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ABSTRACT
Background

Dengue, a viral infection highly prevalent in tropical regions, exhibits local variations
in risks that are influenced by a combination of climatic, socioeconomic, and
environmental factors. It is caused by four distinct, yet closely related serotypes of
the dengue virus.

Objective

To identify the different serotypes of dengue virus responsible for the 2022 outbreak
in Nepal, where dengue has been prevalent since 2006 but with limited availability
of molecular information on the serotypes.

Method

Serum samples from suspected dengue patients visiting Dhulikhel Hospital were
analyzed using Dengue Rapid Test, for the presence of IgG/IgM antibodies or NS1 Ag.
The positive samples were stored at -80°C, and 89 samples were selected for further
analysis. RNA was extracted from those positive samples and RT-PCR was performed
to identify the serotypes present.

Result

A higher percentage of sero-positivity was observed in females(52%) compared
to males. Positive cases were distributed in 14 different districts, with the highest
percentage(58.4%) in Kavre. RT-PCR, of 53 out of 89 serologically positive samples,
by RT-PCR revealed that DENV1 was the predominant, followed by DEN3(24.5%) and
DENV2(16.9%). DENV4 was not detected in any of the samples. The average Ct-value
of all serotypes was 17.6, with DENV3 having the lowest Ct-value of 16.6, indicating
slightly higher viremia.

Conclusion

Our study, although limited in its coverage of Nepal, has provided molecular
information on the serotypes responsible for the 2022 dengue outbreak. The high
prevalence of DENV1 was observed, while prevalence of DENV3 was accompanied
by high viral load.
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INTRODUCTION

Dengue Fever, caused by Dengue Virus (DENV), and
transmitted by Aedes aegypti or Aedes albopictus, is a
major cause of morbidity and mortality worldwide.! The
infection could vary from asymptomatic to acute febrile
illness and to severe hemorrhagic fever/dengue shock
syndromes (DHF/DSS).? About 4 billion people are at risk
of infection globallyl and the risk profile is increasing with
climate change with spread to new geographical areas.*®

At the local level, urbanization (especially unplanned), is
associated with dengue transmission through multiple
social and environmental factors including population
density, human mobility, water storage practices.®
Consequently, disease risks change and shift with climate
change in tropical and subtropical areas, and vectors might
adapt to new environment and climate.” Nepal is at higher
risk, for dengue, due to its extensive altitudinal and climatic
variations, with new infections being observed at higher
altitude.® In Nepal, dengue epidemic outbreaks occur
in every 2 to 3 year-interval, with cases increasing every
year. In 2019, there were more than 14,000 cases with six
reported deaths. In current outbreak of 2022, until October,
there have already been around 34,000 cases with forty-
four reported deaths.®®

DENV belongs to the family Flaviviridae with four different
serotypes (DENV-1, DENV-2, DENV-3, and DENV4). Infection
by one serotype could confer long-term immunity to that
serotype but subsequent infection by another serotype
causes severe disease including DHF/DSS.*'? Some studies
have shown that DENV2 and DENV3 cause more severe
iliness than other serotypes.!* Therefore, DENV serotyping
is important for disease management and public health
surveillance.

Several methods can be used to diagnose of DENV infection
and their utility depends on what a patient presents after
symptom onset. However, due to limited availability of
accurate diagnostics, many cases are also misdiagnosed,
further underestimating the burden of disease.** Virus
isolation are technically challenging, expensive and require
sophisticated biosafety.’> Serological methods, such
as enzyme-linked immunosorbent assays (ELISA), may
confirm the presence of a recent (IgM) or past infection
(IgG) (through the detection of anti-dengue antibodies)
but cannot identify the serotype and in some cases,
the antibody can remain undetectable.>** Nucleic acid
tests on the other hand, have relatively higher specificity
and sensitivity and are also recommended by WHO.**’
Additionally, molecular tests such as gqPCR (quantitative
Polymerase Chain Reaction or real-time PCR) are also
capable for differential diagnosis of dengue, where there
are other clinically indistinguishable infectious diseases
such as malaria, leptospira and rickettsia.’®* Some studies
in Nepal have utlised Polymerase Chain Reaction (PCR)
and sequencing to identify the circulating DENV serotype

in previous outbreaks.®'*?! However, regular molecular
investigation is essential, when it has been reported
that there are possibilities of replacement of one DENV
serotype by another.'>?? For instance, in Sri Lanka, DENV3
was replaced by DENV1 in severe dengue epidemic of
2009.12,22,23

Nepal has faced periodic but major outbreaks in 2006,
2010, 2013, 2018 and 2019, there has been very limited
molecular data on the circulating serotypes in the country
(dominant serotypes: DENV-1/2, DENV-2, DENV-1, DENV-
2, and DENV-2/3, respectively in 2010, 2013, 2016, 2017,
and 2019).9%2¢ Therefore, in this study, we have aimed
to perform molecular investigation of DENV cases, of the
ongoing outbreak, through the utilisation of multiplex-qPCR
/ Reverse Transcriptase PCR which will fill the information
void and provide insights to the progression of dengue
outbreaks.

