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Chikungunya fever is caused by an arthropod-borne 
Alphavirus, belonging to family Togaviridae, primarily 
transmitted to humans through the bite of infected Aedes 
mosquitoes (Pialoux et al. 2007). The rapid geographic 
spread of the virus led to a large chikungunya disease 
epidemic in India during 2006-2007 (Mavalankar et al. 
2007). During the 2007 Chikungunya virus (CHIKV) 
outbreak in India, the worst affected state was Kerala, 
with 55.8% of the suspected chikungunya fever cases in 
the country, compared with only 5.8% cases during 2006 
(Kumar et al. 2008). The Department of Health and Fam-
ily Welfare of the Government of Kerala reported 24,052 
cases as suspected chikungunya fever during 2007, dis-
tributed across all 14 administrative districts of the state. 
The state of Kerala, with an area of about 1% of the coun-
try, supports about 3% of the population (33,387,677) of 
India, with a population density of 859 people/Km2 (Cen-
sus of India 2011). This state is a land strip lying in the 
extreme southern region of India bordered by Western 
Ghats (the mountain range along the western side of In-
dia) in the east and Arabian Sea in the west. The state en-
joys tropical climate with about 3,000 mm rainfall annu-
ally, fed by south-west and north-east monsoons. About 
28% of area of the state is forested. Topographically the 
state could be divided broadly into three regions, viz., 

coastal belt (12%), mid-highlands (40%) and Ghats sec-
tion (48%). The hilly and forested districts of Kottayam 
and Pathanamthitta located in the mid-high lands region 
of Kerala were the worst affected by CHIKV, contribut-
ing to 44.33% and 14.37% of the total cases, respectively 
(Kumar et al. 2008). These districts have abundant rubber 
plantations [109, 582 ha in Kottayam (the largest area in 
the state) and 61,016 ha in Pathanamthitta], which sup-
ported prolific breeding of Aedes albopictus, the main 
vector of chikungunya infection (Kumar et al. 2008). 

They breed in the rainwater that accumulates in the hemi-
spherical containers, fitted to the trunks of rubber trees, 
for latex collection, in the region (Kumar et al. 2008).

Earlier studies showed that east central South African 
strain was responsible for the 2006 outbreak in Kerala 
(Kumar et al. 2007). The molecular evolutionary adapta-
tion acquired by CHIKV as a result of the “A226V” mu-
tation in the E1 gene and the high population density of 
Ae. albopictus in the region may have contributed to the 
widespread and renewed chikungunya fever epidemic in 
Kerala during 2007 (Kumar et al. 2008). No reliable data 
exist on the actual prevalence of chikungunya infection 
in the state during this outbreak, except for the clinically 
suspected CHIKV case records maintained by the state 
health machinery, which remains a severe underestimate 
of the problem (Kumar et al. 2008). Hence, we carried 
out a systematic study to estimate the magnitude of 
CHIKV infection in Kerala during 2007 outbreak and 
the results are presented here.

 The immunoglobulin M (IgM) and immunoglobulin 
G (IgG) antibodies against CHIKV can be detected from 
three to six days respectively, after the onset of clinical 
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symptoms, by using enzyme linked immunosorbent as-
say and indirect immunofluorescence test (IIFT) (Litzba 
et al. 2008). Persistence of IgM antibodies was found to 
be varying in different studies and it did not persist nor-
mally more than three-four months period, at detectable 
levels (Chia et al. 2010). However, IgG antibodies are re-
ported to be detectable in convalescence and remains so 
for years (Chia et al. 2010). A recent multi-country study 
carried out reported the better utility of IgG in detection 
of chikungunya infection compared to IgM (Niedrig et 
al. 2009). Knowledge about the kinetics of the serologi-
cal markers of CHIKV infection has been recently re-
viewed (Schwartz & Albert 2010). We used CHIKV IgG 
EUROIMMUN immunofluorescence diagnostic kit, the 
only available commercial test kit, to determine the past 
infection status of CHIKV in the population in the worst 
affected mid-highlands region of Kerala. This diagnostic 
kit has already been evaluated in La Reunion with 100% 
specificity and 95.4% sensitivity (Litzba et al. 2008).

