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Original Article

Identification of Dengue Serotypes using a Single
Serum Specimen Algorithm in a Tertiary Care
Hospital, Alappuzha, Kerala, India

ABSTRACT

Introduction: The geographic location of Alappuzha, a district in
the South Indian state of Kerala, the distinct weather conditions
and frequent natural calamities present a unique ecology that
contributes to the prevalence of vector-borne diseases like
dengue. Early dengue virus infection can be detected by using
a combination of tests on a single serum specimen.

Aim: To identify the dengue virus serotypes among hospitalised
patients in a South Indian teaching hospital in Alappuzha,
Kerala, India.

Materials and Methods: Patient samples that tested positive
for dengue non-structural protein-1 (NS1) antigen by ELISA were
further evaluated for dengue virus RNA by real-time, multiplex
reverse transcriptase Polymerase Chain Reaction (PCR) and
the serotype was determined. Anonymised patient data was
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collected using a questionnaire as a data collection tool. The
data was analysed for statistical significance.

Results: Among 422 non-duplicate patient serum samples
received in the Department of Microbiology, in the year 2019,
30 were positive for dengue NS1 antigen by ELISA. Dengue
viral RNA was detected in 50% of the samples (15/30). DENV-3
serotype was the most prevalent (nine) followed by DENV-1
(five) and DENV-2 (one). Common presentations of the patients
were fever, headache, and myalgia. No statistically significant
association was found between a PCR positive result and the
presence of warning signs and thrombocytopenia.
Conclusion: DENV-3 was the most common serotype in the
study population. Early dengue virus infection is associated
with varied symptoms.

Keywords: Arbovirus, Limited resource nation, Multiplex polymerase chain reaction, Real-time polymerase chain reaction,
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INTRODUCTION

Early diagnosis of dengue virus infection using sensitive and
accurate laboratory tests is imperative for reducing mortality.
Currently, assays that detect dengue-specific secretory NS1
antigen have gained popularity in the detection of early dengue
virus infection [1,2]. Studies have shown a variable sensitivity for
these assays (24-93%) in detecting dengue virus infection and
a reduction of sensitivity in secondary dengue infections [3,4]. In
secondary dengue infection, a rapid anamnestic rise in antibodies
occurs. These antibodies sequester the NS1 antigen in immune
complexes and thereby, reduce its detection through capture
assays [5]. Nucleic acid detection methods are not widely used or
are available in resource-limited countries like India. However, these
assays are required for identifying the infecting serotype. The World
Health Organisation (WHO) recommends their use for diagnosis of
early dengue virus infection [6].

As per the guidelines put forth by the Directorate of National
Vector-borne Disease Control Programme in India, a diagnosis
of dengue fever is confirmed in a patient with clinical features
of dengue by demonstration of viral nucleic acid, live virus,
dengue NS1 antigen, or dengue IgM antibody in acute sera or
by demonstration of IgG seroconversion or a four-fold increase
in dengue IgG antibody titre in paired sera [7]. Demonstration
of dengue IgG seroconversion or a four-fold increase in IgG titre
in paired sera provides no useful information that influences
early patient care. Moreover, collection of paired sera is often
impractical and delays diagnosis. Most patients with dengue virus
infection present acutely within a week of disease onset. A serum
specimen collected during the acute phase is ideal for isolation of
live virus or demonstration of viral nucleic acid or viral antigen. A
previous study has demonstrated the efficacy of a single serum
specimen in the diagnosis of dengue [8].

As of 2013, 19% of global cases of dengue infections were reported
from India [9]. An increasing number of cases have been reported
from the South Indian state of Kerala since 2006. In 2010, Kerala
contributed to 9.2% of cases of dengue virus infections in India. Al
the four dengue serotypes (DENV-1,2,3 and 4) have been found to
be prevalent in Kerala [10]. Some studies have reported an increased
incidence of dengue hemorrhagic fever with DENV-2 infection [10-
12]. The state of Kerala provides the ideal conditions for the study
of neglected tropical diseases like dengue fever. Despite low per
capita income, the health sector in Kerala has made outstanding
developments by producing indices comparable at an international
level. The high percentage of literacy and a strong public healthcare
sector makes Kerala an ideal place for research on tropical
infections [13]. In the previous year, 2018, Kerala was affected by
severe floods. This natural calamity can potentially influence the
epidemiology of these communicable diseases.

Alappuzha is a coastal district locked between a network of rivers,
lakes and the Arabian sea. The abundance of water bodies around
the district and the humid climate encourage vector-borne disease
transmission. This study observed the clinical presentation in
patients admitted with early dengue virus infection and attempted
to identify the dengue viral serotypes.

