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INTRODUCTION

Dengue is the second most important mos-
quito-borne infection, after malaria, in terms of
morbidity, mortality, and economic costs, with
an estimated 2.5 billion people living in areas at
risk. It has now been reported in over 100 coun-
tries in tropical and sub-tropical regions of the
world.  It affects up to 100 million people each
year, out of which approximately 25,000 cases
progress to dengue hemorrhagic fever (DHF)
(WHO, 2002). There are four serotypes of den-
gue virus (Den-1, Den-2, Den-3, and Den-4) con-
tributing to dengue infections. The four serotypes
of dengue virus belong to the family Flaviviridae
and the genus Flavivirus. All these four dengue
viruses are transmitted by Aedes aegypti. Den-
gue virus causes a spectrum of illness ranging
from inapparent classical self-limiting dengue
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fever (DF) to severe life threatening DHF and
dengue shock syndrome (DSS). DF is charac-
terized by sudden onset of fever, headache,
retro-orbital pain, myalgia, arthralgia, and rash;
whereas, DHF and DSS are characterized by
thrombocytopenia, hemorrhage, and plasma
leakage, leading to shock. The exact mechanism
of DHF and DSS is poorly understood. However,
several hypotheses, like antibody dependent
enhancement (ADE), in heterotypic secondary
dengue infections and the role of a virulent virus
and of host factors have been suggested to ex-
plain this mechanism (Halstead, 1988; McBride
and Bielefeldt-Ohmann, 2000). The risk of DHF
is greatly increased when the disease is hyper-
endemic with circulation of multiple serotypes in
an area (Gubler, 1997). Dengue infection is en-
demic in many parts of India. Outbreaks have
been reported at regular intervals from almost
all parts of India. The number of DHF and DSS
cases have increased enormously in the last two
decades, with the largest and most severe be-
ing the 1996 Delhi epidemic, indicating a seri-
ous resurgence of dengue virus infection (Lall and
Dhanda, 1996; Dar et al, 1999).
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The current trends of routine laboratory di-
agnosis of dengue virus infection include virus
isolation, detection of antibody by serodiagno-
sis and/or molecular detection by the demon-
stration of viral RNA by RT-PCR (Henchal and
Putnak, 1990; Guzman and Kouri, 1996). The
isolation of dengue virus is difficult, laborious and
requires specialized laboratory facilities. Thus the
preliminary diagnosis of dengue infection relies
on antibody (IgM and IgG) detection because of
short and transient viremia and the difficulty as-
sociated with virus isolation. Serodiagnosis is
usually made by the demonstration of a four-fold,
or greater, increase in the titer of antibodies to
one or more dengue virus serotypes in paired
serum samples by hemagglutination inhibition
(HI) (Clarke and Casals, 1958) and enzyme linked
immunosorbent assay (ELISA) (Lam et al, 1987;
Kuno et al, 1991).

There was a major outbreak of dengue in-
fection in northern India from October to Decem-
ber 2003. In the present study, we report the
investigation of this outbreak in Gwalior and Delhi
city with regard to serosurveillance, virus isola-
tion and molecular diagnosis of the suspected
blood samples of febrile patients.

MATERIALS AND METHODS

Blood samples

A total of 64 blood samples from patients
suspected of having dengue infection were col-
lected from JA Hospital, Gwalior. An additional
12 blood samples were collected from Hindu Rao
Hospital, Delhi. The blood samples were col-
lected in two sets, with and without anticoagu-
lant, for serology and virus isolation, respectively.

Mice

One-day old Swiss albino mice, obtained
from the Animal Facilities of our institute were
used for the isolation of the dengue virus from
suspected blood samples.

Cell-culture

C6/36 (cloned cel ls of larvae of Aedes
albopictus; Igarashi, 1978) cells obtained from
the National Center for Cell Science (NCCS),
Pune, were maintained in the laboratory by regu-
lar sub-culturing. The cells were grown in Eagle’s

minimum essential medium (EMEM) (Sigma,
USA) supplemented with 10% Tryptose Phos-
phate Broth (TPB) (DIFCO, USA), 10% Fetal bo-
vine serum (FBS) (Sigma, USA), 3% L-glutamine
(Sigma, USA) and gentamicin (80mg/l) (Nicho-
las Piramal, India).

