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Background & objectives: Epidemiological interventions and mosquito control are the available measures 
for dengue control. The former approach uses serotype and genetic information on the circulating virus 
strains. Dengue has been frequently reported from Nepal, but this information is mostly lacking. The 
present study was done to generate a comprehensive clinical and virological picture of a dengue outbreak 
in Nepal during 2013.
Methods: A hospital-based study involving patients from five districts of Nepal was carried out. 
Demographic information, clinical details and dengue serological status were obtained. Viral RNA was 
characterized at the molecular level by reverse-transcription polymerase chain reaction (RT-PCR), 
nucleotide sequencing and phylogenetic analysis. 
Results: From among the 2340 laboratory-confirmed dengue cases during the study period, 198 patients 
consented for the study. Clinically they had fever (100%), headache (59.1%), rashes (18.2%), retro-
orbital pain (30.3%), vomiting (15.1%), joint pain (28.8%) and thrombocytopenia (74.3%). Fifteen 
(7.5%) of them had mucosal bleeding manifestations, and the rest were uncomplicated dengue fever. The 
patients were mostly adults with a mean age of 45.75 ± 38.61 yr. Of the 52 acute serum samples tested, 
15 were positive in RT-PCR. The causative virus was identified as DENV serotype 2 belonging to the 
Cosmopolitan genotype.
Interpretations & conclusions: We report here the involvement of DENV serotype 2 in an outbreak in 
Nepal in 2013. Earlier outbreaks in the region in 2010 were attributed to serotype 1 virus. As serotype 
shifts are frequently associated with secondary infections and severe disease, there is a need for enhancing 
surveillance especially in the monsoon and post-monsoon periods to prevent large-scale, severe dengue 
outbreaks in the region. 
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 Dengue, the vector-borne disease transmitted 
predominantly by Aedes aegypti and Ae. albopictus 
mosquitoes is a common and widespread arboviral 
infection in the tropical and subtropical regions causing 

significant morbidity and mortality1,2. The causative 
dengue virus (DENV) belongs to the Flaviviridae 
family and has a single-stranded, positive-sense 
RNA genome, approximately 11 kb long. Based on 
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antigenicity, there are four serotypes of DENV referred 
to as DENV-1, DENV-2, DENV-3, and DENV-42.

 The clinical picture of the disease ranges from a 
mild dengue fever (DF) to severe cases manifested 
with haemorrhagic complications and shock 
syndrome which might be fatal. A primary dengue 
infection usually results in DF. Secondary infection 
with a heterologous serotype in the presence of non-
neutralizing antibodies from the primary infection 
may advance to severe dengue. This phenomenon of 
antibody dependent enhancement (ADE)3 occurs in 
regions where multiple serotypes co-circulate or when 
a new serotype is introduced into a dengue prevalent 
region.

 The first case of dengue was reported from Nepal 
in 2004, followed by 32 laboratory confirmed cases in 
a minor outbreak in 20064. Subsequent studies have 
reported the circulation of all four serotypes of DENV 
in nine districts of the low-land Terai region5,6. A few 
random cases were confirmed in the following year 
along with the detection of Ae. aegypti larvae in the 
region7. Study of an epidemic in 2010 documented 
the circulation of dengue virus type 1 in Nepal8. The 
present study was aimed to investigate the nature and 
extent of an outbreak of febrile disease suspected as 
dengue in five districts of Nepal in 2013.

Material & Methods

Study design and locations: A hospital-based, 
prospective study was carried out from July to 
December 2013. Six hospitals in the outbreak regions- 
Narayani zone hospital and Bhawani Hospital of 
Birgunj, Parsa; Bharatpur Hospital in Bharatpur, 
Chitwan; Universal Medical College in Bhairahawa; 
Institute of Medicine in Kathmandu; and Janakpur 
Zone Hospital in Janakpur, Dhanusa, were identified 
as the centres for collection of biological samples. 
Selected samples were brought to the laboratory in 
the Central Department of Biotechnology, Tribhuvan 
University, Kathmandu in Nepal for serological and 
reverse transcription (RT)-PCR analysis and cDNAs 
were sent to the collaborator’s laboratory in India for 
nucleotide sequencing and phylogenetic analysis. 

Inclusion and exclusion criteria of patients: All the 
‘dengue-suspected’ patients who visited the above 
hospitals were routinely screened for dengue infection 
using a rapid diagnostic kit (RDT) (Panbio, Australia) 
supplied by the Ministry of Health and Family 

Welfare, Government of Nepal for the detection of 
IgM antibodies. The WHO-2009 definition9 was used 
to identify patients suspected to have dengue and 
these patients were subjected to the rapid diagnostic 
test. A total of 2340 dengue-suspected patients visited 
these hospitals during the study period. Consent was 
obtained from 198 patients (Parsa n=127; Chitwan 
n=33; Rupandehi n=6; Janakpur n=24 and Kathmandu 
n=8) based on the available testing facilities in our 
laboratories. These patients underwent detailed clinical 
and laboratory investigations. 

 Ethical approval was taken from Nepal Health 
Research Council (NHRC), Kathmandu to conduct 
the study using human samples as well as transferring 
the non-infectious cDNA material to the collaborator’s 
laboratory. 

