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ABSTRACT 

 
Dengue fever is a mosquito-borne arboviral disease caused by any of four related dengue viruses: dengue 

virus 1, 2, 3, and 4 (DENV-1-4). The dengue viruses cause millions of infections worldwide every year. 

 

The aim of this study is to identify the identity, prevalence, and distribution of Dengue serotypes during 

the COVID-19 pandemic (2020-2022) in Pakistan, and to characterize the non-structural gene 3 (NS3) for 

further functional analysis to make novel therapeutics for dengue viral infections. Dengue virus 

symptomatic samples were collected, analyzed by ICT method for DENV NS1 antigen and then subjected 

to PCR to determine the serotype responsible for infection. The identity of the DENV responsible for 

infection was confirmed through amplification of the DENV serotype-2 and DENV NS3 gene. We found 

that DENV-2 was the most prevalent DENV in Pakistan during the COVID-19 pandemic. Pakistani 

DENV-2 sequences were closely related to DENV-2 sequences reported from India, China, Malaysia, 

Singapore, US and Brazil with homologies above 99%. Our results also showed that males were more 

affected than females, and we also found co-infections of serotype-2 patients with serotype-3. The 

occurrence of co-infection with different genotypes or serotypes may raise the disease risk and severity in 

subsequent outbreaks in Pakistan. These results highlight the need for further surveillance of circulating 

dengue viruses to aid early diagnosis, determine disease burden and distribution and provide the basis for  

targeted therapeutics and therapies against dengue infection. 

 
  Keywords: Dengue; Serotype; Co-infection; Pathogenesis; Mosquito-borne; NS3; Therapeutic. 
 

 

INTRODUCTION 

 
Dengue viruses affect mostly tropical regions, where 3.9 billion people live worldwide. Dengue viruses 

are transmitted to humans through Aedes mosquitoes, mostly by Aedes aegypti and second most by Aedes 

albopictus. Aedes aegypti is a day-biting mosquito that breeds in stagnant waters and is found in tropical 

and subtropical areas [1]. Different tropical and subtropical regions have a major public health challenge 

due to the dengue virus. Primary infection caused by dengue virus results in mild fever, while dengue 

haemorrhagic fever (DHF), also causes another severe disease, dengue shock syndrome (DSS). both 

diseases are life-threatening [2]. 

 
The Dengue virus belongs to the family Flaviviridae [3,4]. The four closely related viruses that cause 

dengue infections are DEN-1, DEN-2, DEN-3, and DEN-4. These four viruses are referred to as serotypes 

since they interact differently with the antibodies found in serum from human blood. The classification of 

its serotypes is based on their antigens on the virus's surface termed a serotype. The scientists who firstly 

noticed affirmation of dengue virus strain variations and independently isolated different strains of the 

dengue virus was Albert B. Sabin and Walter Schlesinger in 1944 [5]. These serotypes are antigenically 

distinct but closely related and have sixty-five percent to seventy percent sequence homology [6,7]. Each 

serotype has a unique genotype with extensive genetic diversity, making vaccine development against all 

four dengue serotypes a challenging task [8]. In Pakistan, four dengue serotypes are prevalent and 

circulating throughout the year, with a peak epidemic wave of outbreaks between September and 

November during the post-monsoon season [9,10]. 

 
Numerous clinical symptoms are caused by the four serotypes, and the order or timing of infections may 

have an impact on the severity and prognosis of the disease [11]. Dengue fever can be classified as mild, 

moderate, or severe, depending on the response to the disease by the response of the patient [12].  

The three phases of dengue fever disease include the acute febrile phase where the fever typically lasts for 
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two to seven days and is frequently accompanied by headache, myalgia, arthralgia, facial flushing, and 

skin erythema. Certain patients may experience injections to the pharynx, conjunctiva, and sore 

throat. 