METHODS
Samples Selection

In this study, we selected 100 dengue-positive serum
samples, which were stored in -80C at Dhulikhel Hospital.
The samples belonged to the dengue outbreak of 2022,
collected between September-October 2022. They were,
first, tested by serology and upon testing positive, were
stored in the freezer.

Dengue Serology

The serum samples were evaluated using Dengue NS1 Ag
and 1gM/IgG Ab Kit (Biotrol Laboratories). The samples
were evaluated as dengue positive if they tested positive
for either NS1 and/or IgM and/or IgG.

Extraction and RT-PCR

Viral RNA was extracted from the serum samples using
Zymo Quick RNA Viral Kit (Zymo, Cat: R1034-1034E).
The extracted RNA (Ribo-Nucleic Acid) was evaluated
using Sacace Dengue Real Genotype RT-PCR kit (Sacace,
Cat: V63-50FRT) with use of proper controls. Negative
process controls were used during extraction and PCR. The
following master-mix recipe and thermocycling was used
for serotyping:

Table 1. Master-mix Preparation for Sacace Dengue Real
Genotype RT-PCR kit

Master-mix Component Volume
PCR- mix-FRT DV 10 pl
RT- PCR-mix-2-TM 5ul
RT-G-mix-2 0.25 pl
Hot Start TagF Polymerase 0.5 ul
MMLV Revertase 0.25 pl

After preparation, 15 ul of the above master-mix was added
to 10ul of extracted RNA.
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Table 2. Thermocycling parameters for RT-PCR

Temperature (°C) Time Cycles
50 30 mins 1

95 15 mins 1

95 10 secs

56 40 secs 5

72 20 secs

95 10 secs

54 40 secs (Fluorescence Capture) 40

72 20 secs

Data Interpretation

The kit detects presence of four serotypes through four
separate channels in a single multiplex reaction as: DENV
genotype 1 cDNA is detected in the FAM/Green channel;
genotype 2 cDNA in the JOE/HEX/Yellow channel; genotype
3 in the Rox/Texas Red/Orange channel; genotype 4 in the
Cy5/Red channel and Internal Control (IC) is detected in
the Cy5.5/Crimson/ Quasar705 channel. As per the kit,
the results were interpreted by the instance of crossing
or not crossing of the threshold line by the fluorescence
curve. The result of amplification was considered positive
if the fluorescence curve was characteristic of sigmoidal
curve and crossed the threshold line once in the significant
fluorescence increase section and if the Ct value detected
in the channel was below 38. Similarly, the result of
amplification was considered negative if the fluorescence
curve was not sigmoidal and if it did not cross the threshold
line. The result was considered invalid if Ct value in the
channel for the Cy5.5 fluorophore was not determined
(was absent) or greater than the specified boundary Ct
value.

This study has received ethical clearance from Nepal Health
Research Council (107-2023) and Institutional Review
Committee, Kathmandu University School of Medical
Sciences (17/2023).

RESULTS

Out of 100 samples, only 89 dengue sero-positive samples
were selected. The remaining 11 samples were excluded
because either they did not have associated information or
did not have sufficient volume.

Subject Demography

Among the selected 89 subjects, 46 (52%) were female and
the median age was 31 years (IQR, 7 to 68 years). Age wise
positive cases of dengue was observed highest in age group
between 21-30 years which constituted 40.4% of total
cases whereas lowest was observed in age group above 51-
60 and 61-70 years each of which comprised of 5.6% of the
total cases (Fig. 1).
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Figure 1. Distribution of sero-positive Dengue cases among age
groups

The participants were from different districts of Bagmati
Province such as Kavre (54), Bhaktapur (9), Kathmandu (8),
Sindhupalchowk (5), Sindhuli (3). The positivity was highest
in Kavre District (58.4%) (Fig. 2).
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Figure 2. Distribution of sero-positive dengue cases by districts

Dengue Serology

Out of 89 samples, 76.4% (n=68) tested positive for NS1
only, 7.8% (n=7) tested for IgM only, while 2.2% (n=2)
tested for 1gG only. Similarly, 4.4% (n=4) tested positive for
NS1 and IgM both, 2.2% (n=2) tested for NS1 and IgG both,
2.2% (n=2) tested for I1gM and IgG both, while 4.4% (n=4)
tested positive for all three.

Dengue RT-PCR

The RT-PCR investigation confirmed the presence of 3
dengue serotypes: DENV1-3. Dengue serotype 4 was not
detected in any sample (Table 3).

Table 3. Distribution of several DENV serotypes

Serotypes Number (%)
DENV1 31(58.4)
DENV2 9 (16.9)
DENV3 13 (24.5)
DENV4 N/A

The average Ct value of all serotypes was found to be
17.6, indicating high viral load. Additionally, the average Ct
values were similar for different serotypes. The average Ct
value for each serotype has been shown in the table below:
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Table 4. Average Ct value, indicating subsequent viral load for
each serotype

Serotypes Average Ct Value
DENV1 18.07

DENV2 17.3

DENV3 16.6

DENV4 N/A

Dengue Serology vs RT-PCR

When compared to prior serology, only 53 samples, out
of 89, tested positive for Dengue by RT-PCR. From the
comparison of 53 samples, it was observed that all (except
one) of the sero-positive but RT-PCR negative samples were
positive for either NS1 or IgM or both, while 27 NS1 sero-
positive were negative by RT-PCR (Fig. 3).

