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Abstract: Phylogenetic analysis of dengue serotypes 1 and 3, which were diagnosed in travelers and
Nepalese infected in Kathmandu during the October 2022 outbreak, revealed that both serotypes
were clustered closest to the sequences sampled in India. This suggests both serotypes may have
originated in India.
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1. Introduction

Dengue virus (DENV) is a vector-borne virus belonging to the flavivirus genus of the
Flaviviridae family, transmitted by Aedes aegypti or Aedes albopictus mosquitos [1]. Dengue
infections result in a spectrum of clinical manifestations, ranging from asymptomatic or
mild illness to severe and potentially life-threatening conditions. Symptoms characterizing
dengue fever include non-specific flu-like symptoms, such as chills, muscle pain, appetite
loss, lethargy, enlarged lymph nodes, headaches, fever, and a skin rash [2]. Presently,
there are no widely distributed antiviral treatments or vaccines, though progress is being
made in the research and development of new antivirals and antiviral molecules target-
ing DENVs [3,4]. Thus, approaches to managing dengue infections include providing
symptomatic treatments and implementing programs for vector control [5]. DENV is
classified into four distinct serotypes: DENV-1, DENV-2, DENV-3, and DENV-4, each
possessing unique antigenic characteristics. Although the four serotypes share a common
genomic structure and the same range of clinical symptoms, each serotype possesses a
unique antigenic profile, making cross-protection limited and allowing for reinfection with
a different serotype. The presence of multiple serotypes is a key factor in the complexity
of dengue epidemiology, as infection by different DENV serotypes increases the risk of
developing severe dengue and dengue hemorrhagic fever due to a phenomenon called
antibody-dependent enhancement [2,6]. The prevalence of each serotype varies within
different regions and changes over time due to population immunity, mosquito abundance,
and viral introductions from other areas [1].

DENV has been responsible for a growing share of vector-borne diseases, leading to
an estimated 400 million infections annually, and has become a major public health concern
in many tropical and subtropical regions of the world [7,8]. Indeed, the transmission of
DENV generally occurs at lower altitudes in tropical and subtropical regions, as the Aedes
mosquitoes transmitting the disease have been generally known to thrive in lowland areas,
where the high temperatures, climate, and environmental conditions favor their survival
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and growth [9]. However, there is a noticeable trend in Aedes mosquito populations that
have established themselves in regions previously unaffected by dengue [10]. Indeed,
in recent years, dengue transmission has been reported to expand into areas located at
higher altitudes, significantly widening the geographic reach of the virus and rendering
DENV endemic in the majority of Southeast Asia, and Central and South America. These
geographic shifts in DENV transmission raise significant concerns and implications within
the field of public health as they highlight the need to understand the dynamics of this
disease in new ecological contexts. In addition, over the past decade, there has been a
notable increase in autochthonous transmission of DENV within Europe, escalating from a
single case in France in 2010 to at least 60 cases by 2022 [8,11].

The DENV vectors are the Aedes mosquitoes, mainly Aedes egypti, but also Aedes
albopictus to a lesser extent. In fact, Aedes albopictus, which was initially identified in
France in 2004 [12], extended its presence northward and is now found throughout Europe.
Indeed, one of the first autochthonous transmissions was reported in France in 2010 [13]
and many additional autochthonous outbreaks have been reported throughout Europe
in recent years [14], including in France, Italy, and Spain. The environmental conditions
conducive to their accelerated development are becoming more widespread due to elevated
temperatures resulting from climate change. This temperature rise contributes to an
enhanced survival rate of Aedes mosquitoes, an increased frequency of biting, and a more
favorable environment for the development of the virus. Together with the large number of
DENV-carrying travelers returning from dengue-endemic countries, dengue is increasingly
seen as a public health threat in Europe as well [11,13]

