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Abstract

Background: Dengue fever is a mosquito-borne disease. Its cases are increasing in India year by year
with an increasing mortality rate. Hence, prompt and accurate diagnosis is necessary to prevent
morbidity and mortality. The early diagnosis of dengue is necessary for identifying an epidemic and
also for implementing effective vector control measures.

Aims and Obijectives: The present study was carried out to evaluate different laboratory methods
like NS1 ELISA, IgM ELISA & dengue RT-PCR for early diagnosis of dengue infection.

Materials and Methods: This prospective study was conducted in a tertiary care hospital in
Ahmedabad, Gujarat, from June 2022 to May 2023. In this study, we enrolled 605 clinically suspected
cases of dengue. All the samples were processed by either NS1 ELISA or IgM ELISA. Detection of
DEN viral RNA was performed on all samples positive by at least one of the two methods and samples
from the rest of the patients with a history of < 5 days of fever.

Results: Out of 605 clinically suspected dengue cases, 186 were confirmed cases either positive by
RT-PCR, NS1 ELISA, or IgM ELISA. Among all the 186 cases, 126 were positive by RT-PCR, 110
were positive by NS1 antigen ELISA, and 72 were positive by IgM antibody capture ELISA.
Conclusion: Both NS1 and RT-PCR are useful for early dengue diagnosis, although in terms of cost,
ease of performance, sensitivity, and rapidity, NS1 is superior to RT-PCR. NS1 in combination with
IgM offers the most sensitive and cost-effective diagnostic modality for the detection of acute and
late phase of dengue fever.
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Introduction
Dengue is a mosquito-borne disease mainly in tropical and subtropical regions affecting humans [1].
It is spread by mosquito species, Aedes aegypti and Aedes albopictus. Dengue fever (DF) is
occasionally complicated and causes severe dengue hemorrhagic fever (DHF) or dengue shock
syndrome (DSS). It affects public health in urban and suburban areas causing morbidity and mortality
[2-4]. WHO has estimated that around 3 billion people worldwide reside in areas where there are
risks of exposure to dengue virus, and every year about 50 million people are infected with dengue
virus [5-7]. Dengue virus is an RNA virus, which is a hemorrhagic type. It possesses four serotypes
1, 2, 3, and 4. All serotypes cause infection. One serotype infection does not cross-protect against the
45


mailto:pfalgunimicro@gmail.com
mailto:shailjabhumbhani@gmail.com
mailto:asthapatel151294@gmail.com
mailto:urveshv@yahoo.com
mailto:shailjabhumbhani@gmail.com

European Journal of Molecular & Clinical Medicine

ISSN 2515-8260 Volume 11 Issue 5, 2024

infection with other serotypes but may cause a severe form of infection [1]. Among all the four
serotypes of DEN (DEN 1-4), Asian genotypes of DEN 2 and 3 are frequently associated with
secondary DEN infections. A fifth serotype was also identified [8].

Early diagnosis of dengue plays an important role in detecting an epidemic or outbreak and in
implementing effective vector control measures [9]. Controlling dengue infections is difficult because
it requires effective control of vectors responsible for transmitting the virus and also accurate and
rapid diagnosis. In many parts of the world, particularly in countries with limited resources, accurate
and timely diagnosis of early detection of dengue virus is a big problem for the management of
dengue-infected patients to date[10].

Dengue virus infections may be asymptomatic or may lead to undifferentiated fever, DF, or
DHF/DSS. For dengue, the incubation period is four to six days. Infants and young children present
with an undifferentiated febrile disease with a maculopapular rash. Older children and adults may
develop either a mild febrile syndrome or classical dengue fever, characterized by fever, headache,
myalgias, arthralgia, and rash. Three or four days after the onset of fever, when the fever falls, few
patients develop bleeding manifestations (at least a positive tourniquet test), thrombocytopenia, and
hemoconcentration. Hepatomegaly may also be found. Patients mostly improve after fluid and
electrolyte therapy. In severe cases, shock is observed, characterized by signs of circulatory failure
(weak and rapid pulse, hypotension or narrowing of the pulse pressure, cold and clammy skin, and
restlessness). Shock is followed by death in 5-10% of cases if rehydration is not sufficient or delayed.
Plasma leakage is the main characteristic of DHF/DSS [11,12].

