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Review Article

ABSTRACT

Dengue virus, a positive sense RNA virus, involve in spreading dengue infection worldwide,
consists of four related but genetically different serotypes. The present study depicts the outbreak
and prevalence of dengue infection in different parts of Pakistan from 1982 to 2013. In addition to
this most commonly used diagnostic techniques in the world and in Pakistan have been also
discussed. Since 1934, the availability of vector (Aedes aegypti) into various parts of Pakistan
served as a risk factor for dengue infection and transmission to other parts of the country resulted
into several mini and major outbreaks of different intensity. Later on, factors such as the
geographical growth of the vector, seasonality of unknown reasons in transmission patterns and
increased rainfall in area extended the degree of infection. After the first documented outbreak of
dengue illness in 1994 in Karachi, the situation remained more or less unchecked therefore,
dengue illness started to appear in the Northern part of the country in 2007. In 2013, a new trend
has been observed regarding dengue prevalence in Pakistan, when cases were reported from
areas other than endemic belt such as Balouchistan and Khyber Pakthunkhwa provinces. The
analysis of available data showed the major threat of this viral infection that need to be considered
and preventive measures should be taken accordingly.
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1. INTRODUCTION

Dengue is an important viral, mosquito-borne
infection found in humans. According to
estimation, 2.5 billion people are in danger of
dengue illness, about 975 million of those live in
built-up areas (towns) in different countries
located tropically and sub-tropically in Southeast
Asia, the Americas and the Pacific globally [1].
The dengue virus is the causative agent of the
disease dengue fever; this virus consists of four
related but genetically different serotypes.
Dengue virus (DENV) is a positive sense RNA
virus with 11.8 kb genome in length, consists of
single open reading frame, encoding 3-structural
(membrane -M, envelope- E and capsid —C) and
seven non-structural (NS1, NS2, NS2, NS3,
NS4A, NS4B and NS5) proteins [2]. A limited
identity is shared by the four dengue virus
serotypes and the variability observed at amino
acid level between these serotypes is from 25 to
40%. Even viruses of the same serotypes show
considerable variations (~3 to 6% at the
nucleotide level), and are phylogenetically
divided and subdivided into genotypes and
clades respectively. This genetic variability is due
to intra host diversity (accumulation of genetically
distinct genomes in individual hosts) as a result
of error-prone nature of the enzyme that is
responsible for viral RNA replication, RdRp or
RNA-dependent RNA polymerase [3]. lllness due
to one serotype of DENV provides life-long
immunity against the similar serotype but does

not provide complete immunity against other
serotypes [4].

This review article covered the history of vector
emergence in Pakistan, year wise circulation of
1-4 serotypes and risk factors associated with
disease prevalence in Pakistan. The commonly
used diagnostic techniques for dengue detection
in the world and in Pakistan were also discussed
in this review article.

2. CLASSIFICATION

DENV (dengue virus) is a member of genus
Flavivirus within Flaviviridae family. The evolution
of four serotypes of dengue virus in non-human
primates shared a common ancestory and the
entrance and circulation of 1-4 DENV serotypes
occurred about 500-1,000 years ago through the
urban cycle [5].

3. HISTORY OF
SEROTYPES

ISOLATION OF FOUR

In 1944, two related but immunologically distinct
viruses DEN-I and DEN-2 were isolated by Sabin
from the blood of the patients diagnosed with
dengue clinically [7]. Two new serotypes of
dengue viruses, were isolated by Hammon and
co-workers in 1956 named as DEN-3 and DEN-
4, along with already known DEN-I and DEN-2
during an epidemic of severe dengue
hemorrhagic illness in Philippinian children [8-9].
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4. DENV EPEIDMIOLOGY,
TRANSMISSION, PATHOGENESIS AND
SYMPTOMS

Aedes aegypti and Aedes albopictus, found all
over the world, are the vector mosquitoes,
involved in transmission of dengue virus among
people. From 4 to 7 day of mosquito-biting, the
symptoms of dengue infection usually start and
may last for three to ten days. For the
transmissions of dengue virus, the mosquito has
to feed on a person ill with dengue viral infection,
through a period when the blood contains
sufficient amounts of virus. This period expands
on 5-days normally just when a person is about
to show symptoms of illness. It is observed that
some people don’'t show major symptoms but
can pass infection to a vector (mosquito). After a
blood meal, the mosquito needs an incubation
period of 8 to 12 days before passing on the
infection to other human in order to complete
cycle. The infection remains in mosquito for the
rest of its life that could be few days or week [10].
A definite seasonality has been observed in the
transmission patterns of dengue in areas where
dengue is endemic, but the reasons are not fully
known. However, in some areas increased
rainfall has been linked to an overall increase in
dengue transmission [11,12].

The transmission rates may influence by cooler
temperatures which affect adult mosquito
survival, both the temperature and rainfall may
control the physiological processes of mosquito
such as reproduction and feeding [13,14]. The
disease transmission pattern may also be
influenced by Human activities, like storage
methods of water in variety of containers, act as
breeding site of mosquitoes [15]. The global
circulation and spread of virus strains can be
mapped and followed up by defining intra
serotypic genetic variations [16] in addition to this
the genetic differences that linked with disease
severity can be recognized [16-18]. Furthermore,
recent epidemiological comparisons suggest that
the more virulent genotypes dengue virus are
now displacing the lower epidemiological- impact
[19] resulting in dengue outbreaks. In this
situation, a methodology for real time, global
surveillance is urgently required to track dengue
strains and help anticipate the changes in the
epidemiology of the illness.

Two types of infections caused by dengue virus
are the DF and DHF also called as primary
infection and secondary infection respectively.
An acute febrile disease identified as dengue

fever is caused by primary infection which is
cleared in about 7- days in response to a
compound immune reaction of the body. A
complication resulted from secondary infection is
called as dengue hemorrhagic fever or dengue
shock syndrome [20]. 3-14 days of incubation
period, multiple symptoms including fever
confirm the presence of dengue virus in the
blood [21].