Virus

Standard dengue virus serotypes 1 to 4
(DEN-1, DEN-2, DEN-3, and DEN-4) obtained
from the National Institute of Virology (NIV), Pune
were maintained in the laboratory by serial pas-
saging in suckling mice, as well as in C6/36 cells,
which were employed as positive controls to
confirm virus isolation and as cocktail antigens
in the Dipstick ELISA.

Serosurveillance

All serum samples were tested for the pres-
ence of dengue specific IgM and IgG antibodies
using the dengue diagnostic kit developed in our
laboratory based on the principle of Dot ELISA
(Parida et al, 2001). Briefly, projections of nitro-
cellulose (NC) comb (Advanced Microdevices,
Ambala, India) were coated with purified cell
culture adapted DEN 1-4 cocktail antigen. For
the detection of IgM antibodies, IgG antibodies
were first removed from patient sera following
adsorption with Protein ‘A’ derived from Staphy-
lococcus aureus Cowan I. For the detection of
IgG antibodies, patient sera were directly used.
Goat anti-human IgM horseradish peroxidase
(HRP) and goat anti-human IgG HRP conjugate
(Sigma, USA) were used as secondary antibod-
ies for the detection of IgM and IgG antibodies,
respectively. The reaction was finally developed
by dipping the projections in a substrate solu-
tion (phosphate citrate buffer pH 4.5, contain-
ing 3, 3′- diamino benzidine, 4-chloro-1-napthol
and hydrogen peroxide). The results were visu-
ally recorded as brown dots, indicative of the
presence of dengue specific antibodies.

Virus isolation

Suckling mice (in vivo). Isolation of the dengue
viruses in one-day old suckling mice was car-
ried out following the standard protocol of Gould
and Clegg (1991). Briefly, the day-old mice were
inoculated with 0.02 ml of plasma (diluted 1:10
in sterile PBS) by intracerebral route, and were
observed daily up to the 5th or 6th post-inocula-



SOUTHEAST ASIAN J TROP MED PUBLIC HEALTH

372 Vol  36  No. 2  March  2005

tion day (PID) for the appearance of specific clini-
cal symptoms and signs. The day-old mice re-
vealing clinical symptoms were sacrificed and
stored at -70ºC until further processing. A fur-
ther three serial blind passages were carried out
by inoculating a 20% mouse brain suspension
prepared from the above mouse.

Cell culture (in vitro). Isolation of viruses from
the suspected samples was also attempted in
the C6/36 cells following the protocol of Yamada
et al (2002), with some modifications. Briefly, tis-
sue culture flasks (25 cm2) containing preformed
monolayers of C6/36 cells were adsorbed with 0.5
ml of plasma samples (diluted 1:10 in sterile PBS)
for 1hour at 37ºC with intermittent shaking. The
inoculum was then replenished with 10 ml of
maintenance medium. Suitable healthy cell con-
trols were also kept along side. The cells were
then incubated at 32ºC and observed micro-
scopically daily for the appearance of cytopathic
effects (CPE), if any. On the 6th to 7th  PID, the
cells were harvested by subjecting them to 3
cycles of freezing and thawing. Subsequently,
three serial blind passages were made by using
clarified harvested culture supernatant as inocu-
lum.

Virus identification

Identification of the virus isolates obtained
from the clinical samples was carried out by RT-
PCR followed by Nested PCR by demonstrating
the presence of virus specific RNA employing
group-specific as well as serotype-specific prim-
ers following the protocol of Lanciotti et al (1992),
with slight modifications.