The first case of DENV in Nepal was identified in a traveler in 2004 [15]. Dengue has
established endemicity in Nepal, with all four serotypes in circulation and the identification
of both DENV mosquito vectors in the country—the primary vectors Aedes aegypti and
Aedes albopictus [16]. Notably, DENV serotypes 1 and 2 have emerged as the predominant
contributors to the national disease burden, marked by significant outbreaks in 2010,
2013, 2016, and 2018 [17]. These outbreaks were predominantly reported in the low-lying
regions of Nepal, adjoining India. However, in 2019, an unusually large DENV outbreak
affected most of Nepal’s districts, including the first infection at higher altitudes, including
Kathmandu, which is located approximately 1400 m above sea level. The 2019 epidemic
was associated with serotypes 2 and 3 [17,18]. During that time, twelve Israeli travelers
returning from Kathmandu were diagnosed with DENV2 and 3 in Israel. Partial sequencing
of an isolate from one of the travelers revealed a close resemblance to DENV3 from a 2017
outbreak in Maharashtra, India [19]. In 2022, Nepal experienced its largest dengue virus
(DENV) outbreak, with 54,784 cases and 88 deaths, affecting all districts of the country,
including Kathmandu Valley, where the highest rate of infection was recorded [20]. This
dengue outbreak represents the most extensively recorded occurrence in the recent history
of small mountainous regions [21]. Kathmandu, located at a high altitude, was spared from
mosquito-borne disease outbreaks; however, Aedes mosquitoes were recently established
there, probably due to global climate change [22]. In October 2022, over 40 travelers in
Nepal or returning from Nepal, all infected in Kathmandu, were diagnosed with DENV1
(74%) and DENV3 (25%) [23]. In this study, we sequenced the complete genomes of DENV
from these patients’ samples to estimate the source of the importation of DENV serotypes
into Kathmandu.

2. Materials and Methods
2.1. Study Patients

Forty-one non-Nepalese patients (travelers and expatriates) and twenty-eight local
Nepalese were tested for DENV at CIWEC Hospital, Kathmandu, and Sheba Medical
Center (SMC) in Israel.

Ethical clearance was obtained from the Nepal Research Health Council (NHRC) and
SMC IRB 9873-22-SMC. As data were assessed anonymously, informed consent was waived.
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2.2. DENV Detection

Nucleic acids were tested after extraction from serum (among patients seen in Israel)
or from the dried blood spots which were applied on Whatman filter paper. Extrac-
tion of nucleic acids from filter paper was performed by adding 700 µL of lysis buffer
(MagNA Pure LC Total Nucleic Acid Isolation Kit lysis/binding buffer, Roche Diagnostics,
Germany) to the dried blood spot in a 1.5 mL Eppendorf tube, followed by shaking at
400 rpm in room temperature for 30 min. Total nucleic acid content was extracted using
magLEAD 12gC (Precision System Science Co., Ltd., Matsudo Chiba, Japan) in a 50 µL
elusion buffer. DENV RNA was detected using a multiplex qRT-PCR of DENV1–4, as
previously described [24]. Briefly, a multiplex RT-PCR reaction was carried out using 5 µL
of RNA and the following primers and probes (each probe was distinctively fluorophore-
labeled): Deng-1-F: CAAAAGGAAGTCGYGCAATA, Deng-1-R: CTGAGTGAATTCTCTCT-
GCTRAAC, Deng-2-F: CAGGCTATGGCACYGTCACGAT, Deng-2-R: CCATYTGCAGCAR-
CACCATCTC, Deng-3-F: GGACTRGACACACGCACCCA, Deng-3-R: CATGTCTCTAC-
CTTCTCGACTTGYCT, Deng-4-F: TTGTCCTAATGATGCTRGTCG, Deng-4-R: TCCACCY-
GAGACTCCTTCCA, Deng-1-P: CATGTGGYTGGGAGCRCGC, Deng-2-P: CTCYCCRA-
GAACGGGCCTCGACTTCAA, Deng-3-P: ACCTGGATGTCGGCTGAAGGAGCTTG, and
Deng-4-P: TYCCTACYCCTACGCATCGCATTCCG. The cycling method and fluorescence
capture were used to detect the FAM, HEX, Texas Red, and CY5 emissions in each well.
The following thermal cycling parameters were used: reverse transcription (RT) at 50 ◦C
for 30 min, RT inactivation at 95 ◦C for 2 min, fluorescence detection for 45 cycles at 95 ◦C
for 15 s, and annealing at 60 ◦C for 1 min.

