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The objective of this study was to determine
the incidence of respiratory viruses associ-
ated with severe pneumonia among children
less than 2 years of age in the rural district
of Matiari in Sindh, Pakistan. This study was
a community-based prospective cohort active
surveillance of infants enrolled at birth and
followed for 2 years. Cases were identified
using the World Health Organization’s Inte-
grated Management of Childhood Illnesses’
definition of severe pneumonia. Nasopharyn-
geal swabs were obtained for assessment
by multiplex RT-PCR for eight viruses and
their subtypes, including RSV, influenza
virus, human metapneumovirus, enterovirus/
rhinovirus, coronavirus, parainfluenza virus,
adenovirus, and human bocavirus. Blood
cultures were collected from febrile partici-
pants. A total of 817 newborns were enrolled
and followed with fortnightly surveillance for
2 years, accounting for a total of 1,501 child-
years of follow-up. Of the nasopharyngeal
swabs collected, 77.8% (179/230) were posi-
tive for one or more of the above mentioned
respiratory viruses. The incidence of labora-
tory confirmed viral-associated pneumonia
was 11.9 per 100 child-years of follow-up.
Enterovirus/rhinovirus was detected in 51.7%
patients, followed by parainfluenza virus
type III (8.3%), and RSV (5.7%). Of the uncon-
taminated blood cultures, 1.4% (5/356) were
positive. Respiratory viruses are frequently
detected during acute respiratory infection
episodes in children under 2 years old in a
rural community in Pakistan. However, causal
association is yet to be established and the
concomitant role of bacteria as a co-infection
or super-infection needs further investiga-
tion. J. Med. Virol. 88:1882–1890, 2016.
# 2016 Wiley Periodicals, Inc.
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INTRODUCTION

Acute respiratory infections (ARIs) are among the
leading causes of child morbidity and mortality
[Liu et al., 2012, 2015; Nair et al., 2013]. In 2011,
1.3 million episodes of pneumonia were fatal in
children under 5 years of age [Nair et al., 2013;
Walker et al., 2013]. Pakistan is one of the 15
countries in the world that accounts for more than
60% of the worldwide disease burden of pneumonia
[Liu et al., 2012; Walker et al., 2013]. Although
developing countries such as Pakistan have the
greatest burden of pneumonia, national data avail-
able on epidemiology and etiology of pneumonia is
based on studies published over 2 decades ago
[Selwyn, 1990]. Since then, diagnostic modalities and
treatments have evolved. Widespread introduction of
several vaccines in national immunization programs
has reduced and modified the current etiologies of
infectious diseases, including etiologies of pneumonia
[Measham et al., 2006; Theodoratou et al., 2010]. The
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modern nucleic acid based molecular diagnostic meth-
ods can capture viral respiratory pathogens and with
greater specificity and sensitivity than previously
possible [Weinberg et al., 2004; Mahony, 2008; Caliendo,
2011].
Common viruses associated with ARIs include

influenza A and B viruses, respiratory syncytial virus
(RSV), parainfluenza viruses types I–IV, adenovirus,
enterovirus, rhinovirus, and human metapneumo-
virus [Brittain-Long et al., 2008; Tiveljung-Lindell
et al., 2009]. Since the beginning of this millennia,
new viruses have been described including human
metapneumovirus, human coronavirus NL63 and
HKU1, and human bocavirus [van den Hoogen et al.,
2001; Allander et al., 2005; Woo et al., 2005; van der
Hoek et al., 2010]. Novel respiratory viruses have
the potential to cause pandemics. It is, therefore,
important to delineate the burden of viral pneumonia
in order to develop new algorithms for healthcare
management as well as to consider priorities for
future vaccine development.
In this study, we conducted population surveillance

over a 33-month period to determine the incidence of
eight viruses and their subtypes, including RSV,
influenza virus, human metapneumovirus, enterovirus/
rhinovirus, coronavirus, parainfluenza virus, adeno-
virus, and human bocavirus that were associated with
severe pneumonia in children less than 2 years of age
in a rural district of Sindh, Pakistan using multiplex
PCR assay detection of the selected pathogens.