 

Vomiting, nausea, and anorexia are frequent. In the early febrile phase, clinically differentiating dengue 

from non-dengue febrile diseases can be challenging. The second phase is a critical phase when the 

temperature falls to 37.5–38°C or lower and remains at the same level, which typically happens on days 

3–7 of illness, there may be a simultaneous rise in capillary permeability and an increase in hemoglobin 

levels. Clinically significant plasma leakage typically lasts between 24 and 48 hours. Generally, 

progressive leukopenia precedes plasma leakage and is followed by a sharp drop in platelet counts. When 

a critical volume of plasma is lost due to leakage, patients may experience a shock. If the patient survives 

for the following 48–72-hour period, extravascular compartment fluid is gradually reabsorbed if the 

patient makes it through the critical 24-48-hour phase. Diuresis follows, overall health improves, appetite 

returns, gastrointestinal symptoms subside, and the hemodynamic status stabilizes [13]. The 2009 WHO 

categorization replaces the previous WHO approach from 1997, which addressed and emphasized the 

disease's two clinical manifestations: plasma leakage and disturbed hemostasis. Patients were classified as 

showing DF which is dengue fever or severe dengue hemorrhagic and shock syndrome (DHF/DSS), i.e.  

leakage of plasma and coagulopathy, often characterized by bleeding, can cause a fast drop in systolic and 

diastolic levels, resulting in cardiovascular shock and subsequent damage of organs [14]. 

 

Dengue fever comes along with rashes, vomiting, severe headache, nausea, muscle and joint pain, but  

DHF is defined by a high temperature, hemorrhagic manifestations, hepatomegaly, and often circulatory 

instability and shock [15]. When people with asthma, diabetes, or other chronic illnesses encounter 

dengue fever, the infection can be fatal [16]. 

 

 
Figure 1: Life cycle of dengue virus (generated by Biorender software, https://www.biorender.com) 

 

Regarding the life cycle, there are different types of receptors that mediate the attachment and entry of the 

virus to host cells. In the early stage, virus particles are attached to receptors and enter via the clathrin- 

mediated endocytosis pathway. When they enter, they merge with endosomal membranes of cell 

https://www.biorender.com/b)
https://www.biorender.com/b)
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organelles and are then released to the cytoplasm. The viral protein replicates into a single polyprotein, 

and after that, it divides into seven non-structural and three structural proteins. The viral assembly takes 

place in the endoplasmic reticulum, and the viral particles become mature in Trans-Golgi complexes. The 

mature viral particles are released through exocytosis, which then infect other cells and continues the viral 

life cycles. A general life cycle of the dengue virus (Figure 1). 

 
A single-stranded positive-sense RNA, approximately 11 kb in length makes up the DENV genome 

[17,18]. Seven non-structural (NS) proteins, including NS1, NS2A, NS2B, NS3, NS4A, NS4B, and NS5, 

are encoded by it, along with three structural proteins, including capsid (C), membrane protein (prM/M), 

and envelope (E), (Figure 2) [18-20]. 

 

 

Figure 2: Genomic organization of the Dengue virus (using Biorender, https://www.biorender.com) 

 

 
Figure 3: Antibody dependent enhancement (ADE) mechanism. Primary DENV infection produces a 

long-lasting protective immunity that can neutralize other DENVs of the same serotype (upper part). 

When a secondary heterotypic DENV infection occurs, anti-DENV antibodies cross-react with the 

heterotypic DENVs to produce an immune complex. Fcγ receptors are primarily present on phagocytes 

and macrophages and interact with the virus-antibody immunological complex. The heterotypic DENVs 

https://www.biorender.com/b)
https://www.biorender.com/b)
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which multiply inside infected immune cells called Fcγ, increase the viral infectivity (lower part) M & M 

(generated by Biorender software, Toronto, Canada). 

 
Dengue causes ~390 million infections annually worldwide. Dengue cases have increased 30-fold in the 

past five years [9]. Currently, DENV is endemic in 128 countries, where 70% of the disease cases occur 

in Asia [9]. Dengue virus was firstly introduced to Pakistan at Karachi Seaport through the import of tires 

containing eggs of infected mosquitoes in 1994 [9]. 

 
Several dengue virus outbreaks occurred in Pakistan in the past three decades. From 1994 to 2016, there 

have been 71,649 recorded dengue cases in Pakistan and 797 deaths [21]. Dengue outbreaks occur in 

Pakistan during the post-monsoon season. Dengue virus antibodies were initially detected in 1982 from 

serum samples obtained in the Punjab province in 1968 and 1978 [1]. Dengue fever shows symptoms like 

severe headache, muscle and joint pain, rash, nausea and vomiting while symptoms such as high 

temperature, megalohepatia, hemorrhagic phenomena, shock, and often cardiovascular disturbance are 

shown by Dengue hemorrhagic fever (DHF) [1]. 

 
In Pakistan, climate, mosquito populations, and public health initiatives are major variables that have 

affected the prevalence of dengue virus from year to year [27]. Different serotypes were prevalent from 

1985 to 2021; serotype 2 was prevalent every year in addition to other serotypes being provided (Table 

1). 