2.3. Sequencing and Bioinformatics Analysis

Whole genomes of DENV were sequenced as follows. Libraries were prepared from
nucleic acid extractions using the SMARTer stranded RNA-Seq kit (Takara Bio, Kusatsu,
Shiga, Japan) and sequencing was carried out on the NovaSeq platform (Illumina, CA, USA).
The resulting fastq files underwent quality control using FastQC and MultiQC [11], and
low-quality sequences were filtered using trimmomatic [25]. Sequences were mapped to
DENV1 (NC_001477.1) or DENV3 (NC_001475.2) reference genomes using BWA mem [26].
The resulting BAM files were sorted, indexed, and subjected to quality control using
the SAMtools suite [27]. Consensus fasta sequences were generated by employing iVar
(https://andersen-lab.github.io/ivar/html/index.html, accessed on 1 June 2023). Positions
with fewer than five nucleotides were designated as ‘Ns.’. Phylogenetic analysis was carried
out using the Nextstrain Augur pipeline [28] as follows. Sequences were aligned to DENV1
(NC_001477.1) or DENV3 (NC_001475.2) reference genomes using MAFFT [29], and a
time-resolved phylogenetic tree was constructed using IQ-Tree and TreeTime under the
GTR substitution model and visualized with auspice [28]. Blast [30] was used to find DENV
sequences that are closely associated with the sequenced DENV samples.

3. Results

From September to mid-October 2022, during a major dengue outbreak in Nepal,
patient samples from local Nepalese or samples from travelers returning from Nepal were
diagnosed with DENV. Among the 41 non-Nepalese (travelers and expatriates) and 28
local Nepalese patients tested, 56 were likely infected in Kathmandu and were diagnosed
as DENV-positive via real-time PCR. A detailed description of this group was recently
published [23]. To explore the connections between the DENV identified in these patients
and to delve into the possible geographic origin of the virus, the whole genome sequencing
of DENV was conducted. For each DENV1/DENV3 serotype, samples from two travelers
and one local Nepalese were selected. (Table 1). Samples were chosen at random from
the subset of samples exhibiting sufficiently low Ct values, indicative of a high viral load,
rendering them suitable for whole genome sequencing. For each DENV1/DENV3 serotype,
samples from two travelers and one local Nepalese were selected (Table 1). DENV1 and
DENV3 samples achieved 97 ± 2% and 99 ± 0.4% of their complete genomes, with a mean
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sequencing depth of approximately 1200 and 380 nucleotides, respectively. The sequences
are available in Genbank (accession #OQ714403-OQ714408).

Table 1. DENV1 and DENV3 samples selected for sequencing. Patient information and sequencing
coverage were obtained for selected samples. Ct (cycle threshold) values of real-time PCR test for
DENV1/3 and sequencing coverage parameters (% coverage of the whole genome and mean depth
of sequencing) are indicated per patient sample; DBS—dried blood spot.

Name Ct Value Traveler/Local % Coverage Mean Depth

DENV1
DBS9 24.5 local 99.5 3647
DBS1 16.08 traveler 85 62.9
DBS7 22.82 traveler 83 48

DENV3
DBS4 22.03 local 94.1 77.2

DBS38 23.65 traveler 99.6 565.6
DBS47 23.3 traveler 99.5 514.7

Phylogenetic analyses were performed separately for the samples belonging to each
DENV1/DENV3 serotype. The analyses included the sequenced Israeli travelers and local
Nepalese samples (DENV1: n = 3; DENV3: n = 3), top Blast hits obtained for each sequenced
sample (DENV1: n = 60; DENV3: n = 60), representative DENV1/DENV3 sequences from
the neighboring countries of Nepal (Figure 1; DENV1: n = 30; DENV3: n = 31), and
representative DENV1/DENV3 sequences from additional countries worldwide (DENV1:
n = 44; DENV3: n = 42; https://nextstrain.org/dengue, accessed 1 June 2023). The DENV3
phylogenetic tree also included a single sample from an inflicted Israeli traveler who visited
Nepal in 2019 [6].
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Figure 1. Travel patterns and availability of DENV sequences in Nepal and neighboring countries.
Nepal (red) and dengue-endemic neighboring countries of Nepal (white) from which DENV1 and
DENV3 sequences were publicly available. Blue circles denote countries/cities from which direct
flights to Kathmandu are available. Green circles denote DENV-endemic countries/cities from which
direct flights to Kathmandu were available.
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Within the DENV1 serotype phylogenetic analysis, all three DENV1 samples from the
travelers and local Nepalese sequenced in this study were clustered together under the
DENV1/III clade. This clade also included sequences from India, Singapore, Pakistan, and
Bangladesh (Figure 2). The samples from Israeli and Nepalese individuals sequenced in
this study, exhibited the closest clustering with sequences from India between 2018 and
2022. This suggests a pronounced affinity with sequences from India in recent years.
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Figure 3. Phylogenetic analyses of DENV3 whole genome sequences. 