RT-PCR

Briefly, RNA was extracted from the serum
sample and infected mouse brain/C6/36 cell cul-
ture supernatants using QIAamp viral RNA mini
kit (QIAGEN, Germany). Complementary DNA
(cDNA) was synthesized in 10 µl of final reaction
volume with RT mix comprised of 5X-RT Buffer,
dNTPs, RNasin ribonuclease inhibitor, Moloney
murine leukemia virus–reverse transcriptase
(MMLV-RT) (Promega, USA) at 37ºC for 1 hour
with dengue virus group specific consensus
downstream primer (D2). The amplification of
cDNA was carried out in a 50 µl final reaction
volume with PCR mix containing dNTPs, Taq-

DNA polymerase, 25 mM MgCl2 in 10x buffer
(Promega, USA) using dengue consensus up-
stream primer (D1) using a thermal cycler  (Perkin
Elmer, USA). The thermal profile of the PCR re-
action was: 1) initial denaturation at 95ºC for 2
minutes; followed by 2) 30 cycles of  (a) dena-
turation  at 94ºC for 30 seconds, (b) annealing
at 54ºC for 2 minutes, (c) extension at 72ºC for
2 minutes, and 3) final extension at 72ºC for 10
minutes.

Nested PCR

The primary PCR product obtained from RT-
PCR was then further typed by nested PCR
employing internal serotype specific primers
(TS1/TS2/TS3/TS4) as downstream primer in
four different sets of reactions along with D1 as
an upstream primer. The rest of the procedure
was the same as described in the RT-PCR.

The analysis of the amplified DNA product
was carried out in 2% agarose gel for the pres-
ence of dengue group specific amplicons and
type specific amplicons with respect to each
sample in the RT-PCR and nested PCR, respec-
tively.

RESULTS

Outbreak

An outbreak of febrile illness occurred from
the 14th of October 2003 to the 11th of Decem-
ber 2003 in Gwalior, Madhya Pradesh, India. A
total of 64 cases admitted to different hospitals
in Gwalior were referred to our laboratory for
serological and virological investigation. An ad-
ditional 12 clinical samples were collected from
Hindu Rao Hospital, Delhi on the 14th of Octo-
ber, 2003 at the height of a major dengue out-
break in Delhi and it’s surrounding areas. The
clinical history revealed that all the patients had
suffered from fever ranging from 38.5º to 40ºC.
A summary of the clinical symptoms and signs
is described in Table 1. Most of the common
symptoms include headache, myalgia, rash, ar-
thralgia and vomiting. There was also a history
of epistaxis, conjunctival hemorrhage, melena
and hematuria in some patients. Thrombocy-
topenia was a common finding and the mean
platelet count was 68,000. The trend of the epi-
demic in Gwalior, as indicated by the epidemic
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curve, showed that the maximum number of
cases were reported from the 3rd to the 6th week
of the month of November (Fig 1). The number
of cases reported in October, November, and
December were 23, 35, and 6, respectively. The
epidemic affected males and females at a ratio
of 1.28:1. Children and adolescents below the
age of 15 years were found to be the most af-
fected (89%). The distribution of the disease in
terms of the age and sex of the patients is listed
in Table 2.

Serology

All 76 serum samples were screened by the
Dipstck ELISA test kit developed at our labora-
tory for the presence of IgM and IgG anti-den-
gue antibodies. The results showed 53 cases
(70%) as serologically positive and 23 cases

Table 1
Frequency of symptoms and signs.

Symptoms/signs No. of patients Percentage

Fever 64 100
Headache 55 86
Rash 36 56
Myalgia 45 70
Arthralgia 35 55
Backache 32 50
Vomiting 35 55
Epistaxis 10 16
Melena 5 8
Conjunctival hemorrhage 8 12
Abdominal pain 25 37
Hematuria 4 6

Table 2
Age and sex distribution of patients sus-

pected of having dengue infection in Gwalior
during October-December 2003.

Age (Year) No. of patients

Male Female Total

0-5 10 7 17
6-10 8 12 20
11-15 13 7 20
16-20 2 - 2
>20 3 2 5
Total 36 28 64
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Fig 3–Nested PCR analysis of dengue virus isolates
showing the presence of dengue virus serotype
–3 specific 289 bp amplicon (lanes 2-5). Lane 1:
100bp DNA ladder; lane 6:  positive control; lane
7: negative control.

Fig 1–Trend of dengue outbreak in Gwalior from the
14th of October to the 11th of December 2003.

