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From 2013 to 2015, the National Institute of Health, Pakistan, received 1,270 blood sam-
ples of suspected dengue cases reported from inpatient and outpatient departments of 
various hospitals in Khyber Pakhtunkhwa (KPK) province. In this study, we determined 
the circulating dengue virus (DENV) serotypes using real-time reverse transcriptase (RT)-
PCR to understand the serotype-based epidemiology of DENV. All four serotypes (DENV-1 
[6%], DENV-2 [33%], DENV-3 [47%], and DENV-4 [0.1%]) were found circulating during 
the study period. Our findings suggest the need for an active surveillance system coupled 
with the laboratory diagnosis, especially in the chronic endemic areas of the country. Pub-
lic awareness programs are needed for effective control and prevention of outbreaks in 
the future. 
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Dengue fever is an important emerging and re-emerging arbovi-

ral infection and represents a major public health problem in tro-

pical and subtropical regions of the world [1]. Dengue fever is 

caused by dengue virus (DENV), which belongs to the flavivirus 

genus within the family flaviviridae [2]. DENV has been classified 

into four serotypes (DENV-1-4) [3].

Dengue is a known vector-borne disease in many Southeast 

Asian countries, including India and Pakistan [4, 5]. The DENV 

is transmitted by mosquitos, mainly Aedes aegypti and Aedes 
albopictus. DENV infection is classified into three categories rang-

ing from mild dengue fever to severe life threatening dengue hem-

orrhagic fever (DHF) and dengue shock syndrome (DSS) [6].

Estimates provided by the World Health Organization indicate 

that 2.5 billion people among 124 countries are at risk of den-

gue infection, with over 100 million cases of DENV infection and 

30,000 estimated deaths from infection reported globally each 

year. There are approximately 500,000 annual cases of DHF 

and DSS, which are related to severe disease manifestations 

due to secondary dengue infections [7]. The annual incidence 

rates of dengue cases in Pakistan for the years 2013, 2014, and 

2015 were 0.4/1,000,000, 0.1/1,000,000, and 0.5/1,000,000, 

respectively.

Pakistan experiences a number of dengue outbreaks every 

year in urban regions, mainly in the Sindh and Punjab provinces. 

In the last few years, there has been an increasing trend in the 

number of dengue cases reported from Khyber Pakhtunkhwa 

(KPK) province [1]. KPK province is one of the four provinces of 

Pakistan; it is located in the north-western region of the country 

with an area of 74,521 km2 and a population of 26.9 million. 

From August 2013 to November 2015, a total of 1,270 blood 

samples collected from suspected dengue cases were received 

from KPK province and processed at the Department of Virol-
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ogy, National Institute of Health (NIH), Islamabad for laboratory 

confirmation of dengue. These samples were collected from hos-

pitals in four major districts of KPK province (i.e., Swat, Mansehra, 

Malakand, and Kohat). The study concept and design were ap-

proved by the Internal Review Board of NIH, Islamabad.

Viral RNA was extracted from 140 µL serum samples by us-

ing a Qiamp Viral RNA extraction kit (Qiagen GmBH, Hilden, Ger-

many) according to the manufacturer’s protocol with the excep-

tion of elution volume, which was 60 µL and stored at -70˚C un-

til further analysis. A one-step real-time TaqMan reverse tran-

scriptase (RT)-PCR for detecting and typing DENVs was carried 

out according to Barbara et al [8]. Briefly, singleplex reaction 

mixture of 25 µL was run for each DENV serotype (DENV-1-4) 

in an ABI7500 real-time thermocycler by using the SuperScript 

III Platinum one-step qualitative RT (qRT)-PCR kit (Invitrogen, 

Carlsbad, CA, USA). Amplifications for each serotype were car-

ried out in a 25-µL reaction mixture containing 5 µL RNA, 12.5 

µL of 2X reaction mixture, 0.5 µL of enzyme mix, 2 µM of each 

primer, and 1 µM of TaqMan probe. The cycling conditions were 

as follows: RT step 50˚C at 10 min, initial denaturation at 95˚C 

for 5 min, 45 cycles at 95˚C for 15 sec, and final extension at 

60˚C for 60 sec. The data were analyzed by using software SDS 

version 1.4 (Applied Biosystem, Foster City, CA, USA).

Of the total 1,270 samples, 68% (866/1,270) were collected 

from male and 32% (404/1,270) from female patients; the male 

to female ratio was 2:1. Out of the 1,270 samples, 52% (662/ 

1,270) were positive for dengue infection, with 61% (196/323), 

52% (140/270), and 48% (326/677) positive in 2013, 2014, and 

2015, respectively. During 2013-2015, DENV-3 was the most 

dominant serotype (47%; 311/662 cases), followed by DENV-2 

(33%; 219/662 cases). DENV-1 was detected in 6% (37/662) 

of samples, and only one sample tested positive for DENV-4 in 

2013. Presence of DENV-4 RNA in one sample was also con-

firmed by retesting and by sequencing the E-NS1 gene. Blast 

and phylogenetic analyses of the sequence derived from this 

sample showed that the DENV sequence belonged to DENV-4 

serotype and genotype I, closely related to DENV-4 detected from 

India and Pakistan.

The majority of dengue cases in 2013 were from Swat (71%). 

