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Abstract Dengue has emerged as a major public health
challenge in terms of both changing clinical pattern and
epidemiological features. The state of Odisha reported first
dengue epidemic in the year 2010 and this continued each
year in epidemic form during post monsoon period grad-
ually becoming an endemic phenomenon. Present study
depicts the changing epidemiological and clinical pattern
of dengue with reference to its serotypes and genotypes.
The study included 5320 suspected dengue cases from
different health facilities of the state during 2010-2017.
Dengue NS1 antigen and IgM antibody was done through
ELISA. Serotyping was done through RTPCR by ampli-
fying a part of core-pre-membrane gene (CprM) followed
by sequencing and phylogenetic analysis. Dengue IgM
antibody in 17.7% cases and NS1 antigen in 53.20% cases
was detected. Dengue serotype 2 (DEN-2) was the only
serotype detected in 2010 and 2011 where as all four ser-
otypes 1, 2, 3, 4 were detected in 2012-2017, DEN-2 being
dominant but in 2017 DEN-3 was found to be dominant.
Phylogenetic analysis revealed genotype IV of DEN-2 and
genotype III of DEN-1 and DEN-3 circulating in this
region. In 6 cases involvement of DEN-2 in clinically
evident encephalitis cases is an important observation in
this region and needs public health attention. High
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prevalence of dengue was observed without any previous
reported outbreaks in the state with increased number of
cases from 2010 to 2012 affecting both urban and rural
areas. High incidence in 2012 was due to co-circulation of
more than one serotype which continued in the following
years. Severity in some cases was associated with mixed
infection but in most cases it was mild indicating the
endemic nature of the virus in most parts of Odisha.

Keywords Dengue - Epidemiology - Molecular -
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Introduction

The fast changing epidemiological features have put den-
gue as a global threat affecting around 50 million people
worldwide [8]. Currently it is the most important vector
borne, human viral disease in the world. Especially in
tropical and subtropical countries it has emerged as a major
public health concern in terms of both the number of cases
and number of deaths. A wide range of clinical presenta-
tion may result from dengue virus infection which can be
differentiated from asymptomatic or a mild, non specific
fever to classic Dengue Fever (DF) and severe presenta-
tions such as Dengue Hemorrhagic Fever (DHF) or Dengue
Shock Syndrome (DSS). In South East Asia, DHF and DSS
are leading causes of hospitalization and death among
children [13].

Dengue virus (Family Flaviviridae, genus Flavivirus)
constitutes four antigenically distinct serotypes. Infection is
thought to confer lifelong immunity against the same ser-
otype but only partial or transient (few months) cross
protection against infection by other serotypes indicating
chances of infection by other serotypes subsequently.
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Secondary infection with different serotype may also carry
an increased risk of developing severe forms of the disease
[12].

In India the first dengue epidemic was reported in 1963
in Calcutta, West Bengal with significantly high number of
reported DHF cases (30%) and with 200 deaths followed
by a number of DF outbreaks affecting different states like
Haryana, Punjab, Rajasthan, Uttar Pradesh and Tamil Nadu
[18]. Delhi was severely affected with largest epidemic of
DF/DHF cases during 1996 with 10,252 cases and 423
deaths [2].

The state of Odisha did not have any report of dengue
outbreak until 2010 when first report of sporadic dengue
was reported from Malkangiri and Gajapati districts that
was followed by several epidemics in subsequent years.
The present study describes epidemiological changes of
dengue virus infection that emerged in Odisha from 2010
to 2017 with special reference to serotypes and genotypes
of the virus.

Materials and methods
Geographical distribution

The state of Odisha is situated on the eastern coast of India
in between 17°48' and 22°34’ North latitude and 81°24' and
87°29’ East longitude. Standing on the coastal belt, the
weather is greatly influenced by the sea (Bay of Bengal).
The climate of the region is tropical resulting in very high
temperature in the months of April and May. During
summer maximum temperature ranges between 35 and
40 °C and during winter the low temperatures are usually
between 12 and 14 °C. The average rainfall is 150 cm,
experienced as the result of south west monsoon during
July—September.

