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Abstract.

The outbreak of chikungunya fever that surfaced in India during late 2005 has affected more than

1.56 million people, spread to more than 17 states/union territories, and is still ongoing. Many of these areas are dengue-
and leptospirosis-endemic settings. We carried out a cross-sectional survey in one such chikungunya-affected location in
Dakshina Kannada District of Karnataka State to estimate the magnitude of the epidemic and the proportion of chikun-
gunya virus (CHIKV) infections that remained clinically inapparent. The seropositivity for CHIKV infection was 62.2%,
and the attack rate of confirmed CHIK fever was 58.3%. The proportion of inapparent CHIKYV infection was 6.3%. The
increasing trend in the seropositivity and attack rate of CHIKYV infection with age group was statistically significant. The
present study is an indicator of the magnitude of the ongoing outbreak of CHIKYV infection in India that started during

2005-2006.

Chikungunya (CHIK) fever surfaced in India during
October 2005 in the state of Andhra Pradesh, and by July
2009, it spread to 17 states/union territories.'”* The epidemic
affected all the states in south India. These states are also den-
gue- and leptospirosis-endemic areas.** By July 2009, a total of
1,568,630 suspected cases were reported throughout India.>?
However, this statistic is considered a gross underestimate.®
More than one-half of these cases were reported from the
southern Indian state of Karnataka.>® We carried out a cross-
sectional survey among the people residing in the jurisdictional
area of a primary health center (PHC) in Dakshina Kannada
District of Karnataka State to estimate the magnitude of the
epidemic and the proportion of CHIK virus (CHIKV) infec-
tions that remained clinically inapparent.” Institutional Ethics
Committee approval for the study and informed consent from
subjects were obtained.

In Dakshina Kannada District, the outbreak started in
January 2008. As per the statistics of Health Services, by
August 2008, around 40,000 people were suspected to have suf-
fered CHIK fever based on a surveillance case definition laid
down by the National Vector Borne Disease Control Program
(NVBDCP), India. The surveillance case definition stipulated
that any patient reporting with fever and arthralgia/arthritis
be considered as a suspected case of CHIK fever. The district
is a dengue- and leptospirosis-endemic area.®® The number of
laboratory-confirmed cases of CHIK fever, dengue, and lep-
tospirosis until mid-August 2008 was 173, 29, and 28, respec-
tively. Laboratory-confirmed dengue cases reported in 2003,
2004,2005,2006,and 2007 were 100, 1,3,7,and 14, respectively,
and the leptospirosis cases reported for the same years were
1,15,37,48, and 23, respectively. CHIK fever was not reported
before 2008.

The study was carried out from August to September 2008
in Adyanadka PHC jurisdiction area containing two villages.
The PHC area has a population of 13,861 people living in 3,000

*Address correspondence to Paluru Vijayachari, Regional Medical
Research Centre (RMRC-ICMR), Dollygunj, Port Blair 744 101,
Andaman and Nicobar Islands, India. E-mail: vijayacharip@yahoo
.com

751

households. Based on PHC statistics, around 2,000 people suf-
fered from suspected CHIK fever by mid-August.

The number of suspected cases of CHIK fever reported to
the PHC during the period of January to September 2008 by
month of reporting was obtained from the records of PHC. A
cross-sectional survey was carried out among a sample popu-
lation of 1,174 living in 300 households drawn from all the four
subcenter areas (75 households in each subcenter area) of the
PHC. In each subcenter area, a systematic sampling method
was used. The sampling frame was the household enumera-
tion list maintained in PHC. The first house to be surveyed
in each subcenter area was selected at random from the sam-
pling frame and then, every 10th house was included in the
sample. Those that suffered from fever, joint pain, or both dur-
ing the epidemic period were considered as suspected cases of
CHIK fever. The study population was stratified into five age
strata [i.e., < 13 years (children), 1319 years (teenagers), 20—
29 years, 30-44 years, and > 45 years (elderly)]. The proportion
of persons suspected to have suffered CHIK fever (age- and
sex-specific attack rate of suspected CHIK fever) was calcu-
lated for each age and sex strata.

