. A
resurgence of CHIKV and its rapid global spread has been
observed since 2004. The disease reemerged in India in
2005, after a gap of 32 years, causing massive outbreaks in
some states and circulating thereafter. In the present paper
we analyze CHIKYV incidence data from India (2010-2014)
with a view to understand association with environmental
parameters, if any. Data on country-wide occurrences of
CHIKV cases were considered from the National Vector
Borne Disease Control Board, India. Meteorological data
for different climatic subdivisions of India were obtained
and processed mathematically. State-wise association of
number of cases with rainfall, if any, were studied by
statistical analyses. We observe that prevailing temperature
range was favorable for CHIKV propagation and the
occurrences were modulated by average rainfall. Most
affected states were West Bengal, Maharashtra and Kar-
nataka. Overall for India, favorable climatic conditions
have contributed to incidences of CHIKV during the study
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period. There is strong positive association between rainfall
variations and occurrence of CHIKV cases.
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Introduction

The early years of the twenty-first century has witnessed an
alarming increase in vector population and vector borne
viral infections across the globe. Arthropods are ectother-
mic and are highly sensitive to climate change, which
affects their growth and reproduction rates. Amidst the
many climatic variables, mainly increase in temperature
and alterations to rainfall have made major contribution in
the geographic expansion and population explosion of
arboviral vectors. Temperatures along with changes in
rainfall pattern and humidity have influenced the rapid
development of the vectors, their survival and vector
competency [32]. During the last few decades, spread and
establishment of vectors mainly ticks and mosquitoes to
higher altitudes in Europe has been observed along with
autochthonous transmission of tick-borne virus, dengue,
Chikungunya, etc. [34].

Chikungunya virus (CHIKV) virus mostly found in
tropical and subtropical regions of Africa, Indian Ocean
islands, Indian subcontinent and Southeast Asia. It is an
alphavirus of family Togaviridae, which comprises several
serogroups of public health importance. CHIKV belongs to
the Semliki Forest antigenic complex along with other
mosquito-borne alphaviruses viz., Mayaro virus, O’nyong-
nyong virus, Ross River virus, Getah, Bebaru and Semliki
Forest viruses, etc. [6]. CHIKV is believed to have origi-
nated in Africa, where two genetically distinct lineages
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exists (1) the East, Central, and South African lineage
(ECSA) and (2) the West African lineage [30, 36]. A third
genotype exists in Asia (Asian genotype) since 1958 and
has shown geographic expansion to Pacific Islands, Car-
ibbean Islands and to the Americas recently [29]. Sporadic
outbreaks of Chikungunya have been reported in Africa
and Southeast Asia since its discovery in 1953 [42]. The
ECSA strain of CHIKV re-emerged in an explosive form in
2004 and caused massive outbreaks in Indian Ocean islands
(La Reunion, Comoros, Mauritius, Seychelles etc.), India
and Southeast Asian countries [33, 40]. The re-emergence
has been explosive due to high morbidity and mortality. In
comparison to earlier outbreaks, the recent outbreaks in La
Reunion and India had symptoms and clinical manifesta-
tions, which were unheard of earlier including CHIKV
associated mortality [35]. Evolutionary adaptation of the
virus for fitness in a new vector (Aedes albopictus) was
also detected during the outbreak first in La Reunion Island
and subsequently in India and other countries [22, 28, 33].

In India, the re-emergence of CHIKV was reported
during 2005-2006 after a gap of 32-year [1, 25]. The
outbreak started in certain parts of Andhra Pradesh and
Karnataka and spread to other regions of the country,
resulting in an estimated 1.4 million cases in 13 different
states in 2006 alone [25, 29]. These outbreaks covering
Indian Ocean islands and subsequently India has been
attributed to the ECSA strain of CHIKYV [44].

