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SUMMARY

Dengue has become a global problem in past few decades, with half of the world’s population at risk
of infection. For some countries of Asia and Latin America, severe dengue is a major cause of serious
illness and even death in children. Pakistan has been reported as a hyperendemic area for dengue
infection. Our study aimed to find seroprevalence of past dengue infection in asymptomatic children of
Lahore with no previous history of dengue infection. A total of 400 samples were collected from
children aged 1-12 years in Lahore using random sampling. The inclusion criteria were children aged
1-12 years, who had no previous symptoms of dengue fever during their lives. Children with known
immunodeficiency status or fever at the time of recruitment were excluded from the study.
Commercially available ELISA kits were used to determine the IgG status in sera of children. The data
obtained was entered and analysed using SPSS v. 20.0. The overall prevalence of asymptomatic dengue
infection was found to be 25%. There was no statistically significant difference between prevalence of
infection in male and female children. There was, however, a strong relationship between increasing
age of the child and number of cases with infection, with low incidence in children aged <5 years.
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INTRODUCTION classified as dengue serotype 5 [2]. DENV-5 is a syl-
vatic serotype, and so far there has been only one out-
break of this serotype reported in humans. Whereas
DENV-1-4 secrotypes are endemic in a number of
tropical and subtropical countries, there is no evidence
of sustained epidemics by sylvatic DENV in the past.
Dengue outbreaks are a leading cause of illness, hos-
pital admissions and death in children in various
regions of Asia and Latin America [3]. Presently no
specific therapies or vaccines are available for treat-
ment or prevention of DENV transmission [1, 4].
Outbreaks have been recorded in all countries of
the Indian subcontinent including India, Pakistan,
Maldives and Sri Lanka. These outbreaks included
* Author for correspondence: R. Ghous, National Health Research

Complex, Shaikh Zayed Medical Complex, Lahore, Pakistan. th'ousands Of rep orted and unreported case§ along
(Email: drrooshan@gmail.com) with causalities caused by dengue [5]. During the

Dengue virus (DENV) is an arthropod-borne, single-
stranded RNA virus (genus Flavivirus, family Flavi-
viridae). It is comprised of four closely related but
antigenically distinct serotypes, DENV-1, -2, -3, and
-4 which are widespread in humans, and in recent
years has become a major international public health
concern [1]. A new genetically distinct serotype of
DENYV was isolated while sequencing samples col-
lected in a 2007 Malaysian outbreak. The virus was
found to be phylogenetically different and was
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past few decades DENV-2 and DENV-3 have been
predominant in most of the outbreaks, with either
one or both serotypes isolated in each major outbreak
[5, 6].

Pakistan first reported an outbreak of dengue fever
in 1994. DENYV is now endemic in Pakistan, circulat-
ing throughout the year with a peak incidence in
the post-monsoon period [3, 7]. According to a report
of the Punjab Health Department, the total number of
dengue patients in Punjab from January to November
2011 reached 21 275, of which more than 17 454 were
diagnosed in Lahore alone [1, 8]. The total figure of
reported deaths due to dengue fever during this period
was 335 in Punjab and 289 in Lahore [9].

The WHO has classified dengue infection into levels
of severity of the disease. The classification is between
patients with severe disease and those with non-severe
disease. Patients with non-severe dengue are further
classified into those with warning signs and those
without any warning signs or asymptomatic dengue.
Both patients with warning signs and asymptomatic
dengue infection can develop severe disease [10].

Studies from populations where dengue is endemic
suggest that 14-87% of cases are asymptomatic or
subclinical [11, 12]. Asymptomatic dengue infection
is defined as a DENYV infection that results in no
clinical manifestations or an illness that is mild and
is not associated with a visit to a healthcare provider.
Asymptomatic dengue infection, because of its nature,
is not detected by surveillance programmes as most
programmes use visits to a healthcare provider or hos-
pitalization as an indicator of dengue illness. Most
patients recover from this asymptomatic disease un-
noticed; however, some cases may progress to severe
disease characterized by plasma leakage with or with-
out haemorrhage.

The asymptomatic seropositive population where a
previous episode of dengue goes undetected is at risk
for developing haemorrhagic dengue instead of classic
dengue. This is significant because in most other pro-
spective studies, all patients who were hospitalized for
dengue suffered secondary dengue infections [13, 14].
Although infection with a given serotype confers life-
long protection against that serotype, DENV sero-
types are not cross-protective, and re-infection with
a second serotype has been linked to development of
the more severe haemorrhagic form of dengue referred
to as dengue haemorrhagic fever, characterized by
plasma leakage with or without haemorrhage [15, 16].

