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Abstract

Since 2006, the Indian state of Kerala has reported outbreaks of chikungunya (CHIK). During July-
August 2007, an unusual increase in the incidence of fever was noticed in Kadmat, Amini and Kavaratti
Islands in the Union Territory of Lakshwadeep, a group of Indian islands adjacent to the Kerala coast in
the Arabian Sea.

The populations affected as per the primary health centre (PHC) records of three islands, viz. Kadmat,
Amini and Kavaratti, was 85%, 1.4% and 0.15% respectively. Entomological surveys revealed very high
larval indices of Aedes albopictus only in the three surveyed islands. Aedes aegypti, the classical vector
of dengue, was not detected. The maximum breeding of Ae. albopictus was found in coconut shells
(57%), tyres (9%), metal containers (9%) and plastic containers (8%). The breeding was also detected in
tree holes and rat-bitten coconuts on top of the trees. The House Index for Ae. albopictus ranged
between 95.4% in Kavaratti to 79% in Amini. Kadmat island which was the worst affected, recording the
maximum Container Index of 90%, compared with 40% in Amini island. The CHIK outbreak seemed
to have been caused by importation of the virus from Kerala, because of heavy movement of the
islanders to the mainland.
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Introduction

In India, a chikungunya (CHIK) outbreak was
reported for the first time in Calcutta (now
Kolkatta) in 1963[1]. Subsequently, epidemics
of chikungunya fever were reported in
Pondicherry (now Puducherry), Chennai,

Rajahmundry, Vishakpatnam and Kakinada in
1965. Chikungunya reappeared in India after
quiescence of four decades in 2005[2]. A large
number of cases were reported from the states
of Andhra Pradesh, Kerala, Karnataka, Tamil
Nadu, Gujarat and Maharashtra[2,3]. As per the
National Vector-Borne Diseases Control
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Programme (NVBDCP) records, a total of 1828
CHIK virus-specific IgM confirmed cases were
recorded from 210 districts of 12 states after
its re-emergence in 2007. In India, both dengue
and chikungunya have been reported to be
transmitted by Aedes aegypti[4].

During July–August 2007, an outbreak of
chikungunya was recorded in Kadmat, Amini
and Kavaratti islands of the Union Territory of
Lakshwadeep in the Arabian Sea. The present
study was carried out from 2 August to 7
September 2007 to investigate the
epidemiological and entomological aspects of
the CHIK outbreak. The results of this study
are incorporated in the present communication.

Study area

Lakshwadeep comprises 36 islands, 11 of
which are inhabited. The islands are
scattered in the Arabian Sea between
longitude 71°–74° east and latitude 8°–12°.
The total area of Lakshwadeep is 32 sq. kms
and the population as per the 2001 census
is 60 650 (31 131 males and 29 519 females).
The population density is 2255 per sq. km.
The people have regular contact with
Ernakulam in the state of Kerala on the
mainland. Ferry services are frequent from
Kochi (earlier Cochin) (Kerala) to different
islands of Lakshwadeep (Figure 1).

The climate is tropical, humid and warm.
The average annual rainfall is more than 1500
mm, mainly during the monsoon season (May
to September). The relative humidity is always
above 70%–75%. The average maximum
temperature varies from 29.5 °C to 33.2 °C
and the minimum from 23.6 ° to 27 °C.

Kadmat is one of the Lakshadweep group
of islands, with an area of 3.2 sq. km. with a

Figure 1: Study area showing different
chikungunya-affected islands in Lakshadweep

and movement of people from Kochi
(Cochin), Kerala

population of 5319. Kavaratti island has 10 113
population with an area of 4.22 sq. km. Amini
is a small island with 2.60 sq. km. area and
7340 population. Coconut cultivation is the
main occupation of the people here.