Aedes aegypti and A. albopictus are the major vectors
for transmission of CHIKV [5]. Both these mosquitoes are
abundant in the tropics. A. albopictus, the Asian tiger
mosquito, originally indigenous to South-East Asia, has
spread during the last decades to the Middle East, Africa,
Europe and the Americas [17]. Since 1990, it has become
established in Southern Europe especially the eastern
Mediterranean region [39]. It is the only invasive mosquito
species present since 2004 on the Cote d’Azur region of
continental France [12, 23]. It is the principal cause of
Chikungunya outbreak in Italy in 2007 [31]. The spread of
A. albopictus to newer areas is linked to climate change
and is being studied by various approaches [16, 39]. Recent
works highlighted the increasing climatic suitability for
A. albopictus to establish in Europe and other temperate
countries as a consequence of increase in temperature
[7, 15, 39]. Climatic scope of CHIKV outbreaks indicate
that a mean air temperature of 20 °C or more is required
for outbreaks to occur and successful transmission of the
virus [38]. Analyses also revealed that average air tem-
perature in the range 20-30 °C is ideal for rapid vector
propagation and spread of disease as this temperature range
considerably shortens the time-period required between
hatching and taking the first blood meal for A. albopictus
[41].

In the present paper, we explored the effects of envi-
ronmental factors i.e., temperature and, rainfall on the
CHIKYV transmission in India during 2010-2014, based on
confirmed cases and All-India meteorological data. To the
best of our knowledge, this is the first report on the asso-
ciation of climatological parameters with CHIKV cases
from India.

Materials and methods
Data collection

Data on annual confirmed cases of CHIKV from India was
obtained from the website of National Vector Borne Dis-
ease Control Program, Ministry of Health and Family
Welfare, Government of India [19].

A total of 260 weekly reports on disease outbreaks were
downloaded from the website of Integrated Disease
Surveillance Programme (IDSP) of National Centre for
Disease Control, Ministry of Health and Family Welfare,
Government of India (http://idsp.nic.in/). Data-mining for
information on the rural outbreaks of CHIKV was con-
ducted (from the said reports) and geographical locations
(latitude and longitude) of identified villages/places deter-
mined with help of Google maps and www.latlong.net/.
Plotting of the locations on maps of India and rendering of
images were performed using Grids Analyses and Display
Systems (GrADS) software package [14].

Climatological parameters like annual average rainfall
and maximum and minimum temperature were used. The
Area-weighted average rainfall (ARF) and Average maxi-
mum Temperature (MXT) and Average minimum Tem-
perature (MNT) were obtained from Government of India
websites [20, 21].

Processing and analyses of meteorological data

In India, area covered by each state (province) is divided
into different meteorological sub-divisions (according to
the Indian Meteorological Department, Ministry of Earth
Sciences, Government of India). Sub-divisional annual
rainfall for the period 2010-2014 of Maharashtra, Kar-
nataka and West Bengal states and sub-divisional landmass
areas are given in Supplementary Table 1. Area weighted
average annual rainfall (ARF) for any particular state of
India is calculated by using the following formula:

YL X() X AQ)
ARE = =5 a0

where X(i) is the average annual rainfall for any (ith) Sub-
division, A(i) is the area in sq Km for that (ith) sub-division
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and n is the number of Sub-divisions covering a state or
region of India (Thiessen method, [37]).

Softwares

Mathematical calculations were performed in R and graph
plotting was carried out using MS Excel software
packages.

Results and discussions
All India scenario

Data on total number of confirmed CHIKYV cases per year
is available from the website [19], Government of India
(accessed in March 2017). It was observed that during the
study period CHIKV cases occurred in most of the 29
states of India [19]. The highest numbers of cases (from
2010 to 2014) were reported from West Bengal (28,044)
followed by Karnataka (25,320) and Maharashtra (17,238).
In West Bengal, which had the highest number of cases in
2010, there was a gradual decrease in the number of cases
till 2014. There were no reports of Chikungunya from the
Himalayan states like Jammu & Kashmir, Himachal Pra-
desh and Arunachal Pradesh for the said period. However,
Uttarakhand (covering a part of the Indian Himalayas and
foothills) reported 18 cases in 2011 and no outbreaks
thereafter (NVBDCP data). Among the islands of India,
Andaman & Nicobar Islands in the Bay of Bengal have
reported cases every year during 2010-2014; however, no
cases were reported from Lakshadweep Islands (Arabian
Sea) during the period.

The effect of rainfall on CHIKV occurrences was also
examined by comparing the area-weighted average annual
rainfall (ARF) for India with annual number of CHIKV
confirmed cases (Fig. 1a). We found that the number of
CHIKYV occurrences (confirmed cases) decreased over the
years with decreasing rainfall during 2010 and 2014.
Correlation analyses revealed that there is good positive
association between rainfall and occurrences of CHIKV
cases (Pearson correlation coefficient, r = 0.9559548,
p value = 0.11007 and 95% confidence).