METHODS

Study Design and Site

The study was a prospective community-based
active surveillance of newborns enrolled at birth and
then followed during the period October 2011–
June 2014. The study was conducted in the rural
district of Matiari, located in Sindh province about
200km north of Karachi, in Pakistan. Within the
district there are 19 union councils, which are the
smallest administrative divisions. The selected union
councils for this study—Shah Alam Shah Ji Wasi and
Sekhat/Khyber—had a population of 60,674 and
12,085 children under 59 months, respectively. The
available health facilities in the district include a
basic health unit, a rural health center, and a linked
referral hospital. The Department of Pediatrics and
Child Health at Aga Khan University, Pakistan has
established research infrastructure here for commu-
nity monitoring.

Case Definition

The Integrated Management of Neonatal and Child-
hood Illnesses (IMCI) World Health Organization
(WHO) case definition of severe pneumonia was used in
this study. This definition includes the presence of chest
indrawing and/or rapid breathing (i.e., children under
2 months of age �60breaths/min; children between 2

and 12 months of age �50breaths/min; children over
12 months–5 years of age �40breaths/min) with or
without fever [World Health Organization. Dept. of C
and Adolescent, 2005]. Children with WHO defined
very severe disease were immediately referred and not
included in the study.

Inclusion and Exclusion Criteria

Inclusion criteria for study enrollment included
newborns up to 14 days without any major congenital
abnormality and whose parents or guardians were
willing to provide informed consent. Children were
excluded if their families planned to move out of
the study area during the 6 months after enrollment.

Clinical Surveillance and Data Collection

Newborns were assessed and enrolled during rou-
tine pregnancy surveillance of women of reproductive
age (13–49 years) by community health workers. At
fortnightly visits, the community health workers
screened participants for fever (>38.5˚C) and symp-
toms of ARIs, including cough, difficulty breathing,
rapid breathing, chest indrawing, wheezing, runny
nose, vomiting, and diarrhea. All of the families were
provided contact details for the study physician in
case their child experienced any respiratory symp-
toms at any time throughout the study period. These
episodes of ARIs were subsequently recorded by the
mobile medical teams. Nasopharyngeal (NP) swabs
were collected by trained study physicians from the
eligible subjects who demonstrated symptoms of
severe pneumonia. While NP swabs were collected at
all eligible severe pneumonia episodes, blood samples
were collected for culture and bio-banking from
febrile patients only. Treatment and/or referral to a
nearby healthcare clinic or hospital was offered to all
subjects whether they participated in the study or
not. Deaths were recorded by community health
workers. Verbal autopsy questionnaires were filled
for all deceased children under 2 years of age and
reviewed by one independent and trained study
physician.

Laboratory Techniques

NP swabs were collected using commercially avail-
able Universal Transport Medium (UTM, Diagnostic
Hybrids Inc., Athens, OH). After collection, the NP
samples were placed in a cooler at 4˚C and immedi-
ately transported to the Matiari district field site
laboratory. At the field site laboratory, the samples
were stored at 4˚C in a designated laboratory refrig-
erator. The samples were then transported to the
Infectious Diseases Research Laboratory (IDRL) at
the Aga Khan University in Karachi, using a cold
chain protocol with the temperature of the ice chest
maintained at 2–8˚C with documentation of the
temperature at the beginning and the end of the
transport process. At IDRL, the samples were logged
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and recorded using a barcode and participant identifi-
cation number and then stored in �70˚C freezers
until further processing for assay testing, allowing
only one freeze-thaw event per sample for an assay.
Frozen samples were thawed and spiked with MS2
bacteriophage (extrinsic control) before total nucleic
extraction to check the efficiency of nucleic acid
amplification. Semi-automated nucleic acid extraction
was performed using a NucliSENS1 miniMAG1