Materials and methods

Epidemiological data

House-to-house surveys to find out the attack
rate of fever with joint pains were conducted
in the affected islands. These surveys were
combined with entomological surveys.
Epidemiological information was also collected
from the primary heath care (PHC) centres in
the affected islands.
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Entomological data

The entomological studies were carried out in
Kadmat, Amini and Kavaratti islands as per
WHO guidelines[5]. Larval collections were
reared into adults to determine the Aedes
species. After the identification of the species,
the emerging adults were destroyed. The
searches were carried out in domestic and
peridomestic habitats, viz. coconut shells,
grinding stones and metal containers, tyres,
plastic containers, cement tanks, glass bottles,
mud pots, plastic sheets, etc. The House Index
(% houses positive for Aedes breeding),
Container Index (% containers positive for
Aedes breeding) and Breteau index (positive
containers per 100 houses) were calculated to
make an assessment of the vector population
in the affected islands.

Results

Epidemiological

Signs and symptoms: In Kadmat island the
fever cases started reporting on 2 July 2007
and the daily trend was increasing. The fever
cases reported to the PHC centres were mainly
with high fever, malaise, headache and
arthralgia, particularly pain in small gouts, and
vomiting. Skin rashes were also seen in some
of the patients. Twenty-three blood samples
were collected from eligible patients from PHC
and 10 were found positive for CHIK-specific
IgM antibody.

Disease incidence: The island-wise CHIK-
affected population as per PHC centres
recorded from 2 July to 7 September 2007 is
included in Table 1.

From Table 1 it is evident that the outbreak
was centred around Kadmat island where 85%
of the population was affected. Similarly, in
Amini and Karavatti islands, 1.4% and 0.15%
respectively of the population was affected.

Trend of outbreak build-up: The daily
fever cases reported at Kadmat PHC centre
from 2 July to 7 September 2007 are shown in
Figure 2.

From Figure 2, it may be seen that during
2 July to 30 July 2007, the number of cases
reported ranged between 10 and 50, but on
31 July, it climbed to 200 cases. Thereafter, it
showed a declining trend, and, by 7
September, the figure had come down to
below 100 cases.

House-to-house survey: In a house-to-
house survey to assess the attack rate of CHIK,
the numbers of sick persons who had fever
with joint pains in each house on the three
affected islands were recorded. The results are
presented in Table 2.

From Table 2, it is evident that the attack
rate in Kadmat island of 31.3% showed a
declining trend, while in Amini and Kavaratti,
each showing 1.9% attack rate, showed a rising
trend.

Affected PHC centres Area in sq. km. Population No. affected with CHIK
Kadmat 3.20 5319 4565 (85%)
Amini 2.60 7340 1025 (1.4%)
Kavaratti 4.22 10113 16 (0.15%)

Table 1: Island-wise CHIK-affected population as per PHC records
(2 July to 7 September 2007)

Figures in brackets indicate percentage of people affected.
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Figure 2: Daily reported CHIK fever cases at PHC, Kadmat island
(2 July to 7 September 2007)
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Table 2: Attack rate of CHIK as determined during house-to-house survey on
Kadmat, Amini and Kavaratti islands

Date of survey No. of houses Total no. of persons Total no. of persons
visited  in the houses visited  affected at the time of visit

Kadmat
27 August 2007 100 647 203 (31.3%)
Amini
29-30 August 2007 200 1278 25 (1.9)
Kavaratti
31 August -
1 September 2007 200 1292 25 (1.9)

Figures in brackets indicate percentage of people affected clinically

Entomological

Aedes species prevalence: The entomological
investigations on all the three islands revealed
the presence of only one species, Ae.
albopictus. Ae. aegypti, the classical vector of
dengue, could not be detected.

Larval indices of Ae. albopictus: The
larval indices as worked out on the three
affected islands are included in Table 3.

From Table 3, it may be seen that the
threshold levels of HI, CI and BI on all the
three islands were very high. However, the
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maximum BI (380) which establishes a direct
relationship between positive containers and
houses was recorded on Kadmat island,
indicating a high transmission potential as
evidenced by the population affected (85%).