 

Year Prevalent serotype Year Prevalent serotype 

1985 DENV-2 2010 DENV-2, DENV-1 

1994 DENV-2, DENV-1 2011 DENV-4, DENV-3, DENV-2 

1995 DENV-1, DENV-2 2012 N/A 

1997 DENV-2 2013 DENV-1, DENV-2, DENV-3, DENV-4 

1998 DENV-1, DENV-2 2014 DENV-1, DENV-2, DENV-3 

2003 DENV-2 2015 DENV-1, DENV-2, DENV-3, DENV-4 

2004 N/A 2016 DENV-1, DENV-2, DENV-3, DENV-4 

2005 DENV-2, DENV-3 2017 DENV-2, DENV-3 

2006 DENV-2, DENV-3 2018 DENV-2 

2007 DENV-2, DENV-3 2019 DENV-2 

2008 DENV-2, DENV-3, DENV-4 2020 DENV-2 

2009 DENV-2, DENV-3 2021 DENV-2 
  2022 DENV-2 

 
Table 1: Prevalent DENVs in Pakistan from 1985 to 2022 [1, 4, 9, 10, 18, 20-26]. 

 
Upon first meeting any of the four dengue virus serotypes, a primary infection occurs. High titers of 

immunoglobulin M (IgM) and immunoglobulin G (IgG) antibodies appear 3-5 to 6-10 days after the start 

of infection, respectively. After the symptoms are shown in 3-5 days for a few months’ IgM is present, 

but IgG is persistent throughout one's life [28]. It is not clear yet how immune responses protect DENV's 

infection or lead to the acute outbreak of disease. When antibodies attach to virus particles in large 

enough amounts, infection gets minimized and suppressed. As a result, lifetime immunity develops 

against the same serotype. But cross-protection against the remaining serotypes is not provided (Figure 3) 

[29]. 
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In this study, we characterized the different serotypes of DENVs genetically to identify the prevalence, 

distribution, and predominantly circulating DENVs during the COVID 19 pandemic from 2020-2022. We 

then amplified the NS3 gene for further functional analysis like cloning and mammalian cell line 

expression and to check the inhibition of NS3 gene against RNAi for the development of novel 

therapeutics against the Dengue virus. 

 
MATERIAL AND METHODS 

 
Sample Collection 

 
A total of 267 samples were taken from the individuals having dengue symptoms which includes high 

fever, nausea, vomiting, muscle and joints pain and severe headache, from different hospitals in Khyber 

Pakhtunkhwa province and from Islamabad, Pakistan. Of these 267 blood samples, 156 samples were 

from adult males and 111 were from adult females. Serum was extracted and stored at -80°C. 

 
Immunochromatographic Assay 

 
All the samples were checked and analyzed by the ICT method for dengue NS1 antigen by Bioline™ 

dengue NS1 Ag ICT kit, (Abbott, ME, USA). Positive dengue samples were used as a control to check 

the test device. 

 
RNA Extraction and Quantification 

 
Following the manufacturer's instructions, DENV RNA was extracted from serum samples using the 

Nucleospin viral RNA extraction kit (MACHEREY-NAGEL GmbH & Co. KG). A Nanodrop 

spectrophotometer was used to measure the quality and quantity of RNA (Multiskan Sky Microplate 

Spectrophotometer, Thermofisher Scientific). 

 
Complementary DNA (cDNA) Synthesis and Quantification 

 
cDNA was generated from RNA samples by reverse transcriptase PCR using M-MuLV reverse 

transcriptase enzyme (New England Biolab, England) according to the manufacturer’s protocol. The 

generated cDNA was quantified using a nanodrop spectrophotometer at 260 and 280 nm. 

 
Serotyping of DENV 

 
Virus identification was performed by two rounds of nested PCR using two sets of virus-specific primers 

(Table 2). For virus typing, the C-prM gene junction of DENV isolates was selected. The amplified 

product for DENV-2 was 403 base pairs (bp). 

 
The reaction mixture used for the first and second rounds of PCR was defined as follows: 

 
Master Mix: 10 µL, Outer forward primer: 1 µL, Outer reverse primer: 1 µL, PCR product: 1 µL, 

Nuclease free water: 7 µL, and the total volume was 20 µL. 