The retro-orbital pain, headache, general body
weakness, diffuse body pain including both
muscle and bone, vomiting, altered taste feeling,
centrifugal maculopapular rash, quick start of
high fever, and sore throat along other symptoms
characterize the classical dengue fever [22]. The
term break bone fever describes the severity of
the pain in disease caused by dengue.
Previously infected smaller no. of people with
one dengue serotype expands the degree of
illness and result into endothelial seep out and
bleeding when infected with other DEN-V
serotype. This complex condition is called
dengue hemorrhagic fever (DHF) also called as
vasculopathy. A circulatory collapse may occur
due to serous effusions and hemoconcentration
produced as a result of vascular outflow in these
patients. When this situation is combined with
another complication of severe hemorrhagic
fever, it results in DSS or dengue shock
syndrome, which increases the fatality risk [23].
Symptoms produced by 1-4 dengue virus (DV)
serotypes are similar. The severity of dengue
fever range from a mild and self-limited DF to a
more complicated life threatening DHF and DSS
[21,15]. There is fever and a variety of symptoms
after an incubation period which confirms the
presence of dengue virus in the blood [15]. In
order to detect dengue viremia, several
techniques have been developed [24,25,15,26].
The two important factors responsible for
increasing the disease complication to 30 folds
are the geographical growth of the Aedes
Aegypti and co-circulation of all four serotypes
[27].

5. FACTORS PROMOTING
PREVALENCE IN PAKISTAN

DENGUE

The globalization has great effect on the re-
emergence of several infectious diseases, an
increased human trade and travel aids in the
introduction of any diseases into new places and
the re-emergence of diseases that had been
eliminated in some regions [28]. In Pakistan
there is a great threat of dengue endemics
because the cities are crowded the sanitary
conditions are poor. Impure water, low
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vaccination coverage, huge number of refugees
are among other important factors in this regard
[6]. It is believed that Pakistan is endemic to all
(1-4) dengue virus serotypes circulating the
whole year with a climax during post-monsoon
period between October and December [29,30].
The ideal conditions for the vectors exist in
Southeast Asian region particularly for the period
of monsoon. This period is characterized by the
heavy rainfall, high relative humidity and
fluctuations in daily temperatures reaching mid
30C. These seasonal variations regulates the
dengue fever, allow maximum growth and
breeding opportunities for vector mosquitoes and
increasing the chances of outbreak [17]. Like
many other parts of the world, the dengue fever
is prevailing as an endemic viral human infection
in Pakistan. This shocking situation is very
upsetting due to the factor that the focal point in
disease management depends on the reduction
of vector population till finding the specific
vaccine or anti-viral remedy preparation [31].
Travellers from endemic areas are potential
source for further spread of dengue infection [32,
33,22,34]. One of the important reason for
persistence infection is in many tropical and sub
tropical countries is the unplanned urbanization
[35].

6. HISTORY OF VECTOR DETECTION AT
VARIOUS TIMES

The principle vector of dengue, A. aegypti was
collected in 1934 from various cities of Pakistan
including Dera Ismail Khan, Peshawar, Lahore,
Karachi and Larkana [36]. In 1949, the presence
of Aedes aegypti was confirmed from a valley
situated in kohat district (a Province of West
Pakistan) named Kohat Hangu valley. It was
collected on few occasions involved in day biting
in the woody area of ChilliBagh [37]. Serological
evidences of dengue virus infections dates back
to 1968 [6]. Generally, there is a strong belief
that the initial appearance of dengue virus in
Pakistan at Karachi sea port was through tyre
trading, and the tyres were contaminated with
infected mosquito’s eggs. Dengue was identified
in Pakistan in province Punjab in 1982. Out of
174 suspected dengue cases, 12 were found
positive for dengue virus [38]. In 1983, a survey
was carried out in order to determine the role of
different mosquitoes species as vector of various
diseases that also confirmed the presence of
A. aegypti [30]. In order to check the prevalence
of dengue virus, Japanese encephalitis and West
Nile in Karachi, a research was carried out in
1985. The results confirmed that 65% of the total

population of Karachi found positive for
haemagglutination inhibition (HI) antibodies
against one or more of the three flaviviruses [39].

7. MAJOR OUTBREAKS OF
INFECTION IN PAKISTAN

DENV

7.1 First Outbreak (1994-1995)

The first confirmed outbreak of dengue infection
with symptoms of dengue hemorrhagic fever was
observed in Karachi in 1994 [40]. IgM identified
in 15 patients out of 16 patients by using DENV-2
antigen. The circulation of DENV-1 and DENV-2
serotypes was also confirmed by the methods
based on serological analysis during the 1994
outbreak [41]. During this outbreak the only study
in which a molecular techniqgue semi nested
polymerase chain reaction (PCR) was used,
carried out by Chan et al. [40]. From seras of
infected patients the virus was isolated. Jamil et
al. [42] described important morbidity and
mortality witnessed by Pakistan due to several
severe outbreaks of dengue viral illness in 1994.
Reports of cases continued in the next year but
in another city, located west to Karachi. Most of
employees working at a power house in Hub
complained about a large number of mosquitoes
and pyrexia of unknown origin. By performing
ELISA IgM and IgG antibodies, all serotypes of
dengue virus detected. In this investigation
detection of IgM antibodies for serotype 1 and 2
suggested that infection continued for 2
consecutive years in southern Pakistan. After this
outbreak, the dengue infection prevailed in
Pakistan as a major health threat [29]. Ten cases
were confirmed at Haripur with four deaths in
2003 [43].

7.2 Second Outbreak (2005—-2006)

In 2005, serotype-3 was reported in Pakistan
after a break of ten years (Table-1). Dengue
outbreak in 2005 involved the genotypic
diversitification of DENV serotypes in Pakistan is
not fully known and studied [2]. The 2005-2006
outbreaks in Karachi confirmed the circulation of
DENV-3 for the first time [42,44]. In surveillance,
the description and circulation of dengue virus
serotypes is very important because there is a
risk factor for DHF/DSS affected by pre-existing
serotypes after the entry of a novel serotype to
areas [45]. In 2005, according to estimation, 395
cases of dengue, all belonging to Karachi were
confirmed by National Institute of Health
Islamabad in their laboratory. By the use of
ELISA and reverse transcription (RT- PCR), a
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local hospital conducted a study including 106
patients, 9 of whom died. The cases tested
positive were 42 for IgM antibody. According to
ELISA presence of both dengue IgM and IgG
was detected in six and of IgM only into three out
of nine deaths [42]. During 2006 outbreak in
Karachi DEN-2 and DEN-3 were found to be co-
circulated [44]. In the year 2006, 52 deaths were
observed out of 5800 suspected cases from all
parts of Pakistan, the confirmed cases were
3000 in number [46]. In 2006 from May to
November, most affected city was Karachi during
this period of viral infection. Between August and
October maximum number of cases was
reported due to heavy rainfall in monsoon. 50
deaths occurred in Karachi out of 4500
suspected cases and confirmed cases were
1500 by IgM and IgG antibodies. The reason
behind 2006 outbreak was the co-circulation of
DEN-1 and DEN-2 [44].

