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An epidemic outbreak of Chikungunya virus occurred 
during 2006 in 15 States/Union Territories of India. 
The magnitude of the outbreak was unprecedented. 
We carried out a preliminary investigation to charac-
terize the genotype of the virus involved in the out-
break in the State of Kerala and the Union Territory 
of Puducherry. We also looked into mutations in the 
gene sequences of the E1 region, the most informative 
gene of the virus on phylogeny, so as to understand the 
evolutionary trends of the species. The results indicate 
that the outbreak in Kerala and Puducherry was 
caused by the East Central South African (ECSA) 
strain of the virus. Owing to the absence of the A226V 
mutation in the samples analysed, it is likely that the 
outbreak was caused by the introduction of the ances-
tral stock of the Reunion clade to India, either by a 
human host or by the vector population. The magni-
tude of the outbreak might be due to mutations other 
than the already proposed one, i.e. A226V. Interest-
ingly, one of the samples (Puducherry) showed a muta-
tion K211E in the E1 gene, specific only to the Asian 
strain. In-depth studies are required in order to have 
a thorough understanding of the phylogenetic trends 
of the virus in India. 
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THE Chikungunya virus (CHIKV) belonging to the genus 
Alphavirus, family Togaviridae, is transmitted by Aedes 
species of mosquitoes. This virus caused a pandemic out-
break in the islands of Indian Ocean during 2005–06,  
affecting more than 70% of the population1. The higher 
magnitude of the outbreak was attributed to a mutation 
A226V in the E1 gene, which offers cholesterol indepen-
dence to the virus, in infecting the vector mosquito. Re-
cently, an outbreak of this disease occurred in India 
affecting about 15 States/Union Territories2. The number 
of suspected cases was estimated to be 1,392,027 in the 
country, with 70,731 and 542 cases in Kerala and Pudu-
cherry respectively2. The magnitude of the outbreak 

was higher than the Chikungunya epidemic reported3 in 
India during 1971. While the local authorities of the Gov-
ernment of Kerala reported mortality of 74 cases in Alap-
puzha District, these were attributed to other infections/ 
disease conditions of the patients by Health authorities of 
the Government of India2. 
 A recent study on the CHIKV outbreak in Andhra 
Pradesh (AP), Karnataka and Maharashtra4 indicated the 
involvement of the East African strain of the virus. We 
isolated the virus from a few serum samples collected 
from suspected Chikungunya cases in Kerala and 
Puducherry and amplified the gene for non-structural pro-
tein 1 (NSP1), reported to be of diagnostic use for viral 
infection. The viral gene for the membrane fusion glyco-
protein envelope 1 (E1) gene, reported to be of phylo-
genetic significance was amplified to elucidate the strain 
of the parasite involved in the viral outbreak. Since the E1 
gene is reported to be the most phylogenetically informa-
tive one5, a larger portion of the gene was also amplified 
to elucidate the evolutionary trends of the parasite.  
 About 500 μl of blood samples from eight suspected or 
clinically diagnosed Chikungunya cases attending Pri-
mary Health Centres in Alappuzha District, were col-
lected into RNAase-free eppendorff tubes, which were 
immediately transferred to ice packs (4°C). These were 
transported to the Kerala State Institute of Virology and 
Infectious Diseases, Alappuzha and subsequently to the 
Vector Control Research Centre, Puducherry. These sam-
ples were centrifuged at 6000 rpm for about 15 min, and 
the sera separated into fresh RNAase-free tubes. Four  
serum samples of suspected cases from Puducherry col-
lected within 3–4 days of onset of fever and one sample 
collected from the nearby district of Cuddalore, Tamil 
Nadu (TN) were also used for virus isolation. A negative 
control (blood of the first author) was maintained. Viral 
RNA was isolated from the serum sample using QIAGEN 
Viral RNA Kit (QIAGEN, Germany). The RNA was re-
verse-transcribed to cDNA, and NSP1 and E1 gene se-
quences were amplified using Roche One Step RT–PCR 
kit (Roche, USA). The DNA primers used for RT–PCR 
were those already reported5. The amplified fragments 
were custom-sequenced (Microsynth, Switzerland). The 
larger portion of the E1 gene (~1000 bp) was amplified 
using the ‘FG20’ DNA primers1. The cDNA sequences 
were aligned using ClustalW and analysed using phyloge-
netic software, viz. MEGA 3.1 (Kumar et al.6) and 
DNASP (Rozas et al.7). 
 Five samples among eight collected from Kerala and 
all the five samples from Puducherry/TN were found 
positive for CHIKV infection. The case details of the pa-
tients and respective GenBank accession numbers for the 
cDNA sequences amplified are given in Table 1. Custom 
sequencing of one of the E1 sequences from Kerala did 
not yield good results, and hence was not included for 
analysis. The cDNA sequences of the NSP1 gene ampli-
fied ranged from 322 to 359 bp. 
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Table 1. Details of Chikungunya patients from Kerala, Puducherry and Tamil Nadu 

 GenBank accession no. 
      Symptoms 
Patient ID no. Date of collection Age Sex State  Region when sampled NSP1 E1 
 