There are many laboratory methods for the diagnosis of dengue infection such as viral isolation,
detection of RNA, antigen, and antibody assays. In countries where dengue is prevalent, the diagnosis
of dengue is mostly based on ELISA detecting either NS1 antigen or IgM antibody (MAC IgM)
[13,14]. Molecular methods like reverse transcriptase polymerase chain reaction (RT PCR) for
diagnosis of dengue virus are useful for early detection with its serotypes. RT PCR has been approved
by WHO in the Dengue Bulletin 2009[ 15]. Both viral isolation and identifying viral RNA through
RT-PCR are time-consuming and need a specialized laboratory with costly methods and well-trained
personnel which may not be available in all hospital settings [7,9]. In most of the cases, serologic tests
are used to detect IgM and 1gG antibodies by ELISA. During the acute phase, the presence of IgM
antibodies indicates primary infection and it appears after the viremia ends or after the fever subsides
[16]. During primary infection, IgM appears after 5-6 days and 1gG after 7-10 days. But, in secondary
infections, IgG antibodies rise to high levels within the first week of infection and reduce over 3 to 6
months [2]. The detection of nonstructural protein 1 (NS1) antigen during the acute phase of disease
in patients having primary and secondary infections has been studied in various laboratories across
the world [9,17-19]. NS1 is a highly conserved glycoprotein for all the serotypes and is produced in
both cell membrane-associated and secreted forms [7,17,19]. NS1 has no biological activity but It is
essential for virus viability or replication and NS1 antigen does not yet have a precise function [17,20].
It stimulates a strong humoral response [21]. NS1 antigen is detectable in blood from the first day
after the onset of fever up to day 9, and is also detectable in the presence of IgM antibodies and when
viral RNA is negative by RT-PCR [18]. Ahmedabad is endemic for Dengue. This study was done to
evaluate the utility of various diagnostic tests in patients with clinically suspected dengue fever.

Materials and Methods

Study design and site

It is a prospective study conducted at the Virology Laboratory, Department of Microbiology, GCS
Medical College, Hospital and Research Centre, Ahmedabad, Gujarat, India from June 2022 to May
2023. This study was approved by the Institutional Ethics Committee. The inclusion and exclusion
criteria were followed as mentioned below:
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Inclusion criteria

» Age: All age groups.

* Clinically suspected cases of dengue fever visiting O.P.D. and I.P.D. of different clinical
departments of GCSMCH & RH.

Exclusion criteria
All previously diagnosed cases of dengue infection and febrile cases with other proven etiology
(malaria, typhoid, other febrile illnesses, etc.).

Study period, sample collection, and processing

A total of 605 cases were enrolled with clinical signs and symptoms (headache, fever, joint pain, etc.)
suggestive of dengue fever during the outbreak from June 2022 to May 2023. Blood samples (3-4 ml)
were collected under all aseptic precautions from patients who fulfilled the inclusion criteria. The
samples (Serum/Plasma) were separated by centrifugation for serological and molecular diagnosis.

Patient signs and symptoms

The history of most common clinical signs and symptoms like fever, arthralgia, myalgia, retro-orbital
pain, headache, rashes, epistaxis, melena, abdominal pain, and vomiting were taken from all the
patients.

Dengue was confirmed by either NS1 antigen ELISA or IgM antibody ELISA.

NS1 antigen ELISA: Non-structural (NS1) antigen ELISA was performed using Oscar Medicare
Dengue NS1 kit as per manufacturer protocol, (Oscar Medicare Pvt. Ltd. New Delhi, India).

Dengue IgM antibody capture (MAC) ELISA: Dengue antibody detection was done by NIV Dengue
MAC ELISA kit as per manufacturer instructions, (National Institute of Virology - NIV, Pune, India).
Detection of DEN viral RNA was performed on all samples positive by at least one of the two tests
(NS1 antigen/ IgM antibody ELISA) and samples from the rest of the patients with a history of <5
days of fever.

RNA extraction and real-time reverse transcriptase PCR: The RNA was extracted by the standard
procedure as per manufacturer protocol (Meril RNA extraction kit, Meril Diagnostics, Vapi, Gujarat,
India). Real-time reverse transcriptase PCR for dengue virus detection was performed by TRUPCR
Dengue/Chikungunya Detection Kit Version: 2.0 (3B BlackBio Biotech India Ltd, MP, India) in real-
time PCR instrument (Qiagen Rotor-Gene Q).

Results:

In this study, out of the total 605 clinically suspected dengue cases, 186 were confirmed cases (either
positive by RT-PCR, NS1 ELISA, or IgM ELISA). Among 186 positive cases, 122 were male, and
64 were female, with M: F ratio of 1.9:1.