Table 1. Serotypic prevalence of DENV in

1994-2006

Year City Dominant  Deaths Reference
serotypes

1994 Karachi DEN-1, 2 [40]
DEN-2

1995 Hub DEN-1, 0 [29]
DEN-2

2005 Karachi DEN-3 9 [42]

2006 Karachi DEN-2, 50 [46]
DEN-3

7.3 Third Outbreak (2007-2011)

In Pakistan the worst years regarding dengue
viral infection were 2007 and 2011 [47]. Fatima
et al. [48] conducted a detailed study of major
outbreaks in Lahore for a period of three years
from 2007-2009. Dengue iliness started to
appear in the Northern part of the country in
2007 in Lahore, the dominant serotypes were
DENV-2 and DENV-3 for the period of 2007 to
2009. After the analysis of 114 serum samples,
total 20 patients were found positive for dengue
virus. In 2007, DENV-2 was found circulating in 4
patients and DENV-3 in one patient [48].
According to private news channel ARY in
November 2010, Out of the 5,050 patients, the
patients reported from Sindh, Punjab and Khyber
Pakhtunkhwa were 2,350, 1,885 and 158
respectively, DEN-1 and DEN-2 infection was
found [49]. In 2008 from September to November
49 confirmed cases were observed, 26 at HFH
and 22 at BBH [50]. In 2008, in the city of Lahore
within Province of Punjab Pakistan DENV-4 was
reported for the first time [51].

In year 2007 overall 2304 cases were reported
from all parts of the country. Out of 1226
confirmed cases, 18 deaths reported. In the next
year the situation remained more or less same
with 2792 reported cases, 2469 lab confirmations
and 17 deaths. The suspected cases in year
2009 were 1940, lead to 1085 lab confirmations
and 13 deaths. A large number of dengue cases
reported in 2010. Out of 15,901 suspected
cases, 11,024 found positive for dengue illness
and caused 40 deaths. The number of reported
cases and deaths increased in 2011, as 219
deaths occurred out of 252935 suspected cases.
The number of confirmed cases was in
thousands (Table 2).

7.4 Fourth Outbreak (2012-2013)

Since 1994, dengue outbreaks have been
reported in cyclic manner in Pakistan, but in 2013
a new trend have been observed regarding
dengue prevalence in Pakistan , when cases
reported from areas other than endemic belt
such as Balochistan Khyber Pakthunkhwa
provinces [52]. During Sep, 2013 an
epidemiological study was conducted by Ahmed
in Batkhela Malakand Agency, Khyber
Pakhtunkhwa Pakistan. This study indicated the
outbreak of dengue infection in Swat during
August 2013 and its link in spreading dengue
infections in nearby districts through travelers. In
Swat emergency was declared due to report of
7000 infection and 26 deaths. Out of 7 admitted
patients in the Ward No 1 District Head Quarter
Hospital Batkhela, NSI detected in 4 so they
confirmed for dengue fever and 3 were negative.
3 patients out of 4 confirmations showed
traveling history to Swat as the Batkhela is
adjacent to Swat [53]. Tire importation at Karachi
sea port containing contaminated ggs of vector
mosquitoes is considered as the first entry of
dengue virus into Pakistan [6]. DEWS, the
Disease Early Warning System of Pakistan. It is
a sustainable and successful programme
especially in the developing countries like
Pakistan, where infectious diseases cause a
major degree of mortality and morbidity.
According to one of its recent news huge number
of DF cases have been reported from all
provinces of Pakistan. From 01 January to 11
September 2013, on the whole, 4,388 patients
complained dengue fever from different parts of
the country. A province Khyberpukhtunkhwa was
on the top with 3,177 cases followed by 1098
cases in Sind province [52]. Random cases have
been reported from the Punjab, Sindh, and
Balochistan provinces apart from
Khyberpukhtunkhaw.
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Table 2. Num ber of reported cases and deaths into major cities

of Pakistan from 2007 -2011

Year City Cases Deaths All parts of country
Suspected Laboratory Deaths
cases confirmations

2007 Karachi 950 20 2304 1226 18

Lahore 258 0
Khyberpukhtunkhaw 0 0
2008 Karachi 585 6 2792 2469 17
Lahore 1358 9
Khyberpukhtunkhaw 30 4
2009 Karachi 550 7 1940 1085 13
Lahore 300 2
Khyberpukhtunkhaw 100 7
2010 Karachi 4500 16 15,901 11,024 40
Lahore 4000 3
Khyberpukhtunkhaw 0 0
2011 Karachi 755 15 252935 17057 219
Lahore 17,493 290
Khyberpukhtunkhaw 296 8
[38]

Data downloaded from http://www.emro.who.int/surveillance-forecasting-response/outbreaks/ dengue-fever in-

pakistan.html [52]
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8. PREVALENCE OF DOMINANT DENV
SEROTYPES IN PAKISTAN

As far as the year wise prevalence of dominant
serotypes of DENV infection in Pakistan is
concerned DEN-2 was the dominanting serotype
from 1994 to 1995 [54,29]. In 1998 both DEN-1,
DEN-2 were dominant [41]. All three serotypes
DEN-1, DEN-2, DEN-3 in circulation dominated
in 2005 [42]. Dominant serotypes of the year
2006 were DEN-2, DEN-3 [55]. A high

prevalence of DEN-2, DEN-3, DEN-4 reported in
the year 2008 [56]. DEN-2, DEN-3 was the
dominant serotypes in 2009 [48]. Next year in
2010 DEN-1, DEN-2 again co-circulated in high
ratios [55].

9. LABORATORY DIAGNOSTIC
METHODS FOR DETECTION

In humans the dengue is among significant viral
diseases, but its detection and laboratory
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propagation of 1-4 dengue serotypes is very
difficult. In most of the cases to initiate a
supportive treatment for dengue fever the clinical
suspicion is considered enough. A high conc. of
thrombocytopenia, hematocrit, and leucopenia is
shown by a complete blood picture. The serum
albumin, chest X-Ray (if necessary) is among
other laboratory tests. Dengue fever is not
predicted by a normal blood count but platelets
greater than 50,000 and leukocyte count less
than 3 indicate a bad prognosis [5]. The
molecular technigues involved in Laboratory
diagnosis of dengue viral illness includes reverse
transcription (RT)-PCR, for it different protocols
are available which are <16 [57]. A seminested
RT-PCR is one of these protocol developed by
Lanciotti and coworkers. Its target areas are the
C and pre M regions [24]. D1 and D2 are
universal outer dengue primers used by it
followed by combining primer D1 that is
essentially serotype specific seminested PCR
combination with only one of these TS1, TS2,
TS3, or TS4 internal primers. This assay is
commonly used for diagnosis and surveillance of
dengue infection in different countries mainly in
South-east Asian countries [58]. The sensitivity
of virus isolation is known to exceed by using
aliquots of the same sample by tis assay [21]. In
use methods of dengue diagnosis include
hemagglutination assays, ELISAs and
immunofluorescence tests. Low count of white
blood cells and platelets, test for abnormal liver
function, for serologic diagnosis IgM ELISA test.

