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Abstract

Dengue virus, transmitted principally by a mosquito (Aedes aegypti) is one of the most common vector
borne viral infection in tropical and subtropical regions affecting more than 390 million people worldwide.
Diagnosis of Dengue infection relies on serology which remains inconclusive in the early phase of the
disease. Reverse transcriptase polymerase chain reaction (RT-PCR) is the most sensitive and reliable
method for the diagnosis of dengue virus infection. Purpose of this study was detection of Dengue virus by
RT-PCR and its Dengue (Den) serotyping by multiplex PCR. This study was conducted at Dr. Rubina
Ghani Pathological & Molecular Laboratories, Karachi, Pakistan. In this study, a total of 48 individuals
with febrile illness were recruited. Enzyme-linked immunosorbent assay (ELISA) (Novac Tac, Germany)
was done for the detection of dengue IgM in suspected Dengue cases. RT-PCR was carried out to confirm
the presence of dengue virus. Dengue detected samples were further used for serotyping 1 through 4 using
Dengue serotype—specific primers with slight modification. Out of 48 tested patients’ samples, 15 patients
had Dengue IgM in their sera detected by ELISA while 35 samples were found positive by RT-PCR. While
13 samples were negative by both methods. In dengue virus patients who were positive by RT-PCR, all the
four serotypes Den 1, Den 2, Den 3 and Den 4 were found in their samples. Comparing the results of both
ELISA and RT-PCR, it was found that RT-PCR had greater sensitivity, specificity and reliability for the
detection of Dengue virus. Serotyping of all positive samples was carried out and it was found that four
serotypes Den 1, Den 2, Den 3 and Den 4 were identified in these individuals with high prevalence of Den
1 and Den 2 followed by Den 3 and Den 4.
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Introduction

Dengue virus, transmitted principally by a mosquito (Aedes aegypti) is one of the most common vector
borne viral infection in tropical and subtropical regions affecting more than 390 million people worldwide.
It is also transmitted by Aedes albopictus. Dengue virus is a positive single stranded RNA virus. This virus
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is a member of flavivirus genus in the Flaviviridae family. (Barrero & Mistchenko, 2008; Konongoi et al.,
2016) There are four well-distinguished serotypes of Dengue virus which are designated as Dengue 1, 2, 3,
and 4). These serotypes are ascertained using several molecular methodologies.

Dengue virus may cause mild asymptomatic infection that does not require clinical intervention, or it may
lead to a serious clinical manifestation known as dengue fever (DF) and dengue hemorrhagic fever (DHF).
(Hamali et al., 2020) Clinical features, signs and symptoms arise the suspicion of dengue fever and or
dengue hemorrhagic fever. However, definite diagnosis requires further laboratory testing. Dengue viral
infection is usually detected with the help of serological and confirmed with virological analysis. One of
the most common serological tests used for the diagnosis of dengue virus is the hemagglutination inhibition
(HI) test. However, the major drawback of this test is the requirement of paired sera and cross reactivity
with other members of the flaviviruses family. (Clarke D, 1958; Gody dos Santos H, Poloni T, 2008)
Detection of antibodies against Dengue virus are usually detected using enzyme-linked immunosorbant
assay (ELISA) (Bundo K, 1985; Cardosa & Zuraini, 1991; Chiaravalloti-Neto et al., 2019; Clarke D, 1958;
Innis, 1993; Kuno et al., 1991; Tio & Malasit, 1995) The most definitive diagnostic test for Dengue virus is
the viral isolation, however, it is not readily available in most clinical laboratories and is time consuming.
(Nawa et al., 2000) Comparative to viral isolation, reverse transcription polymerase chain reaction (RT-
PCR) is the most reliable method used for the detection of dengue viral RNA in suspected cases. (Sharma
et al., 2018; Tsai et al., 2019) It is most sensitive than serological methods especially in the acute febrile
state of the infection.

Shu et al., 2003 used real-time PCR utilizing SYBER green | for the identification of Dengue virus.
reported a rapid and simple real-time reverse transcriptase PCR (RT-PCR) using SYBR green | as the
reporter dye for the detection of dengue RNA. However, the need for a pair of generic primers and four
pairs of serotype specific primers limited the number of samples that could be run simultaneously for the
determination of serotypes. Five positions in the PCR thermal cycler would have to be allocated to each
sample.