instrument (bioM�erieux, Craponne, France). An
xTAG1 Respiratory Viral Panel Fast was used for
the detection of eight viruses and their subtypes
using microsphere-based Luminex detection technol-
ogy (Luminex 200 Molecular Diagnostic Inc., Toronto,
Canada). Samples were analyzed using TDAS soft-
ware. Viruses detected by the xTAG1 Respiratory
Viral Panel Fast included influenza A (non-specific
influenza A, H1, H3, H1N1), influenza B, RSV, para-
influenza (types I–IV), human metapneumovirus,
adenovirus, enterovirus/rhinovirus, coronavirus
(NL63, HKU1, 229E, OC43), and human bocavirus.
The blood culture samples were collected asepti-

cally at the field site and transported in a Coleman
cooler within 2hr at ambient temperature to the field
site lab. The blood culture bottles were placed in a
Bactec BD 9050 Instrument programmed for 7 days
at 37˚C incubation. Any positive signal bottles were
removed from the Bactec BD 9050 instrument when
an alarm signaled that a bottle was positive for
turbidity. Gram stain was performed on the blood
culture sample, and the blood sample was cultured
onto 5% sheep blood agar (SBA), chocolate agar, and
MacConkey agar plates. The SBA and chocolate agar
plates were incubated at 5% CO2 in 37˚C incubators.
The MacConkey agar plates were incubated at 37˚C
for 24–48hr. All positive Bactec bottles and all agar
plates were sent to AKU IDRL Lab for further
identification of the isolate and antibiotic susceptibil-
ity testing.

Data Entry and Management

Surveillance data were collected using standardized
forms with questions about clinical symptoms over
the past 14 days. The data forms were taken back to
the field site office, and all data were entered into the
computer twice by separate data operators at differ-
ent computers for the purposes of accuracy and
quality control assessment. Data quality was tested
by performing error checks simultaneously with dual
data entry. Discrepancies were resolved by the field
site data manager and again when compiling and
uploading data to the database. Corrections or clar-
ifications were documented in a new field while
keeping the original data set intact, including de-
tailed rationale for any changes. Visual Foxpro 9.0
was used for designing the database, the data entry
software, and the procedures for data quality assur-
ance. Laboratory data were entered into a standard-
ized database that included the date of sample

collection, and the participant identification number.
All data forms were stored in locked cabinets in a
locked room at the field site office or subsequently at
the Aga Khan University Pediatric Research Office.
Special arrangements were made to enforce referen-
tial integrity of the database. SPSS 15.0 was used for
data analyses.

Ethical Statement

The study was approved by the Aga Khan Univer-
sity Ethical Review Committee and by the University
of Virginia Human Investigation Committee and
Institutional Review Board. Written informed consent
was obtained from all parents and/or guardians of
the participating children. All names and other
personal identifying data were removed from the
data before uploading to the local database.

RESULTS

Demographics and Symptomatology

During the period of October 2011–June 2014, a
total of 817 study participants were enrolled, of
which 692 participants were followed throughout the
study period (Fig. 1). The number of child-years of
follow-up was 1,501 (Table I). A total of 409 (50.1%)
of the patients were male.

Incidence

The overall incidence of severe pneumonia in this
cohort was 15.3 (13.5–17.1) episodes per 100 child-
years of follow-up (Table II). The severe pneumonia
incidence rate, based on laboratory confirmed detection
of a pathogen, was 11.9 (10.3–13.6) episodes per 100
child-years. Incidence rates of severe pneumonia per
100 person years associated with individual pathogens
were also calculated (Table II). The pathogens with the
highest detection rate were enterovirus/rhinovirus at
7.9 (6.6–9.3) episodes per 100 child-years followed by

Fig. 1. Schematic representation of the study participants
enrolled and followed in a rural community in Pakistan during
the period of October 2011–June 2014.
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parainfluenza virus type III at 1.3 (0.7–1.8) episodes
per 100 child-years, and RSV at 0.9 (0.4–1.3) episodes
per 100 child-years.