Figure 2. Phylogenetic analyses of DENV1 whole genome sequences.

Within the DENV3 serotype phylogenetic analysis, all three DENV3 samples from the
travelers and local Nepalese sequenced in this study were clustered under the DENV3/III
clade. This clade also included sequences from India, Pakistan, Singapore, China, Maldives,
and Thailand (Figure 3). The samples from Israeli and Nepalese individuals sequenced in
this study exhibited the closest clustering with sequences from India from India between
2016 and 2019. The additional sequence from the Israeli traveler returning from Nepal in
2019 clustered most closely with a group of sequences from India, sampled in 2018–2021,
and a sequence from Singapore in 2019.

The phylogenetic tree represents the divergence of samples sequenced in the current
study (n = 3; light green) and additional global sequences (n = 103). The complete tree is
presented as a radial tree, with each DENV1 genotype indicated on its respective branch
(DENV1 genotype annotations sourced from https://github.com/nextstrain/dengue, ac-
cessed on 1 June 2023). The nodes in the tree are colored according to the country of
origin of each sequence. The DENV1 reference used as the root of the tree is indicated
(NC_001477.1). The section highlighted by a red arc in the tree represents an enlarged
portion, displayed as a rectangular tree, focusing on the samples sequenced in this study
and their clustered sequences. The corresponding country of origin for each cluster of
sequences is indicated.

The phylogenetic tree represents the divergence of samples sequenced in the current
study (n = 3; light blue) and additional global sequences (n = 103). The complete tree is
presented as a radial tree, with each DENV3 genotypes genotype indicated on its respective
branch (https://github.com/nextstrain/dengue, accessed 1 June 2023). The nodes in the
tree are colored by the country of origin of each sequence. The DENV3 reference used as
the root of the tree is indicated (NC_001475.2). The section highlighted by a red arc in the
tree represents an enlarged portion displayed as a rectangular tree, focusing on the samples
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sequenced in this study and their clustered sequences. The corresponding country of origin
for each cluster of sequences is indicated.
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4. Discussion

During October 2022, more than 40 travelers either in or returning from Nepal, all
infected in Kathmandu, were diagnosed with DENV1 and DENV3 in Israel, with a higher
incidence observed for DENV1 [23]. Nepal serves as a destination for a substantial influx of
travelers, exposing them to the risk of dengue infection. This increased risk not only jeopar-
dizes the well-being of these travelers but also increases the potential for virus transmission
to their respective home countries. Consequently, this phenomenon significantly augments
the enduring global burden associated with dengue. Certainly, the incidence of indigenous
dengue infections in Europe is increasing, with the latest documented cases primarily
reported in France, Italy, and Spain in 2023 [14]. Given that Kathmandu serves as a hub for
international flights, the likely pathways for the introduction of these DENV serotypes into
Kathmandu could be either via land routes, predominantly from India, or via international
flights. Flights to Kathmandu from dengue-endemic countries primarily originate from
five main nations: India, Thailand, China, Malaysia, Sri Lanka, and Singapore (Figure 1).