Fig 2–RT-PCR analysis of dengue suspected patient se-
rum samples (lanes 2-5) showing the presence of
dengue virus specific 511bp amplicon. Lane 1:
100bp DNA ladder (Promega USA); lane 6: DEN-
3 positive control, lane 7: negative control.
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(30%) as negative.  Out of these 53 antibody
positive cases, 12 (22%) were found positive for
IgM, 22 (42%) for IgG and 19 (36%) had  both
IgM and IgG antibodies.

RT-PCR

A total of 4 samples (5.3%) were positive
for the dengue virus group specific amplicon (511
bp) on 2% agarose gel (Fig 2).  However, all these
4 samples were found to be serologically nega-
tive.

Virus isolation

Al l  the four RT-PCR posit ive plasma
samples showing the presence of viral RNA were
subjected to virus isolation in both one-day-old
mice and C6/36 cells. Four dengue viruses (2 each
from Gwalior and Delhi) were isolated from these
four samples in both the mouse and the  cell
cultures. The presence of virus after each pas-
sage level was confirmed by RT-PCR.  At first
passage level, in one day old mice, the clinical
symptoms appeared on 4th post-inoculation day.
The clinical picture included flaccid paralysis,
followed by death on the 5th to 6th PI day. The
cell culture adapted isolates did not reveal any
discernable cytopathic effects.

Typing of the isolates

All four isolates were further typed by
Nested-PCR employing internal serotype spe-
cific primers. The results indicated that all the
isolates recovered from the Gwalior and Delhi
epidemic belonged to dengue virus type-3 (Fig
3).

DISCUSSION

Dengue is one of the major reemerging vi-
ral infections. Outbreaks have dramatically in-
creased in several parts of Southeast Asia, in-
cluding India. The present outbreak started in
Gwalior in mid October, 2003 and continued until
early December, 2003. The outbreaks in both
Gwalior and Delhi occurred almost simulta-
neously after a heavy rainy season, during which
the temperature and humidity remained favor-
able for mosquito breeding. The outbreak sub-
sided in December, when the breeding condi-
tions became unfavorable in North India, as the
temperature dropped to around 13ºC. This is in

agreement with other findings about the occur-
rence of outbreaks of dengue infection during
the post-monsoon period (Lall and Dhanda,
1996; Ram et al, 1998; Parida et al, 2002).

The study of clinical symptoms revealed that
most of the patients were suffering from dengue
fever. However, very few DHF cases were also
reported. It affected approximately equal num-
bers of males and females without any appre-
ciable sex bias. Children and adolescents be-
low the age of 15 years were primarily affected,
which reaffirms the earlier hypothesis that they
belong to the primary risk group for dengue in-
fection in Southeast Asia (Monath, 1994). Den-
gue is primarily considered as a pediatric dis-
ease, and fatal dengue cases have mostly been
reported among children in Southeast Asia
(Nimmannitya, 1987; Pancharoen et al, 2001;
Witayathawornwong, 2001; Kabilan et al, 2003).

The routine laboratory diagnosis of dengue
virus infection is primarily done by the detection
of anti-dengue antibodies by serodiagnosis and/
or molecular detection by the demonstration of
viral RNA by RT-PCR or by the isolation of the
virus from the acute phase serum sample
(Guzman and Kouri, 1996). A number of sero-
logical techniques have been developed for den-
gue diagnosis. However, µ-capture ELISA (MAC-
ELISA), Dipst ick ELISA and Immunochro-
matography based assays have been evaluated
and used successfully by various investigators
(Cardosa et al,1995; Lam and Devine 1998;
Palmer et al, 1999; Wu et al, 1997, 2000). In the
present study, we screened al l the serum
samples for the presence of IgM and IgG anti-
bodies by a Dipstick ELISA protocol developed
at our laboratory. This test was extensively evalu-
ated with field sera collected from different parts
of India (Parida et al, 2001). One of the most
important advantages of this assay system is the
higher sensitivity of the detection of IgM anti-
bodies. This was achieved by reducing the pres-
ence of abundant IgG in the test sera by pre-
treatment with Protein ‘A’. This protocol can ef-
fectively discriminate primary and secondary in-
fection based on the presence of IgM and IgG
antibodies. In primary dengue infection, serum
IgM antibodies start appearing within 5-7 days
of the onset of symptoms and persist for up to
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90 days; whereas in secondary infection, there
is always a higher rise in IgG antibodies with or
without a rise in IgM antibodies. The presence
of both IgM and IgG antibodies results from ei-
ther delayed primary or secondary infection
cases (Henchal and Putnak, 1990; Gubler, 1997).