Serological testing was carried out in a subsample of 360
individuals selected from the study population at random after
stratifying for age group and sex (excluding children aged less
than 5 years). This sample size was sufficient to estimate a
prevalence of CHIKYV infection similar to the observed preva-
lence of suspected CHIK fever with an absolute precision of
5%.Brief histories of all the subjects were taken,and any other
symptoms suffered during epidemic period were recorded. A
blood sample was collected from these subjects. The serum was
separated,and the presence of anti-CHIKV immunoglobulin M
(IgM) antibody was tested by the IgM-capture enzyme-linked
immunosorbent assay (ELISA) method using the kit devel-
oped by the National Institute of Virology (NIV, Pune, India).
A test was considered positive when the test optical density
(OD) was > 2.1 times the negative control OD. The in-house
validation of this assay carried out at NIV has shown a high
specificity of 96.5% (A. Sudeep, personal communication).

Figure 1 shows the number of cases of suspected CHIK
fever reported to the PHC by month of reporting. The epi-
demic started in February, peaked in June, and tapered off
during the next few months.
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FiGure 1. The number of cases of suspected CHIK fever reported
to the PHC by month of reporting, January to September 2008.

The age and sex structure of the study population was similar
to that of the census population in the PHC area. The overall
attack rate of suspected CHIK fever based on case definition
(i.e., fever, joint pain, or both) among the surveyed population
was 66.4% [95% confidence interval (CI) = 63.7-69.1].

Of the 360 subjects tested for the presence of anti-CHIKV
IgM antibody, 237 had suffered symptoms specified in the case
definition between March 2008 and September 2008. Of the
237 subjects, 210 tested positive for anti-CHIKV IgM anti-
body. Fourteen subjects who did not suffer from the symptoms
specified in the case definition also tested positive for anti-
CHIKYV IgM antibody.

The distribution of the OD to cut-off ratios among the
360 study subjects (data not shown) was bimodal, with the
first mode at 0.5 and the anti-mode at 1.0, which coincided
with the cut-off OD used. Values below the anti-mode were
closely clustered around the first mode, indicating that the
test effectively separated infected and non-infected persons.
The mean of the OD to cut-off ratios among subjects with
laboratory-confirmed CHIKYV infection was 4.3 + 2.3, and the
mean among the others was 0.8 + 1.0; this difference was sta-
tistically significant (z = 19.8, P < 0.001). However, among the
laboratory-confirmed patients, the distribution did not differ
between those who fulfilled the case definition and those who
did not (mean OD/cut-off = 4.3 + 2.2 versus 3.8 + 2.4,1 = 0.72,
P =0.485).

Of the 210 laboratory-confirmed patients who tested posi-
tive for anti-CHIKV IgM antibodies and suffered one or more
symptoms specified in the case definition, 2.0% suffered only
fever, 15.0% had only joint pain, and 83.0% had both. The 27
IgM-negative symptomatic patients included 5 (18.5%) per-
sons with fever alone, 3 (11.1%) with joint pain alone, and 19
(70.4%) with both.

For comparing the distribution of OD to cut-off ratios
among symptom groups, the study subjects were grouped into
two groups based on the presence of symptoms. Three such

comparisons were done: the first with fever, the second with
joint pain, and the third with fever and/or joint pain as the cat-
egorizing symptom. In all these comparisons, the means of the
OD to cut-off ratios were higher among those with the symp-
tom compared with those without, and the differences were
statistically significant (3.8 + 2.4 versus 1.9 + 1.3, =7.8, P <
0.001 for fever; 4.0 £ 2.4 versus 1.3 + 1.8,¢=10.7, P < 0.001 for
joint pain; 3.9 + 2.4 versus, t = 13.5, P < 0.001 for fever and/or
joint pain).

Table 1 summarizes the survey results. The overall seroposi-
tivity for CHIKV infection was 62.2% (95% CI = 57.0-67.3).
In 6.3%, the infection was inapparent, because they did not
suffer from any of the symptoms specified in the case defini-
tion. Although the proportion of inapparent infection among
school-aged children was high [14.3% (4/28)] compared with
the other groups [5.1% (10/196)], the difference was not statis-
tically significant (x> = 3.53, P = 0.06). The attack rate of con-
firmed cases of CHIK fever observed was 58.3% (95% CI =
53.0-63.5). The increasing trend in CHIKYV infection with age
group was statistically significant () for linear trend = 47.631,
P < 0.01). A similar trend is also observed in the attack rate
of confirmed CHIK fever. CHIKV seroprevalence among
women (66.3%) was higher than that among men (58.5%).
However, the difference was not statistically significant (y> =
2.31, P = 0.12). The difference in the attack rate of confirmed
CHIK fever among males (54.8%) and females (62.2%) was
also not statistically significant.

Dengue IgM testing was performed on all serum samples
and was detected in only 14 patients, 9 of whom were also
CHIKYV IgM positive.!? Leptospira IgM antibody was found
in only five patients.