MATERIALS AND METHODS

This was a descriptive study conducted at a Tertiary Care Teaching
Hospital in Alappuzha district of Kerala, India with the help of an
attached virology lab. The study included all serum specimens that
tested positive for dengue NS1 antigen by ELISA from January
2019 to September 2019. The study was begun after obtaining
the approval of the Institutional Ethics Committee (IEC Certificate:
EC43/2019 dated 09/05/2019).
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Asingle serum specimen testing algorithm was followed for evaluating
patients admitted in the hospital with a suspicion of dengue virus
infection [7]. All serum specimens received in the microbiology lab
with a clinician’s request for evaluation of dengue fever were tested
for dengue NS1 antigen using commercially available sandwich
ELISA. Sera that tested positive for dengue NS1 antigen were
further subjected to a Multiplex, Real-Time, Reverse Transcriptase-
Polymerase Chain Reaction (multiplex rRT-PCR). RNA isolation for the
rRT-PCR was performed using QIAamp® Viral RNA Mini kit (QIAGEN,
Hilden, Germany) according to the manufacturer’s instructions. Multiplex
rRT-PCR assay was performed according to the protocol published
by CDC (CDC DENV-1-4 rRT-PCR Multiplex Assay for Detection and
Serotype Identification of Dengue Virus) [14]. This assay was performed
using CFX96™ Real-Time system (Bio Rad Laboratories GmbH,
Munich, Germany) [Table/Fig-1].
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[Table/Fig-1]: Multiplex real-time reverse transcriptase PCR assay.
1 Red line- Dengue serotype 3 positive control

2 Dark green line- Dengue serotype 2 positive sample

3 Dark green line- Dengue serotype 2 positive control

4 Blue line- Dengue serotype 1 positive control
5 Purple line- Dengue serotype 4 positive control
6 Blue line- Dengue serotype 1 positive sample
7 Red line- Dengue serotype 3 positive sample

A self-prepared, English questionnaire was used as a data
collection tool to record clinical data of all patients that tested
positive for dengue NS1 antigen [Annexure]. This questionnaire
was designed based on the dengue case definition published by
WHO [15]. Due importance was given to note the presence of
warning signs as per CDC guidelines for dengue care management
[16]. The questionnaire was face validated by internal medicine,
community medicine and microbiology specialists and reliability of
data collection was found appropriate. Anonymity of patient data
was maintained throughout the study.

STATISTICAL ANALYSIS

All data were entered into Microsoft Excel. Unpaired proportions
were compared by Fisher’s exact test. The p-value was calculated
wherever required and value <0.05 was considered to be statistically
significant.

RESULTS

A total of 422 serum samples were received in the Department
of Microbiology for diagnostic evaluation of clinically suspected
dengue fever during the study period. This included 232 men and
190 women. Thirty (30/422) samples were found to be positive for
dengue NS1 antigen by ELISA. Twenty one were men and nine were
women, between the ages 18 and 70 years. Dengue viral RNA was
detected in 15/30 (50%) of these patients who were positive for NS1
antigen by ELISA. The most common serotype isolated was DENV-3
(9/15) [Table/Fig-2]. Dengue viral RNA was detected in 6 women
and 9 men out of 9 and 21 who tested positive for NS1 antigen,
respectively.

The maximum number of PCR positive cases was obtained in the
month of June (5/8) [Table/Fig-3].
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[Table/Fig-2]: Single serum testing algorithm (original).
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[Table/Fig-3]: Month-wise distribution of results.

All 30 patients in the study population (NS1 antigen positive)
had fever as the initial sign of illness. Out of the 15 who were
PCR positive, two patients were afebrile at sample collection.
The average duration of fever at sample collection was 3.9 days
for PCR-positive patients (15) whereas it was 5.9 days for PCR-
negative patients [15]. Other symptoms present in most patients
included headache, myalgia and nausea. Retro-orbital pain was
reported by two patients, who were both PCR negative. Among the
15 patients with a positive PCR result, only one patient had a clear
history of previous dengue infection. Secondary dengue infection
was not studied. Among the 15 patients with a positive PCR result,
six had thrombocytopenia (platelet count <1,00,000). Among PCR
negative patients, thrombocytopenia was seen only in eight patients.
No statistical significance between the rRT-PCR test result and the
presence of warning signs (p=0.47) or thrombocytopenia (p=0.75)
was found [Table/Fig-4]. Though hepatomegaly was not observed
in any of the patients, five patients (5/30) had moderate elevation of
transaminases; dengue viral RNA was detected in two patients by
PCR. Two patients had elevation of blood urea and serum creatinine;
dengue viral RNA was detected in one patient.