Phylogenetic analyses were conducted to investigate the origin of DENV1 and DENV3
identified in the returning travelers diagnosed in Israel and the local Nepalese samples. The
analysis included additional DENV1/DENV3 genomes from Nepal’s neighboring countries—
China, India, Pakistan, and Bangladesh—as well as additional globally representative samples.
The analyses identified that the DENV1 sequenced samples belong to the DENV1/III clade
and the DENV3 sequenced samples belong to the DENV3/III clade. In both the DENV1
and DENV3 analyses, the sequences from returning travelers were clustered with the local
Nepalese samples. This implies that the travelers were most likely infected in Nepal, and
that DENV1/III and DENV3/III are clades circulating in the country. Remarkably, in both
DENV1 and DENV3 analyses, the samples from travelers and local Nepalese demonstrated
the closest clustering with sequences originating from India. Indeed, according to the reported
phylogenetic analyses of global sequences (https://nextstrain.org/dengue/denv1, accessed 1
June 2023), DENV1/III is the predominant DENV1 clade in India and the exclusive clade iden-
tified in Bangladesh and Pakistan. Conversely, in China, another sizable country bordering

https://nextstrain.org/dengue/denv1
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Nepal, and in Thailand, the DENV1/I clade is the prevailing clade, with the DENV1/III clade
constituting less than a quarter of the clades. Collectively, these data indicate that the origin of
DENV1 in Nepal might be linked to India, potentially through the ongoing transmission of
this particular strain.

The examination of global sequences via phylogenetic analysis of DENV3 (https:
//nextstrain.org/dengue/denv3, accessed on 1 June 2023) reveals that the DENV3/III
clade is the predominant clade in India, the sole clade identified in Pakistan, and notably
absent in Bangladesh, as per reported sequences. Collectively, this implies that DENV3
may also have originated from India. Interestingly, the DENV3/III clade constitutes nearly
half of the DENV3 clades identified in China. In the case of DENV3, unlike DENV1,
sequences collected in China were found within the same cluster as the sequences from
Israeli travelers, local Nepalese, and those from India. This observation might suggest
additional transmission dynamics between India and China involving viruses belonging to
this specific clade.

It should be noted that this analysis encompasses global samples that have been
sequenced and are accessible in public databases. While the data were retrieved from
numerous countries neighboring Nepal, there might be variations in the availability of
data from different countries and some countries with missing data altogether, leading to
potential disparities.

A noteworthy aspect of this study is that the analyzed samples were from patients
inflicted in Kathmandu, which is located at a high elevation of about 1400 m above sea
level. Due to climatic changes in the past decade dengue, vectors Aedes aegypti and Aedes
albopictus, typically linked to tropical regions and lower elevations, were identified in the
Kathmandu Valley. Kathmandu has emerged as an optimal breeding ground for Aedes
mosquitoes, driven by the region’s climatic changes, urbanization, travel from dengue-
endemic countries, and inadequate health infrastructure—all contributing factors to the
dissemination of dengue [16]. Furthermore, dengue outbreaks typically peak at the end of
the monsoon season (September–October), aligning with the peak of the popular trekking
season that attracts thousands of travelers to Nepal. Although some of the Israeli travelers
diagnosed in 2022 contracted the infection in Kathmandu, symptoms appeared while they
were trekking in the high-elevation mountains, evident from the necessitated helicopter
rescue [19,23]. This phenomenon highlights the additional risk posed by trekkers in Nepal,
potentially serving as a contributing factor to the spread of the virus to higher elevations.

Top of Form
In conclusion, as the global concern for dengue transmission continues to grow, en-

compassing higher altitudes such as Kathmandu in Nepal, the potential spread of the
virus by travelers to and from neighboring countries and beyond raises concerns for the
further expansion of DENV on a global scale. This is particularly significant, given the
presence of DENV vectors in new regions, including Europe, where a rising number of
autochthonous transmissions have been documented in recent years. In this regard, Israel,
characterized by a predominantly Mediterranean climate, similar to other South European
countries, could be at increased risk for future autochthonous transmissions. Therefore,
in addition to sustaining efforts for vector and virus control within Nepal, it is crucial to
intensify and maintain vigilant surveillance of DENV in Nepal and neighboring countries.
This surveillance, which includes travelers as sentinels, plays a highly significant role in
effectively managing and controlling the spread of the virus.