The present study is an indicator of the magnitude of the
ongoing outbreak of CHIK fever in India, which started dur-
ing 2005 and 2006.1! The high seroprevalence of anti-CHIKV
IgM antibodies (62.2%) and attack rate (58.3%) observed in
the present study is comparable with the figures documented
during earlier outbreaks in Africa, Grande Comore Island, and
other parts of India.'"* However, the seroprevalence studies
done in these territories have shown large variations between
regions in the prevalence rate.”” It was 38.2% in La Reunion
Island and 63% in Grande Comore Island.”® The current
serosurvey was conducted at the end of outbreak, avoiding the
risk of underestimating the number of cases that might occur
if serosurveys are conducted during epidemic.

The present data indicate higher risks of CHIKV infection
and development of clinical illness among older populations.
This was observed earlier on Reunion Island (74% of the vic-
tims were over 30 years of age) and in India.'>!6"

The study could estimate the proportion of inapparent
CHIKYV infection during CHIK fever outbreak, and this was
found to be low (6.3%). The serosurvey done on Reunion

Household survey based on case definition and serological survey for the presence of anti-CHIK IgM antibody

TABLE 1

Disease survey based on case definition Serosurvey Inapparent infection Attack rate of
Age group confirmed CHIK
(years) Surveyed Positive (%) No. Positive (%) No. Proportion (%) fever (%)
<13 241 98 (40.7) 75 28 (37.3) 4 143 32.0
13-19 84 53(63.1) 27 14 (51.9) 1 7.1 48.1
20-29 306 188 (61.4) 94 53 (56.4) 4 75 52.1
30-44 265 200 (75.5) 83 57 (68.7) 1 1.8 67.5
>45 278 241 (86.7) 81 72 (88.9) 4 5.6 84.0
Overall 1,174 780 (66.4) 360 224 (62.2) 14 6.3 583
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Island has documented a 16.0% prevalence of inapparent
infection.”

There seems to be an association between the overall
seroprevalence in a study population and the proportion of
inapparent infection. When there is widespread infection, as
indicated by high seroprevalence, the proportion of inappar-
ent infection seems to be low, as in the case of the present
study (62.2% and 6.3%), whereas in study populations with
lower seroprevalence, as in the case of the study population
on La Reunion Island (38.2%), the proportion of inapparent
infection was found to be higher (16.0%)."> When the expo-
sure is widespread and frequent, a large proportion of the
population is likely to be infected, resulting in high seropreva-
lence. In such situations, the dose of infection is also likely to
be high because of frequent exposure to the bites of carrier
mosquitoes, possibly resulting in more severe infection than
when the dose of infection is low. This could be one expla-
nation for a higher proportion of symptomatic infection in
communities where the exposure and seroprevalence is wide-
spread. However, unlike dengue fever and leptospirosis, the
proportion of inapparent infection seems to be much less in
CHIKV infection.’®* The age-group differences in the pro-
portion of inapparent infection are more likely explained by
age-dependent effects on disease symptoms.?!

We documented the simultaneous presence of CHIKYV, den-
gue virus, and leptospirosis infection in the community as well
as the concurrent presence of CHIKV and dengue antibod-
ies in same subjects.”>? However, the contribution of leptospi-
ral and dengue viral infection in the present outbreak is low,
which is evidenced by low seropositivity to these infections
among the patients affected during the outbreak.

There were a few limitations to the study. The seropreva-
lence survey did not include children below 5 years of age, who
might have had a lower seroprevalence than the older popula-
tion. This might have resulted in some overestimation of the
overall seroprevalence. A diagnosis of CHIKV infection was
based on the presence of anti-CHIKV IgM antibodies. IgM
antibodies in some of the persons infected early during the
course of the outbreak might have declined to undetectable
levels by the time testing was done, thus leading to misclas-
sification of such persons as non-infected. This might have
resulted in an underestimation of the seroprevalence and
attack rate. The survey depended on self-reported symptoms
during the previous 5 months, and there could be some recall
bias, although it is unlikely to be substantial enough to grossly
distort the overall finding of the study.

In summary, the present study confirms previous observa-
tions—the widespread nature of the CHIKYV infection dur-
ing an outbreak resulting in high attack rate. Only one study
before this documented the proportion of inapparent infec-
tion in CHIK outbreak, and it was very low compared with
other arboviral diseases. Our study further shows that it still
could be low when the overall attack rate is high. The increase
in attack rate with increasing age needs explanation and fur-
ther research.
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