 
All the reagents were well mixed on ice and mixed by vortexing them for several seconds, and then all the 
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reaction tubes were placed in a thermal cycler (BIORAD) for amplification. The cycling temperature 

profile was set on a thermal cycler and the run was designed as shown below. 

 
The cycling temperature profiles for the first and second rounds were as follows: 

 
Initial Denaturation 94°C 2 minutes  

  
94 

 
45 seconds 

 
55 45 seconds 35 Cycles 

 
72 1 minute 

 

 
Final Extension 

 
72 

 
10 minutes 

 

 
PCR Amplification of DENV NS3 Gene 

 
Those samples were only selected for amplification of the NS3 gene, which gave bands for DENV 

serotype 2 on gel electrophoresis. The list of primers (Table 2). 

 

S. no Primer name 5'-3' sequence Size of the 

base pair 

fragments 

1 D1-D TCAATATGCTGAAACGCGWGAGAAACCG 511 bp 

2 D2-D TTGCACCARCARTCWATGTCTTCWGGYTC 

3 TS1-F AGGACCCATGAAATTGGTGA 411 bp 

4 TS1-R ACGTCATCTGGTTCCGTCTC 

5 TS2-F AGAGAAACCGCGTGTCAACT 403 bp 

6 TS2-R ATGGCCATGAGGGTACACAT 

7 TS3-F ACCGTGTGTCAACTGGATCA 453 bp 

8 TS3-R CAGTAATGAGGGGGCATTTG 

9 TS4-F CCTCAAGGGTTGGTGAAGAG 401 bp 

10 TS4-R CCTCACACATTTCACCCAAGT 

 
Table 2: List of primers for DENV-serotype 1-4 detection. 

 
The protocol was optimized by performing it in triplicate with different temperatures and timings. 

The reaction mixture used for the first and second rounds of PCR was defined as follows: 

Master Mix: 6 µL, outer forward primer: 1 µL, outer reverse primer: 1 µL, PCR product: 4 µL, nuclease 

free water: 8 µL, and the total volume was 20 µL. 

 
All the reagents were well mixed while being put on ice and mixed by vortexing for several seconds, and 
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then all the reaction tubes were placed in a thermal cycler (BIORAD) for amplification. The cycling 

temperature profiles were set on the thermal cycler and the run was started as shown below: 

 
Initial Denaturation 94°C 2 minutes 

 

 
94°C 20 seconds 

 
55°C 30 seconds 35 cycles 

 
68°C 2.5 minutes 

 

 
Final Extension 68°C 10 minutes 

 
The size of the NS3-amplified product was approximately 1850 bps, which is shown in (Table 3) 

 

Non-structural 3 (NS3) --- 1.8 Kbs (1800 bps) 

S/No. Primer Sequence Round 

1 NS3 OF CAGGACTTTTCCCCGTATCA 1st round 

2 NS3 IF AACAACGGGCTGGAGTATTG 2nd round 

3 NS3 OR AGCATGATTGTACGCCCTTC 1st round 

4 NS3 IR TGGAAGCCTACCCATTTCTG 2nd round 

 
Table 3: Primer sequences for DENV NS3 gene amplification. 

 
Gel-Electrophoresis 

 
The PCR results were run on a 1-2% agarose gel, stained, and visualized with ethidium bromide using the 

Gel Documentation System (Bio-Rad, Hercules, CA, USA). 

 
Phylogenetic Characterization 

 
The amplified fragments were submitted to NCBI for accession numbers, and after getting the accession 

numbers, polygenetic analysis was done for these amplified fragments of DENV-2 to check the 

similarities with the DENV-2 strains detected in other areas of the world. Phylogenetic trees were made 

using the MEGA 11 program. And the method of analyzing phylogenetic relationships was the statistical 

neighbor-joining (NJ) method [22]. 

 
Cloning of the NS3-Amplified Fragment 

 
After the amplification of the DENV NS3 gene, the amplified fragment of DENV was cloned using the 

TA cloning kit (Invitrogen, USA). The fragment was ligated with the TA cloning vector PCR 2.1 with 

100 ng, of which the molar ratio was 1:3 of the insert to the vector. In the vector, the insert was the NS3-

amplified fragment. After ligation, it was transformed into competent cells of E. coli (DH5α). The 

reaction mixture of the ligation was as follows: PCR 2.1 vector (25ng/μL): 2 μL, T4 DNA Ligase (5U/ 
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μL): 1 μL, 10 X ligation buffer: 1 μL, PCR product (~10 ng): 2 μL, sterile dH2O: 4 μL. The reaction 

mixture was incubated at 14°C overnight. After ligation, commercially available competent cells of E. 

coli bacterial cells (DH5α) were transformed with our ligated product; this we ligated first with a PCR 2.1 

vector. 