Author Contributions: Conceptualization: E.S. and Y.L.; Data curation: N.S.Z., E.S., P.P. and Y.L.;
Formal analysis: N.S.Z.; Investigation: N.S.Z., E.S., P.P., O.E., O.H., E.B., H.M.-E., M.W. and Y.L.;
Methodology: N.S.Z., O.E., O.H., E.B. and H.M.-E.; Project administration: E.S. and Y.L.; Resources:
E.S., P.P. and Y.L.; Software: N.S.Z. and H.M.-E.; Supervision: N.S.Z. and Y.L.; Validation: N.S.Z.;
Visualization: N.S.Z.; Writing—original draft: N.S.Z.; Writing: review & editing: N.S.Z., E.S., O.E.
and Y.L. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

https://nextstrain.org/dengue/denv3
https://nextstrain.org/dengue/denv3


Viruses 2023, 15, 2334 8 of 9

Institutional Review Board Statement: Ethical clearance was obtained from the Nepal Research
Health Council (NHRC) and SMC IRB 9873-22-SMC.

Informed Consent Statement: Informed consent was waived as data were assessed anonymously.

Data Availability Statement: Sequences generated in this study are available in Genbank (accession
#OQ714403-OQ714408).

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Guzman, M.G.; Halstead, S.B.; Artsob, H.; Buchy, P.; Farrar, J.; Gubler, D.J.; Hunsperger, E.; Kroeger, A.; Margolis, H.S.; Martínez,

E.; et al. Dengue: A continuing global threat. Nat. Rev. Microbiol. 2010, 8, S7–S16. [CrossRef]
2. Kularatne, S.A.M. Dengue fever. BMJ 2015, 351, h4661. [CrossRef]
3. Liu, B.; Li, N.L.; Wang, J.; Shi, P.-Y.; Wang, T.; Miller, M.A.; Li, K. Overlapping and Distinct Molecular Determinants Dictating the

Antiviral Activities of TRIM56 against Flaviviruses and Coronavirus. J. Virol. 2014, 88, 13821–13835. [CrossRef]
4. Lee, M.F.; Wu, Y.S.; Poh, C.L. Molecular Mechanisms of Antiviral Agents against Dengue Virus. Viruses 2023, 15, 705. [CrossRef]
5. Tayal, A.; Kabra, S.K.; Lodha, R. Management of Dengue: An Updated Review. Indian J. Pediatr. 2023, 90, 168–177. [CrossRef]
6. Gupta, A.; Rijhwani, P.; Pahadia, M.R.; Kalia, A.; Choudhary, S.; Bansal, D.P.; Gupta, D.; Agarwal, P.; Jat, R.K. Prevalence of

Dengue Serotypes and Its Correlation With the Laboratory Profile at a Tertiary Care Hospital in Northwestern India. Cureus 2021,
13, e15029. [CrossRef]

7. Bhatt, S.; Gething, P.W.; Brady, O.J.; Messina, J.P.; Farlow, A.W.; Moyes, C.L.; Drake, J.M.; Brownstein, J.S.; Hoen, A.G.; Sankoh, O.;
et al. The global distribution and burden of dengue. Nature 2013, 496, 504–507. [CrossRef]

8. Nakase, T.; Giovanetti, M.; Obolski, U.; Lourenço, J. Global transmission suitability maps for dengue virus transmitted by Aedes
aegypti from 1981 to 2019. Sci. Data 2023, 10, 275. [CrossRef] [PubMed]

9. Mutheneni, S.R.; Morse, A.P.; Caminade, C.; Upadhyayula, S.M. Dengue burden in India: Recent trends and importance of
climatic parameters. Emerg. Microbes Infect. 2017, 6, 1–10. [CrossRef] [PubMed]

10. Kraemer, M.U.G.; Reiner, R.C., Jr.; Brady, O.J.; Messina, J.P.; Gilbert, M.; Pigott, D.M.; Yi, D.; Johnson, K.; Earl, L.; Marczak, L.B.;
et al. Past and future spread of the arbovirus vectors Aedes aegypti and Aedes albopictus. Nat. Microbiol. 2019, 4, 854–863.
[CrossRef] [PubMed]

11. Buchs, A.; Conde, A.; Frank, A.; Gottet, C.; Hedrich, N.; Lovey, T.; Shindleman, H.; Schlagenhauf, P. The threat of dengue in
Europe. New Microbes New Infect. 2022, 49–50, 101061. [CrossRef]

12. Roche, B.; Léger, L.; L’ambert, G.; Lacour, G.; Foussadier, R.; Besnard, G.; Barré-Cardi, H.; Simard, F.; Fontenille, D. The Spread of
Aedes albopictus in Metropolitan France: Contribution of Environmental Drivers and Human Activities and Predictions for a
Near Future. PLoS ONE 2015, 10, e0125600. [CrossRef]