Age is an important variable in the outcome of den-
gue infection. In Pakistan the median age of dengue
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patients has decreased during 2003-2007 leading to
a progressive increase in the proportion of children
affected with dengue [17]. No children were affected
in 2003 and 2004 but the number of children testing
positive for DENV IgM increased markedly by
2:6%, 10-9%, and 13-9% in 2005, 2006 and 2007, re-
spectively [17]. The observed shift in median age
may explain the acquisition of immunity due to earlier
symptomatic/asymptomatic infections [18]. Since the
risk of death in a child during a second dengue infec-
tion is nearly 15 times higher than in adults, probably
due to increased microvascular permeability, a sec-
ondary dengue infection in seropositive children
must be prevented in order to avoid deaths [19, 20].

METHODOLOGY
Study design

The study design utilized a cross-sectional survey.

Study population

The study population was comprised of children aged
between 1 and 12 years, resident in Lahore, Pakistan
for the last 5 years.

Sample size

Sample size was estimated at the 5% level of signifi-
cance with 80% power of test for an expected fre-
quency of 36:9 7% of asymptomatic children for
dengue [21]. An estimated sample size of 400 was cal-
culated for Lahore. For the selection of 400 children
about 200 households were required on the basis of
2-33 children aged 1-12 years per household.

Sampling technique

A two-stage random sampling technique was adopted
using the following plan. The city is divided into 19
towns and 146 Union Councils (UC) for administra-
tive purposes. For sample collection in this study,
Lahore was divided into four regions by assuming a
cross between two geographical landmarks, Canal
road and Ferozepur road. In stage 1, five UCs from
each of the four regions were selected at random.
The UCs of Lahore randomly selected were: region I
(Gulberg town), region IV (Igbal town), region III
(Aziz Bhatti town and Wahga town), and region II
(Ravi town and Data Gunj Baksh town). In stage 2,
20 children were randomly selected from each UC.
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Inclusion/exclusion criteria

Inclusion criteria: children aged 1-12 years, without a
history of dengue fever at any point in their life.
Exclusion criteria: children with known immunodefi-
ciency, or fever (auxiliary temperature >37-5°C) at
the time of recruitment.

Data collection

After ethical clearance from the Institutional Review
Board of Shaikh Zayed Medical Complex Lahore
(IRB no. 1275), a minimum of 20 children aged 1-
12 years, fulfilling inclusion criteria, were selected
from each UC. In the areas where the target of 20 en-
rolled children from a UC was not achieved, the num-
ber of households was extended in the adjacent area
until the sample size was obtained. Informed consent
was obtained from parent/legal guardian of each
child. Demography and history of study participants
was collected through a questionnaire.

Collection of blood samples

From each enrolled child, 5 ml of venous blood was
drawn; of which 2 ml was transferred into a plain
glass tube. Serum was separated by centrifugation at
2683 ¢ for 10 min and stored at —20 °C in labelled
vials until further analysis for DENV IgG antibodies.

DENYV IgG antibodies were determined in blood
samples of children from Lahore in order to screen
asymptomatic dengue infection in apparently healthy
children with no clinical history of dengue fever.
For the determination of dengue IgG a DENV IgG
ELISA (Calbiotech, USA) was used. The cut-off
was calculated by multiplying the mean absorbance
of the calibrator with the calibrator factor. Further,
the antibody index for positive and negative control
was calculated from the absorbance of each control
and cut-off value of the assay batch. All values <0-9
were considered negative for DENV, 0-9-1-1 were
considered as borderline-positive and >1-1 were posi-
tive for IgG antibody to DENV. Analysis of DENV
IgG was performed in five batches where each batch
included 80 samples.

Ethical standards

The authors assert that all procedure contributing to
this work comply with the ethical standards of the
relevant national and institutional committees on

Table 1. Distribution of study children according to age
and gender in different regions of Lahore

Gender distribution of

children
Male Female Total

Age (years) n (%) n (%) n (%)
Region |

<50 12 (17-9) 10 (22-2) 22 (19-6)

5-1-9-0 27 (40-3) 19 (42-2) 46 (41-1)

9-1-12-0 28 (41-8) 16 (35:6) 44 (39-3)

Region total 67 (100) 45 (100) 112 (100)
Region 11

<50 16 (26:2) 14 (35:0) 30 (29-7)

5-1-9-0 22 (36:1) 18 (45-0) 40 (39-6)

9-1-12-0 23 (37-7) 8 (20-0) 31 (30-7)