Mortalities

There were 30 deaths in total. Nine deaths were
due to respiratory causes. Of these, eight were
attributable to pneumonia/ARI, and one to measles.
Other major causes of death were sepsis (five),
meningitis (three), diarrheal diseases (three), severe
malnutrition (two), and congenital malformations
(two). Causes of death identified in singular cases
included tuberculosis, other unspecified non commu-
nicable disease and other perinatal cause of death. In
three cases, it was not possible to ascertain cause of
death from verbal autopsy forms. There were deaths

in children during the first month of life, which
included a 14 days old baby with pneumonia and
12 days old baby with other specific perinatal cause
of death.

Virological Assay Results

Of the pathogens included in the xTAG1 Respira-
tory Viral Panel assay, a total of eight viruses and
their subtypes were detected during the course of
this study. A total of 230 multiplex PCR assays were
performed using the NP swab specimens. Of these
samples tested, 77.8% (n¼ 179) were positive for at
least one pathogen, and 10.9% (n¼ 25) were positive
for more than one pathogen (Table I). The majority of
NP swab samples collected and analyzed in this
study were obtained from children less than 6 months

TABLE I. Viruses and Bacteria Detected in Patients of Severe Pneumonia Aged 0–24 Months in a Rural Community in
Pakistan From October 2011 to June 2014

n (%)

Age group All cases 0–5 months 6–23 months

Total patients followed 817 817 797
Gender

Male 409 (50.1) 409 (50.1) 399 (50.1)
Female 408 (49.9) 408 (49.9) 398 (49.9)

Total child-years of follow-up 1,501 399 1,495
Blood cultures—total number performed 389 212 177
Blood cultures performed (excluding contaminants) 356 194 162
Positive blood cultures (excluding contaminants) 5 (1.4) 4 (2.6) 1 (0.6)

B-hemolytic Streptococcus (Group A Streptococcus) 1 1 0
Campylobacter 2 2 0
Streptococcus pneumoniae 2 1 1

Luminex Assays—total number performed 230 201 29
Luminex Assays—number of positive assay results 179 (77.8) 154 (76.6) 25 (86.2)

Adenovirus 8 (3.5) 6 (3) 2 (6.9)
Human bocavirus 1 (0.4) 1 (0.5) 0 (0)
Human coronavirus 229 E 1 (0.4) 1 (0.5) 0 (0)
Human coronavirus HKU1 5 (2.2) 5 (2.5) 0 (0)
Human coronavirus NL63 4 (1.7) 3 (1.5) 1 (3.4)
Human coronavirus OC43 11 (4.8) 9 (4.5) 2 (6.9)
Enterovirus/rhinovirus 119 (51.7) 110 (54.7) 9 (31)
Human metapneumovirus 5 (2.2) 1 (0.5) 4 (13.8)
Influenza-B 4 (1.7) 3 (1.5) 1 (3.4)
Parainfluenza virus I 2 (0.9) 1 (0.5) 1 (3.4)
Parainfluenza virus II 2 (0.9) 1 (0.5) 1 (3.4)
Parainfluenza virus III 19 (8.3) 17 (8.5) 2 (6.9)
Parainfluenza virus IV 10 (4.3) 10 (5) 0 (0)
RSV 13 (5.7) 5 (2.5) 8 (27.6)
Human coronavirus OC43/enterovirus/rhinovirus 4 (1.7) 4 (2) 0 (0)
Parainfluenza virus III/enterovirus/rhinovirus 3 (1.3) 3 (1.5) 0 (0)
Parainfluenza virus IV/enterovirus/rhinovirus 3 (1.3) 3 (1.5) 0 (0)
RSV/enterovirus/rhinovirus 3 (1.3) 2 (1) 1 (3.4)
Enterovirus/rhinovirus/adenovirus 2 (0.9) 1 (0.5) 1 (3.4)
Human coronavirus 229 E/enterovirus/rhinovirus 1 (0.4) 1 (0.5) 0 (0)
Human coronavirus 229 E HKU1/parainfluenza virus III/enterovirus/rhinovirus 1 (0.4) 1 (0.5) 0 (0)
Human coronavirus NL63/enterovirus/rhinovirus/human metapneumovirus 1 (0.4) 0 (0) 1 (3.4)
Human coronavirus OC43/adenovirus 1 (0.4) 1 (0.5) 0 (0)
Human coronavirus OC43/parainfluenza virus III 1 (0.4) 1 (0.5) 0 (0)
Enterovirus/rhinovirus/human metapneumovirus 1 (0.4) 0 (0) 1 (3.4)
Influenza-B/RSV 1 (0.4) 0 (0) 1 (3.4)
Parainfluenza virus II/enterovirus/rhinovirus 1 (0.4) 1 (0.5) 0 (0)
Parainfluenza virus IV/adenovirus 1 (0.4) 1 (0.5) 0 (0)
RSV/parainfluenza virus IV 1 (0.4) 0 (0) 1 (3.4)
Negative 51 (22.2) 47 (23.4) 4 (13.8)
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old. Correspondingly, the majority of positive assay
results for pneumonia-associated pathogens were
detected in the NP swabs in children under 6 months
of age (76.6%; n¼ 154).
The most frequently detected viruses were entero-