Comparison between detection by serology vs RT-PCR

wblhg Detection by Serology

migG

OlgM

= Not Detected DENV1 DENVZ DENV3 mMsl
OlgG 7 1 1 1
OlgM 13 2 1 1
EN51 27 30 9 12

Serotype detected by RT-PCR.

DISCUSSION

Several studies have shown that risk of dengue fever and
DHF varies by age.??° Though dengue is considered to be
pediatric disease in most of South East Asia, most adult
patients present with dengue fever instead of DHF.3%3?
Another study in Brazil also found that adults are more
likely to have dengue compared to children.?® In our study,
the median age of dengue positives was 31 years with
21-30 age group representing highest number of cases,
while in other studies this has ranged from 6.8 to 24.3
years.3+34% Similar study in Nepal, however, showed adult
median age (37 years).>® Interestingly, studies have shown
that median age of infection, from dengue, has increased
throughout the years.3*3¢3 The increase in median age
could be due to changes in surveillance practices, reduced
mosquito-human contacts as well as shift in population
demographics.* There could also be change in age specific
reporting and clinical presentation of dengue infection.
Additionally, aging could have effects on the adaptive and
cell mediated immunity leading to poor cytokine responses
against dengue infection.®® Moreover, there could be
other several factors such as virus serotype that could
influence the correlation between age and prevalence of
dengue. 23341

In our study, dengue positivity was found to be slightly
higher in female. However, the correlation of dengue fever

with gender have been variable in several studies. Some
studies have shown higher prevalence among male, while
some have not found any correlation.?#2** However, the
gender related correlation could change over time and
could differ across countries based on different socio-
cultural practices.* Around our study site, female tend to
work with household chores while male have tendency
to work in nearer urban areas. This could possibly lead
to exposure to environmental risk factors of dengue, in
female.

In our study, the dengue-infected individuals were
mostly from Kavre district which consists of sub-tropical
and temperate regions.*® Traditionally, dengue infection
has also been prevalent in tropical and sub-tropical
regions, worldwide.> However, the vectors can adapt to
new environment and climate. The vectors for dengue
have gained tolerance against colder climates, as an egg
and adult.*“® In Nepal, previously, in the first outbreak
in 2006, only nine districts were affected by dengue,
which increased to 45 districts in 2018 and 68 districts
in 2019. These dengue cases, which were found at lower
altitudes (lowland Terai), had spread to all of 77 districts
in the outbreak of 2022, which now included high altitude
regions.®1049%0 |n 2019, Kavre district constituted of 0.3%
of total the cases, which increased to 1% in 2022. Similarly,
this percentage increased from 10.79% to 26.11% in
Kathmandu.**?> The reason behind this could be due
to adaptation of mosquito responsible for dengue and
increase in temperature in Nepal, resulting in ability to
survive and breed even at altitudes of 2100 m, which was
not observed in prior years.>® One estimate suggested that
high elevated mid hills have warmed up by 1.5°C in the last
25 years, which is much higher than global average.> Thus,
there is higher risk of dengue expanding more northwards
in the future.”®

Dengue serotyping

In this study, DENV1 was predominant, followed by
DENV3 with absence of DENV4. There was no observable
correlation in the serotype when compared to demography
(age, gender) and geography. Unfortunately, the role of
socio-demography is context specific in relation of DENV
serotypes.>> Nevertheless, the overall distribution of
serotypes, from this study, was similar to other studies in
Nepal, done during epidemic of 2022, where DENV1 was
observed to be highly prevalent followed by DENV3.5¢-%8
Though Nepal has previously reported all four serotypes in
the past, DENV1 and DENV2 have historically contributed
to highest burden.?*>! In 2010 and 2016, DENV1 appeared
while DENV2 was responsible for the outbreak in 2013.%°
Similarly, only DENV1 and DENV2 were observed in
outbreak of 2019.%* The re-emergence of DENV3 in 2022
is very alarming because the subsequent cross infection
could lead to severe conditions of DHF and DSS.***2
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This study observed the average Ct value from RT-PCR to
be 17.6. This low Ct value indicates that higher viremia
which could propel the severity of dengue infection.®®
Furthermore, the infection with DENV3 had slightly
higher viremia levels (lower Ct value) compared to other
serotypes. This could have been due to re-emergence of
DENV3 after several years.5®%62 But the difference was not
significant enough to confirm this hypothesis.

