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ABSTRACT 

In theclinical samples from the state of Anantapuramu, the dengue virus 

serotype 2 protein E gene was found. It was established that the protein E 

gene was present in the models by using RT-PCR and cellular isolates. 

There has been one new sub strain discovered that are akin to the hermits 

described in previous investigations. An investigation of the epidemiology 

of the isolated strain was conducted using a phylogenetic analysis of the 

strain. 

Keywords: Dengue Virus, Endemic, PCR, Viral Protein E, Viral 
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INTRODUCTION  

A fast epidemiological development over the preceding two decades has resulted in dengue fever 

emerging as one of the most remarkable arboviral diseases in recent history(Wu et al. 2021).  It is a 

serious public health hazard around the globe, with tropical and subtropical areas being especially 

sensitive to its effects(Leitmeyer et al. 1999; Campione-Piccardo et al. 2003). This illness is frequent 

among tropical nationalities, with severe signs occurring in people of all ages and races(Holmes and 

Twiddy 2003). When it comes to dengue fever (DF), there is a wide spectrum of illness intensities that 

vary from moderate to life-threatening dengue hemorrhagic fever (DHF) and dengue shock syndrome 

(DSS)(Guha-Sapir and Schimmer 2005; Nogueira et al. 2005). Data gathered from previous 
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epidemiological studies indicates the seroprevalence of dengue virus serotypes, which include those of the 

dengue virus serotypes DENV 1-5, in which there are more distinct evolutionary forms depending on 

geographic structures(Nishiura and Halstead 2007). 

In a number of different methodological techniques, the mutation rates of the dengue virus have been 

determined, and they have been shown to be similar to the evolutionary rates of other RNA viruses via the 

usage of the envelope protein E(Zheng et al. 2010). As a result, we believe that dengue serotypes should 

always be researched in a quantifiable way because there is increasing reports that their epidemic 

potential outcomes differ and that occurrences of secondary infection with different strains oftenly result 

in higher morbidity and mortality rates due to more severe forms of the infection(dos Santos Soares et al. 

2017). Moreover, the causes for the diversity of dengue serotypes are still a riddle. Some researchers 

believe that the five serotypes developed as a result of different zoonotic transmissions from animals to 

humans(Clements et al. 2010). 

It is possible that DENV progenitors have acclimated to the new host and that positive selection signals 

have appeared across the DENV genome if this is the scenario(Fried et al. 2010). A large amount of 

genetic variability exists in RNA viruses as a result of the inherently high mutation rate linked with RNA-

dependent RNA polymerase, their rapid replication rates, and their massive population sizes. The 

existence of five antigenically serotypes of the dengue virus is the most visible manifestation of this 

genetic heterogeneity in dengue virus(Pawitan 2011). Earlier to the advent of gene sequence information, 

it was acknowledged that hereditary variety existed within each serotype. However, the discovery of gene 

sequence information changed that perception(Dash et al. 2011). The development of comparative gene 

sequence analysis, on the other hand, has permitted the deconstruction of the genetic composition of 

dengue virus communities as well as the clarification of the mechanisms governing virus 

transmission(Murray et al. 2013). 

It was one of the research goals to conduct a comprehensive study between the development of a dengue 

virus subtype isolate's E genetic sequence and the emergence of the protein E genetic sequence of dengue 

virus serotype 2 in this study. In this study, we investigated the segment of the population complexities of 

outbreak genetic sequences gathered over the previous few decades, using a huge proportion of available 

to the public sequence data accumulated over the previous few decades. We also calculated evolutionary 

variables that are essential to understanding the advancement of the DENV 2 serotype. On the other hand, 

we investigated the role of adaptation evolution in the formation of DENV serotypes and the variety of 

selecting factors throughout the envelope gene's span. 

EXPERIMENTAL METHODOLOGY 

Sample Collection and viral characterizations 

Clinicians at the Government Hospital in Anantapuramu, India, collected clinical samples from patients 

who had clinically confirmed dengue fever and brought them to the hospital for testing and analysis. The 

clinical samples contained acute-phase dengue infections. All samples and collections are sought after in 

line with the regulations of the institution and the university (Sri Venkateshwara University and Sri 

Krishnadevaraya University), and they are all obtained in compliance with appropriate ethical standards. 

It was necessary to get the samples by venipuncture, which were subsequently transported in clinical 

standards to the Department of Virology laboratory at Sri Venkateshwara University in Tirupati, India, 

where they were examined. The virus particles are separated from the collected induvial blood by 

centrifuging it for 10 minutes at 2000 rpm at 4
o
C for 10 minutes. The virus particles are then removed 

from the collected induvial blood. In order to conduct additional testing, plasma samples were kept at –

80°C until they were needed. The clinical criteria for diagnosing dengue fever were created in line with 
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the case definitions published by the World Health Organization (WHO), Geneva, Switzerland(Nogueira 

et al. 2005; Gupta et al. 2012). 