virus/rhinovirus at 51.7% (n¼ 105) followed by para-
influenza virus type III at 8.3% (n¼ 19), and RSV
5.7% (n¼ 13) (Fig. 2).
Multiple detections of parainfluenza virus type IV

(n¼ 10; 5%) and human coronavirus CoV HKU1
(n¼ 5; 2.5%) were detected only in children less than
6 months old. Remaining viral pathogens were found
in both children less than 6 months old and older
than 6 months, or alternatively, detected just once.

Co-Infections

Of the 10.9% (n¼ 25) NP swabs that were positive
for more than one pathogen, 92% (n¼ 23) had two

pathogens detected, and 8% (n¼ 2) had more than
two pathogens detected. Enterovirus/rhinovirus was
detected in combination with other pathogens in 19
cases with the other pathogens being RSV, para-
influenza type IV, corona viruses, adenovirus, and
human metapneumovirus. Parainfluenza virus type
IV and RSV were each found in combination in five
cases. The most common combination was enterovi-
rus/rhinovirus with coronavirus OC43.

Bacterial Culture Results

A total of 389 blood cultures were collected from
febrile participants during the course of this study of
which a total of 38 were positive for growth. Of these
blood cultures, 33 were assessed to represent growth
of a contaminant (based on growth of a bacterium
that is part of normal skin flora and highly unlikely
to be a pathogen) or a false positive (positive alarm

TABLE II. Incidence Rates for Pathogen Associated Severe Pneumonia Among Children Aged 0–24 Months in a Rural
Community in Pakistan From October 2011 to June 2014a

All cases 0–5 months 6–23 months

Total child years followed 1,501 399 1,495
Incidence of severe pneumonia per 100 child year of follow-up
(95%CI)

15.32 (13.5–17.15) 50.38 (45.47–55.28) 1.94 (1.24–2.64)

Incidence of viral-associated severe pneumonia per 100 child year
of follow-up (95%CI)

11.93 (10.29–13.56) 38.6 (33.82–43.37) 1.67 (1.02–2.32)

Incidence of Enterovirus/Rhinovirus associated pneumonia per
100 child year of follow-up (95%CI)

7.93 (6.56–9.29) 27.57 (23.18–31.95) 0.6 (0.21–0.99)

Parainfluenza virus III 1.27 (0.7–1.83) 4.26 (2.28–6.24) 0.13 (0.0–0.32)
RSV 0.87 (0.4–1.33) 1.25 (0.16–2.34) 0.54 (0.17–0.9)
Human coronavirus OC43 0.73 (0.3–1.16) 2.26 (0.8–3.71) 0.13 (0.0–0.32)
Parainfluenza virus IV 0.67 (0.25–1.08) 2.51 (0.97–4.04) —
Human metapneumovirus 0.33 (0.04–0.62) 0.25 (0.0–0.74) 0.27 (0.01–0.53)
Influenza-B 0.27 (0.01–0.53) 0.75 (0.0–1.6) 0.07 (0.0–0.2)
All viruses 13.59 (11.86–15.32) 43.36 (38.5–48.22) 2.07 (1.35–2.8)

aAssociation does not mean causality.