Odisha has been divided into five major geographical
regions: coastal plain in the east, the middle mountainous
and highland region, the central plateaus, the western
rolling uplands and the major flood plains. The study areas
like Baleswar, Ganjam and Gajapati are situated on the
coastal plain whereas Malkangiri mainly consists of
mountains and highlands.

Sample collection and laboratory test

Blood samples were collected from two sources (a) sam-
ples referred from secondary and tertiary health care cen-
ters of the state (n = 4463) and (b) from outbreak affected
areas by direct outbreak investigation (n = 857). The cen-
tre’s virology laboratory has been networked with different
secondary and tertiary level hospitals and medical colleges
of the state. The centre is also designated as the regional

referral laboratory for laboratory diagnosis of vector borne
diseases in the state. Samples were collected along with
clinical information in a predesigned format from 33 hos-
pitals and 6 medical colleges covering all 30 districts of
Odisha.

Besides the above hospital based surveillance the centre
also investigated different reported outbreaks in the state
by direct field investigation in collaboration with the state
health department and integrated diseases surveillance
program (IDSP). During outbreak investigation the medical
doctor of the team investigated cases and obtained clinical
information in predesigned questionnaire. A case of dengue
was defined as an acute febrile illness having duration of
2-7 days with two or more manifestations among head-
ache, retro-orbital pain, myalgia, arthralgia, rash, hemor-
rhagic manifestations, leucopenia [7]. Other related
infectious causes like malaria and urinary tract infections
were ruled out by laboratory investigation. A total of 5320
blood samples were collected from 2010 to 2017. Samples
were transported to the laboratory in cold chain. The
samples were tested for dengue specific IgM antibodies
(NIV, Pune) or NSlantigen (PanBio, Australia) through
ELISA following the manufacturer instruction. Viral RNA
was extracted by QIA amp viral RNA mini kit (Qiagen,
Germany) as per the protocol provided by the manufac-
turer. RTPCR assay was performed targeting core pre-
membrane (CprM) gene and 4 dengue serotypes were
distinguished by the size of the products as described by
Lanciotti et al. [14]. PCR contamination was avoided by
spatially separating the pre and post amplification steps and
to detect possible contamination a no template negative
control was incorporated in all the PCR reactions. The
products were electrophoresed through 2% agarose gel,
stained with ethidium bromide and examined under ultra-
violet light using gel documentation system (Alpha Imager,
USA).

The gel purified products were directly sequenced using
the specific primers and Big dye terminator kit (Applied
Biosystems, USA) as per the manufacturers instruction in
automated DNA sequencer (ABI, Genetic Analyzer 3730).
The sequences were analyzed by using Clustal W function
of the Bio-Edit 6.0.7software. Phylogenetic analysis was
carried out by using Neighbor joining method in MEGA
3.1 program with Kimura 2 parameter distance correction
and 1000 boots strap replications.

Result and discussion
Serological investigation of enrolled cases

Suspected cases of dengue infection were first reported
from Malkangiri district of Odisha during 2010. A total of
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5320 cases were collected/received during 2010-2017.
Highest numbers of cases i.e. 2255 were reported in 2012
from all 30 districts whereas lowest numbers of cases i.e.
81 were reported from 8 Districts during 2010. Cases
included both rural and urban population (Source: IDSP,
Odisha). Among the cases 3498 were male (65.7%) where
as females represented 34.2% (n = 1822). Throughout all
the years 2644 cases (49.7%) of dengue positives were
detected either through IgM or NSI1. Percent positivity of
NSI ranged from 15.38 to 72.52% in comparison to IgM in
6.52-29.58% of cases (Table 1). Distribution of positive
cases in all the 8 years have shown majority number of
cases were received during post monsoon period (July—
Nov) irrespective of the year. The month wise distribution
of positive cases is given in Fig. 1. Age-wise distribution of
dengue positive cases in all the years indicates that age
group > 15 years were more commonly affected (53-80%)
than the age group < 15 years. Except during 2013, chil-
dren below 15 years were also seen to be affected (48.8%)
in a greater proportion. During this year all age groups
more than 15 years age group were equally affected
(74.4-79.8%). Median age of presentation during 2011 was
the lowest (11 years) and highest (28 years) during 2010
and 2013. Age wise distribution of positive cases is pre-
sented in Table 2.