One patient developed acute coronary artery syndrome and signs
of severe dengue. This patient’s sample was negative by PCR. He
was managed under intensive care with low-dose aspirin, repeated
platelet monitoring, fresh frozen plasma infusion and cardiac
monitoring. However, he developed Acute Respiratory Distress
Syndrome (ARDS) during treatment and succumbed to it. Another
patient had sinus tachycardia on ECG. He was managed with
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PCR PCR positive

negative | Total | DENV-1 | DENV-2 | DENV-3
Warning signs
Severe abdominal pain 2 1 1
Vomiting 5 4 1 3
Mucosal bleeds 2 1 1
Laboratory investigations
Thrombocytopenia 8 6 1 1 4
Thrombogytopenia + 3 0
leucopenia
Elevated liver enzymes 3 2 2
Deranged renal function 1 1 1
Signs of severe dengue/ Organ involvement
Acute respiratory distress 1 0
syndrome
Acute coronary syndrome 1 0 0
Sinus tachycardia 0 1 1
Cerebrovascular event 1 0

[Table/Fig-4]: Clinical symptoms and signs among the study subjects.

intensive cardiac monitoring and supportive therapy for dengue.
This patient had a positive dengue PCR. His cardiac condition
was stable during the hospitalisation and was discharged after
supportive therapy for dengue. He was advised cardiology review
after discharge.

DISCUSSION

Dengue viral RNA was isolated from 50% of the samples tested by
PCR. The most common serotype isolated was DENV-3. DENV-4
was not isolated from the samples. The present study happens to
be the first attempt to identify the serotypes in a geographic location
during a period of nine months within the year 2019. The study
occurred in a Tertiary Care Government Teaching Hospital located
in Alappuzha that caters to the entire population of Alappuzha. The
absence of any other major hospitals or tertiary care centres in
Alappuzha makes the study results an ideal representation of the
community. Previous studies in India have reported the presence of
all the four serotypes [Table/Fig-5,6] [10,17-24]. Among the studies
from Kerala, one study included 12 serum samples from Alappuzha,
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of which only one sample yielded a positive PCR result. None of
these studies have provided an ideal representation of the prevalent
serotypes in the community in Alappuzha.

A single specimen diagnostic algorithm was previously used by a
study which concluded that when real-time, reverse transcriptase
PCR and NS1 antigen by ELISA were combined with dengue
IgM antibody detection in a single serum specimen, dengue virus
infection can be accurately detected in more than 90% of cases [8].
The same study demonstrated that over 90% of dengue infections
can be confirmed if a combination of three assays- dengue viral RNA
PCR, dengue NS1 antigen ELISA and dengue IgM ELISA- were
performed on a single serum specimen collected within 10 days
of onset of fever. Therefore, serum specimens collected early on in
the infection and tested with a combination of nucleic acid assays,
NS1 antigen ELISA and dengue antibody IgM ELISA can provide
meaningful results that can aid in clinical practice. This inference
forms the basis for a single serum specimen testing algorithm.
However, the aforementioned study was conducted on archived
samples preserved over a period of five years.

Dengue virus infection is a significant cause of febrile iliness in Kerala.
Similar studies conducted previously were able to isolate the dengue
viral RNA from 49.3% of cases with clinical suspicion of dengue [17].
In another similar study conducted in Central India, dengue viral
RNA was detected in 89% of samples which were positive for NS1
antigen by ELISA [25]. In the present study, dengue viral RNA was
isolated from 50% of the samples tested. Though co-infection with
two serotypes have been reported by several studies, co-infection
was not observed in this study [19,21,24,26]. In the present study,
DENV-4 was absent in the population studied. Previous studies
have also reported the absence of this serotype for consecutive
years [27,28]. A previous study from Karnataka employing a similar
methodology, recovered dengue viral RNA from 25% of the samples
tested and did not isolate DENV-4 serotype [29].