To differentiate the serotypes fluorogenic probes have also been used in real-time PCR method. (Clarke D,
1958; Henchal EA, McCown JM, Seguin MC, Gentry MK, 1996; Johnson et al., 2005; Konongoi et al.,
2016; Mishra et al., 2011; Saxena et al., 2008; Yuill et al., 1968).

Objective

Purpose of this study was detection of Dengue virus by RT-PCR method and its serotyping by multiplex
PCR.

Material and Methods

This comparative analytical study was conducted at Bagai Institute of Hematology, Bagai Medical
University, and Dr. Rubina Ghani Pathological & Molecular Laboratories, Karachi, Pakistan. In this study,
a total of 48 individuals with febrile illness were recruited. Patients suffered classical type of fever with
typical symptoms manifesting high fever, body ache, headache and vomiting. Patients’ blood samples were
collected for complete blood counts on which indicated leucopenia and thrombocytopenia without
hemorrhagic signs. Further serological tests were also carried out. ELISA was executed for the detection of
dengue IgM in suspected Dengue cases using commercially available kit (Nova Tac. Germany).

Reverse Transcriptase Polymerase Chain Reaction for Dengue virus detection:

RT-PCR was carried out to confirm the presence of dengue virus. Specific primers were designed and used
to detect different serotypes present in the Dengue infected patients with multiplex PCR.
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RNA Extraction

RNA was extracted from all samples using Gentra DNA extraction kit (Puregene RNA D-5001, Gentra
Systems, Minnesota, USA). The extracted RNA was then used for the detection of Dengue virus and
serotyping.

The RT-PCR was performed for finding Dengue virus. A total of 35 cycles were carried out following the
given protocol 94°C for 45 seconds, 55°C for 45 seconds and 72°C for 1 minute with extension for 10
minutes at 72°C. To avoid any possible contamination, all precautions were carried out. Negative and
positive control sera were also tested during each run to validate the results.

Determination of Dengue serotypes

Dengue positive samples were further used for serotyping 1 through 4 by using Dengue serotype—specific
primers with slight modification. The combinations of primers were designed based on their differences in
the base pair genotype specific band. After running the PCR, the products were electrophoresed on 2%
agarose gel. The bands were then stained with ethidium bromide, and examined using under
transilluminator.

Results

A total of 48 patients were included in this study with febrile illness with low white cell count and platelet
counts. Among the male and female patients no difference in the WBC count and platelet count was
observed as shown in table 1.

Table 1: Age, white cell count and platelet count with Dengue infected patients

RUbricS Adults Children

Male (24) Female (10) Male (9) Female (5)
Age 32+12 36+14 12.7845.09 9.8+4.5
WBC x10°/L 1.94+1.1 1.4+0.8* 1.6+0.9 2.1+1.2*
Platelet x10%/L 62.4+42.1 42.4+23.7* 56.8+37.9 66.0+49.6*

*p values >0.05

Out of 48 tested samples, 15 patients had Dengue IgM in their sera detected by ELISA while 35 samples
were found positive by RT-PCR. While 13 samples were negative by both methods shown in table 2.