Figure 1: Sexwise distribution of Dengue patients (N = 186 )
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Out of 186 cases, 38 (20.43 %) were between age group 0-10 years, 45 (24.19 %) between age group
11-20 years, 54 (29.03 %) between age group 21-30 years,24 (12.90 %) between age group 31-40
years, 9 (4.84 %) between age group 41-50 years and 16 (8.60 %) above age 50 years.

Figure 2: Agewise distribution of Dengue patients (N = 186 )
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In this study most common symptom was fever present in all cases 186 (100%). In 108 (58.06 %)
cases fever was <5 days and in 78 (41.94 %) cases fever was > 5 days, followed by arthralgia/myalgia
present in 118 (63.44 %) cases, headache in 101(54.30 %) cases, vomiting in 72 (38.71 % ) cases,
abdominal pain in 94 (50.53 %) cases, skin rash in 43( 23.11 % ) cases, bleeding manifestation
(epistaxis, Malena) in 19 (10.21 %) cases, retro-orbital pain in 30 (16 .12% )cases. Clinical signs and
symptoms are shown in Figure 3.

Figure 3: Clinical signs and symptoms in dengue-positive cases (n=186).

Sign and symptoms of Dengue cases
120% 500
0

(%]
9 100%
S ono
o 80% 63.44% .
& 60% 54.30%  50.53%
S 38.71%
© 40%
5 ’ 16.129% 2>11% .
< 20% I 10.21%
o
0% [ | n
Q& ®
& o B S &
<<Q/ @\’b ’bb'b ’b\ O(Q{\' \"D\Q Ny @'b\
2 I (('\\(\ K\ {0\ *)‘7\
& & o 2
& v ¢ &K
v Sign & symptomes ofﬁengue cases

Laboratory investigations show 134 (72.04 %) cases had thrombocytopaenia, 90 (48.39) had
leucopenia and 82 (44.09) % cases had raised liver enzymes (AST/ALT)

In this study among all the 186 cases, 126 cases were positive by RT-PCR, 110 cases were positive
by NS1 antigen ELISA, and 72 cases were positive by IgM antibody capture ELISA. Out of 605 fever
cases, 289 had a history of <5 days fever & and 316 cases had a history of > 5 days fever. Out of 110
NS1 positive cases, 92 had a fever <5 days, and 18 had a > 5 days fever. Out of 72 IgM-positive
cases, 12 had a fever of <5 days, and 60 had a > 5 days fever.
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Table 1: Correlation between number of days of fever and serological tests

Serological Test | Fever<5days | Fever>5days | Total cases
NS1 ELISA + 92 18 110

IgM ELISA + 12 60 72
Negative 185 238 423

Total 289 316 605

In this study, out of 185 serological negative cases of fever <5 days, RT PCR was positive in 4 cases.

Table 2: Dengue-positive cases by different testing methods

Test Fever <5days | Fever>5days | Total Positive
NS1ELISA + 92 18 110

IgM ELISA + 12 60 72

RT PCR + 4 - 4

NS1 Negative,

IgM Negative

Total 108 78 186

Out of a total of 186 dengue-positive cases 182 were detected by serological methods NS1 or IgM
ELISA & and 4 cases by RT PCR method.

In this study out of 92 NS1 positive cases of fever <5 days, 75 (81.52 %) were positive for dengue
RT PCR, and out of 18 NS1 positive cases of fever > 5 days, 11 (61.11%) were positive for dengue
RT PCR. Out of 72 IgM-positive cases, 36 (50 %) were dengue RT PCR positive. Out of 185 patients
with a history of fever 5 days or less and serology negative 4 (2.16 %) were dengue RT PCR positive.

Table 3: Comparison of NS1 ELISA & IgM ELISA against RT PCR

Category Cases processed by RT | Cases positive by RT
PCR PCR

NS1 Positive & fever <5 days 92 75 (81.52 %)

NS1 Positive & fever > 5 days 18 11(61.11 %)

IgM Positive 72 36 (50 %)

Serologically Negative & fever <5 | 185 4 (2.16 %)

days

Discussion
Dengue is an emerging vector-borne disease associated with high morbidity and mortality. Rapid
urbanization, globalization, poor solid waste and water management, and increasing population have
given rise to new habitats for mosquito breeding thereby increasing the number of cases. Increased
awareness among treating physicians and communities has brought down the mortality due to dengue,
however increasing number of cases year after year is an area of concern. The diagnosis of dengue is
still difficult in developing countries due to a lack of resources, infrastructure, and skilled manpower.
A study on the Dengue burden in India shows that the prevalence of dengue fever occurred in
increasing order each year [22]. Dengue is a major public health problem in India and should be early
diagnosed and treated to prevent any related morbidity and mortality.
In this study, 122 dengue cases were male, and 64 females were affected, out of 186 dengue-positive
cases. Male preponderance was seen which may be due to more outdoor activities of males as
compared to females. Like this study, a study from north India also demonstrated that males were
more commonly affected than females [23]. More number of dengue patients were in the age group
21-30 years followed by 11-20 years & then 0-10 years. Less number of cases in the elderly age group
may be due to fewer outdoor activities [24,25].