The initial acquired immune reaction of an
individual’s body against the DENV infection is
characterized by the presence of antibodies IgM
and 1gG primarily produced in response to
envelope proteins of virus. The clinical symptoms
produced by 1-4 dengue virus serotypes are
similar. The severity of infection rises gradually
starting from mild DF to severe life-threatening
DHF and DSS. The detection and quantification
of dengue virus (DV) in plasma is carried out by
using many reverse transcription PCR (RT-PCR)
based methods [24-26,5].

9.1 Advantage of
Testing

Using Serological

For diagnosis of dengue infection serological
assays are most commonly used because when
they are compared with nucleic acid based
methods or culture they are inexpensive and
easy in performance. A secondary immune
response occur when a person experience
dengue infection for second time, followed by the

production of higher levels of IgG because the
memory B cells get stimulated from previous
infection, and an IgM response to existing
infection [59].

9.2 IgM Antibody-Capture Enzyme Linked
Immunosorbent Assay

Mac-ELISA is one of Classic serological testing
for dengue [60]. Mac-ELISA was developed by
the AFRIMS (Armed force research institute of
medical sciences) for the diagnosis of dengue in
areas Wwhere co-circulation of Japanese
encephalitis and dengue occurred [61]. At
present many in-house Mac-ELISAs are
developed by different groups. The detection of
dengue specific IgM in test serum is carried out
by the capture of all IgM and by the use of
human specific IgM to a solid phase. Commercial
kits showing variable sensitivity and specifity are
available and are more than 50 [61-63]. A
mixture of four dengue antigens used in this
assay, generally derived from infected cell
culture dengue virus or the brain preparations of
infected suckling mouse [64]. The crossreactivity
with other flaviviruses and dengue specific 1gG
are the factors responsible for false positive
results and therefore, a limitation factor of Mac-
ELISAs, especially in those areas where co-
circulation of different flaviviruses occur. The
sera of patients of malaria and leptospirosis
indicate non-specific reactivity by some tests
[65].

9.3 1gG ELISA

In paired seras, dengue infection confirmation
takes place by the use of dengue specific
IlgGdetection, this type of ELISA is called 1gG
ELISA. Another use of this assay is in
classification of primary and secondary Infections
[66-68]. The detection of a past infection with
dengue is carried out by the classic 1IgG ELISA,;
involve the use of same antigen as in the MAC-
ELISA. Multiple dilutions of sera tested in order
to find an end-point dilution. This assay has a

correlation with previously used
haemagglutination assay. After the infection,
more robust response will obtained by

performing higher end-point dilution. There is a
correlation between this assay and previously
used the haemagglutination assay [60].

9.4 IgM/IgG Ratio

For distinguishing the primary from secondary
infection a dengue virus E and M protein-specific
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IgM/IgGratio.canbe used. Most common assays
for this purpose are IgM capture and 1gG capture
ELISAs. In this method if the IgM:IG OD ratio is
greater than 1.2 then the dengue infection is
called as primary infection (using sera at 1:100
dilution)or 1.4 (sera at 1:20 dilutions) or it is
designated as secondary infection if its ratio is
less than 1.2 or 1.4 [69,70].

9.5 Neutralizing Assays

Two tests, used in order to define the infecting
serotypes after a primary infection are micro-
neutralization assay and PRNT (plaque reduction
neutralization technique).The main purpose of
these tests is vaccine studies and research [71-
75].

9.6 Nucleic Acid Amplification Tests

To diagnose the dengue infection several NAATs
(nucleic acid amplification tests) have been
developed. Among these techniques some are
used for serotyping and other are quantitative
[59].

9.7 PCR (RT-PCR) Reverse Transcriptase

During the last decade, several RT-PCR assays
have been introduced. Different genes are
targeted by these in-house assays by using
different amplification procedures. NAATs which
are most frequently used are based on a nested
RT-PCR assay, one step multiplex RT-PCR
assay, and a single RT-PCR assay [26].

9.8 Real-Time RT-PCR

A one step assay called the real-time RT-PCR
assay allows the quantification of virus titre in
about 1.5 hours. The need for post-amplification
electrophoresis is replaced by the detection of
the amplified target by fluorescent. There are
several RT-PCR assays that may be singleplex
(identifying single serotype in a reaction) or
multiplex (detecting all serotypes from a single
sample) [76-78].

9.9 Nucleic Acid-Sequence Based
Amplification Assay (NASBA)

This is an amplification assay which is isothermal
RNA-specific which is used for dengue virus. The
NASBA assay is comparable to that of other
NAATSs in its performance [79].

9.10 Antigen Detection

The detection of dengue antigen from the tissues
like spleen, liver, and lymph nodes as well as
tissues from fatal cases (slides from paraffin-
embedded, fresh or frozen tissues) is carried out
by the use of an enzyme and a colorimetric
substrate along with antibodies that targets
antigens which are dengue specific [80-82].

9.11 NS1 Antigen and Antibody Detection

All flaviviruses produce NS1, a glycoprotein and
is necessary for viability replication of viruses.
Many tests developed to diagnose dengue
infection are based on the use of NS1 because
the protein is secreted into bloodstream. Among
these tests are the lateral flow antigen detection
and measurement of NS1-specific IgM and IgG
responses, antigen-capture ELISA. Kits for the
detection of NS1 antigen are now available
commercially but, different dengue serotypes are
not differentiated by these kits till now [83-85].