SUBJECTS, MATERIALS AND METHODS

Study area - The study areas selected were Chethackal 
(09º24’28.7”N 076º50’10.0”E), Malankara (09º51’35.1”N 
076º44’42.3”E) and Aimcompu (09º46’34.6”N 
076º41’13.7”E) villages located respectively in the rubber 
plantation belt of the districts of Pathanamthitta, Idukki 
and Kottayam in Kerala. These districts were the worst 
affected by the CHIKV outbreak in the state during 2007. 
The population size in Chethackal, Malankara and Aim-
compu was 2,016, 1,067 and 1,451, respectively. While the 
former two study villages were large plantations (1 under 
the ownership of government organization and the other 
owned by a corporate agency), the latter was a village  
with unorganized sector of small scale (mostly below  
2 ha per owner) rubber plantations. In the organized sector 
villages the human dwellings were restricted to two-three 
agglomerations (labour lines) inside plantation area, while 
in the unorganized sector human dwellings were more 
dispersed, each family living in the midst of the small 
scale rubber plantation they owned. The entire population 
in these villages is found to be natives of Kerala, except 
a minor proportion employed as staff at the Government 
sector maintained Chethackal plantation. On enquiry, it 
was understood that all these migrants to the state were 
transferred to the state prior to 2006 and were residing in 
the plantation belt itself with their families.

Sample size and survey method - Initially, a prelimi-
nary study to estimate the sample size of the population 
to be surveyed was carried out, including all the three 
study areas. Age and gender of the specific population in 
the study areas were obtained through door to door enu-
meration. In this study, the CHIKV seroprevalence was 
observed to be 80%, 73.3% and 46.7% in Chethackal, 
Malankara and Aimcompu. Therefore, it was presumed 
that the actual prevalence might be ~50% and by allow-
ing an error of 10% (precision 90%), with 95% confi-
dence the minimum required sample size for a popula-
tion for about 4,600 was worked out to be 360 which 
was about 8% of the population. This sample size was 
distributed across the study areas in proportion to the 
population size. To survey, required number of individu-

als a systematic sampling technique with random start 
(household) in each study area was adopted and intrave-
nous blood samples were collected during day time from 
all the available individuals in the selected households 
during March-October 2009. Details on the previous 
clinical history of chikungunya fevers were also col-
lected from the patients, simultaneously.

Blood samples were transported to the laboratory 
at Vector Control Research Centre, Field Station, Kot-
tayam, the same day itself and stored at 4ºC for further 
processing, using the commercially available anti-Chi-
kungunya IgG IIFT EUROIMMUN test kits (EUROIM-
MUN AG, Medizinische Labordiagnostika AG, Lu-
ebeck, Germany).

Method to assess seropositivity - The protocol de-
scribed by Litzba et al. (2008) was followed for the in 
vitro determination of human CHIKV antibodies. Sub-
jects with an IgG titre ≥ 1:100 were classified as sero-
positive. The IgG positivity was detected on the basis of 
visualization of the fluorescent green coloration, using a 
fluorescent microscope (EUROIMMUN LED, Eurostar 
Bluelight excitation filter 488 nm, 20X magnification). 
Photographs of all the samples processed were taken 
with the help of a digital camera attached to the fluo-
rescent microscope. Statistical analysis was done using 
EPISTAT software version 16 (CDC, Atlanta, USA).

Ethics - Institutional standard guidelines were fol-
lowed for the collection of blood samples after obtain-
ing their written informed consent form for participa-
tion in the study.

RESULTS

Gender/age seropositivity - Male to female ratio in 
the study area was 1.02. The number of samples col-
lected from Chethackal, Malankara and Aimcompu were 
134,123 and 124, respectively. While the minimum of 
8% desired level was obtained in two of the study areas, 
Malankara (11.5%) and Aimcompu (8.6%), only 6.7% of 
the population could be included, in Chethackal, due to 
unforeseen logistical problems. Considering the popula-
tion of this area (2,016), the sample size could be worked 
out to 125 (presuming the prevalence rate of 50% ob-
tained in the preliminary survey and allowing an error 
of 17% with 95% confidence interval), which yielded the 
minimum desired level of precision of 80%. There was 
no significant difference in the age and gender specific 
distribution (χ2 = 6.33; p = 0.275) of sampled individuals. 
Age and gender specific distribution of population and 
sampling is shown in Fig. 1. It was observed that among 
both males and females there was a fair representation of 
population in all the age classes. Out of 381 samples col-
lected, 259 (68%) were found to be serologically positive 
for IgG. The seropositivity was detected by the appear-
ance of bright green fluorescence of CHIKV IgG positive 
slides. Absence of fluorescence showed that the samples 
were seronegative. The seroprevalence for the study ar-
eas, viz., Chethackal, Malankara and Aimcompu, was 
found to be 70.9%, 74% and 59.7%, respectively (Table). 