49



European Journal of Molecular & Clinical Medicine

ISSN 2515-8260 Volume 11 Issue 5, 2024

Dengue Fever is nicknamed ‘break-bone fever’ [26] so it is common that the majority of patients
present with myalgia or arthralgia along with fever. The clinical feature of dengue shows that fever
was the most common presenting symptom 186 (100%) in our study. Our results are similar to the
study by Damodar et al[27]. In the present study, the other symptoms next to fever were,
arthralgia/myalgia 118 (63.44%), headache 101(54.30 %), and abdominal pain 94 (50.53 %). Similar
results were observed by Goel et al, and Anuradha et al [28,29]. Fever is the most common presenting
symptom followed by musculoskeletal symptoms & headache [30,31].

Retroorbital pain is considered a cardinal sign in the clinical diagnosis of dengue. An Indian study by
Laul et al. observed that 41% of patients with dengue have retro-orbital pain. But in this study only
30 (16.12 %) of cases have this symptom. Rashes were reported in 43 (23.11 %) cases in this study,
which is similar to other studies that have observed it as a less common symptom occurring in about
21% of cases only [32,33]. It seems that the trend of clinical presentation is changing year by year in
dengue patients with increasing severity.

The association of dengue positivity with thrombocytopenia was the same as the findings of other
recent Indian studies [34,35].

The effective and accurate diagnosis of dengue is important for clinical care and management.
Serological methods, like NS1 ELISA and IgM ELISA, are routinely being used globally. In this
study, we also used NS1 and IgM ELISA as the main diagnostic tool. In our study 92 dengue cases
have been diagnosed with NS1 ELISA, out of a total of 108 dengue cases with fever <5 days and 60
dengue cases have been diagnosed by IgM ELISA in patients with fever with >5 days, out of a total
78 dengue cases with fever >5 days. Out of 185 serology negative patients with fever <5 days only
4 cases of dengue are diagnosed by RT PCR. Out of 92 NS1-positive dengue cases, only 75 (81.52
%) are RT PCR positive. So NS1 is more useful than RT PCR for early diagnosis of dengue cases.
Even out of 72 IgM ELISA positive dengue cases only 36 (50 %) were RT PCR positive.

The sensitivity and specificity for NS1 antigen ELISA were found to be as 87% and 91.88 %
respectively with fever <5 days in our study. An Indian study also supports our higher positivity rate
of NS1 as they found that the positive detection rate of NS1 antigen ELISA was 80.9% [36].

The NS1 and IgM ELISA methods show higher sensitivity and specificity either alone or in
combination with both tests. In our study NS1 ELISA and IgM ELISA combined sensitivity and
specificity are 96.42% and 97.84 % respectively. Many studies observed their higher sensitivity and
specificity range from 53-96% [36-38]

The maximum positivity of RT PCR was observed in NS1-positive samples, which showed a strong
correlation between them. It is due to high viremia in the initial days. In our study, 78.83 % sensitivity
and 86.19% specificity were observed by RT PCR.

Strength of the study
The study was performed for a longer duration of one year and the number of patients is also more in
number.

Limitations of the study
We can not able to perform RT PCR tests on all the clinically suspected dengue cases.

Conclusion

Dengue is the most common mosquito-borne viral infection occurring in both endemic and outbreak
forms in Ahmedabad. There is no specific treatment available for dengue, therefore early diagnosis is
important for individual case management and also for planning and implementing control strategies.
Out of three different methods used for the diagnosis of dengue, NS1 antigen detection had the highest
sensitivity in the early stages while IgM detection was more sensitive in the later half of the illness.
Both NS1 and RT-PCR are useful for early dengue diagnosis. However, NS1 antigen detection was
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found to have a better sensitivity than viral RNA detection by PCR for early detection of DEN
infection. Also, NS1 is superior to RT-PCR in terms of cost, ease of performance, and rapidity. NS1
antigen when combined with IgM capture ELISA increased the diagnostic efficacy.

Ethical approval
The study was approved by the Institutional Ethics Committee.

Funding: No funding sources.
Conflict of interest: None.
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