10. DENGUE DIAGNOSTIC TECHNIQUES
IN PAKISTAN USED BY DIFFERENT
RESEARCHERS

In Pakistan the laboratory diagnosis for dengue
virus infection was performed abroad in
collaborating centers due to unavailability of
diagnostic tests locally. As a result of huge
pressure of cases reported from Karachi during
2005-2006 epidemic ELISA-based commercial
kits were imported at national and local hospital
level. For the diagnosis of dengue Khan et al.
[86] in 2006 evaluated two commercially
available ELISA-based kits (PanBio versus C
albiotech) against RT-PCR in a hospital setting in
Karachi (AKUH). They concluded that for
diagnosis of dengue virus detection RT-PCR is
considered as gold standard but cost effective
serological methods in dengue endemic
countries are also important. Among these two
commercially available ELISA-based kits PanBio
ELISA was found to be more sensitive and
specific. Although for a rapid dengue diagnosis a
number of products are available in market, Naz
et al. [87] in 2010 conducted a study in order to
evaluate the performance of few products and
compared with ELIZA. They concluded that
device for timely dengue diagnosis could be IgA
RDT (a cost effective and efficient rapid test) at
all levels of healthcare settings. In resource
limited countries RDTs may also be helpful in
epidemiological studies as these are accurate
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and inexpensive [87]. Sajid et al. [88] carried out
a study during August-October 2011 in
department of Pediatrics Faisalabad. The
patients included in this study were confirmed
serologically positive for IgM, Ig G anti bodies by
ELISA and fulfilling the WHO diagnostic criteria.
Chest X ray, blood counts, typhoid test,
abdominal ultra-sonography, liver function tests
were also performed. They suggested
continuous surveillance due to variations found in
clinical presentation of Dengue fever in children
of Pakistan. In 2012 Hakim et al. [89] subjected
85 serum samples and 3 whole blood samples to
Immuno fluorescent staining technique followed
by RNA extraction from dengue serum samples
and then exposed to one step multiplex Real
Time RT PCR and finally to 2 percent agarose
gel. Positive results obtained on one step
multiplex Real Time RT PCR for all 85 serum
samples also bands obtained for dengue
serotype 2, 3 and 4 on 2% agarose. On the basis
of results they explained that for the diagnosis
further epidemiological studies and research
purpose immunofluorescent technique will be
very helpful in future. In order to ensure a cost
effective, rapid early dengue diagnosis in
Pakistan Hussain et al. [90] conducted a study
with an aim to locally develop a lateral flow
device by the use of nano-gold labeled anti-NS1
antibodies for the detection of NS1 Ag in the
serum. For detection of NS1 this diagnostic
device showed promising results. In another
study for dengue serology the comparison of the
efficacy of two commercially available (Acon and
BIAS-3) rapid diagnostic test devices was made.
On the basis of their results they found rapid test
devices (based on immunochromatographic
method) unreliable diagnostic tools for dengue
detection [91].

Now it's the responsibility of Govt. of Pakistan in
general and health authorities in particular to
supply more reliable rapid diagnostic tests for
dengue infection.

11. IMMUNIZATION AND TREATMENT OF
DENGUE

Currently no specific treatment is available for
dengue fever. Lives of people in severe dengue
could be saved by the medical care provided by
physicians and nurses. The experience of effects
of the disease and its progression is essential for
the physicians and nurses in order to save lives
and to decrease mortality rates to less than 1%
from more than 20%. At the same time no

vaccine against dengue is there to protect
against disease [92].

12. CURRENT DENGUE SITUATION IN
PAKISTAN 2014

World Health  organization (WHO) in
collaboration with Government of Pakistan,
compiled an epidemiological bulletin during the
first eleven days of 2014. According to this
bulletin out of 69 confirmed dengue illness cases,
68 were from Sind province and only one case
was reported from the province of Punjab. A
WHO health expert said that the major reason
behind these cases was the rising temperatures.
Day time temperature of Sind these days is
above 20C that is suitable for the breeding of
mosquitoes [93]. As dengue is now endemic to
almost all Provinces of Pakistan so, it poses
great health threat. In the absence of a suitable
vaccine, currently available tools should be
utilized. Better diagnostic techniques, should be
adopted for early diagnosis in order to reduce
mortality ratios.

13. CONCLUSION

The present study highlighted the importance of
vector presence, re-emergence, disease spread
and commonly used diagnostic methods in the
world and Pakistan. As genetic diversification of
dengue serotypes in Pakistan remained more or
less un-checked and consequently led to many
outbreaks and geographic expansion of vector
population. Now dengue is both a health threat
and endemic to almost all Provinces of Pakistan.
Therefore, more scientific research in a
developing country like Pakistan is needed in
order to develop new or improved dengue control
approaches and techniques. The factors like
serotypic study of dengue infection, its
transmission patterns, risk factors management
and reasons behind major breakouts would help
in reduction of vector population and outbreaks.
Without these measures the coming years will be
more critical in terms of vector transmission and
mortalities.

CONSENT
It is not applicable.
ETHICAL APPROVAL

It is not applicable.



Haider and Igbal; IJTDH, 19(2): 1-14, 2016; Article no.lIJTDH.13961

COMPETING INTERESTS

Authors have declared

that no competing

interests exist

REFERENCES

1. WHO. Dengue and severe dengue. Fact
sheet N117; 2014.

(Updated March 2014)

2. Koo NA, Hapuarachchige CH, K-Sung
Lee, Zahra Hasan, Lee-Ching NG, Erum
K. Evolution and heterogeneity of multiple
serotypes of dengue virus in Pakistan,
2006-2011. Virology Journal. 2013;10:
275.

DOI: 10.1186/1743-422X-10-275

3. Parameswaran P, Charlebosis P, Tellez Y,
Nunez A, Ryan EM. Genome-Wide
patterns of intrahuman dengue virus
diversity reveal associations with viral
phylogenetic clade and interhost diversity.
J Virol. 2012;86:8546-8558.

4. Shu PY, Huang JH. Current advances in
dengue diagnosis. Clin Diagnost Lab
Immunol. 2004;11(4):642-650.

5. Wang E, Ni H, Xu R, Barrett AD, Watowich
SJ, Gubler DJ, Weaver SC. Evolutionary
relationships of endemic/epidemic and
sylvatic dengue viruses. J Virol. 2000;74:
3227-3234.

PubMed Abstract
Publisher Full Text
PubMed Central Full Text

6. Idrees S, Ashfag UA. A brief review on
dengue molecular virology, diagnosis,
treatment and prevalence in Pakistan.
Genet Vaccines Ther. 2012;10.

7. Sabin AB. Research on dengue during
World War Il. Am J Trop Med Hyg. 1952;
1:30-49.

8. Hammon W. McD, Rudnick A, Sather GE.
Viruses  associated  with  epidemic
hemorrhagic fevers of the Philippines and
Thailand. Science. 1960;131:1102-3.