Prevalence in males (78%) was significantly (χ2 = 
9.86; p = 0.002) higher than that of females (62.5%). 
CHIKV infection prevalence was found to be age depen-
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dent only in males (χ2 for trend in proportion = 9.549;  
p = 0.002) (Fig. 2). Comparison of age specific prevalence 
among males and females showed that the prevalence in 
males was significantly higher in the two age groups, 
viz., 21-30 years (χ2 = 5.46; p = 0.019) and 31-40 years 
(χ2 = 5.84; p = 0.016) compared to that of females.

CHIKV fever history and seropositivity - Out of the 
381 individuals surveyed, 303 had history of CHIK fever 
(typical fever, joint pain and other symptoms) and among 
them 250 (82.5%) were found to be IgG positive imply-
ing that the history of fever is significantly (χ2 = 139;  
p = 0.000) associated with CHIKV infection. Among 78 
asymptomatic individuals, only 10 (12.8%) were found 
to be serologically positive. Prevalence of CHIKV fever 
(from history) in Chethackal, Malankara and Aimcompu 
areas was 80.6%, 83.7% and 74.2%, respectively. Fur-
ther, there was a significant correlation (r = 0.851; p = 
0.032) between age-specific prevalence of seropositive 
and CHIKV fever history.

DISCUSSION

The population of districts of Pathanamthitta, Iduk-
ki and Kottayam (Census of India 2001) is 1,234,016, 
1,129,221 and 1,953,646, respectively. The CHIKV sus-
pected fever cases reported from Kerala Health records 
from these districts during 2007 (cases were recorded dur-
ing May-October) were only 3,456 (0.28%), 538 (0.05%) 
and 10,662 (0.55%). The present study revealed the per-
centage of persons infected with CHIKV IgG to be 70.9%, 
74% and 59.7%, respectively, in these areas. Among the 
fever cases, 82.5% were found serologically positive for 
CHIKV IgG. A similar observation (70%) was also found 
in the seroprevalence survey conducted in Lamu Island, 
Kenya (Sergon et al. 2008). Besides, in the present study, 
12.8% of individuals who had no experience of fever 
symptoms were serologically positive for CHIKV IgG as 
observed elsewhere also (Sergon et al. 2007).

About 3.6 million fever cases were recorded dur-
ing 2007 in Kerala (11.3% of the total population of the 
state), compared with about 1.8 million in 2006 and 1.2 
million in 2005. There was an upsurge of fever cases and 
also suspected chikungunya fever cases in 2007. It may 
be presumed that the actual figure on account of chikun-

gunya cases would have been very high, since all fever 
cases had been recorded as viral fever and this might 
include more of chikungunya fever cases than the fig-
ures officially reported (Kumar et al. 2008). The flow 
of patients to the hospitals exceeded the inpatient capac-
ity of the hospitals in the districts of Kottayam, Patha- 

TABLE
Seroprevalence of study areas

Area
Population

(n)

Blood samples collected
(n)

IIFT positives
(n)

Prevalence
(%)

Male Female Total Male Female Total Male Female Total 

Chethackal 2,016 57 77 134 45 50 95 78.95 71.43 70.89
Malankara 1,067 55 68 123 45 46 91 81.81 67.65 73.98
Aimcompu 1,451 29 95 124 20 54 74 68.97 56.84 59.68

Total 4,534 141 240 381 110 150 260 78.01 62.50 68.24

IIFT: indirect immunofluorescence testing (immunoglobulin G).

Fig. 2: age and gender specific immunoglobulin G (IgG) prevalence of 
chikungunya positive cases.

Fig. 1: age and gender distribution of the population (pop) and sam-
pled individuals.
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namthitta and Idukki. Under these unprecedented cir-
cumstances, immunological diagnosis was not possible 
with the available facilities in the local hospitals. 