Sequencing and phylogenetic analysis

A representative subset of samples positive for NS1 antigen
(n = 940) were subjected to RTPCR for serotyping. Ser-
otype determined in 70.1% of samples shown circulation of
all four serotypes in the state. During 2010 and 2011, DEN-
2 was the only serotype detected where as from 2012 to
2017 all four serotypes were detected but DEN-2 remained
the dominating serotype (17.58-100%) till 2016. In 2017,
DEN-3 was more detected in comparison to other three
serotypes. Distribution in terms of number of serotypes

Table 1 Laboratory identification of dengue over years
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Fig. 1 Monthly distribution of suspected dengue cases from 2010 to
2017

detected over the years is presented in the Table 3. Though
more than one serotype was detected in different districts
of the state but each district was affected by a dominant
serotype either DEN-1, DEN-2 or DEN-3. Also it has been
observed that one serotype was present in 2—3 adjoining
districts. The distribution of dominant serotype in different
districts is presented in Fig. 2. The districts showing no
serotype indicates though there were dengue positive cases
but it could not be detected through PCR. Sequencing was
done in a subset of randomly selected samples from each
serotype (5 from DEN-1, 12 from DEN-2, 3 from DEN-3).
Three neighbor joining phylogenetic trees were constructed
for three serotypes with available reference sequences
isolated from different regions of India. A 362 bp product
from CprM region was identical in 5 isolates of DEN-1 and
the sequences had 99% similarity with North Indian strains.
All isolates of DEN-1 fell into genotype III cluster and
grouped with North Indian strains isolated during 2005 and
2010. Sequences of samples positive for DEN-2 had clus-
tered with sequences of genotype IV with 99% identity
with strains isolated from Kerala and 98% identity with
North Indian strains. Sequences for DEN-3 were of

Year of Total IeM IgM % NS1 NS1 % Dengue %
investigation sample tested Positive positive tested positive positive positive positive
2010 81 81 15 18.52 0 0 15 18.52
2011 226 216 25 11.57 57 28 49.12 46 20.35
2012 1283 905 59 6.52 1052 392 37.26 440 34.29
2013 1728 628 115 18.31 1601 1161 72.52 1267 73.32
2014 290 266 63 23.68 100 20 20.00 79 27.24
2015 289 234 41 17.52 143 22 15.38 55 19.03
2016 735 426 126 29.58 584 290 49.66 372 50.61
2017 688 386 112 29.02 585 280 47.86 370 53.78
Total 5320 3142 556 17.70 4122 2193 53.20 2644 49.70
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Table 2 Age wise distribution

.\ A
of dengue positive cases £¢ group

Number positive (%)

Age (years) 0-15

2010 4 (23.53)
2011 14 (11.67)
2012 82 (23.3)
2013 145 (48.82)
2014 36 (28.35)
2015 11 (12.22)
2016 83 (33.2)
2017 77 (27.5)

16-30 31-45 46-60 >60

6 (20.69) 3 (17.65) 1(8.33) 1 (16.67)
14 31.11) 12 (36.36) 5(26.32) 1AL11D)
167 (38.48) 109 (40.82) 56 (36.36) 26 (34.21)
553 (79.11) 353 (79.86) 166 (74.44) 50 (74.63)
22 (29.73) 13 (27.66) 6 (20.69) 2 (15.38)
18 (16.67) 18 (36) 6 (18.18) 2 (25)

145 (61.7) 96 (70.07) 36 (41.38) 12 (46.15)
154 (75.12) 81 (77.14) 43 (61.43) 15 (53.57)

Table 3 Dengue serotypes detected over the years

Year of investigation Serotypes (no. of cases)

DEN-1 DEN-2 DEN-3 DEN-4

2010 0 5 0 0
2011 0 22 0 0
2012 36 58 34 19
2013 66 88 62 19
2014 2 3 1

2015 1 6 1 0
2016 13 46 7 4
2017 26 29 98 12
Total 144 257 203 55

genotype III and maximum identity (99%) was observed
with strains isolated from Delhi during 2003 (Fig. 3).