Cell culture for Virus cultivation and analysis 

Host cells such as Vero cell lines (African green monkey kidney cells) obtained from the American type 

culture collection (ATCC CCL-81) were used to cultivate the viral isolates. Eagle's minimum essential 

medium (MEM) supplemented with 5% fetal bovine serum is used in this experiment to develop the cells, 

which are then harvested. As part of the preparations for long-term usage, the serum concentration in 

maintenance medium (MM) was decreased to 1.5 %. These cells were grown for a total of 24 hours at 

37
o
Cin a humidified incubator with a 5 % CO2 flow in a humidified incubator. A 1:10 dilution of viral 

stock Vero cells (5x10
4 

ml
-1

) was introduced into the cells, which were then allowed to proliferate for 

seven days after the viral particles were withdrawn. The cells were then transfected with the viral particles 

after they achieved maximum confluence. After scraping the virus particles from the cell lines, they were 

maintained frozen at -80
o
C until they were required for further analysis. Three times under each 

circumstance, the virus was passaged three times, with each passed utilizing a 1:10 dilution of the viral 

stock from the previous transit, in order to guarantee that the infection remained constant. Viral RNA was 

extracted from cell debris samples using the QIAamp Viral RNA minikit (Qiagen, Germany), which was 

performed in accordance with the manufacturer's instructions. The RNA samples were either stored at -

70°C or used for RT-PCR as soon as they were extracted, depending on their quality. 

 

 

Gene extraction from virus and DNA preparation for complementary sequencing  

After the RNA has been extracted from the virus particles, the samples are subjected to an expression-

based analysis using reverse transcriptase polymerase chain reaction (RT-PCR). The complementary 

DNA (cDNA) was synthesized by the reverse transcription-polymerase chain reaction (RT-PCR) 

approach, which used randomized primer sets under optimal PCR conditions. Once the cDNA was 

obtained, it was kept at -20
o
C until the Polymerase chain reaction could be performed (PCR) 

Polymerase Chain Reaction for gene amplifications and E Protein genes sequencing  

Primers were generated and received from Sandor Life Sciences Resources in Hyderabad, India.  With the 

use of these gene specific primers, it is possible to amplify the protein E genes from the viral cDNA and 

its nearby region using PCR. The PCR reaction is carried out under optimal circumstances with both 

forward and reverse primers being employed. Amplification of sequences is followed by DNA 

electrophoresis to determine if the PCR product is in the desired conformation (or not). They are then 

treated to Exo SAP purification once they have been acquired from the amplification product. PCR 

products are authorized to undergo sequencing using the ABI Big Dye Terminator V 3.0 Kit, which is 

performed in accordance with the manufacturer's recommendations. In order to resolve all of these 

products, DNA electrophoresis was performed using an ABI 3730xl capillary sequencer. 

Phylogenetic based epidemiological analysis  

The sequences that were collected were then examined in order to evaluate the epidemiological research. 

The transcripts are aligned for the conservative and variable nucleotides using the NCBI nucleotide 

BLAST (https://blast.ncbi.nlm.nih.gov/Blast.cgi) and compared with the prior sequences listed in the ncbi 

database (https://www.ncbi.nlm.nih.gov/) for extremely comparable sequences. It was decided to use the 

alignments that had been acquired for the building of the phylogenetic tree that would be based on the 

rapid minimum evolutions. All of the sequences are aligned further utilizing the MEGA software package 

in conjunction with the crustal W programme in order to achieve the least amount of variance and the 
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most conservative sequence evaluation and representations possible. With the help of the network format 

file generated from the NCBI blast data, the resultant tree was further evaluated for genetic distances and 

representation before being included in ITOL (https://itol.embl.de/login cgi). 

RESULTS AND DISCUSSIONS  

In this investigation, we obtained blood samples from 200 patients ranging in age from 12 to 18 years, all 

of whom were displaying symptoms of dengue fever at the time of sample collection, which include skin 

rashes, aches followed by nausea. When we did the diagnosis on these patients, we observed that 33 of 

individuals tested positive for the DENV-2 virus. After careful consideration of the seriousness of the 

patients, the most severe strain of DENV-2 was chosen for this study. The characterization of envelop 

protein E was then carried out. Following a series of purification procedures, the collected samples are 

injected with viral particles and incubated in the Vero cell lines for a total of seven days for the multiple 

cultures. We were able to consistently infected the cell lines, and we were able to extract viral RNA from 

the develop important samples for further cell line growth. The quantities of the recovered and processed 

RNA were measured using the nanodrop technique, since the viral load was anticipated to be extracted in 

lower yield (about 10 pM) and therefore recovered in lower yield. We attempted to replicate the gene 

using RT-PCR, which was predicated on the customized forward and reverse primers listed in Table-1, 

and we were successful in obtaining two products, one for each of the primers employed. According to 

the DNA gel electrophoresis findings for the complementary DNA (cDNA) produced from PCR shown in 

figure -1, the band at 248bps indicates the replicated cDNA of the DENV-2 virus. We next used sanger-

based sequencing to examine the features of the obtained cDNA, and NCBI data set-based sequence 

alignments confirmed that the transcribed cDNA corresponded to the DENV-2 (dengue virus serotype-2) 

variety, as shown in the sequences in figure-2. These segments, which were deduced from the reverse and 

forward primers and assigned DF-2 (Forward) and DR-2 (Reverse), were then decided to submit to the 

National Center for Biotechnology Information (NCBI), where the accession numbers for DF-2 were 

OL441604 and DR-2 were OL444951, respectively, and were fruitfully published. Figures 3(a) and 3(b) 

show the top five sequences for conservation and variable sequences, accordingly. Figures 3(a) and 3(b) 

depict sequence characteristics for conservation and varied sequences. Figure 3(c) depicts sequence 

features for the conserved and variable sequences in the top 5 DENV viral protein E sequences (b). 