The present study provides an insight on the magni-
tude of the CHIKV outbreak in the plantation sector of 
Kerala during 2007 and the figures actually projected 
could be an underestimate of the problem, as reported 
elsewhere. The seroprevalence of chikungunya infection 
recorded in this study was much higher (68%) compared 
to the similar CHIK outbreaks in many other parts of 
the world. The seroprevalence rate in Italy was 10.2% 
in 2007, 38.2% in the Reunion Island outbreak of 2006 
and 37.2% in Mayotte (Gerardin et al. 2008, Sissoko et 
al. 2008, Moro et al. 2010). The higher seroprevalence 
rate reported in Kerala could be attributed to the expo-
sure of the population dwelling and engaged in the rub-
ber plantations to the infective bites of the day biting and 
exophilic vector species, Ae. albopictus, abundant in this 
region. Ae. albopictus was found to be the predominant 
species in the region (61.99%). They breed profusely in 
the rainwater collections of the unused/discarded latex 
collection containers and in leaf axils of pineapple plants 
cultivated as inter crops in immature rubber plantations 
(Vector Control Research Centre/Indian Council of Med-
ical Research Annual Report, unpublished observations). 
According to State Government Health authorities, the 
2007 outbreak of chikungunya fever lasted for about six 
months. The mosquito control activities carried out were 
inefficient, owing to the vastness of area of the outbreak 
(the area of 3 districts included in the study is 9,203 Km2) 
and unplanned operational measures carried out without 
an efficient entomological surveillance mechanism and 
due to unpreparedness of the health authorities to handle 
such a widespread outbreak. Besides, as described, rub-
ber plantation belt in Kerala pose a special ecological and 
topographical situation, poorly accessible to Government 
Health authorities for routine surveillance due to the hilly 
and forested terrain, compared to urban situations. Also, 
about 20% of the total rubber plantation belt which are 
large area plantations (ranging from 2-3,000 ha) is under 
the jurisdiction of corporate agencies, without a system-
atic surveillance system from State Health Government 
authorities. These factors could have contributed to the 
higher prevalence rate of chikungunya outbreak recorded 
in the rubber plantation belt in Kerala.

The higher seroprevalence rate amongst males (78%) 
evidenced the occupational risk of this gender of the pop-
ulation, who were mainly engaged as plantation work-
ers towards rubber tapping during early morning hours 
(06:00 am-11:00 am) for collection of latex. Interest-
ingly, this activity coincided with the peak hours (sun-
rise) of biting activity of Ae. albopictus, as recorded in 
the similar ecological situation (the rubber plantations) 
in Thailand (Thammapalo et al. 2009). Also, male work-
ers (74%) involved in rubber plantation related activities 
were significantly (χ2 = 65.9; p = 0.0001) higher than the 
females (26%) as rubber tapping is a skilled job involving 
manual labour. Female population engaged in plantation 
work was mainly limited to weeding out activities in the 
plantations (after 09:00 am) and occasionally collection 
of latex milk after the tapping activity was carried out by 

the male members (after 11:00 am). From these plantation 
practices, it could be ascertained that male population en-
gaged in rubber tapping activity during early morning 
hours would have been exposed to more Ae. albopictus 
biting activity compared to the female population. Simi-
lar observations on gender differences in seroprevalence 
had been recorded elsewhere which was attributed to 
exposure to infection due to community specific habits, 
customs or behaviours (Sissoko et al. 2008). Amongst the 
male population, the age group 21-40 years who were 
engaged in plantation work was found to be in the high-
est risk category. This observation is similar to the sero-
prevalence study conducted in Mayotte, where a higher 
seroprevalence rate (> 73%) existed in the age group 
higher than 25 years (Sissoko et al. 2008). Also, there 
are reports indicating that CHIKV IgG was higher in 
individuals above 15 years old, as diversity of socioeco-
nomic status and living in makeshift housing conditions 
increased the risks of exposure to infection (Sergon et 
al. 2007, 2008, Sissoko et al. 2008). Recent studies con-
ducted in Italy also showed that the prevalence of infec-
tion increased with age (Moro et al. 2010). They viewed 
that age and gender are proxy-factors for specific behav-
iour that causes higher exposure to Ae. albopictus bites, 
like staying outdoors during daytime without using any 
personal protection measures. Studies also showed that 
seroprevalence was greater in the part of the village with 
more human activity. Besides, differences in attack rates 
were likely caused by local factors, including population 
immunity and genetic susceptibility, vector competence, 
environmental settings and effectiveness of outbreak 
control measures (Ayu et al. 2010). In Mayotte, CHIKV 
seroprevalence was higher in households with structural 
risk factors for mosquito breeding or exposure, such as 
open yards (Raude & Setbon 2009).

There is no documentation on outbreaks or cases 
of CHIKV infection in Kerala before 2006. Thus, the 
population in the state being immunologically naïve, the 
recent CHIKV outbreak caused tremendous anguish in 
the rubber plantation belt of the state, which was also 
highly receptive owing to the abundant vector popula-
tion prevalent in the region. The present study exposes 
the magnitude of CHIKV infection in rubber plantation 
belt of Kerala and provides basic parameters for mod-
elling the transmission potential of outbreaks and plan- 
ning control measures for this arbo-viral infection in 
a tropical setting. Such type of studies using appropri-
ate and reliable diagnostic measures is essential for the 
quantification and monitoring of epidemics, which en-
able development and implementation of cost effective 
public health measures to manage the disease outbreak 
situations in tropical, developing countries.
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