Dengue Serology vs RT-PCR

In this study, 69.5% of the serology positive serum samples
were positive by RT-PCR. The discrepancy is unlikely due to
procedural error because the Internal Control (during RNA
extraction) and RT-PCR controls were all present, valid and
in range with manufacturer manual.®®

The difference in detection between the two methods is
plausible as the sensitivity of the approaches vary with
test principles and the time of sample collection during
the infection period.® Although the detection of viral RNA
and NS1 antigens are generally suitable markers for DENV
infection, NS1 antigen and IgM detection perform superior
to RNA detection from day 6 to 7.%° Additionally, the time of
sample collection from onset of fever is important because
the antibody produced could lead to neutralization of virus,
during late period of infection.®® This neutralization could
result in lack of detection by RT-PCR. As our study included
the retrospective samples, we could not identify the time
of sample collection during the infection period. Another
plausible explanation could be RNA degradation during
storage and transport, causing lowered RNA concentration
and negative result.®’

Additionally, the observation of NS1 and IgM sero-
positive but RT-PCR negative samples could indicate RNA
degradation in samples.®® A similar study in Nepal also
observed only one positive in RT-PCR out of 18 IgM positive
samples.®® This study hypothesized degradation of viral
particles, due to thawing, transportation and storage, as
possible reason behind the discrepancy. Furthermore, the
observation of RT-PCR negativity for two IgG only cases is
plausible as IgG indicates past infection, implying that the
samples may not have any viral particles (at the time of
sample collection).”®7? Interestingly, there have also been
studies that observed cross-reactivity between DENV and
SARSCoV-2 antibodies.”7® Such cross reactivity could have
provided false positive in serological tests.

One of the limitations in this study was absence of
information regarding clinical manifestation and thus, its

association with DENV serotype could not be established.”
The incorporation of retrospective samples was the reason
behind this limitation. Owing to the same reason, we
could not identify the risk factors associated with DENV.
However, our study was not designed to understand the
associated risk factors. On the contrary, there are several
strengths of this study. Firstly, the participants included
individuals from young to old age group, which help
address the epidemiological gap of age-specific serotype
prevalence.”®”” Secondly, the population incorporated
in the study was from outbreak, therefore represented
general population visiting the hospital. Thirdly, the
coverage of patients visiting the study site was diverse.
The study site, Dhulikhel Hospital, hosts patients from
wide range of geographical (terai and hilly region), social
(mixed castes and ethnicity) and economic areas (urban
and peri-urban).”® Nevertheless, this study was still able
to overcame the gap posed by limited molecular data on
circulating serotypes in Nepal.

CONCLUSION

Dengue fever possess higher risk than ever with new cases
emerging in higher altitude due to climate change. The risks
posed in correlation to age and gender has been variable,
with older age posing higher risk for dengue. Interestingly,
there has been variation in detection of dengue through
serology and RT-PCR, owing to the difference in sensitivity,
time of sample collection, RNA degradation or cross-
reactivity.

The current outbreak showed highest prevalence of DENV1
followed by DENV3. The re-emergence of DENV3, with
high viral load, compared to preceding outbreak of 2019
could cause cross-infection leading to severe conditions of
dengue hemorrhagic fever/dengue shock syndrome. Thus,
the findings from this study, of dengue outbreak of 2022,
was able to fill the void due to limited molecular data on
the circulating serotypes.

ACKNOWLEDGEMENTS

We appreciate Department of Microbiology, Dhulikhel
Hospital Kathmandu University Hospital for providing the
samples and related information. We sincerely thank Nepal
Health Research Council for funding this study through
Provincial Health Research Grant 2079/80.

Page 103



KATHMANDU UNIVERSITY MEDICAL JOURNAL

REFERENCES

1.

10.

11.

12.

13.

14.

1S.

16.

17.

Center for Disease Control and Prevention. Dengue. Accessed on 12
May 2023. Available at: https://www.cdc.gov/dengue/index.html

WHO. World Health Organization. Dengue guidelines for diagnosis,
treatment, prevention and control: New Edition. 2009

WHO. Dengue and severe dengue. 2022. Accessed: 16 May 2023.
Available at: https://www.who.int/news-room/fact-sheets/detail/
dengue-and-severe-dengue#:~:text=Another%20study%200n%20
the%20prevalence,actual%20burden%20is%20in%20Asia.

WHO. World Health Organization—Geneva.Global strategy for
dengue prevention and control 2012-2020. WHO Library Cataloguing-
in-Publication Data, Switzerland: 2012.

Cucunawangsih Lugito NPH. Trends of dengue disease epidemiology.
Virology: research and treatment. 2017;8:1178122X17695836.

Gubler DJ. Dengue, Urbanization and Globalization: The Unholy Trinity
of the 21(st) Century. Trop Med Health. 2011 Dec;39(4 Suppl):3-11.
doi: 10.2149/tmh.2011-S05. Epub 2011 Aug 25

Bhatt S, Gething PW, Brady OJ, Messina JP, Farlow AW, Moyes CL, et
al. The global distribution and burden of dengue. Nature. 2013 Apr
25;496(7446):504-7. doi: 10.1038/nature12060. Epub 2013 Apr 7.
PMID: 23563266; PMCID: PMC3651993.

Poudyal P, Sharma K, Dumre SP, Bastola A, Chalise BS, Shrestha B, et
al. Molecular study of 2019 dengue fever outbreaks in Nepal. Trans R
Soc Trop Med Hyg. 2021;115(6):619-26.