Fig. 2. Pie chart displaying the frequency of viruses detected on NP swabs in patients with
pneumonia aged 0–24 months in a rural community in Pakistan during the period of October 2011–
June 2014. Two or more co-infecting viruses were counted in their own categories.
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on the Bactec sensor with no evidence of any organ-
ism on Gram stain or growth on agar plates). Of the
356 remaining uncontaminated blood cultures, 5
(1.4%) were positive (Table I). Streptococcus pneumo-
niae was detected in two samples. Two participants
with Gram stain or culture positive for Campylobac-
ter spp. also had enterovirus/rhinovirus detected on
NPs (data not shown).

Seasonality

The average temperature recorded in the study
period was 37.5˚C (99.5˚F). Pneumonia episodes
were recorded throughout the first year with a
peak of activity noted in April 2012 and a nadir
following April 2013 (Fig. 3). ARI case detections
became negligible for the remainder of the study
period until June 2014 with only one case of ARI
detected in September 2013. With the exception of
November 2012, enterovirus/rhinovirus was noted
to have activity throughout the study period
through March 2013; the highest detection rate of
enterovirus/rhinovirus in April 2012 overlapped
with the highest number of pneumonia episodes
detected. Parainfluenza type III was detected be-
tween December 2011 and May 2012 and subse-
quently, one case was detected in September 2013.
RSV was detected between November 2011 and
February 2012, October 2012 and April 2013. All

cases of human metapneumovirus were detected
between August 2012 and December 2012.

DISCUSSION

This study represents an important advance in
understanding the role of viruses and bacteria in
ARI episodes in children in a rural community
setting in Pakistan. It is the first study in Pakistan
to utilize molecular diagnostic tests to prospectively
determine the burden and seasonality of multiple
respiratory viruses including coronaviruses, enterovirus/
rhinovirus, and human bocavirus in community
setting. In this study population, the incidence of
laboratory confirmed viral-associated severe pneumo-
nia in children <2 years old was 11.9 episodes per
100 child-years, which was considerably lower than
the detection rate reported in a study conducted on
inpatient and outpatient wards of children less than
5 years old in rural Kenya (56 cases per 100 child-
years) with active community surveillance [Feikin
et al., 2012]. However, the number of pneumonia
episodes recorded in our study was higher than that
reported from a hospital-based study with active
population surveillance conducted in rural Bangladesh
(50.5 hospitalizations per 100,000 patient-weeks)
[Nasreen et al., 2014]. Comparisons are limited due to
differences in methodologies and populations being
studied.

Fig. 3. Seasonal distribution of viral pathogens associated with pneumonia in patients 0–24
months in a rural community in Pakistan from October 2011 to June 2014.
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Within this age group, children less than 6 months
old had the highest incidence of viral-associated
pneumonia. Therefore, the highest number of NP
swabs was collected from participants in this age
group and the highest number of positive samples
was detected in this age group. As the age of the
cohort increased, the incidence of viral-associated
ARIs declined. This finding corresponds to a birth
cohort study conducted in periurban South Africa
that also found that children younger than 6 months
old are most vulnerable to pneumonia [le Roux et al.,
2015].
In this study, 77.8% (n¼ 179) of NP swab samples