In order to investigate the impact of surface air tem-
perature we compared the number of cases with annual
average maximum temperature (MXT) and annual average
minimum temperature (MNT) (Fig. 1b). It was observed
that the number of cases increased with increase in both
MXT (Pearson correlation coefficient, » = 0.97835) and
MNT (Pearson correlation r = 0.85494). The average
mean temperature (MMT) was found to vary between 24.5
and 25.1 °C.
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Analyses for the most affected Indian states

Available data indicate that West Bengal, Karnataka and
Maharashtra were the most affected Indian states during
2010-2014 (Supplementary Figure S1). We made an
attempt to analyze the association of rainfall (area-weigh-
ted average annual rainfall, ARF) with the number of
CHIKYV cases in these states. Figure 1c shows a positive
correlation of rainfall (ARF) on the number of CHKV
cases in the case of Maharashtra (Pearson Correlation
coefficient, r = 0.4703, p value = 0.4241 and confidence
95% (— 0.704 0.955)), which indicates that increased
rainfall modulated CHIKV transmission during the period.

Figure 1d shows the positive correlation between
CHIKYV cases and with rainfall (ARF) in Karnataka. The
Pearson Correlation coefficient, r = 0.7981
[p value = 0.1055, 95% confidence (— 0.284 0.980)],
indicates positive association between rainfall (ARF) and
CHIKYV cases.

West Bengal had 20,503 confirmed CHIKV cases in
2010 (Fig. le). However, the number of cases decreased
with time though rainfall had increased. Analyses shows a
negative impact of rainfall on CHKV cases with Pearson
Correlation coefficient, r = — 0.33101 (p value = 0.5864;
confidence 95% (— 0.939 0.778)). This implies that the
number of cases and transmission of CHIKYV is not directly
related to rainfall.

Figure 2 describes the locations of rural outbreaks of
CHIKYV based on IDSP reports. It is observed that in 2010,
majority of outbreaks occurred in regions of Gangetic West
Bengal in eastern India, Tamil Nadu in southern India with
few places across the western part of the peninsular India.
In 2011, large number of rural outbreaks were reported
from Maharashtra-Karnataka and Tamil Nadu regions of
peninsular India and a few in eastern India (West Bengal-
Odisha) and very few in northern India. In 2012, the rural
outbreaks were mostly in the western part of peninsular
India and Tamil Nadu with a few in Gujarat. In 2013,
majority of such outbreaks occurred in southern part of the
peninsular India covering (Tamil Nadu, Kerala and Kar-
nataka) with a few in Andhra Pradesh and Maharashtra
regions. In 2014, majority of such outbreaks occurred in
the western part of peninsular India covering interior Tamil
Nadu, Kerala, Karnataka and a few across Maharashtra
region. The occurrence of weekly rural outbreaks have
been compared in Fig. 3. It should be noted that most of the
outbreaks occurring between 38th and 52nd weeks are
from Tamil Nadu and Kerala regions, which receive rain-
fall during this period every year.
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Fig. 1 All India scenario of Chikungunya: a CHIKV confirmed cases
(grey bar) versus Area-weighted avg rainfall (black line) from 2010 to
2014. Pearson correlation Coefficient, r = 0.95595; b Chikungunya
confirmed cases with average maximum (MXT) and minimum
temperatures (MNT) for India. Positive correlation between cases
versus MXT (r = 0.97835) and cases versus MNT (r = 0.85494);
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Global perspective and Indian scenario 2010-2014