Subsequently, we ran epidemiological analyses for the corresponding sequences, which included DF-2 

and DR-2, and received positive findings, with DF-1 showing a clade that was identical to 99.8 percent of 

the clade sequences for the protein E of the DENV serotype 2 viral features. While the DR-2 revealed a 

novel variation react by generating a new clade that was 99 % compatible with sequencing data with the 

DENV-2.  

Dengue fever is predicted to affect 2.5 billion people worldwide, putting them at risk of contracting the 

disease(Roy and Bhattacharjee 2021). A wide range of well-described clinical diseases caused by dengue 

viruses, such as DF, which is a clinical illness that is often characterized by increased vascular 

permeability and can advancement to DSS and DHF if the capillaries are becoming engorged. Dengue 

viruses are also responsible for transmission of dengue fever(Rasheed et al. 2013). Dengue fever 

outbreaks may have a substantial negative effect on the economy and health of any nation. Viruses of the 

dengue virus serogroups 1–5 were found to be spreading across Southeast Asia, Africa, and the Americas, 

marking a significant shift from the scenario 20 or 30 years earlier(Kumar et al. 2010). Taking into 

consideration epidemiological variance is critical when developing an effective monitoring and 

preventive programme for any illness(Guzman et al. 2012).  
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It was observed that all of the viruses studied belonged to the Indian subcontinent and other tropical After 

performing a phylogenetic analysis of 27 DENV-2 E gene sequences gathered between 2007 and 2017, it 

was shown that all of the viruses examined belonged to the lineage of the cosmopolitan genotype that 

originated in the Indian subcontinent and other tropical nations(Murhekar et al. 2019). Even though there 

were considerably more DF samples than DSS samples among the samples obtained, no differentiating 

feature in the E gene sequences could be found to differentiate between DF and DSS samples(Dhal et al. 

2020). Following the removal of 20 isolates that were closely associated to a prior Asian strain and 

included isolates from southern India, the remaining 2 isolates formed a separate monophyletic clade, as 

represented in figure-4 (a), that was different from the previously mentioned Asian strain. In the DENV-2 

whole genome analysis, the same clade got 100 percent bootstrap support, further boosting the credibility 

of the clade for the other sequence, as demonstrated in Figure 4 (b). There were 27 DENV-2 isolates in 

this monophyletic clade, all of which were recovered from sera collected in the southern portion of India 

(Anantapuramu, Andhra Pradesh State) in 2017 and 2018. All of the isolates were recovered from sera 

collected in Anantapuramu, Andhra Pradesh State, in 2017 and 2018. These two viruses exhibited the 

greatest nucleotide similarity (98.8-99.5 percent) to viruses that had been reported in India and other areas 

of the globe between 2007 and 2017, as well as to viruses that had been reported in other parts of the 

world during the same time. 

CONCLUSIONS 

A significant public health issue in our nation is dengue fever, and effective control measures must be put 

in place as soon as possible to avoid a new pandemic of epidemic proportions. We have all built a level of 

tolerance to DENV-1 to 5 in the population, and it has the possibility to become an outbreak strain in the 

future. Preventative actions must be implemented in a timely and appropriate manner in order to prevent a 

future pandemic from occurring. In order to plan successful management of the virus or the generation of 

new vaccines, epidemiologists and virologists may find it useful to investigate these types of issues. It is 

recommended that future efforts be focused on the development of improved laboratory-based 

surveillance technology that can identify the beginning of impending dengue epidemics. Thus, the 

research underlines the role played by viral mutation in the dissemination of dengue to areas where the 

illness has not previously been a significant public health burden, as well as the generation of new viral 

strains that may be linked with severe outbreaks. 
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Table 1: Primer details for Polymerase Chain Reaction  

 

 

 

 

 

Figure 1: DNA electrophoretic gel images showing (1) The 1kbp DNA ladder and (2) Query sample 

sequences showing ~248bp 

 

 

 

 

 

 

 

 

 

 

Primer Code Orientation 5’ to 3’ direction Location of 

genome 

D2ES2F Forward GGATTATTTGGAAAGGGAGG 1229-1248 

D2ES2R Reverse GTCCCCTTCATATTGTAC 1906-1925 
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Figure 2: Blast data for the sequences (a) DF-1 and (b) DR-1 with conservative and variant sequences in 

the query genes. 
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Figure 3: Phylogenetic tree of DENV-2. (a) DF-1 and (b) DR-1The maximum-likelihood tree was 

constructed based on the complete envelope gene sequences generated during this study and retrieved 

from 
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