In 2014, all 270 cases were from Swat; in 2015, (81%) were 

from Mansehra, (15%) from Kohat, and only (4%) from the Mal-

akand district. Young adults (ages 16-30 yr) were the most af-

fected age group during the 2013-2015 outbreaks. The sea-

sonal trend of dengue cases was reflected by the peak of posi-

tive cases detected during post-monsoon season during all three 

study years (Table 1). 

The highest positivity rate was shown for the samples collected 

within 4-6 days after onset of symptoms (day 4, 55%; day 5, 

66%; day 6, 55%). The positivity rate dropped to almost zero 

for samples collected beyond 11 days after the onset of symp-

toms (Fig. 1). 

Dengue is endemic in Pakistan, and the first outbreak was re-

ported in 1994 in Karachi city, Sindh Province. The two largest 

dengue outbreaks were reported for the first time in the country 

during 2011 in Lahore and in 2013 in Swat. During 2011, La-

hore faced a burden of 22,562 cases and 363 deaths, and Swat 

in 2013 reported 8,343 dengue cases and 57 deaths. Predomi-

nant circulating DENV serotypes reported were DENV-2, DENV-

Table 1. Demographic and molecular characteristics of dengue cases in Khyber Pakhtunkhwa (KPK) province, Pakistan, 2013-2015

Years
Total 

Samples 
tested

Real-Time 
PCR 

positive

Positivity 
%

Male Female District Month of onset DENV-1 DENV-2 DENV-3 DENV-4 Mixed

2013 323 196 61 212 111 Swat, Mansehra Sep, Oct, Nov 24   45   64 1 62

2014 270 140 52 172   98 Swat Sep, Oct 13   59   68 0   0

2015 677 326 48 482 195 Kohat, Malakand, 
Mansehra

Aug, Sep, Oct   0 115 179 0 32

Total 1,270 662  866 404   37 219 311 1 94

Fig. 1. Results of real-time reverse transcriptase (RT)-PCR accord-
ing to the days after onset of symptoms.
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3, and DENV-4 from Lahore in 2011, and DENV-2 and DENV-3 

from Swat in 2013 [1, 7, 9]. These findings led us to study the 

current epidemiological patterns of dengue infection and under-

stand the prevailing DENV serotypes in the country’s endemic 

areas. 

Various diagnostic methods are currently available for the di-

agnosis of DENV infection. Virus isolation, conventional RT-PCR, 

real-time PCR, genomic sequencing, and ELISA are used for de-

tection of DENV [10]. In this study, we used real-time RT-PCR, 

which is among the most sensitive molecular techniques with 

the advantage of being able to detect both DENV RNA and se-

rotype simultaneously. 

Of the 1,270 samples analyzed, 52% (662/1,270) were posi-

tive for dengue infection, which probably reflects timely sample 

collection after the onset of symptoms. The suitable period for 

the detection of viral RNA is usually 2-7 days after onset of in-

fection. After day 7, IgM antibodies appear in the blood and viral 

load decreases. The sample for viral antigen or RNA detection 

must be collected during the viremic phase when the viral load 

in the blood is high; however, the majority of suspected dengue 

patients often arrive at the health facility several days after the 

onset of infection [11]. 

In 2013, KPK province was hit by a major dengue outbreak 

infecting more than 11,000 individuals, mainly in the Swat dis-

trict, and lasting until 2014. During 2015, dengue cases contin-

ued to be reported from the neighboring areas, including the 

Malakand, Kohat, and Mansehra districts, with sporadic cases 

reported from districts of Upper and Lower Dir and Shangla, which 

are in close proximity to Swat [1].

During 2013 to 2015, individuals aged 16-30 yr of age were 

the main victims of DENV infection, followed by individuals be-

tween 31-45 yr of age [1, 12]. Demographic data analysis showed 

that the infection rate in males was double the rate in females, 

with a male to female ratio of 2:1, an observation that corresponds 

with previous results from studies of the KPK province [12, 13]. 

According to the results presented here, we confirmed DENV 

infection due to all four serotypes; in contrast, previous reports 

using data collected during the same time period and from the 

same geographical areas only confirmed DENV-2 and DENV-3 

in samples [14]. In this study, we found DENV-1 in 6% (37/662) 

of samples and DENV-4 was detected for the first time from 

KPK Province during this study, which indicates the silent circu-

lation of DENV-4 in this area. This result may be attributed to 

the use of highly sensitive real-time RT-PCR in our study com-

pared with the conventional RT-PCR used in previous studies 

[14]. The highest number of cases in our study were detected 

from the time period during the post-monsoon period, which 

might be due to increased humidity and precipitation, the most 

suitable environment for vector breeding. This observation is con-

sistent with reports of dengue outbreaks in other provinces, as 

well as from various studies conducted globally [15-17]. 

Our study emphasizes that in countries with known endemic-

ity of DENV disease, standard diagnostic measures must be in-

troduced and implemented in order to obtain accurate informa-

tion on the circulating DENV serotypes. It is known that second-

ary infections occurring in the DENV endemic regions or areas 

with co-circulation of multiple DENV serotypes represents a ma-

jor public health threat and indication of progress towards DHF 

and DSS [18, 19].

In conclusion, the present data enhance our existing knowl-

edge about the circulating DENV serotypes in the KPK province 

of Pakistan. An active disease surveillance system must be in-

troduced in the country, along with concomitant public aware-

ness programs, for effective prevention and control of DENV in-

fections in Pakistan. 
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