Correlation of laboratory investigation with clinical
presentation

Clinical presentations of most of the cases with confirmed
dengue infection in our study population were mild to
moderate. Fever, headache, arthralgia, myalgia, nausea and
vomiting were the common symptoms. The range of pla-
telet count was observed from 46 to 113 (109/L) with a
mean platelet count of 146.5 (109/L, SD: 119.6). Hemat-
ocrit was observed to be in the range of 32-42% with a
mean value of 38.2% (SD: 5.25). In one patient two epi-
sodes of bleeding (hematemesis) was observed and found
to be infected with both DEN-1 and DEN-2. Sixteen
patients showed signs of increased capillary permeability
(ascites) during 2012. Out of these 16 cases of ascites, in 12
cases intraperitoneal fluid collection was observed clini-
cally where as 4 cases were detected through ultrasound.
Three hundred one dengue positive cases had features of
encephalitis having mental disorientation and irritability

including two patients with DEN-2 infection. The mean
duration of persistence of symptoms was 6.4 days (SD:
3.9).

Most of vector borne diseases exhibit a distinctive sea-
sonal pattern and climatic factors such as rainfall, tem-
perature, relative humidity and other weather variables
affecting both the vector and the pathogen they transmit in
many ways favoring outbreaks of vector borne diseases [3].
A similar seasonal pattern was observed from September to
November during which 51% and 96% of the total positive
cases were detected during 2011 and 2012 respectively
indicating the post monsoon period as the most favorable
condition for spread of the disease. These findings indicate
that during epidemic and non-epidemic years, dengue
infections are mostly seen in post monsoon season hence
preventive measures should be in full swing at the very
onset of the monsoon.

Dengue is known to be an urban disease and most of the
outbreaks and endemic infections have been reported in
India from Vellore, Calcutta, Delhi [12, 18] and other parts
of the world. But the present report has shown dengue
infection affecting the major parts of rural population of the
state of Odisha. This indicated a suitable ecological envi-
ronment for vector breeding shifting from urban to rural.

In many previous reported outbreaks in India males
were more commonly affected than females in contrast to
some studies where females outnumbered males [20] but
coming to confirmed cases this gender differentiation is not
significant [17]. In our study subjects, throughout the study
period, males outnumbered females. This raises two pos-
sibilities either males have a greater exposure to mosquito
bites because of outdoor activity or sampling bias involved
in hospital cases where socio cultural practices can influ-
ence gender discrimination in health care seeking behavior
among the general population ruling out dengue as a gen-
der specific disease [10].

In India dengue was reported as predominantly a disease
of young adults. Many reported outbreaks in Delhi had
confirmed 21-30 years age group as the most affected
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Fig. 2 District wise distribution of serotypes (D1-DEN-1, D2-DEN-2, D3-DEN-3)

category [11] which was also observed in our study.
Infection in older age group (> 40) during 2012 was an
important finding of this investigation. This indicated all
ages were susceptible due to lack of previous immunity in
the population which is supported by no record of dengue
infection in the community before 2010. However age is
not the only factor to determine the susceptibility to
infection, pre existing dengue immunity at individual and
community level resulting from past outbreaks and the
changing pathogenic potential of dengue viruses with ref-
erence to the change in environment plays an important
role [7].