Ngwe Tun MM, Pandey K, Nabeshima T, Kyaw AK, Adhikari M, Raini
SK, et al. An Outbreak of Dengue Virus Serotype 2 Cosmopolitan
Genotype in Nepal, 2017. Viruses. 2021 Jul 24;13(8):1444. doi:
10.3390/v13081444. PMID: 34452310; PMCID: PMC8402744.

Guzman MG, Alvarez M, Halstead SB. Secondary infection as a risk
factor for dengue hemorrhagic fever/dengue shock syndrome: An
historical perspective and role of antibody-dependent enhancement
of infection. Arch Virol. 2013;158:1445-59.

Ocwieja KE, Fernando AN, Sherrill-Mix S, Sundararaman SA,
Tennekoon RN, Tippalagama R, et al. Phylogeography and molecular
epidemiology of an epidemic strain of dengue virus type 1 in Sri
Lanka. Am J Trop Med Hyg. 2014 Aug;91(2):225-34. doi: 10.4269/
ajtmh.13-0523. Epub 2014 May 5. PMID: 24799375; PMCID:
PMC4125241.

Nisalak A, Endy TP, Nimmannitya S, Kalayanarooj S, Thisayakorn U,
Scott RM, Burke DS, Hoke CH, Innis BL, Vaughn DW. Serotype-specific
dengue virus circulation and dengue disease in Bangkok, Thailand
from 1973 to 1999. Am J Trop Med Hyg. 2003 Feb;68(2):191-202.
PMID: 12641411.

Gyawali N, Taylor-Robinson AW. Diagnosis of dengue: strengths
and limitations of current techniques and prospects for future
improvements. Dengue—Immunopathology and Control Strategies.
London: Intech Open. 2017 Jul 26:55-73.

Philip Samuel P, Tyagi BK. Diagnostic methods for detection & isolation
of dengue viruses from vector mosquitoes. Indian J Med Res. 2006
May;123(5):615-28. PMID: 16873905.

Gaikwad S, Sawant SS, Shastri JS. Comparison of nonstructural
protein-1 antigen detection by rapid and enzyme-linked
immunosorbent assay test and its correlation with polymerase chain
reaction for early diagnosis of dengue. J Lab Physicians. 2017;9(3):177-
81. Epub 2017/07/15. [pii]. 10.4103/0974-2727.208265

Waggoner JJ, Abeynayake J, Sahoo MK, Gresh L, Tellez Y, Gonzalez K, et
al. Comparison of the FDA-approved CDC DENV-1-4 real-time reverse
transcription-PCR with a laboratory-developed assay for dengue virus
detection and serotyping. J Clin Microbiol. 2013;51(10):3418-20.
10.1128/JCM.01359-13

Gurukumar KR, Priyadarshini D, Patil JA, Bhagat A, Singh A, Shah PS,
Cecilia D. Development of real time PCR for detection and quantitation
of Dengue Viruses. Virol J. 2009;6:10.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27

28.

29.

30.

3l

32.

3

34.

Prajapati S, Napit R, Bastola A, Rauniyar R, Shrestha S, Lamsal M, et
al. Molecular phylogeny and distribution of dengue virus serotypes
circulating in Nepal in 2017. PLoS One. 2020 Jul 7;15(7):e0234929.
doi: 10.1371/journal.pone.0234929. PMID: 32634137; PMCID:
PMC7340289.

Khetan RP, Stein DA, Chaudhary SK, Rauniyar R, Upadhyay BP, Gupta
UP, et al. Profile of the 2016 dengue outbreak in Nepal. BMC Res
Notes. 2018 Jul 3;11(1):423. doi: 10.1186/s13104-018-3514-3. PMID:
29970132; PMCID: PMC6029055.

Malla S, Thakur GD, Shrestha SK, Banjeree MK, Thapa LB, Gongal G,
et al. Identification of all dengue serotypes in Nepal. Emerg Infect Dis.
2008 Oct;14(10):1669-70.

Tsai JJ, Chan KS, Chang JS, Chang K, Lin CC, Huang JH, Lin WR, Chen TC,
Hsieh HC, Lin SH, Lin JC, Lu PL, Chen YH, Lin CY. Effect of serotypes on
clinical manifestations of dengue fever in adults. J Microbiol Immunol
Infect. 2009 Dec;42(6):471-8. PMID: 20422131.

Fried JR, Gibbons RV, Kalayanarooj S, Thomas SJ, Srikiatkhachorn
A, Yoon IK, et al. Serotype-specific differences in the risk of dengue
hemorrhagic fever: an analysis of data collected in Bangkok, Thailand
from 1994 to 2006. PLoS Negl Trop Dis. 2010 Mar 2;4(3):e617.
doi: 10.1371/journal.pntd.0000617. PMID: 20209155; PMCID:
PM(C2830471.

Tissera HA, Ooi EE, Gubler DJ, Tan Y, Logendra B, Wahala WM, et al.
New dengue virus type 1 genotype in Colombo, Sri Lanka. Emerg
Infect Dis. 2011;17(11):2053-5.

Dumre SP, Bhandari R, Shakya G, Shrestha SK, Cherif MS, Ghimire
P, et al. Dengue Virus Serotypes 1 and 2 Responsible for Major
Dengue Outbreaks in Nepal: Clinical, Laboratory, and Epidemiological
Features. Am J Trop Med Hyg. 2017 Oct;97(4):1062-9. doi: 10.4269/
ajtmh.17-0221. PMID: 29031282; PMCID: PMC5637613.