Region total 61 (100) 40 (100) 101 (100)
Region III

<50 21 (42:0) 15 (30:6) 36 (364)

5-1-9-0 18 (36:0) 23 (469) 41 (41-4)

9-1-12:0 11 (22:0) 11 (22-4) 22 (22-2)

Region total 50 (100) 49 (100) 99 (100)
Region IV

<50 15 (23-8) 10 (40-0) 25 (28-4)

5:-1-9-0 23 (36°5) 10 (40-0) 33 (37°5)

9-1-12:0 25 (39:7) 5(20-0) 30 (34°1)

Region total 63 (100) 25 (100) 88 (100)
Subtotal

<50 64 (26-6) 49 (30-8) 113 (28-3)

5-1-9-0 90 (37-3) 70 (44-0) 160 (40-0)

9-1-12:0 87 (36°1) 40 (25-2) 127 (31-8)
Grand total 241 (100) 159 (100) 400 (100)
human experimentation and with the Helsiniki

Declaration of 1975, as revised in 2008.

RESULTS
Age and gender distribution of children

A total of 191 households were visited for the collec-
tion of blood samples to determine DENV IgG.
Out of 191 households 61 were selected from region
I, 45 from region II, 40 from region III and 45 from
region IV,

Table 1 shows the distribution and number of chil-
dren according to age and gender selected from differ-
ent regions of Lahore. A total of 413 samples from
children aged 1-12 years were collected. After data
entry and cleaning, a sample of 400 children was pro-
cessed for analysis. Data of 13 children was not
included due to incomplete information (Table 1).
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Fig. 1. Prevalence of dengue IgG-positive cases in asymptomatic children in different regions in Lahore.

Prevalence of asymptomatic dengue in Lahore

The overall prevalence of positive DENV IgG cases,
i.e. asymptomatic dengue infection in children aged
1-12 years residing in Lahore, was 25%. The preva-
lences of positive, borderline-positive and negative
cases found in different regions of Lahore are given
in Figure 1. It was determined that the highest preva-
lence of asymptomatic dengue infection (DENV
IgG-positive cases) was in region I (35-7%) with lowest
in region II (15-8%) (Fig. 1).

DENYV IgG status according to gender

DENYV IgG status of children (positive, borderline-
positive, negative), with respect to gender is described
in Table 2. It was noted that most of the DENV
IgG-positive cases, i.e. asymptomatic dengue, were
males (26:1%). the same trend was also observed in
borderline-positive cases. But the difference between
male and female positive cases was not statistically
significant (P =0-157), showing that asymptomatic
dengue infection was not associated with male gender
(Table 2).

DENYV IgG status according to age

DENYV IgG status according to the age of enrolled
children is shown in Figure 2. An increase was seen
in number of DENV IgG-positive cases with an
increase in age. The prevalence of DENV IgG-
positive or asymptomatic dengue infection was lowest
(22:0%) in children aged <5 years, which increased
with an increase in age, i.e. 37:0% in children aged
5:1-9-0 years and 41-0% in children aged 9-1-12-0
years. It was observed that increasing age was

Table 2. Dengue IgG status in asymptomatic children
according to gender

Male Female
Dengue IgG status n (%) n (%) Ve P value
Positive 63 (26:1) 37(23:3) 370 0-157
Negative 151 (62:6) 112 (70-4)
Borderline 27 (11-3) 10 (6°3)
Total 241 (100) 159 (100)

significantly associated with positive asymptomatic
dengue infection (y*=20-018, P=0-000 <0-05)
(Fig. 2).

DISCUSSION

Pakistan has been reported as a hyperendemic area for
dengue infection similar to various other countries in
Asia including Malaysia, Taiwan, and India [22].
The U.S. Center for Infectious Disease Control Unit
and the WHO consider DENYV infection as a threat
for India, Pakistan and Brazil [23]. The serious out-
come of disease is more frequent in children and
young adults. DENV causes asymptomatic infection
much more frequently than symptomatic infection.
A true burden of infection due to DENV can only
be estimated when the prevalence due to both asymp-
tomatic and symptomatic dengue infections is
recorded, which becomes difficult due to unreported
and misdiagnosed cases [24, 25].

There has been much effort applied to the estima-
tion of symptomatic dengue infection or dengue
fever with signs, and dengue haemorrhagic fever
in retrospective as well as prospective studies in
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Fig. 2. Dengue IgG status in asymptomatic children with respect to their age (> =20-018, P =0-000 < 0-05).