Though considerable advancements have been made in the
management of major vector borne diseases i.e. malaria,
filaria, Kala-azar, schistosomiasis, etc., vector borne viral
infections have shown a surge in the last few decades.
Among the several factors, increase in temperature asso-
ciated with rainfall plays an important role in the explosion
of vector population and spread of arboviral infections.
Climate change has direct impact in survival rates, gener-
ation time, abundance, dispersion ability of arthropods to
establish in newer habitats especially in the temperate
regions more efficiently [24]. This also results in the
autochthonous transmission of arboviral infections and
outbreaks. The introduction of West Nile virus to New
York in 1999 and its rapid spread to other states of United
States and Canada subsequently with more than a thousand
deaths has drawn global attention [2, 18]. The list of
emerging and re-emerging arboviruses causing infections
in naive populations included the explosive outbreaks by
CHIKYV in Indian ocean Islands, India, Italy and the Car-
ibbean Islands [8, 9, 29, 42] the spread of dengue in Hawaii
and Texas in the US and the introduction of Crimean
Congo hemorrhagic fever virus to India [11, 26]. Recently,
during 2010-2014, Chikungunya has spread to new areas
of Europe especially France (2014 and 2010) whereas, in
the USA, ~ 3000 cases were reported in 2013-2015, most
of which being imported, but 11 autochthonous cases were
also confirmed [43]. In Nepal, Chikungunya outbreaks
occurred in the terai regions in the Himalayan foot hills
(2014 and beyond) [27] and domain of Aedes mosquitoes
have been found to expand from the low valleys and up the
mountains till 2100 m above sealevel due to warming cli-
mate [13].

In the present study, we tried to establish an association
between climatic factors such as temperature and area-
weighted average rainfall (ARF) with confirmed cases of
Chikungunya in India. It is observed that the All-India
number of CHIKV cases was modulated by annual rainfall.
This is consistent with the findings elsewhere that
enhanced rainfall results in better vector propagation,
vector competence [41] and hence enhanced transmission
of Chikungunya [3].

In Maharashtra and Karnataka, positive association of
rainfall was observed with number of CHIKV cases which
is consistent with findings elsewhere [3]. Geographically
both these states are located in the Deccan plateau of
peninsular India (Suppl Fig. 2). Except the narrow coastal
belt bordering the Arabian Sea, most of the land area for
both these states are covered with mountainous terrain
(Western Ghats mountain range), grasslands, highlands and
some river basins of rain-fed rivers with a semi-arid
grassland type of climate [10]. These states get maximum

rainfall only during the South West Monsoon (June to
October).

In West Bengal, a densely populated state with abun-
dance of water bodies, dense vegetation and mostly hot and
humid climate (except the Himalayan district of Darjeel-
ing) [10], the decrease in CHIKV cases with time (irre-
spective of rainfall variations) may be attributed to the
control measures undertaken. Enhanced personal protec-
tion against mosquito bites, source reduction and vector
control efforts might have resulted in restricting the
transmission despite favorable environmental factors for
Aedes mosquito propagation [4], the principal vector for
CHIKV. However, no official record is available regarding
vector management from the state (during the period of
study).

Occurrences of rural outbreaks of CHIKV (based on the
IDSP reports) have been mapped year-wise after identifi-
cation of geographical locations. While many outbreaks
occurred in northern and eastern India and western penin-
sular India during the South West Monsoon season (June—
September), many such outbreaks reported during 39th
week and 52nd week every year occurred mostly in the
extreme southern part of peninsular India covering Tamil
Nadu and parts of Kerala, which receive rainfall under the
influence of North East Monsoon winds (October—De-
cember/January). It should be noted that the large number
of cases reported from various states consists of both rural
and urban centres. Since urban centres in India are huge
and densely populated, with variable population (migrant
labourers, migrant workforce, tourists, etc.), it would be
difficult to associate annual incidences with specific ‘out-
break’ scenarios. Hence, while mapping outbreaks we have
considered only registered and recorded rural outbreaks
and neglected the urban clusters.

Also, please note that there is no existing mechanism in
India to undertake entomological studies at outbreak sites
during the outbreak period. Hence, no mosquito population
data was available for studying the possible correlation
with incidences of CHIKV. This can be taken up as future
research.

In this paper we made an attempt to study the associa-
tion, if any, between rainfall and occurrences of CHIKV
cases in India. Meteorological data was analyzed and
possible correlation with confirmed cases of CHIKV was
obtained. We conclude that recent spread of Chikungunya
in India is aided by favorable climatic conditions, where
rainfall played a prominent role in modulation of occur-
rences of CHIKV cases. There is positive association
between occurrence of CHIKV cases and average rainfall
in Maharashtra and Karnataka states. However, in case of
West Bengal, no such association was observed probably
due to interventions. Recorded rural outbreaks occurred
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mostly during the rainy seasons in different parts of the
country.
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