Key breeding habitats: The maximum
breeding of Ae. albopictus was recorded in
tender coconut shells (57%), grinding stones
(3%) and metal containers (9%), tyres (9%),

plastic containers (8%), cement tanks (2%),
glass bottles (2%), mud pots (2%) and plastic
sheets (2%) (Figure 3). The indoor larval habitats
were: coconut shells, plastic containers, metal
containers, grinding stones, cement tanks, mud
pots and plastic sheets. Outdoor breeding
places were: tree holes, tyres, broken glass
bottles, clogged roof gutters, etc., on all the
three islands (Figure 4).

Figure 3: Key breeding habitats of Ae. albopictus observed in
Kadmat, Amini and Kavaratti islands
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Table 3: Larval indices for Aedes albopictus in different islands

Vector indices
House Index Container Index Breteau

(%) (%) Index

Date of survey No. of houses
surveyed

Kadmat
27 August 2007 100 88 90 380
Amini
29–30 August 2007 200 79 40 146
Kavaratti
31 August –
1 September 2007 200 95.4 67.1 222.7
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Figure 4: Key breeding places for Aedes albopictus in Kadmat, Amini and Kavaratti islands

Discussion

During 2007, an outbreak of chikungunya was
reported from Lakshawadeep island. The
outbreak was serologically confirmed (CHIK-
specific IgM) to be due to chikungunya virus
and this was the first recorded outbreak in the
history of Lakshadweep. All the vector indices

in all islands were very high and conducive for
the transmission of the disease (Table 2).

Out of the three islands surveyed as per
PHC centre records, Kadmat island was worst
affected, where 85% of the population had
suffered from the infection. In Amini and
Karavatti islands, only 1.4% and 0.15%
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respectively of the population were affected,
despite the fact that all three islands had very
high vector indices. These variable results could
be explained by high vulnerability (introduction
of virus) at Kadmat island as compared to the
two other islands. The high build-up of the
CHIK epidemic can be explained by the shorter
extrinsic incubation period (3–5 days) as
compared to dengue virus (8–14 days).
Consequently, even if the longevity of the
vector is adversely affected by climatic factors,
the transmission still continues unabated[6]. The
CHIK transmission continues till all the
population develops immunity, which is long-
lasting. During the inter-epidemic periods the
virus enters into wild animals. Lakshadweep
has high rodent and bird populations which
possibly act as a reservoir of infection during
the inter-epidemic period.

Data collected during the house-to-house
survey explains the declining trend in Kadmat,
as 85% of the population had already developed
immunity due to infection, whereas on the
other two islands, the population affected was
low and the susceptible population was still
high, as reflected by higher indices (1.9%).

In India, Ae. aegypti has been incriminated
as the principal vector of CHIK virus in all urban
and rural areas[4]. However, in Lakshaweep, Ae.
albopictus is the CHIK vector in the absence
of Ae. aegypti. In La Réunion island in the
Indian Ocean, Ae. albopictus was also
incriminated as the CHIK vector[4]. In nature,
Ae. albopictus is assumed to have a low vectorial
capacity (i.e. efficacy as a vector) because blood
meals taken from non-susceptible hosts do not
contribute to the transmission[7]. However, in
Lakshadweep, Ae. albopictus, in the absence

of monkeys and other domestic animals,
maintains a high degree of contact with
humans. However, this aspect needs to be
further assessed.

Kerala on the Indian mainland was one of
the endemic states for chikungunya during
2006. In all probability the virus was introduced
in these islands through frequent movement
of the islanders to the mainland. A similar
phenomenon was observed in Italy in 2007
when the virus was again introduced from
Kerala[8,9].

The control of Ae. albopictus is most difficult
as the species occupies both natural habitats,
viz. leaf axils and tree holes as well as man-
made domestic/peridomestic receptacles which
can hold rainwater. The control strategy would
require source reduction/larvicidal application
in domestic/peridomestic habitats. Professional
management of solid waste material outdoors
is essential. Coconut shells should be removed
or stored under sheds to prevent breeding. All
these activities require active participation of
the community. Advocacy programmes need
to be developed for providing information to
the community as well as inter-sectoral
cooperation.
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