9. Hammon W. McD. Dengue hemorrhagic
fever: Do we know its cause? Am J Trop
Med Hyg. 1973;22:82-91.

10. CDC-Report; 2013.
Available:www.cdc.gov/dengue/epidemiolo
ay

11. Gubier DJ. Dengue. In: Monath TP, ed.
The arboviruses: Epidemiology and

ecology. Boca Raton, FL: CRC Press.
1988;(chap 23):223-60.

10

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Gubler DJ. Dengue and dengue
hemorrhagic fever in the Americas. In:
Thongcharoen P, ed. Dengue hemorrhagic
fever. WHO Monograph. New Delhi, India:
World Health Organization; 1989.

Gubler DJ, Suharyono W, Lubis I, Eram
Sand Gunarso S. Epidemic dengue 3
incentral Java, associated with low
viremiainman. Am J Trop Med Hyg. 1981;
30:1094-1099.

Reiter P. Weather: Vector biology and
arboviral recrudescence. In: Monath TP,
ed. The Arboviruses: Epidemiology and
Ecology. 1988;(1)chap 9:245-55.

Gubler DJ. Dengue and dengue
hemorrhagic fever. Clin Microbiol Rev.
1998;11:480-496.

Lanciotti RS, Lewis JG, Gubler DJ, Trent
DW. Molecular evolution and epidemiology
of dengue-3 viruses. J Gen Virol.
1994;75(Pt 1):65-75.

Rico-Hesse R, Harrison LM, Salas RA,
Tovar D, Nisalak A, Ramos C, et al
Origins of dengue type 2 viruses
associated with increased pathogenicity in
the Americas. Virology. 1997;230:244-251.
Leitmeyer KC, Vaughn DW, Watts DM,
Salas R, Villalobos I. de C, et al. Dengue
virus structural differences that correlate
with pathogenesis. J Virol. 1999;73:4738-
4747,

Rico-Hesse R.  Microevolution  and
virulence of dengue viruses. Adv Virus
Res. 2003;59:315-341.

Guzman MG, Kouri G. Dengue: An update.
Lancet Infect Dis. 2002;2:33-42.

Innis BL. Dengue and dengue hemorrhagic
fever. In J. S. Porterfield (ed.), Exotic viral
infections. Chapman & Hall Medical,
London, United Kingdom. 1995;103-146.
Wilder-Smith A. Dengue in travelers. New
Engl J Med. 2005;353:924-932.

Statler J, Statler J, Mammen M, Lyons A,
Sun W. Sonographic findings of healthy
volunteers infected with dengue virus. J
Clin Ultrasound. 2008;36:413-17.

Lanciotti RS, Calisher CH, Gubler DJ,
Chang GJ, Vance-Vorndam A. Rapid
detection and typing of dengue viruses
from clinical samples by using reverse
transcriptase-polymerase chain reaction. J.
Clin. Microbiol. 1992;30:545-551.

Vorndam V, Kuno G. In dengue and
dengue hemorrhagic fever (eds Gubler, D.
J. & Kuno, G.). CAB International, New
York, USA. 1997;313-333.



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Haider and Igbal; IJTDH, 19(2): 1-14, 2016; Article no.lIJTDH.13961

Harris E, Roberts TG, Smith L, Selle J,
Kramer LD, Valle S, Sandovan E,
Balmaseda A. Typing of dengue viruses in
clinical specimens and mosquitoes by
single-tube multiplex reverse transcriptase
PCR. J. Clin. Microbiol. 1998;36:2634—
2639.

Deen JL, Harris E, Willi B, Bemaseda A,
Hammoud SN, Rocha C, et al. The WHO
dengue classification and case definition:
time for a re assessment. Lancet. 2006;
368:170-3.

Harrus S, Baneth G. Drivers for the
emergence and re-emergence of vector-
borne protozoal and bacterial diseases. Int
J Parasitol. 2005;35(11-12):1309-18.

Paul RE, Patel AY, Mirza S, Fisher-Hoch
SP, Luby SP. Expansion of epidemic
dengue viral infections to Pakistan. Int J
Infect Dis. 1998;2:197-201.

PubMed Abstract | Publisher Full Text
Kamimura K, Takasu T, Ahmed A. A
survey of mosquitoes in Karachi area,
Pakistan. J Pak Med Assoc. 1986;36:182—
188.

Guzman MG, Kouri G. Dengue and
dengue hemorrhagic fever in the
Americas: Lessons and challenges. J Clin
Virol. 2003;27:1-13.

DOI: 10.1016/S1386-6532(03)00010-6
Jelinek T. Dengue fever in international
travelers. Clin. Infect. Dis. 2000;31:144—
147.

Wichmann O. Dengue antibody prevalence
in German travelers. Emerg. Infect. Dis.
2005;11:762—765.

Freedman DO, et al. Spectrum of disease
and relation to place of exposure among ill
returned travelers. New Engl J Med. 2006;
354:119-130.

Nakamura |, Uchiyama FN, Komiya N,

Ohinishi K. A case of dengue fever
associated with haemophagocytic
syndrome. Kausenshogaku Zaishi. 2009;
83(1):60-63.

Barraud PJ. The fauna of British India,
including Ceylon and Burma. Diptera.
Family Culicidae. Tribe Megarhinini and
Culicinae. London: Taylor and Francis;
1934.

Qutubuddin M. The mosquito fauna of
Kohat-Hangu valley, West Pakistan. Mosq
News. 1960;20:355-361.

Rasheed SB, Butlin RK, Boots M. A review
of dengue as an emerging disease in
Pakistan. Public Health. 2013;127:11-17.

11

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.
50.

Sugamata M, Ahmed A, Kono R, Takasu
T. Seroepidemiological studies  of
infections with Japanese encephalitis,
West Nile and dengue viruses in Karachi-
Pakistan in the year 1985: A neuroviro-

patho-epidemio-entomological study.
Karachi encephalitis  survey  team
secretarial, 2nd official report. Karachi:
Karachi  Encephalitis  Survey Team

Secretariat. 1987;22—-26.

Chan YC, Salahuddin NI, Khan J, Tan HC,
Seah CL, Li J, et al. Dengue hemorrhagic
fever outbreak in Karachi, Pakistan, 1994.
Trans R Soc Tropic Med Hyg. 1995;
89:619-620.

Akram DS, Igarashi A, Takasu T. Dengue
virus infection among children with
undifferentiated fever in Karachi. Indian J
Pediatr. 1998;65:735-740.