CH1 20–10–06 25 M Kerala Alappuzha Fever  Negative 
CH2 21–10–06 12 F Kerala Alappuzha Fever  Negative 
CH3 20–10–06  7 M Kerala Alappuzha Fever* EF674318 EF674326 
CH4 22–10–06  2 M Kerala Alappuzha Fever*  EF674319 EF674327 
CH5 22–10–06  6 F Kerala Mararikulam Fever* EF674320 EF674328 
CH6 23–10–06  4 F Kerala Alappuzha Fever*  Negative 
CH7 23–10–06  6 F Kerala Alappuzha Fever* EF674321 EF674329 
CH8 24–10–06 13 F Kerala Kuttanad Fever* EF674322 EF674330 
PCH1 12–10–06 60 F Puducherry Puducherry Fever*  EF113093 EF113095 
PCH2 12–10–06 14 M Puducherry Puducherry Fever* EF113094 EF113096 
PCH3 02–11–06 24 F Puducherry Puducherry Fever* EF674323 EF674331 
PCH4 03–11–06 49 M Puducherry Puducherry Control  Negative 
PCH5 03–11–06 18 F Tamil Nadu Cuddalore Fever* EF674324 EF674332 
PCH6 06–11–06 16 M Puducherry Puducherry Fever* EF674325 – 

*Other symptoms included arthralgia, myalgia headache, reddishness of eyes and rashes. 
 
 

 
 

Figure 1. Phylogenetic analysis of the E1 gene sequences of Chikungunya virus (bootstrap consensus tree). 
 
 
 The E1 gene amplified ranged from 247 to 286 bp. The 
mean genetic distance among the nine sequences was 
negligible (Kimura two-parameter = 0.0008). In the phy-
logenetic tree these sequences grouped with the ECSA 
strain when analysed along with the representatives of the 
three strains of CHIKV2 (Figure 1), and were found to be 
genetically similar to the Reunion (Indian Ocean islands) 
isolates. The genetic distance between these samples and 
the ECSA strain was only 0.0110, compared to the Asian 
strain (0.0522). These results indicate that the current 
outbreak was caused by the Reunion clade of the virus, 
which may have been transported by either human host or 
vector to the highly receptive South Indian region. An 

earlier study of the outbreak in AP, Karnataka and Ma-
harashtra also implicated the cause of the outbreak to the 
ECSA strain4.  
 The larger region of five E1 sequences amplified in-
cluded three samples from Puducherry and two from 
Alappuzha region. On sequencing, the DNA sequences of 
this fragment ranged from 933 to 957 bp (GenBank acces-
sion no. EF555196–EF555200). 
 Two mutations, viz. T/C at 10593 and A/G at 10624 were 
found in the 933 bp of the E1 gene in the isolates from 
Puducherry region, corresponding to 10182–11114 bp of 
Chikungunya genome (DQ443544). While the former was 
a synonymous mutation, the latter was non-synonymous 
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(K211E). Such mutations were also recorded in the Asian 
strains (AY424803-Nagpur, India, AF192899-Thailand 
and AF192894-Indonesia). However, other non-synonymous 
mutations that were recorded in the Asian strain were to-
tally absent in the Puducherry isolate. Besides these, two 
mutations were recorded among the sequences of South 
Indian isolates compared to the Reunion isolates, viz. C/T 
at 10670 and A/G at 10743. The former was the non-
synonymous mutation, which led to A226V in Reunion 
strains, while the latter was a synonymous mutation. The 
alignment of the common region of the sequences (de-
duced amino acids) with the representatives of all the 
three strains of CHIKV is given in Table 2 (region 10264–
11112 corresponding to DQ443544).  
 During the initial period of the CHIKV outbreak in the 
Indian Ocean islands (March–June 2005), the isolates did 
not show prevalence of A226V mutations. However, dur-
ing the explosive epidemic peak of infection from Sep-
tember to December 2005, and subsequently till March 
2006, the mutation frequency of A226V in the population 
increased tremendously to reach about 90% of the popu-
lation1. Since this mutation offers cholesterol independ-
ence to the virus, as described in the closely related 
Selmiki Forest virus, it was postulated that this function 
would have provided the virus a chance to survive and 
multiply with better efficiency in mosquito vectors, 
which in turn would have contributed to its rapid spread1. 
However, the Indian isolates that we studied did not have 
this mutation. It may be concluded that the current Indian 
outbreak might be due to the introduction of ancestral vi-
rus strain, which caused the first period of outbreak in the 
Reunion Islands. The absence of this mutation indicates 
the probable contribution of other mutations in the genome 
towards the comparatively higher magnitude of the out-
break in India. Sequencing and analysing the entire ge-
nome of this virus, may throw light on this aspect. The 
findings of this preliminary study on the phylogeny of 
CHIKV infection in Kerala and Puducherry warrant a 
large-scale investigation involving more samples, so as to 
have a thorough understanding of the evolutionary trends 
of the virus.  
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Double-differenced Global Positioning System (GPS) 
carrier-phase observations produce accurate GPS-
precise point positioning results if processed with least 
squares algorithms, which need a functional and a sto-
chastic model to be properly defined, the latter being 
difficult to accomplish practically. The standard model, 
the MINQUE model and the simplified MINQUE model 
are widely used for estimating the variance–covariance 
components of GPS observations. In this communica-
tion, the outputs from these models are compared. It has 
been shown that both the MINQUE models are superior 
to the standard stochastic model and the simplified 
MINQUE model has the same accuracy as the MINQUE 
model, but with a drastically reduced computational 
time. 
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IN principle, the Global Positioning System (GPS) is used 
for navigational purposes or for locating the position of 
any particular point on the earth’s surface. However, with 
the application of mathematical and surveying concepts, 
high accuracy surveying and deformation studies up to 
centimetre or millimetre level accuracies can be done. 
The relative positioning of double-differenced (DD) GPS 
measurements is favoured because it cancels out many 
systematic errors and has a simplified functional model. 
Although major parts of the systematic errors can be 
modelled or cancelled out by double differencing the 
GPS measurements between the satellites and receivers, 