were positive for at least one pathogen. The most
prevalent viruses detected were enterovirus/rhinovi-
rus, followed by parainfluenza virus type III, and
RSV. RSV and parainfluenza virus type III were less
prevalent in this study than those conducted in other
regions of the world, such as in hospital-based studies
in rural Madagascar and China and in urban slums
of Brazil [Weigl et al., 2007; Bezerra et al., 2011;
Feikin et al., 2012; Hoffmann et al., 2012; Zhang
et al., 2013]. The NP specimen positivity rate for at
least one pathogen in this study was higher or at par
compared to other countries in the region. For
example, a tertiary hospital-based study of children
under 14 years of age in India reported 45.7% NP
swab positivity rate [Singh et al., 2014]. The afore-
mentioned study in Bangladesh reported NP swab
positivity rates of 52% in hospitalized patients and
55% in non-hospitalized patients, while a previous
study following a birth cohort of children for 2 years
reported that 77% of pneumonia episodes were
associate with a respiratory virus [Homaira et al.,
2012; Nasreen et al., 2014]. RSV and human meta-
pneumovirus had higher rates of detection from NP
samples of hospitalized children (6 weeks–2 years
old) in an urban setting in Pakistan [Ali et al.,
2013].
Endemicity of enterovirus/rhinovirus throughout

the year in this study is consistent with the findings
of others [Bezerra et al., 2011; Do et al., 2011; Zhang
et al., 2013]. In previous literature reports, RSV has
been shown to have seasonal variation, occurring
usually in either the cold season or the rainy season
in different countries [Weber et al., 1998; Bezerra
et al., 2011; Hoffmann et al., 2012; Bigogo et al.,
2013; Stockman et al., 2013; Zhang et al., 2013]. In
this study, RSV also exhibited seasonal variability
with a clear pattern of being detected in the winter
months in 2 consecutive years, as corroborated by
previous studies from within Pakistan as well as
neighboring countries [Ghafoor et al., 1990; Zhang
et al., 2013; Singh et al., 2014].
Blood culture positivity (1.4%) was low but compa-

rable to aforementioned studies in Kenya (3.3%) and
Bangladesh (6%) [Feikin et al., 2012; Nasreen et al.,
2014]. This low positivity rate may possibly be
due to prior antibiotic use. There were just two
cultures positive for S. pneumoniae. Although Pakistan

introduced pneumococcal conjugate vaccine (PCV 10) in
October 2012 in its Expanded Programme for Immuni-
zation, the limited rollout at that time was unlikely to
affect subsequent bacterial detection in this study; the
overall impact of the limited rollout of the pneumococcal
vaccine in Pakistan is still under investigation [GAVI,
2012; Ali, 2014].
The strengths of this study lie in it being the first

prospective cohort study to determine the incidence
of severe pneumonia that is associated with respira-
tory viruses in children younger than 2 years old
using cutting edge techniques such as multiplex PCR
in Pakistan. This study was a community-based
surveillance conducted in a rural area of Pakistan, as
opposed to most other studies of pneumonia etiology
that have been hospital-based and/or conducted in
urban settings. This study helps bridge the gap since
the 1980s’ Board of Science and Technology for
International Development (BOSTID) studies deter-
mining the epidemiology of ARIs, which included
surveillance in Pakistan albeit in a different region
[Selwyn, 1990]. Limitations of this study include its
observational cohort design as opposed to a case-
control study, which makes it difficult to determine
whether these viruses are truly responsible for the
symptoms, or whether they are detectable in healthy
children as well in that area. Viral detection does not
necessarily have a causal association with acute
illness. Presence of respiratory viruses in controls
has been reported in many other similar studies in
the literature, and lack of viral testing from asymp-
tomatic children in our study is a limitation
[Mathisen et al., 2010; Singleton et al., 2010; Feikin
et al., 2012; Hammitt et al., 2012]. The Luminex
assay used in this study, similar to most other
commercial assays was unable to distinguish between
enterovirus and rhinovirus, hence, the results were
grouped together as enterovirus/rhinovirus.

CONCLUSIONS

We found that the incidence of severe pneumonia is
particularly high in children younger than 6 months
old in our rural study setting of Sindh, with a sharp
decline in cases in children older than 6 months old.
Respiratory viruses are frequently detected at the
time of these pneumonia episodes, though causal
association cannot be established based on this
study. The role of bacterial co-infections in these
cases cannot be completely ruled out. Nonetheless, it
appears that prevention of viruses whether through
vaccines or other measures is likely to reduce the
burden of pneumonia irrespective of the fact
whether these viruses cause the infection alone or
as an inciting event for a secondary infection to
occur.
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