Collection of blood samples and serological assay: 
Blood samples (3 ml) were collected from the 198 
patients and the serum was separated and stored in 
deep freezers at the respective hospitals. The samples 
were brought to our laboratory in cold-chain and 
stored further at -80°C. All these samples were further 
subjected to Dengue IgM capture ELISA (Panbio, 
Australia) according to the instructions given in the 
manufacturer’s protocol. Panbio units were computed 
for each sample, and results were classified either as 
positive or negative.

Viral RNA detection and serotype identification: Viral 
RNA was isolated from 52 samples using Nucleospin 
viral RNA isolation kit (MACHEREY-NAGEL, 
Germany) following the manufacturer’s instructions. 
Dengue viral RNA detection was done by RT-PCR 
using the specific pair of primers D1F and Dencom 
R2 which amplified the region corresponding to the 
nucleotide positions 134-785 of the genome coding for 
the Core-Pre-membrane (C-PrM) region as described 
previously10,11 (Table I). For serotype identification, 
a semi-nested PCR assay was performed on the RT-
PCR positive samples with the 1:10 diluted primary 
PCR product as the template and previously reported 
serotype-specific primers (D1F, NTS1, NTS2, NTS3 
and NDen4; Table I)12 using GoTaq PCR Master mix 
(Promega, USA). 

Nucleotide sequencing and phylogenetic analysis: For 
nucleotide sequencing, the C-prM region was PCR 
amplified using the D1F-DencomR2 primers from the 
first strand viral cDNA that was synthesized using AMV 
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Table I. Primers used for dengue virus confirmation and serotype-specific PCR
Primer Sequence (5’-3’) Location (with respect 

to the reference 
sequence)

Reference sequence 
(GenBank  

accession no.)

Reference

D1F TCAATATGCTGAACGCGCGAGAAACCG 134 - 161 AF038403 Lanciotti et al12

DencomR2 GCNCCTTCDGMNGACATCC 785 - 767 AF038403 Anoop et al10

NTS1 CTGGTTCCGTCTCAGTGATCCGGGGG 620 - 595 NC_001477 Anoop et al10

NTS2 AACGCCACAAGGGCCATGAACA 254 - 233 AY858036 Lanciotti et al12

NTS3 TGCTGGTAACATCATCATGAGACAGAGCG 427 - 399 NC_001475 Anoop et al10

NDen4 CTCTGTTGTCTTAAACAAGAGAGGTC 527 - 502 NC_002640 Harris et al13

RT-reverse transcription system (Promega, USA). The 
PCR product was purified by Illustra GFX PCR DNA 
and Gel Band Purification Kit (GE Healthcare, USA). 
Both strands of the amplicon were directly sequenced 
using the specific primers D1F and DencomR2. The 
Big Dye Terminator kit (Applied Biosystems, USA) 
was used as per the manufacturer’s instructions for 
sequencing and the reaction mix was analyzed in an 
ABI 3730 Genetic Analyzer automated DNA sequencer. 
The sequences were aligned using CLUSTAL W 
function of BioEdit 7.2.314 software package and the 
phylogenetic tree was constructed with the Maximum-
likelihood (ML) method using MEGA 6 (version 6.0) 
software package (www.megasoftware.net/).

Results

Outbreak epidemiology and seasonality: From the 
disease affected areas, the number of patients with 
febrile illness demonstrated an unusual increase during 
the monsoon and post-monsoon period from July to 
December, 2013. The suspected dengue outbreak was 
found to originate in the Birgunj city of Parsa District 
during August which spread immediately to Bharatpur 
city of Chitwan District with a rapidly increasing 
number of cases during the first two weeks of 
September. The outbreak expanded further to Butwal 
city, the neighbouring district of Rupandehi in October. 
The outbreak later reached Janakpur, headquarter of 
Dhanusha district. Finally, the disease appeared in 
the highland districts of Kathmandu in mid-October. 
Of the total 2340 dengue-suspected cases presented 
in the six hospital study centres, the highest numbers 
were from Parsa district (1160) followed by Chitwan 
(n=490), Dhanusha (n=356), Rupandehi (n=178) 
and Kathmandu districts (n=156). The demographic 
distribution of the spread of the disease showed that 

it originated in the lower plains and later spread to the 
highlands of Nepal. The outbreak peaked in September 
and subsided around the second week of December 
(Fig. 1). 