Jamil B, Hasan R, Zafar A, Bewley K,
Chamberlain J, Mioulet V, Rowlands M,
Hewson R. Dengue virus serotype 3,

Karachi, Pakistan. Emerg Infect Dis.
2007;13:182-183.
Qasim M. 49 DF cases reported in

Rawalpindi 5 expired. The News. 2008;
(Saturday 1st Nov).

Khan E, Hasan R, Mehraj V, Nasir A,
Siddiqui J, Hewson R. Co-circulations of
two genotypes of dengue virus in 2006 out-
break of dengue hemorrhagic fever in
Karachi, Pakistan. J Clin Virol. 2008;43:
176-179.

Halstead SB. Pathogenesis of dengue:
Challenges to molecular biology. Science.
1988;239:476-481.

Tang JW, Khanani MR, Zubairi AM, Lam
WY, Lai F, Hashmi K, et al. A wide
spectrum of dengue IgM and PCR
positivity post-onset of illness found in a
large dengue 3 outbreak in Pakistan. J
Med Virol. 2008;80:2113-2121.

Jahan F. Dengue fever (DF) in Pakistan.
Asia Pac Fam Med. 2011;10:1.

Fatima Z, Idrees M, Bajwa MA, Tahir Z,
Ullah O, Zia MQ, Hussain A, Akram M,
Khubaib B, Afzal S, et al. Serotype and
genotype analysis of dengue virus by
sequencing followed by phylogenetic
analysis using samples from three mini
outbreaks-2007-2009 in Pakistan. BMC
Microbiol. 2011;11:200.

ARY- News; 2010.

Edelman R. Dengue vaccine approach.
The first clinical infection disease. An
Official Publication of the Infection Disease
Society of America. 2007;56:6.



51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Haider and Igbal; IJTDH, 19(2): 1-14, 2016; Article no.lIJTDH.13961

Humayoun MA, Waseem T, Jawa AA,
Hashmi MS, Akram J. Multiple dengue
serotypes and high frequency of dengue
hemorrhagic fever at two tertiary care
hospitals in Lahore during the 2008
dengue virus outbreak in Punjab, Pakistan.
Int J Infect Dis. 2013;14(Suppl 3):54-59.
Available:http://www.emro.who.int/surveilla
nce-forecasting-response/outbreaks/
dengue-fever-in-pakistan.html
WHO/EMRO; 2013.

Dengue fever in Pakistan.

Ahmed T. Journey of dengue from swat to
Batkhela Malakand Agency, Pakistan.
[JOMAS. 2014;1(1).

Chong CF, Ngoh BL, Tan HC, Yap EH,
Singh M, Chan L, et al. A shortened
dengue IgM capture ELISA using
simultaneous incubation of antigen and
peroxidase-labeled monoclonal antibody.
Clin Diagn Virol. 1994;1:335-341.

DOI: 10.1016/0928-0197(94)90063-9
PubMed] [Cross Ref]

Mahmood N, Rana MY, Qureshi Z,
Mujtaba G, Shaukat U. Prevalence and
molecular characterization of dengue
viruses serotypes in 2010 epidemic. Am J
Med Sci. 2010;343:61-64.

[PubMed]

Khan E, Siddiqui J, Shakoor S, Mehraj V,
Jamil B, Hasan R. Dengue outbreak in
Karachi, Pakistan, 2006: Experience at a
tertiary care center. Trans R Soc Trop Med
Hyg. 2007;101:1114-1119.

DOI: 10.1016/j.trstmh.2007.06.016

Kuno G. Universal diagnostic RT-PCR
protocol for arboviruses. J. Virol. Methods.
1998;72:27-41.

Vaughn DW, Green S, Kalayanarooj S,
Innis BL, Nimmannitya S, Suntayakorn S,
Endy TP, Raengsakulrach B, Rothman AL,
Ennis FA, Nisalak A. Dengue viremia titer,
antibody response pattern, and virus
serotype correlate with disease severity. J
Infect Dis. 2000;181:2-9.

[PubMed]

Guzman MG, Hallstead SB, Artsob H,
Buchy P, Farrar J, Gulber DJ, Hunsperger
E, et al. Dengue: A continuing global
threat. Nature Rev. Microbiol. 2010;8:S7—
S16.

Buchy F, Yoksan S, Peeling RW,
Hunsperger E. Laboratory tests for the
diagnosis of dengue virus infection. WHO.
World Health Organization; Geneva,
Switzerland: Oct 1-5, 2006. TDR/SWG/08.

12

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Innis, BL, Nisalak A, Nimmannitya S,
Kusalerdchariya S, Chongswasdi VS,
Suntayaborn S, et al. An enzyme-linked
immunosorbent assay to characterize
dengue infections where dengue and
Japanese encephalitis co-circulate. Am. J.
Trop. Med. Hyg. 1989;40:418-427.
Blacksell SD, Newton PN, Bell D, et al.
The comparative accuracy of 8 commercial
rapid immunochromatographic assays for
the diagnosis of acute dengue virus
infection. Clin Infect Dis. 2006;42:1127—
1134.

Blacksell SD, Bell D, Kelley J, Mammen P,
Mammen JR, Robert V, et al. Prospective
study to determine accuracy of rapid
serological assays for diagnosis of acute
dengue virus infection in Laos. Clin
Vaccine Immunol. 2007;14:1458-1464.
Cardosa MJ, Tio PH, Nimmannitya S,
Nisalak A, Innis B. IgM capture ELISA for
detection of IgM antibodies to dengue
virus: Comparison of 2 formats using
hemagglutinins and cell culture derived
antigens. Southeast Asian J Trop Med Pub
Health. 1992;23:726-729.

Hunsperger EA, Yoksan S, Buchy P,
Nguyen VC, Enria DA, Palegrino JL, et al.
Evaluation of commercially available anti-
dengue virus immunoglobulin M tests.
Emerg Infect Dis. 2009;15:436—440.

DOI: 10.3201/eid1503.080923

Guzman MG, Kouri G. Dengue diagnosis,
advances and challenges. Int J Infect Dis.
2004;8:69-80.

Lin CF, Wan SW, Cheng HJ, Lei HY, Lin
YS. Autoimmune pathogenesis in dengue

virus infection. Viral Immunol. 2006;
19:127-13.
TDR/WHO. In dengue: Guidelines for
diagnosis, treatment, prevention and
control. TDR/WHO, Geneva, Switzerland.
2009;23-55.

Kuno G, Gomez |, Gubler DJ. An ELISA
procedure for the diagnosis of dengue
infections. J Virol Methods. 1991;33:101—
113.