The results of serological tests also sup-
ports the dengue viral etiology of the present
outbreak. The presence of only IgG antibodies
in the majority (42%) of the patients reveals that
they were suffering from secondary dengue in-
fection. This is expected, as there was a major
dengue outbreak in Gwalior in 2001, which was
also extensively investigated by our laboratory
(Parida et al, 2002). The absence of  dengue
specific antibodies in large number of patient
sera may be attributed either to the presence of
undetectable/very low levels of antibodies or to
misdiagnosis based on the clinical symptoms.
This was expected, as the symptoms of dengue
infection are similar to other diseases, such as
malaria, typhoid, influenza, rubella, and lep-
tospirosis  (WHO, 1997; Ram et al, 1998; Harris
et al, 2000).

RT-PCR is considered a highly reliable di-
agnostic test when serum/plasma samples are
collected during the early febrile phase of den-
gue infection. In the present study, all the 74
serum samples were subjected to dengue group
specific RT-PCR, but we could identify only 4
samples as dengue positive by RT-PCR. This
may be due to the fact that most of the patients
presented to the hospitals in the post-viremic
phase. All four of the RT-PCR positive samples
were collected from acute phase febrile patients
and did not reveal the presence of antibodies.
All 4 positive samples were processed for virus
isolation in C6/36 cells/suckling mice. Isolation of
dengue virus was successful from these four RT-
PCR positive samples in both C6/36 cells and
suckling mice. The isolation was confirmed by
RT-PCR, further typing of the isolate, as well as
the RT-PCR positive sample, by nested PCR re-
vealed the presence of dengue virus type-3 spe-
cific RNA. Isolation and identification of virus from
the clinical sample is considered the gold stan-
dard and gives a confirmatory diagnosis with-
out ambiguity (Chouhan et al, 1990, Vorndam
and Kuno, 1997; Yamada et al, 2002).

All the four serotypes of dengue viruses
were isolated from different parts of India during
the dengue outbreak. Previously, dengue virus
type-2 had been reported to be the predomi-
nant serotype circulating in Northern India
(Mahadev et al, 1997, Dar et al, 1999, Kumar et
al, 2001). We had also reported the isolation of
dengue-2 from Gwalior in 2001 (Parida et al,
2002). Recently dengue-3 has been reported as
the etiology of the first major DHF outbreak in
Bangladesh (Rahman et al, 2002). Dengue-3 was
also implicated as one of the major serotypes
along with dengue-2 in various outbreaks in
neighboring Sri Lanka (Messer et al, 2002, 2003).
The isolation of dengue-3 from the present out-
break in Northern India in 2003 indicates the re-
surgence of dengue-3. Though dengue-3 had
been reported earlier in several outbreaks in West
Bengal (1983, 1990), Rajasthan (1985) and
Maharastra state (1994) of India, no new cases
had been reported after the 1994 outbreak in
the Dhule district of Maharastra (Mukherjee et
al, 1987; Chouhan et al, 1990, Bhattacharjee et
al, 1993; Padbidiri et al, 1996). The emergence
of a newer dengue serotype after an interval al-
ways leads to a major outbreak, which is a mat-
ter of concern.

In Summary, this study demonstrates that
the present outbreak is caused by dengue virus
type-3. The reemergence of dengue-3 in a domi-
nant form in different areas of the Indian subcon-
tinent is matter of great concern. Detailed sero-
logical and virological studies of the dengue out-
break in endemic areas are warranted to pinpoint
the nature of the outbreak and to help to develop
effective control and management strategies
against this impeding dengue menace.
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