Dumre SP, Acharya D, Lal BK, Brady OJ. Dengue virus on the rise in
Nepal. Lancet Infect Dis. 2020 Aug;20(8):889-90. doi: 10.1016/5S1473-
3099(20)30445-X. Epub 2020 Jun 2. PMID: 32502429.

Acharya BK, Cao C, Xu M, Khanal L, Naeem S, Pandit S. Present
and Future of Dengue Fever in Nepal: Mapping Climatic Suitability
by Ecological Niche Model. Int J Environ Res Public Health. 2018
Jan 23;15(2):187. doi: 10.3390/ijerph15020187. PMID: 29360797;
PMCID: PMC5857046.

Halstead SB. Epidemiology of dengue and dengue hemorrhagic fever.
In: Gubler D, Kuno G, editors. Dengue and dengue hemorrhagic fever.
Wallingford (UK): CAB International; 1997. p.23-44.

Burke DS, Nisalak A, Johnson DE, Scott RM. A prospective study of
dengue infections in Bangkok. Am J Trop Med Hyg. 1988; 38:172-80.

Hammond SN, Balmaseda A, Pérez L, Tellez Y, Saborio SI, Mercado JC,
et al. Differences in dengue severity in infants, children, and adults in
a 3-year hospital-based study in Nicaragua. Am J Trop Med Hyg. 2005
Dec;73(6):1063-70. PMID: 16354813.

Guzman MG, Kouri G, Bravo J, Valdes L, Vazquez S, Halstead SB. Effect
of age on outcome of secondary dengue 2 infections. Int J Infect Dis.
2002 Jun;6(2):118-24. doi: 10.1016/s1201-9712(02)90072-x. PMID:
12121599.

Thai KT, Nishiura H, Hoang PL, Tran NT, Phan GT, Le HQ, et al. Age-
specificity of clinical dengue during primary and secondary infections.
PLoS Negl Trop Dis. 2011 Jun;5(6): e1180

Wilder-Smith A, Yoksan S, Earnest A, Subramaniam R, Paton NI.
Serological evidence for the co-circulation of multiple dengue virus
serotypes in Singapore. Epidemiol Infect. 2005 Aug;133(4):667-
71. doi: 10.1017/s0950268805003821. PMID: 16050512; PMCID:
PMC2870294.

Egger JR, Coleman PG. Age and clinical dengue illness. Emerg Infect
Dis. 2007;13:924-5.

Limkittikul K, Brett J, UAzou M. Epidemiological trends of dengue
disease in Thailand (2000-2011): a systematic literature review.
PLoS Negl Trop Dis. 2014 Nov 6;8(11):e3241. doi: 10.1371/journal.
pntd.0003241. PMID: 25375766; PMCID: PMC4222696.

Page 104



Original Article

VOL.22 | NO. 1 |ISSUE 85 | JAN.-MARCH. 2024

3S.

36.

37.

38.

SO8

40.

41.

42,

43.

44,

45S.

46.

47.

48.

49.

S0.

SI.

S2.

Kalayanarooj S, Vaughn DW, Nimmannitya S, Green S, Suntayakorn
S, Kunentrasai N, et al. Early clinical and laboratory indicators of
acute dengue illness. J Infect Dis. 1997 Aug;176(2):313-21. doi:
10.1086/514047. PMID: 9237695.

Saud B, Adhikari S, Maharjan L, Paudel G, Amatya N, Amatya S. An
epidemiological prospective of focal outbreak of dengue infection in
Kathmandu, Nepal. J Clin Virol Plus. 2022 Feb 1;2(1):100063.

Chareonsook O, Foy HM, Teeraratkul A, Silarug N. Changing
epidemiology of dengue hemorrhagic fever in Thailand. Epidemiol
Infect. 1999 Feb;122(1):161-6. doi: 10.1017/s0950268898001617.
PMID: 10098800; PMCID: PMC2809602.

Huang AT, Takahashi S, Salje H, Wang L, Garcia-Carreras B, Anderson
K, et al. Assessing the role of multiple mechanisms increasing the
age of dengue cases in Thailand. Proc Natl Acad Sci USA. 2022 May
17;119(20):€2115790119. doi: 10.1073/pnas.2115790119. Epub
2022 May 9. PMID: 35533273; PMCID: PMC9171776.

Cummings DA, lamsirithaworn S, Lessler JT, McDermott A,
Prasanthong R, Nisalak A, et al. The impact of the demographic
transition on dengue in Thailand: insights from a statistical analysis
and mathematical modeling. PLoS Med. 2009 Sep;6(9):e1000139. doi:
10.1371/journal.pmed.1000139. Epub 2009 Sep 1. PMID: 19721696;
PMCID: PMC2726436.

Lin RJ, Lee TH, Leo YS. Dengue in the elderly: a review. Expert Rev Anti
Infect Ther [Internet]. 2017;15(8):729-35. https://doi.org/10.1080/14
787210.2017.1358610

Kuno G. Review of the factors modulating dengue transmission.
Epidemiol Rev. 1995;17:321-35.