Table 2: Results of ELISA and RT-PCR of all participant

] ELISA PCR
Patients
48 48
Detected 15 35
Not Detected 33 13

Table 3 shows the results of individuals who were positive by RT-PCR (n=35) and negative (n=13).
Patients were divided in to groups i.e., adult males, adult females, male children and female children. Den 1
was the most common serotype (n=13) followed by Den 2 (n=10). A total of 8 subjects were found positive
for Den 3 and 4 for Den 4 respectively. Table 3 shows the frequency of positive cases and their serotypes
among the four groups. Platelet count was compared among the different serotypes; however, no
statistically significant difference was observed as shown in table 4. Those who were not positive for
Dengue showed increased platelet count as compared to the positive participants.
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Table 3: Serological and RT-PCR and multiplex PCR results of participants
Adults Children
. Total
Rubrics Male Female Male Female (frequency)
(n=24) (n=10) (n=9) (n=5)
RT-PCR (positive) 16 9 7 3 35 (100%)
Den 1 6 3 3 1 13 (37.15)
Serotvnes Den 2 7 2 1 0 10 (28.57)
YPES ben 3 5 2 1 0 8 (22.85)
Den 4 3 1 0 0 4(11.43)
Table 4: Comparison of platelet count among participants
Platelet count (10°/L)
Serotypes p values
Male Female
Den 1 36.318.0 31.7+7.1 P>0.05
Den 2 33.3+6.1 39.546.3 P>0.05
Den 3 35.446.0 33.0t4.4 P>0.05
Den 4 34.748.3 38.0+00 P>0.05
Not detected 123.319.1 116.0+6.9 P>0.05
Discussion

Tropical and subtropical countries are mainly affected by Dengue virus. Clinical features of Dengue
infection range from mild subclinical asymptomatic status to influenza-like illness, DF or DHF. In cases
with DHF also known as dengue shock syndrome (DSS), hemorrhage and plasma leakage into the tissues
occurs that may fatal sometimes. Detection of IgM and or IgG using ELISA or hemagglutination inhibition
test is usually followed for the detection of Dengue virus. Both these serological methods cannot be used in
the early asymptomatic phase of the infection. Furthermore, cross-reactivity is another technical problem
associated with the serological method. In comparison to serological methods, molecular analysis using
RT-PCR is the method of choice for the detection of Dengue virus even in the early phase of infection.

Complete blood counts of the febrile patients infected with Dengue virus showed markedly reduced platelet
count as compared to negative individuals. In this study Dengue virus was tested in 48 patients with febrile
illness. Out of 48 samples 15 were positive by ELISA method while 33 samples were found negative. Out
of 48 samples 35 were positive by RT- PCR while 13 samples were still negative. Comparing the results of
both ELISA and RT-PCR it is clear that RT-PCR is the most reliable method for the detection of Dengue
virus.

Serotyping of all positive samples was carried out and it all four serotypes including Den 1, 2, 3 and 4 were
found positive in the study participants. A total of 37.15% patients were infected with Den 1 serotypes
among the positive patients. While Den 2, and Den 3 were positive in 28.85% and 22.85% patients with
Dengue respectively. While Dengue 4 was the rare serotype among the positive patients. These findings
were different from Khan et al., 2008, they reported Den 2 in an out brake in 2006. In this study 13
(37.14%) samples were Den 1, 9 (25.71%) were Den 2, 9 (25.71%) samples were Den 3 and 4 (11.42%)
were positive for Den 4. These findings in contrast to a study conducted in the two other provinces of
Pakistan. (Ali et al., 2016) Ali et al reported Den 2 and Den 3 to be in highest prevalence in Khyber
Pakhtunkhwa and Punjab 41.64%, 41.05% and 40.0% and 60.0% respectively. (Ali et al., 2016) similarly,
another study showed a slight high prevalence of Den 2 and 3 in a study conducted in Peshawar as
compared to this study. (Khan et al., 2020)
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Spread of Dengue virus in Asia is reported by different studies (Anantapreecha et al., 2005; Suwandono et
al., 2006; Zheng et al., 2002) Anantapreecha S et al 2002 have also reported all four serotypes (Den 1, 2, 3
and 4) in Thai population. Zheng al 2002 analyzed the genetic make up of Den 1 isolated from Guangdong
Province and found that it is similar to that of Philippines, Indonesian and Thai stains. This shows the
circulation of this strain in these countries. Suwandono et al 2006 have also identified all four dengue
serotypes during the outbreak in Indonesia. Predominant serotype was Den 3, while Den 4, Den 2 and Den
1 were also detected in their study.

From the current study and relative literature, it is concluded that RT-PCR is the most reliable method for
the detection of dengue virus. Furthermore, Den 1, and Den 4 are the most common serotypes.
Furthermore, molecular analysis is the most sensitive and reliable method for the detection of Dengue
virus. Den 1 was the most prevalent serotype in this study.
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