 
RESULTS 

 
A total of 267 dengue symptomatic blood samples (156 males, 111 female) were collected from different  

hospitals in Khyber Pakhtunkhwa and Islamabad, Pakistan, from 2020-2022. Identification of circulating 

DENVs through the Immunochromatographic assay test (ICT) method was done and, out of the 267 

samples 150 were dengue NS1 positive (106 males and 44 females). Of these 150 DENV NS1-positive 

blood samples, 89 tested positive for DENV in the first round of PCR, (54 males and 35 females), A gel 

image of some of the positive bands (Figure 4). 

 

 

Figure 4: Detection of DENV by PCR in DENV NS1-positive serum samples (Round 1), Lanes 1-6 

DENV-positive, Lane 6, 100 bp Ladder, and Lanes 7-13 and 15 DENV-positive samples. 

 
Further PCR amplification of round 1 PCR products revealed that 48 samples were detected as DENV-2. 

Bands on DNA gel electrophoresis that were indicative of DENV-2 (Figure 5). 

 
Of these 48 samples, 10 samples showed bands on gel electrophoresis that were indicative of DENV-3. 

We concluded that there was co-infection in these patients (Figure 6). 

 
The samples that were positive for DENV-2 only were eluted from the gel and 4 of the samples were 

randomly confirmed by sequencing. 

 
Gender-Specific Cases 

 
All 267 collected samples were checked by ICT dengue method for dengue; out of 267, 150 samples were 
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DENV NS1-ICT-positive. In these 150 positive samples 106 were from adult males and 44 were from 

adult females and out of these 150 samples, 89 were PCR-positive. Out of these 89 positive samples, 54 

were adult males and 35 were adult females. Therefore, we can say from above results that in Pakistan, 

the dengue virus can affect both males and females, but males were predominantly affected. 

 

 

Figure 5: Gel image bands of DENV 2 virus amplification. Lane 1, 100 bp ladder and lanes 1-3, 5-9 

DENV-2 bands. 

 
Phylogenetic Analysis of the DENV-2 Amplified Fragment 

 
After the observation of amplified bands on gel electrophoresis, the bands were purified by a PCR 

product purification kit (GFX™ PCR DNA and Gel Band Purification Kit, Merck, KGaA, Darmstadt, 

Germany). Then these products were confirmed by Sanger sequencing at the Armed Forces Institute of 

the Bone Marrow Transplant Center, Rawalpindi, Pakistan. The accession numbers of the sequenced 

fragments of serotype-2 were OR797468, OR79769, OR79770, OR797471. The phylogenetic analysis 

was done using the Meg 11 software, and phylogenetic tree was drawn through the Neighbor joining 

approach of the analyzed sequences with detected strains of serotype 2 polyprotein of the dengue virus. 

Phylogenetic analysis showed that our detected strain of DENV-2 has shown 100 % similarity. The strain 

detected earlier from NIH Pakistan showed 98.68 % similarity to Chinese, Brazilian, Malaysian, 

Singaporean and US strains. The phylogenic tree of one the sequences accession number (OR797468) 

(Figure 7). 



Arch Virol Infect Dis. 2024;2(1):01-16. 

ISSN: 2994-824X 

Volume 2 Issue 1, 2024 Page 11/16 

 

 

 

 
 

Figure 6: Gel image bands of DENV 3 virus amplification. Lane 1, 100 bp ladder and lane 1,2,5-7 

DENV-3 bands. 

 

 
Figure 7: Phylogenetic tree of the detected strains of serotype 2 polyprotein of dengue virus. 
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PCR amplification of NS3 gene 

 
After the amplification of DENV 2 and 3, the positive samples were tested by RT-PCR to amplify the 

NS3 gene of DENV with gene-specific primers which are listed (Table 3). 

 
Out of these 48 DENV-2-positive samples, 25 samples were detected the NS3 gene on gel 

electrophoresis. The gel image of the some of the samples of amplified NS3 gene is provided (Figure 8). 

 

 
Figure 8: Gel image of amplified product of DENV-2 NS3 gene. 

 
After amplification, the amplified fragments of NS3 were cloned in a TA cloning vector (PCR 2.1) using 

a TA cloning kit (Invitrogen, Waltham, MA, USA). The NS3 fragment was kept for further functional 

analysis. 