Five Indian states (Punjab, Haryana, Gujarat, Rajasthan and Kerala)
were recently studied for the variability of vector-virus interactions
and the influence of climate [30]. This study demonstrated that the
extrinsic incubation period of dengue virus in the mosquito vector
is the lowest in Kerala. The same study also inferred that the high
incidence of dengue fever in Kerala is due to the abundance of
breeding grounds, suitable temperatures (23.5-30°C) and shorter

Year wise distribution of Most common
Study, Year of Publication Period Districts (Number of PCR positive samples) PCR positive PCR positive samples serotype
Present study, 2020 2019 Alappuzha (15) 50% (15/30) 2019 (15) DENV-3
Kozhikods (5 2008 (1)
Kumar NP et al., 2013 [10] 2008-2010 32% (29/89) 2009 (8) DENV-2
Kasaragod (4)
2010 (20)
Alappuzha (1)
Anoop M et al., 2010 [17] 2008 Ernakulam (37) 49.3% (37/75) 2008 (37) DENV-2
Anoop M et al., 2012 [18] 2009 Thiruvananthapuram Medical college campus (39) 51.3% (39/76) April-May 2009 (39) DENV-1
- 2013 (13)
Reddy MN etal., 2017 [1g] | 22132015 | asargod 26/100 2014 (3) DENV-1
June-August 2015 (10)

[Table/Fig-5]: Previous studies from Kerala on the prevalent dengue serotypes [10,17-19].

[Table/Fig-6]: Previous studies from India on the prevalent dengue serotypes [20-24].

Study, Year of Publication Period State PCR positive Year wise distribution of PCR positive samples Most common serotype
2003 (8) All four serotypes (2003)
Gupta E et al., 2006 [20] 2003-2005 Delhi (27) 27/85 (32%) 2004 (2) DENV-1 (2004)
2005 (17) DENV-3 (2005)
Vinodkumar CS et al., 2013 [21]. | 2011-2012 Karnataka 42/72 (58%) June 2011-March 2012 (42) DENV-2
Chhattisgarh 53/142 (37%) | August 2012 (53) DENV-1
Barde PV et al., 2015 [22] 2012
Madhya Pradesh 62/105 (59%) November 2012 (62) DENV-1
Sharmila PF et al., 2019 [23] 2017 Tamil Nadu 68/147 (46%) | August-October 2017 (68) DENV-4
Racherla RG et al., 2018 [24] 2017 Andhra Pradesh 60/96 (63%) Add (60) after 2017 DENV-2
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incubation periods. Epidemiological studies have shown that a
secondary infection with a different serotype can cause severe
dengue and the presence of more than one serotype in a geographic
location canincrease the risk for the same [31]. The present study has
shown the prevalence of more than one serotype within Alappuzha.
DENV-2, which has been described as the most virulent of dengue
virus serotypes, was also isolated in the study [32]. The presence
of more than one serotype in Alappuzha suggests endemicity
and increases the risk for co-infection and severe disease. The
geographic location of Alappuzha and the abundance of the vectors
contribute to the increased risk for outbreaks. Lessons learned
from the epidemiological surveillance of dengue may be applied to
other emerging arbovirus infections like chikungunya and Zika virus
infection, as these share common vectors [33,34].

Limitation(s)

Association between serotypes and specific symptoms or signs
could not be established due to small sample size. Low-viral RNA,
sensitivity of NS1 ELISA and specificity of PCR could be the reason
for absence of viral RNA in 50% of the samples. Phylogenetic
assay was not performed due to the lack of funding. The study
had to be abruptly stopped by the month of September due to
the same reason.

CONCLUSION(S)

The results of the study provided a veracious and current picture
of the dengue virus serotypes circulating in the community in
Alappuzha, Kerala, India. Since India has diverse population and
geographic conditions, such small-scale studies can provide
a better picture about the distribution of dengue virus serotypes
in the country. Continuous local monitoring of infectious agents
provides a database to predict outbreaks. Virus levels in the
blood drop drastically within a few days of onset of iliness. Early
sample collection is required to culture the virus from blood or to
demonstrate viral nucleic acid.
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Annexure: Questionnaire

Proforma for Clinical and Demographic details

Patient Details

Patient Age: Gender: M/F  Address: Inpatient/Qutpatient

Clinical Presentation

Presenting Complaint:

Fever: Present/Absent Number of days of fever:

Warning signs Additional symptoms
o Abdominal pain o Anorexia
o Severe/Mild o Nausea
o Persistent vomiting o Rash
o Clinical fluid accumulation o Aches and pains
o Mucosal bleed o Leukopenia
o Lethargy o Any Other
o Restlessness
o Enlargement of liver more that 2cm
Laboratory Investigations
Platelet counts: Day 1 Day 2 Day 3 Day4
Hematocrit:
WBC:

Lab investigations

Blood glucose:

Renal profile:

Liver profile:

G lation profile:
Other investigations:

0 0 0 0 O

Signs of Severe dengue: Present/ Absent

o Plasma leakage: shock/respiratory distress
o Severe bleeding
o Organ impairment

Serotype: DENV1/DENV2/DENV3/DENV4
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