Pakistan. However little is known about the burden of
disease caused by asymptomatic infection due to lack
of screening for dengue infection. The present study
aimed to estimate prevalence of asymptomatic dengue
infection in school-aged children in Lahore. For this
purpose, Lahore was divided into four regions.

It was observed that highest prevalence of asymp-
tomatic dengue infection was in region I followed by
regions IV and III, while lowest prevalence recorded
in region II. The demography of Lahore city shows
a marked difference in socioeconomic status and life-
style of people residing in these four regions. The four
regions vary considerably in terms of urbanization
and green belt areas, with region I consisting of
large green belts and increased urbanization, and re-
gion II lacking the most in green belt areas. The differ-
ence could be accounted for by lack of host sites for
mosquitoes in region II compared to region I. In an-
other study it was reported that certain demographic
and societal changes are thought to be associated
with the reappearance of lethal dengue infection
over the past 50 years [26, 27]. The factors responsible
for endemics in such areas are rapid population
growth, urbanization, lack of vector control, climate
variability, green belts, rainfall, and increased travel
(especially air travel) to endemic areas [28]. Due to
the above-mentioned factors, there is an increase in
the reportable cases of dengue infection in different
countries with more severe forms of the disease [29].

In the present study the overall seroprevalence of
asymptomatic dengue infection was measured as
25% in children aged 1-12 years, residing in the city
of Lahore, Pakistan. A similar study conducted in

rural areas of Rawalpindi district showed the sero-
prevalence of dengue viral infection to be 13:5% in
healthy adults [30]. Our study showed a higher preva-
lence compared to the Rawalpindi study, this may be
due the fact that dengue viral infection is considered to
be present mostly in urban and semi-urban areas [31].
Our results were consistent with the findings of an-
other study, in which the seroprevalence of DENV
antibodies in asymptomatic Costa Rican children
was determined during 2002-2003. It was seen that a
significant number of Costa Rican children were
infected with asymptomatic dengue infection, showing
a prevalence of 36-9% [21].

In children in whom previous dengue infection went
unnoticed due to lack of symptoms, the threat of den-
gue haemorrhagic fever or dengue shock syndrome
can increase dangerously. The present study has
emphasized the imminent threat of future cases of
dengue haemorrhagic fever and dengue shock syn-
drome in these seropositive cases.

It was observed that increase in number of DENV
IgG cases, increases with the age of the child. The
prevalence of DENV IgG or asymptomatic dengue in-
fection was lowest (22-0%) in children aged <5 years.
One plausible explanation could be children begin for-
mal schooling at this age. There is an increase in
prevalence of infected children further with an in-
crease in age; i.e. 37:0% in children aged 5-1-9-0
years and 41:0% in children aged 9-1-12-0 years.

Aedes aegypti is a biting mosquito that has become
highly adapted domestically and feeds during daylight
hours. The mosquito dwells indoors in dark and cold
places, and often attacks the back or lower limbs,
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usually from under desks and chairs [32]. As children
grow older and reach school age, they are exposed to
the vector for a longer period of time due to school
and outdoor play. Even though cases of dengue
have been reported in coastal regions in children
aged <6 years, the incidence shows a tendency to
rise after this age [21].

In Pakistan the majority of the population attend
government-funded public schools. Such schools are
mostly neglected in terms of maintenance and hygiene
and hence provide an ideal setting for dengue mosqui-
tos. Potential sources of dengue mosquitoes are thus
easy to find in public school buildings and their sur-
roundings. This puts the majority of school-aged chil-
dren in the country at a greater risk of being exposed
to dengue mosquitoes. Our results show high preva-
lence of asymptomatic dengue infection in the region.
If left untreated in the future this infected population
could lead to a major public health crisis in the form
of severe disease. Such high prevalence of the infection
also suggests the necessity of precautionary measures
for protection from infection by decreasing exposure
to the vector. Such measures include concentrating
mosquito control programmes in areas where children
spend more time, covering the body with protective
clothing during day time, and keeping the environ-
ment clean and dry.

CONCLUSION

Prevalence of asymptomatic dengue infection was
substantially higher in children residing in Lahore,
Pakistan. The present study has emphasized the likely
threat of dengue outbreaks in children of this region at
any time in the near future. Secondary dengue in sero-
positive children must be prevented in order to avoid
deaths. Precautionary measures should be targeted
to prevent these children from developing severe
disease in future because the risk of morbidity and
mortality is higher in this group. More extensive sero-
logical surveys and selective surveillance to assess the
real extent of disease burden due to DENV infection
are needed to advise appropriate measures for its pre-
vention and control.
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