 
DISCUSSION 

 
Previous studies have revealed that DENV-2 is the most common cause of dengue fever worldwide [28]. 

In the present study, genetic analysis of DENV-positive samples collected over a two-year period (2020-

2022) were showing that DENV-2 was the most prevalent DENV in Pakistan during the COVID-19 

pandemic. 

 
Our results showed that dengue can affect both males and females, but males are predominantly affected 

by dengue virus, as confirmed by other studies [26,29-31]. Our results also demonstrated DENV co- 
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infections in some of the patients. However, due to the small number of samples, the association between 

DENV co-infection and disease severity could not be determined as yet, and research on a larger number 

of samples from all over the country is underway to determine the effects of co-infection on disease 

severity [32]. It has been suggested that one reason for co-infection may be the co-circulation of all four 

serotypes in Pakistan [33]. It has also been proposed that a recombination of different DENVs may occur 

in co-infections which may result in more virulent and pathogenic strains [31]. Some former studies 

found that coinfection with two or multiple serotypes or genotypes may affect the disease representation 

[34-36]. Previous studies suggested that DENV co-infection can also occur within mosquitoes (Aedes 

aegypti), due to multiple blood meals in mosquitoes during their gonotrophic cycle [37]. 

 
Our research also focuses on the NS3 gene, which is a non-structural gene of 1.8 kb size involved in RNA 

synthesis and DENV genome replication. The NS3 protein consists of multiple catalytic domains, that 

perform different functions like helicase, nucleoside triphosphatase, and NTPase activities during RNA 

synthesis. Viral RNA replication also requires a portion of 40 residues from the NS2B gene as its cofactor 

for NS3 protease activity. The helicase/ATPase domain is located at the C-terminus of the NS3 gene [38]. 

NS3 is, therefore, one of the major targets for the development of antiviral drugs against dengue viral 

infection. 

 
The phylogenetic analysis of four randomly sequenced samples from 48 positive DENV-2 samples 

showed a cosmopolitan genotype. The detected strain of DENV-2 shows above 99% similarity with the 

viruses detected from India, China, Singapore, Malaysia, and Brazil from 2019 to 2023, which might be 

explained by an ongoing virus exchange between these countries. They are among the aviation hubs with 

the greatest global connectivity with increasing transport of people with a direct impact on the inbound 

and outgoing transmission of dengue viruses [20,39]. 

 

Phylogenetic analyses of the envelope, pre-membrane (prM), and capsid (C) genes show that all DENV-2 

isolates from Pakistan collected since 2007 belong to a single monophyletic branch. These viruses belong 

to the cosmopolitan genotype IV group and are most closely related to viruses found in China, India, and 

Sri Lanka in the previous 20 years [40,41]. 

 
To control the fast-growing number of dengue cases, there is an urgent need for new therapeutic 

approaches. Currently, several antiviral drugs are tested in pre-clinical and clinical trials. However, there 

is still no clinically approved treatment available for DENV infection. In this study, we analyzed the 

circulating DENV serotypes in Pakistan during the 2020-2022 outbreaks and observed that DENV-2 was 

the predominantly circulating DENV. However, co-infections with DENV-3 were also observed in some 

samples. The presence of dengue co-infections is of concern as they might lead to more severe infections 

and a high morbidity and mortality rate since Pakistan was endemic for dengue for the last 3 decades. We 

were also able to amplify and obtain clones of the DENV NS3 gene in this study. In the future, we aim to 

express the NS3 gene in mammalian cells and check for inhibition of the NS3 gene through RNAi and 

antiviral drugs, which may help to develop targeted therapeutics against DENV infection. This study 

highlights the importance of proper monitoring and surveillance of circulating serotypes of the DENV 

during outbreaks, which will aid in early diagnostic and disease control measures. 

 
CONCLUSION 

 
The present study from Pakistan, discovered the most prevalent Dengue serotype from a period from 
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2020 to 2022, serotype-2, and co-infection with serotype-3 in some cases, and showed that males were 

more affected than females. In Pakistan, co-infection with distinct genotypes or serotypes may increase 

the risk and severity of the disease in later outbreaks. This study also characterized the DENV-NS3 gene 

which will be cloned in a TA-cloning vector and will be used for further functional analysis of dengue 

viruses, which will aid in the development of precise and early diagnostics and treatment. 
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