Shu PY, Chen KL, Chang SF, Yueh YY,
Chow L, et al. Comparison of capture
immunoglobulin M (IgM) and IgG enzyme-
linked immunosorbent assay (ELISA) and
nonstructural protein NS1 serotype-specific
IgG ELISA for differentiation of primary and
secondary dengue virus infections. Clin.
Diagn. Lab. Immunol. 2003;10:622—630.
DOI: 10.1128/CDLI.10.4.622-630.2003



71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

Haider and Igbal; IJTDH, 19(2): 1-14, 2016; Article no.lIJTDH.13961

Russell PK, Nisalak A. Dengue virus
identification by the plague reduction
neutralization test. J Immunol. 1967;99:
291-296.

Morens DM, Halstead SB, Repik, PM,
Putvatana R, Raybourne N. Simplified
plague reduction neutralization assay for
dengue viruses by semimicro methods in
BHK-21 cells: Comparison of the BHK
suspension test with standard plaque
reduction neutralization. J. Clin. Microbiol.
1985;22:250-254.

Calisher CH, Karabatsos N, Dalrymple JM,
Shope RE, Porterfield JS, Westaway EG,
et al. Antigenic relationships between
flaviviruses as determined by cross-
neutralization  tests  with  polyclonal
antisera. J Gen Virol. 1989;70:37-43.
Roehrig JT, Hombach J, Barrett AD.
Guidelines for plaque-reduction
neutralization testing of human antibodies
to dengue viruses. Viral Immunol.
2008;21:123-132.

Thomas SJ, Nisalak A, Anderson KB,
Libraty DH, Kalayanarooj S, Vaughn DW,
Putnak R, Gibbons RV, Jarman R, Endy
TP. Dengue plague reduction
neutralization test (PRNT) in primary and
secondary dengue virus infections: How
alterations in assay conditions impact
performance. Am J Trop Med Hyg. 2009;
81;825-833.

Johnson BW, Russell BJ, Lanciotti RS.
Serotype-specific detection of dengue
viruses in a fourplex real-time reverse
transcriptase PCR assay. J Clin. Microbiol.
2005;43:4977-4983.

Chien Liao TL, Shu PY, Huang JH, Gubler
DJ, Chang GJ. Development of real-time
reverse transcriptase PCR assays to
detect and serotype dengue viruses. J.
Clin. Microbiol. 2006;44:1295-1304.

Kong YY, Thay CH, Tin TC, Devi S. Rapid
detection, serotyping and quantification of
dengue viruses by TagMan real-time one-
step RT-PCR. J Virol Methods. 2006;
138:123-130.

Wu SJ, Lee EM, Putvatana R, et al.
Detection of dengue viral RNA using a
nucleic acid sequence-based amplification
assay. J. Clin. Microbiol. 2001;39:2794—
2798.

Hall WC, Crowell TP, Watts DM, et al.
Demonstration of yellow fever and dengue
antigens in  formalin-fixed  paraffin-
embedded human liver by

13

81.

82.

83.

84.

85.

86.

87.

88.

89.

immunohistochemical analysis. Am. J.
Trop. Med. Hyg. 1991;45:408-417.
Pelegrino JL, Arteaga E, Rodriguez AJ,
Gonzales E, et al. Standardization of
immunohistochemical  techniques  for
detecting dengue virus antigens in paraffin-
embedded tissues. Rev. Cubana Med
Trop. 1997;49:100-107.

Limonta D, Capo V, Torres G, Perez AB,
Guzman MG. Apoptosis in tissues from
fatal dengue shock syndrome. J Clin Virol.
2007:;40:50-4.

Shu PY, Chen KL, Chang SF, Yueh YY,
Chow L, et al. Potential application of
nonstructural protein NS1 serotype-specific
immunoglobulin G. enzyme-linked
immunosorbent assay in the
seroepidemiologic study of dengue virus
infection: Correlation of results with those
of the plaque reduction neutralization test.
J Clin Microbiol. 2002;40:1840-1844.

Xu H, Di B, Pan Y, Qiu L, Wang Y, et al.
Serotype 1-specific monoclonal antibody-
based antigen capture immunoassay for
detection of circulating nonstructural
protein  NS1: Implications for early
diagnosis and serotyping of dengue virus
infections J Clin Microbiol. 2006;44:2872—
2878.

Young PR, Hilditch PA, Bletchly C,
Halloran W. An antigen capture enzyme-
linked immunosorbent assay reveals high
levels of the dengue virus protein NS1 in
the sera of infected patients. J Clin
Microbiol. 2000;38:1053-1057.

Khan E, Mehraj V, Nasir A, Nabil NA,
Billoo B, Moatter T, Hasan R. Evaluation of
two ELISA assay kits against RT-PCR for
diagnosis of dengue virus infection in a
hospital setting in Karachi, Pakistan. J Pak
Med Assoc. 2009;59:390-394.

Naz A, Murky SN, Nadeem M, Shamsi TS,
Sil BK. Evaluation of efficacy of various
immunochromatographic rapid tests for
dengue diagnosis. Pak J Med Sci.
2014;30(1):166-171.

DOI: 10.12669/pjms.301.4173

Sajid A, Ikram A, Ahmed M. Dengue fever
outbreak 2011: Clinical profile of children
presenting at Madina teaching hospital
Faisalabad. JUMDC. 2012;3(1):42-47.
Hakim ST, Malik S, Hussain Q, Zaidi SK,
Nadeem SG. Strategy to diagnose dengue

virus infection in local settings: An
experience. Global Journals Inc (US).
2013;13.



90.

91.

Haider and Igbal; IJTDH, 19(2): 1-14, 2016; Article no.lIJTDH.13961

Husain A, Rehman SU, Aslam S, Javed N,
Abas Z. Nano-gold particles mediated
detection of nsl; an early diagnostic
marker of dengue virus infection. J Anim
Plant Sci. 2014;24(4):1110-1115.

Yusuf NW, Kausar N, Akbar R, Igbal N.
Comparison of diagnostic efficacy of rapid
diagnostic devices for dengue virus

92.

93.

infection—a piolt study. J Ayub Med Coll
Abbottabad. 2008;20(4):26-28.

WHO. Dengue and severe dengue. Fact
sheet N°11; 2014.

(Updated March 2014)
Available:http://tribune.com.pk/story/66421
O/prevent-the-preventable-in-dead-of-
winter-69-dengue-case

© 2016 Haider and Igbal; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://sciencedomain.org/review-history/16398

14