The present study reports emergence of DEN-2 as the
most common type along with presence of other three
serotypes. During 2010 and 2011, DEN-2 was the only
dengue strain found to be circulating in the region. This
was added by other three serotypes in 2012. Since its first
isolation during 1956 [19] DEN-2 remains a predominant
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serotype from early 1970 to 2000 during which it was
responsible for large epidemic of DF in south India (1993)
[16] and of DF/DHEF in north India (1996) [5]. DEN-3 was
also associated with many outbreaks causing high mor-
bidity and mortality not only in India but also in Sri Lanka,
East Africa and Latin America [11]. DEN-1 and DEN-4
had not been associated with any major outbreaks in the
country [4]. Introduction of novel serotypes may be due to
population movement in boarder areas of the state [15]
which may be one of the causes for circulation of all four
serotypes. Odisha comprising of 30 districts and all dis-
tricts reported dengue cases over the time period of 8 years
where as in 18 districts serotypes have been identified. In
3, 10 and 6 districts; DEN-1, DEN-2 and DEN-3 were
circulating as the predominant serotype and in majority of
the districts DEN-2 was the dominant serotype circulating
in the state. High incidence of dengue infection during
2012 may be due to co-circulation of various serotypes and



Molecular and phylogenetic analysis of the dengue strains circulating in Odisha, India

385

& AY284291 D151
'3:| [:.:a- 301
& AY 554254

0 o

131

Dengue Type |

Dengue Type |l

1976 RMRCB

10S39RMRCE

200< AVRCE

2052 AVRCB

1856 RMRCB
MC38 RVRCE

MKSE RVMRCS
G0 26
G0 2Ge
GR30E 02Gs
G0 026

AN Pl

LOL v raerac )

Genotype IV

10523 RVRCE

AYS22224 DG4

AYS3227 D2G4

7 |

&

Genotype Il

Dengue Type I

Fig. 3 Phylogenetic tree of CprM nucleotide sequences of dengue strains isolated from Odisha and other strains with their Genebank accession

number

high vector prevalence as Maximum Likely Estimate of
Aedes ageptyi (1.55; 95% CI 0.09, 7.54) and Aedes
albopictus (4.72; 95% CI 1.94, 9.80) mosquitoes in the
state had been documented [6]. Some previous studies
documented that these vectors can get simultaneously
infected with more than one serotype [22] as the feeding
behavior may involve multiple blood meals in a single
gonotropic cycle enabling them to acquire multiple ser-
otypes in a disease hyperendemic area. However further
investigations in the vector need to be done to establish the
co-infection of mosquito vector as a contributing factor for
the larger outbreaks in Odisha. Many studies have reported
co-circulation of multiple serotypes coupled with high
vector index leading to the infection in a person with
multiple serotypes of the virus [9].

Strains of DEN-2 circulated during 8 years were similar
except one strain that had formed a separate clade indi-
cating circulation of Genotype IV till now in this region.
Genotype I of DEN-1 and 3 had maximum identity with
isolates found in Kerala, the southern part of India [1]. This
indicates entry of these dengue strains from southern part
of India. DEN-4 was identified only from the northern
districts of the state bordering to West Bengal and

Jharkhand, where this serotype has been reported previ-
ously [17] and it might have got entry into this region
through population migration.

The signs and symptoms manifested by the patients in
this study were non-specific like myalgia, anorexia,
abdominal pain, cough and headache which were similar to
other studies [21].

The patients presented with encephalopathy were also
confirmed by laboratory tests and in 2 cases the virus was
detected as DEN-2 and the patients recovered completely
with conventional AES management. Similar observation
was noted in Vietnam where DEN-2 was an important
cause of neurologic manifestation presenting with
encephalopathy [21]. Co-infection with more than one
serotype can enhance the severity of the disease [23]
however, in our study in spite of multiple serotypes in one
individual; the disease severity was mild which suggested
for further study on complete genetic characterization of
the serotypes. Studies on multiple infections in mosquito
vectors in this region are also a need of hour.

The result of the study revealed that multiple serotypes
are circulating in the state with DEN-2 as the major strain
involved in co-infection. In 2012, though the number of
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cases increased due to co-circulation of different serotypes
affecting older age groups beyond 40 years of age but the
disease severity was not observed. The reason for this can
be better explained with the complete genetic characteri-
zation, mutations if any and host immunological factors.
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