13. La Ruche, G.; Souarès, Y.; Armengaud, A.; Peloux-Petiot, F.; Delaunay, P.; Desprès, P.; Lenglet, A.; Jourdain, F.; Leparc-Goffart, I.;
Charlet, F.; et al. First two autochthonous dengue virus infections in metropolitan France, September 2010. Eurosurveillance 2010,
15, 19676. [CrossRef]

14. ECDC. Autochthonous Vectorial Transmission of Dengue Virus in Mainland EU/EEA, 2010–Present. Available online:
https://www.ecdc.europa.eu/en/all-topics-z/dengue/surveillance-and-disease-data/autochthonous-transmission-dengue-
virus-eueea (accessed on 21 September 2023).

15. Pandey, B.D.; Rai, S.K.; Morita, K.; Kurane, I. First case of Dengue virus infection in Nepal. Nepal. Med. Coll. J. 2004, 6, 157–159.
[PubMed]

16. Dhimal, M.; Gautam, I.; Joshi, H.D.; O’hara, R.B.; Ahrens, B.; Kuch, U. Risk Factors for the Presence of Chikungunya and Dengue
Vectors (Aedes aegypti and Aedes albopictus), Their Altitudinal Distribution and Climatic Determinants of Their Abundance in
Central Nepal. PLoS Neglected Trop. Dis. 2015, 9, e0003545. [CrossRef] [PubMed]

17. Pandey, B.D.; Pandey, K.; Dumre, S.P.; Morita, K.; Costello, A. Struggling with a new dengue epidemic in Nepal. Lancet Infect. Dis.
2023, 23, 16–17. [CrossRef] [PubMed]

18. Bagcchi, S. Nepal faces an outbreak of dengue. Lancet Infect. Dis. 2023, 23, 35. [CrossRef] [PubMed]
19. Lachish, T.; Lustig, Y.; Leshem, E.; Katz-Likvornik, S.; Biber, A.; Nadir, E.; Schwartz, E. High incidence of dengue in Israel travelers

to Kathmandu, Nepal, in 2019. J. Travel Med. 2020, 27, taz105. [CrossRef] [PubMed]
20. Ministry of Health and Population Department of Health Services Epidemiology and Disease Control Division. Situation Update

of Dengue 2022 (As of 31 December 2022). Available online: https://edcd.ekbana.info/news/download/situation-updates-of-
dengue-as-of-30-nov-2022 (accessed on 12 July 2023).

21. WHO. Dengue-Nepal. Available online: https://www.who.int/emergencies/disease-outbreak-news/item/2022-DON412
(accessed on 12 July 2023).

22. Gyawali, N.; Johnson, B.J.; Dixit, S.M.; Devine, G.J. Patterns of dengue in Nepal from 2010–2019 in relation to elevation and
climate. Trans. R. Soc. Trop. Med. Hyg. 2021, 115, 741–749. [CrossRef] [PubMed]

23. Amatya, B.; Schwartz, E.; Biber, A.; Erster, O.; Lustig, Y.; Pradhan, R.; Khadka, B.; Pandey, P. Dengue serotype characterization
during the 2022 dengue epidemic in Kathmandu, Nepal. J. Travel Med. 2023, 30, taad034. [CrossRef]