Clinical symptoms: Among the 198 patients analyzed in 
detail, males in the 15-50 yr age group predominated, 
with a child-adult ratio of 0.2:1 (33/165) and male-
female ratio of 7:4. The mean age (± standard deviation) 
was 45.75±38.61 yr (age range 2-77 yr). Most of 
these patients had fever, headache, thrombocytopenia, 
joint pain, nausea, muscular pain and rashes (Table 
II) as the main symptoms. Some patients also had 
symptoms of restlessness, retro-orbital pain, rash, 
vomiting and abdominal pain; 147 (74.3%) patients 

Fig. 1. Seasonal distribution of dengue cases during the 2013 
outbreak. The average rainfall figures were obtained from previous 
reports (http://www.weather-and-climate.com/average-monthly-
Rainfall-Temperature-Sunshine, Katmandu, Nepal; accessed on 
April 15, 2014) and plotted in the graph.
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Fig. 2. Phylogenetic analysis of the nucleotide sequences of the 348 bp C-PrM region of DENV-2 samples from Nepal (indicated with a red 
coloured triangle) and selected sequences from the GenBank. Maximum-likelihood (ML) tree was made with 1000 boot-strap replications 
with Kimura-2 parameter and Gamma-distributed (K2+G) settings as the substitution model. Dengue virus type 1 (AB608788) was used as 
the out-group.
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respect to the reference sequence AF038403; GenBank 
Accession Nos. KP343870-KP343875) showed that 
they belonged to the Cosmopolitan genotype of DENV-
2 sharing similarity to the strains isolated from Brunei 
and China (Fig. 2).

Discussion

 Over the years, the Terai belt of Nepal, located on 
the south of the outer foothills of Himalayan ranges, 
have become a dengue established region. The 2013 
outbreak predominantly gripped this region, affecting 
the districts of Parsa, Chitwan, Rupandehi, Dhanusa and 
Kathmandu. The maximum number of positive dengue 
cases was detected in Parsa and Chitwan. Uncontrolled 
urbanization and the global climatic change permits the 
spread and breeding of Aedes mosquitoes in temperate 
zones in many parts of the world15,16. Establishment 
of these demographic and environmental factors in 
Kathmandu could facilitate continued persistence of 
the disease in the region. 

 The earlier occurrence of dengue cases in Nepal 
had been sporadic till 2010, when an epidemic 
occurred5. There were also reports of circulation of 
all the serotypes of the virus in the region in sporadic 
cases6. One of the major observations in the study 
was the involvement of DENV-2 in this outbreak. 
This observation also indicated a shift in serotype 
as against the earlier outbreak in 2010, which was 
caused by DENV-18. Such shifts in the circulating 
dengue virus serotype predispose the population to 
severe infections due to the phenomenon of antibody 
- dependent enhancement (ADE) along with the 
inherent virulence of the infecting strain17-19. A study 
using meta-analysis on the factors associated with 
severe dengue has identified primary vs. secondary 
infection and infection with DENV-2 as two factors 
that have positive correlation with dengue shock 
syndrome20. However, in the outbreak we studied, 
serious complications were minimal, which could be 
due to the inherent low virulence of the newer strain 
or the result of being primary infections. Looking into 
anti-dengue IgG positivity in the samples would have 
given a picture on the rate of past dengue infections. 
Along with serotype specific PCR, the sequencing of 
a small stretch of the genome has further confirmed 
the viral serotype, and phylogenetic study revealed the 
circulation of the Cosmopolitan genotype in the region.

 In conclusion, we report here the involvement of 
dengue virus serotype 2 of the Cosmopolitan genotype 

Table II. The common clinical manifestations observed in 
patients (n=198) during the outbreak
Clinical presentation Number of 

patients
Percentage

Fever 198 100
Headache 117 59.1
Muscular pain 60 30.3
Retro orbital pain 60 30.3
Nausea 51 25.7
Joint pain 57 28.8
Restlessness 54 27.3
Rash 36 18.2
Abdominal pain 33 16.7
Vomiting 30 15.1

Mucosal bleeding 15 7.5

had thrombocytopenia with < 100,000 platelets/ml of 
blood. Fifteen patients were found to have mucosal 
bleeding manifestation and were diagnosed to suffer 
from dengue with warning signs while the others were 
classified as dengue fever (DF) without warning signs. 

Anti-dengue IgM positivity: RDT positivity was 13.5 
per cent among the 2340 serum samples analyzed 
in the hospitals. Among the 198 patients who were 
selected irrespective of the RDT status, 21.2 per cent 
were found to be positive in anti-dengue IgM capture 
ELISA in our laboratory. 

Dengue virus nucleic acid detection, serotype 
identification and phylogenetic analysis: Based on the 
clinical history and time of presentation in the hospital, 
only 52 of the 198 samples were in the early phase of 
the fever (1-4 days). These samples were used for viral 
RNA isolation and molecular studies. RT-PCR amplified 
the expected 652 bp amplicon from 15 samples (29%) 
indicating the presence of dengue viral RNA. Of these 
positive samples, 13 were from Parsa district and 
the remaining two were from Chitwan. A low PCR 
positivity could be attributed to the need for storage 
of samples and the possibility of freeze-thawing and 
RNA degradation while transportation from hospital to 
the laboratories. Serotype identification by semi-nested 
PCR showed an amplification of 119 bp confirming 
the virus to be of serotype 2. No case of concomitant 
infection with more than one serotype was observed. 
Phylogenetic analysis of the sequences of six of the 
samples (C-PrM region; 348nt, position 217-564 with 
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in an outbreak in Nepal. A shift in the serotype might 
prove to be a major factor affecting the dengue 
spectrum in Nepal. The information generated will help 
in developing better control programmes to prevent 
the occurrence of severe forms of the disease in this 
country.
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