Mishra S, Ramanathan R, Agarwalla SK. Clinical Profile of Dengue
Fever in Children: A Study from Southern Odisha, India. Scientifica
(Cairo). 2016;2016:6391594. doi: 10.1155/2016/6391594. Epub 2016
Apr 24. PMID: 27213083; PMCID: PMC4860230.

Shah GS, Islam S, Das BK. Clinical and laboratory profile of dengue
infection in children. Kathmandu Univ Med J. 2006;4:40-3.

Kumar M, Verma RK, Mishra B. Prevalence of dengue fever in Western
Uttar Pradesh, India: A Gender-Based Study. Int J Appl Basic Med Res.
2020; 10:8-11.

Anker M, Arima Y. Male-female differences in the number of reported
incident dengue fever cases in six Asian countries. Western Pac
Surveill Response J. 2011 Jun 30;2(2):17-23.

Lillesg JP, Shrestha TB, Dhakal LP, Nayaju RP, Shrestha R. The map of
potential vegetation of Nepal: a forestry/agro-ecological/biodiversity
classification system. Hgrsholm: Center for Skov, Landskab og
Planlaegning/Kgbenhavns Universitet, 2005. 76 p. (Development and
Environment; No. 2/2005).

Medlock JM, Avenell D, Barrass |, Leach S. Analysis of the potential for
survival and seasonal activity of Aedes albopictus (Diptera: Culicidae)
in the United Kingdom. J Vector Ecol. 2006 Dec;31(2):292-304. doi:
10.3376/1081-1710(2006)31[292:a0tpfs]2.0.co;2. PMID: 17249347.

Romi R, Severini F, Toma L. Cold acclimation and overwintering of
female Aedes albopictus in Roma. J Am Mosq Control Assoc. 2006
Mar;22(1):149-51.

HRW. Nepal: Dengue Surge Exposes Climate Risk. Relief Web.
OCHA Services. 2022. Accessed: 15 May 2023. Available at:
https://reliefweb.int/report/nepal/nepal-dengue-surge-exposes-
climate-risk#:~:text=Whereas%20in%20previous%20years%20
dengue,higher%20altitudes%2C%E2%80%9D%20said%20Dr.

Koirala P, Tamrakar D. Threat of Dengue Outbreak in Nepal in Context
of COVID-19 Pandemic. J Lumbini Med Coll. 2020 Jun 13;8(1):169-70.

Epidemiology and Disease Control Division. Situation update of
Dengue 2019. Accessed: 21 May 2023.

Epidemiology and Disease Control Division. Situation update of
Dengue 2022. 11" Dec 2022. Accessed: 21 May 2023.

S3L

54.

S5

S6.

57

S8.

S9.

60.

61.

62.

63.

64.

6S.
66.

67.

68.

69.

Joshi AR. In temperate Nepal, climate change paves way for tropical
dengue fever. Mongabay. Accessed: 16 May 2023. Available at:
https://news.mongabay.com/2022/10/in-temperate-nepal-climate-
change-paves-way-for-tropical-dengue-fever/

Khadka D, Pathak D. Climate change projection for the marsyangdi
river basin, Nepal using statistical downscaling of GCM and its
implications in geodisasters. Geoenviron Disasters. 2016 Dec;3(1):1-5.

Cheng YL, Chao CH, Lai YC, Hsieh KH, Wang JR, Wan SW, et al.
Antibodies against the SARS-CoV-2 S1-RBD cross-react with dengue
virus and hinder dengue pathogenesis. Front Immunol. 2022 Aug
15;13:941923. doi: 10.3389/fimmu.2022.941923. PMID: 36045680;
PMCID: PMC9420930.

Ng RJ, Chong ZL, Abdul Mutalip MH, Ng CW. Dengue Seroprevalence
and Factors Associated with Dengue Seropositivity in Petaling District,
Malaysia. IntJ Environ Res Public Health. 2022 Jun 11;19(12):7170. doi:
10.3390/ijerph19127170. PMID: 35742419; PMCID: PM(C9223214.

Rimal S, Shrestha S, Pandey K, Nguyen TV, Bhandari P, Shah Y, et al.
Co-Circulation of Dengue Virus Serotypes 1, 2, and 3 during the 2022
Dengue Outbreak in Nepal: A Cross-Sectional Study. Viruses. 2023;
15(2):507. https://doi.org/10.3390/v15020507

Poudel A. Nepal disease control body to study high dengue mortality.
The Kathmandu Post. Accessed: 20 May 2023. Available at: https://
kathmandupost.com/health/2022/12/02/nepal-disease-control-
body-to-study-high-dengue-mortality

TRN Online. Dengue Serotype 3 cases increase this year. The
Rising Nepal Daily. Accessed: 20 May 2023. Available at: https://
risingnepaldaily.com/news/21489

Gupta BP, Tuladhar R, Kurmi R, Manandhar KD. Dengue periodic
outbreaks and epidemiological trends in Nepal. Ann Clin Microbiol
Antimicrob. 2018 Feb 23;17(1):6. doi: 10.1186/5s12941-018-0258-9.
PMID: 29471819; PMCID: PMC5824540.