https://doi.org/10.1038/nrmicro2460
https://doi.org/10.1136/bmj.h4661
https://doi.org/10.1128/JVI.02505-14
https://doi.org/10.3390/v15030705
https://doi.org/10.1007/s12098-022-04394-8
https://doi.org/10.7759/cureus.15029
https://doi.org/10.1038/nature12060
https://doi.org/10.1038/s41597-023-02170-7
https://www.ncbi.nlm.nih.gov/pubmed/37173303
https://doi.org/10.1038/emi.2017.57
https://www.ncbi.nlm.nih.gov/pubmed/28790459
https://doi.org/10.1038/s41564-019-0376-y
https://www.ncbi.nlm.nih.gov/pubmed/30833735
https://doi.org/10.1016/j.nmni.2022.101061
https://doi.org/10.1371/journal.pone.0125600
https://doi.org/10.2807/ese.15.39.19676-en
https://www.ecdc.europa.eu/en/all-topics-z/dengue/surveillance-and-disease-data/autochthonous-transmission-dengue-virus-eueea
https://www.ecdc.europa.eu/en/all-topics-z/dengue/surveillance-and-disease-data/autochthonous-transmission-dengue-virus-eueea
https://www.ncbi.nlm.nih.gov/pubmed/16295753
https://doi.org/10.1371/journal.pntd.0003545
https://www.ncbi.nlm.nih.gov/pubmed/25774518
https://doi.org/10.1016/S1473-3099(22)00798-8
https://www.ncbi.nlm.nih.gov/pubmed/36442489
https://doi.org/10.1016/S1473-3099(22)00821-0
https://www.ncbi.nlm.nih.gov/pubmed/36549322
https://doi.org/10.1093/jtm/taz105
https://www.ncbi.nlm.nih.gov/pubmed/31897487
https://edcd.ekbana.info/news/download/situation-updates-of-dengue-as-of-30-nov-2022
https://edcd.ekbana.info/news/download/situation-updates-of-dengue-as-of-30-nov-2022
https://www.who.int/emergencies/disease-outbreak-news/item/2022-DON412
https://doi.org/10.1093/trstmh/traa131
https://www.ncbi.nlm.nih.gov/pubmed/33197254
https://doi.org/10.1093/jtm/taad034


Viruses 2023, 15, 2334 9 of 9

24. Santiago, G.A.; Vergne, E.; Quiles, Y.; Cosme, J.; Vazquez, J.; Medina, J.F.; Medina, F.; Colón, C.; Margolis, H.; Muñoz-Jordán,
J.L. Analytical and Clinical Performance of the CDC Real Time RT-PCR Assay for Detection and Typing of Dengue Virus. PLoS
Neglected Trop. Dis. 2013, 7, e2311. [CrossRef]

25. Bolger, A.M.; Lohse, M.; Usadel, B. Trimmomatic: A flexible trimmer for Illumina sequence data. Bioinformatics 2014, 30, 2114–2120.
[CrossRef] [PubMed]

26. Li, H. Aligning Sequence Reads, Clone Sequences and Assembly Contigs with BWA-MEM. arXiv 2013, arXiv:1303.3997.
27. Li, H.; Handsaker, B.; Wysoker, A.; Fennell, T.; Ruan, J.; Homer, N.; Marth, G.; Abecasis, G.; Durbin, R.; 1000 Genome Project

Data Processing Subgroup. The Sequence Alignment/Map format and SAMtools. Bioinformatics 2009, 25, 2078–2079. [CrossRef]
[PubMed]

28. Hadfield, J.; Megill, C.; Bell, S.M.; Huddleston, J.; Potter, B.; Callender, C.; Sagulenko, P.; Bedford, T.; Neher, R.A. Nextstrain:
Real-time tracking of pathogen evolution. Bioinformatics 2018, 34, 4121–4123. [CrossRef]

29. Kazutaka, K.; Misakwa, K.; Kei-ichi, K.; Miyata, T. MAFFT: A novel method for rapid multiple sequence alignment based on fast
Fourier transform. Nucleic Acids Res. 2002, 30, 3059–3066. [CrossRef]

30. Boratyn, G.M.; Camacho, C.; Cooper, P.S.; Coulouris, G.; Fong, A.; Ma, N.; Madden, T.L.; Matten, W.T.; McGinnis, S.D.; Merezhuk,
Y.; et al. BLAST: A more efficient report with usability improvements. Nucleic Acids Res. 2013, 41, W29–W33. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1371/annotation/ae27d48b-025f-47ce-8427-4af59f821ad7
https://doi.org/10.1093/bioinformatics/btu170
https://www.ncbi.nlm.nih.gov/pubmed/24695404
https://doi.org/10.1093/bioinformatics/btp352
https://www.ncbi.nlm.nih.gov/pubmed/19505943
https://doi.org/10.1093/bioinformatics/bty407
https://doi.org/10.1093/nar/gkf436
https://doi.org/10.1093/nar/gkt282

	Introduction 
	Materials and Methods 
	Study Patients 
	DENV Detection 
	Sequencing and Bioinformatics Analysis 

	Results 
	Discussion 
	References