Morsy S, Hashan MR, Hieu TH, Mohammed AT, Elawady SS, Ghosh P,
et al. The association between dengue viremia kinetics and dengue
severity: A systemic review and meta-analysis. Rev Med Virol. 2020
Nov;30(6):1-10. doi: 10.1002/rmv.2121. Epub 2020 Aug 28. PMID:
32856357.

Montoya M, Gresh L, Mercado JC, Williams KL, Vargas MJ, Gutierrez G,
et al. Symptomatic versus inapparent outcome in repeat dengue virus
infections is influenced by the time interval between infections and
study year. PLoS Negl Trop Dis. 2013 Aug 8;7(8):e2357. doi: 10.1371/
journal.pntd.0002357. PMID: 23951377; PMCID: PMC3738476.

New Dengue Virus GenotypingKit. V36-50FRT. Sacace Biotechnologies.
Available at: https://sacace.com/new-dengue-virus-genotyping.htm

Barkham TM, Chung YK, Tang KF, Ooi EE. The performance of RT-PCR
compared with a rapid serological assay for acute dengue fever in a
diagnostic laboratory. Trans R Soc Trop Med Hyg. 2006 .100(2):142-8.

Halstead SB. Dengue. Lancet. 2007;370 (9599):1644-52.

Gupta G, Shah Y, Poudel A, Pun R, Pant K, Kshetri R, et al. Serological
and Molecular Study of Dengue Viruses in Different Hospitals of
Nepal. Nepal J Med Sci. 2013;2(1):20-5.

Huhtamo E, Hasu E, Uzcdtegui NY, Erra E, Nikkari S, Kantele A, et
al. Early diagnosis of dengue in travelers: Comparison of a novel
real-time RT-PCR, NS1 antigen detection and serology. J Clin Virol.
2010;47(1):49-53.

Guzman MG, Harris E. Dengue. Lancet. 2015 Jan 31;385(9966):453-
65. doi: 10.1016/S0140-6736(14)60572-9. Epub 2014 Sep 14. PMID:
25230594.

Nascimento EJM, Huleatt JW, Cordeiro MT, Castanha PMS, George
JK, Grebe E, et al. Development of antibody biomarkers of long term
and recent dengue virus infections. J Virol Methods. 2018 Jul;257:62-
8. doi: 10.1016/j.jviromet.2018.04.009. Epub 2018 Apr 21. PMID:
29684416.

Page 105



KATHMANDU UNIVERSITY MEDICAL JOURNAL

70.

71.

72.

73

74.

Wu Q, Jing Q, Wang X, Yang L, Li Y, Chen Z, et al. Kinetics of IgG
Antibodies in Previous Cases of Dengue Fever-A Longitudinal
Serological Survey. Int J Environ Res Public Health. 2020 Sep
9;17(18):6580.

Yan G, Lee CK, Lam LTM, Yan B, Chua YX, Lim AYN, et al. Covert
COVID-19 and false-positive dengue serology in Singapore. Lancet
Infect Dis. 2020; 20:536

Lustig Y, Keler S, Kolodny R, Ben-Tal N, Atias-Varon D, Shlush E, et al.
Potential Antigenic Cross-reactivity Between Severe Acute Respiratory
Syndrome Coronavirus 2 (SARS-CoV-2) and Dengue Viruses. Clin Infect
Dis. 2021; 73(7):e2444-e2449

Machado MEA, Kimura E. Coinfection and cross-reaction of dengue
and COVID-19: a case series analysis. Rev Soc Bras Med Trop. 2022;
55:e02432022.

Katzelnick LC, Fonville JM, Gromowski GD, Bustos Arriaga J, Green
A, James SL, et al. Dengue viruses cluster antigenically but not as
discrete serotypes. Science. 2015 Sep 18;349(6254):1338-43.

78S.

76.

77.

78.

Halsey ES, Marks MA, Gotuzzo E, Fiestas V, Suarez L, Vargas J, et al.
Correlation of serotype-specific dengue virus infection with clinical
manifestations. PLoS Negl Trop Dis. 2012;6(5): e1638

Mohd-Zaki AH, Brett J, Ismail E, 'Azou M. Epidemiology of dengue
disease in Malaysia (2000-2012): a systematic literature review.
PLoS Negl Trop Dis. 2014 Nov 6;8(11):e3159. doi: 10.1371/journal.
pntd.0003159. PMID: 25375211; PMCID: PMC4222702.

Azami NAM, Moi ML, Salleh SA, Neoh HM, Kamaruddin MA, Jalal
NA, Ismail N, Takasaki T, Kurane I, Jamal R. Dengue epidemic in
Malaysia: urban versus rural comparison of dengue immunoglobulin
G seroprevalence among Malaysian adults aged 35-74 years. Trans
R Soc Trop Med Hyg. 2020 Nov 6;114(11):798-811. doi: 10.1093/
trstmh/traa056. PMID: 32735681.

Dhulikhel Hospital Website (https://dhulikhelhospital.org/)

Page 106



