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Background: Community-acquired pneumonia (CAP) continues to be one of the 
most significant reasons for hospital admissions and serious health issues for 
children all over the world. One reason for the rise in detection of respiratory viruses 
as an important cause of pediatric CAP is the enhancement of molecular 
diagnostics. Nevertheless, there are only a few local studies from Pakistan that 
provide information on the prevalence, clinical features, and age-related trends of 
viral pathogens among children hospitalized with radiographically confirmed CAP.

Objective: To determine the prevalence and clinical impact of respiratory viruses in 
children hospitalized with radiologically confirmed CAP.

Methodology: This study was conducted in the Department of Pediatrics at Sahara 
Medical College, Narowal from January 2022 to June 2023. Patients aged 14 years 
or younger with radiographic signs of community-acquired pneumonia (CAP) were 
enrolled in the study. Nasopharyngeal swabs were collected within 24 hours of 
admission and subsequently analyzed by multiplex RT-PCR for the detection of the 
following viruses: RSV, rhinovirus (RV), human metapneumovirus (HMPV), human 
bocavirus (HBoV), adenovirus, influenza, parainfluenza, and seasonal 
coronaviruses.

Results: Out of the total 315 children, the detection rate of respiratory viruses was 
72.4%. RSV, which was responsible for 24.8% of the cases, was the leading 
pathogen and mainly affected infants less than 18 months old, and there were quite 
high rates of hypoxia (75%) and wheezing (94%) among these children. RV, which 
accounted for 18.1% of cases, and HBoV, which accounted for 14.9%, were the 
viruses associated with the strongest inflammatory reactions and the most antibiotic 
prescriptions. The rate of viral co-infections was 30.3%, which was significantly 
higher in the younger age group (P = 0.03). Blood cultures showed bacterial growth in 
4.4% of the children, with Streptococcus pneumoniae as the most common isolate.

Conclusion: Respiratory viruses, particularly RSV, RV, and HBoV, constitute a major 
burden in pediatric CAP. Age-specific differences and frequent co-infections 
highlight the need for improved viral diagnostics and targeted management 
strategies to optimize care and reduce unnecessary antibiotic use.

Keywords: Respiratory Viruses; Community-acquired Pneumonia; Pediatric 
Infections

PAKISTAN CHEST SOCIETY

journal homepage: https:/www.pjcm.net/

Pakistan Journal of Chest Medicine
Official journal of Pakistan Chest Society 

Pak. J. Chest Med. 2023;29(04)

Pak. J. Chest Med. 2023;29(04)

Copyright:© 2023 by Uzair et al. This is an open access article distributed under the terms of the Creative Commons Attribution License, 
(https://creativecommons.org/licenses/by-nc-nd/4.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any 
medium, provided the original author and source are credited.

A B S T R A C T

Original Article 



534

Introduction

ommunity-acquired pneumonia (CAP) is still Cconsidered one of the major reasons for children's 
illnesses and hospital admissions globally, 

especially in developing countries where the burden of 
1,2the disease is disproportionately high.  The situation is 

such that, even with the implementation of vaccination 
programs and the facilitation of antimicrobial use, CAP 
remains a major cause of respiratory illness in children, 

3particularly those below 5 years of age.  Bacterial 
pathogens were previously considered the main cause of 
pneumonia in children, but with the increased use of 
molecular diagnostic techniques particularly multiplex 
polymerase chain reaction (PCR), the role of respiratory 
viruses in pediatric pneumonia etiology has been 

4clarified.
Respiratory syncytial virus (RSV) is the most commonly 
identified cause of lower respiratory tract infections in 
babies and young children, and it is often associated with 

5bronchiolitis, wheezing, and severe hypoxic disease.  
Over the last few years, among the viruses that cause 
respiratory infections, RV, HMPV, and HBoV have been 
the major contributors in pediatric community-acquired 

6,7pneumonia (CAP).  Understanding the clinical relevance 
of HBoV and HMPV, which are relatively recent discov-
eries, is still ongoing; studies have shown that these 
viruses can be present either as sole pathogens or 
together with other viral agents, complicating diagnosis 

8and clinical interpretation.  RV, which was previously 
thought to be a pathogen causing diseases only in the 
upper respiratory tract, is now more and more often 
associated with cases of lower respiratory tract infection, 

9asthma, and even CAP.
Viral coinfections are an emerging challenge that is being 
addressed in studies reporting the concurrent presence 
of two or more respiratory viruses in about 33% of 

8pediatric CAP cases.  The clinical significance of multiple 
viral infections remains disputed; some studies report an 
additive effect on severity, while others report illnesses 
that are comparable or even less severe than with single 
infections. In addition, distinguishing viral from bacterial 
pneumonia clinically or radiologically is difficult and often 
leads to the frequent, and sometimes unnecessary, 
administration of antibiotics. This situation is particularly 
concerning in countries like Pakistan, where resistance to 
antimicrobial agents is worsening.
Although data from around the world are available, there 
is a lack of local evidence on the viral epidemiology of 
radiologically confirmed CAP in Pakistani children, 
especially regarding new viruses such as HMPV and 
HBoV. It is crucial to understand not only the types and 
numbers of viral pathogens but also the clinical scenarios 
of patients with CAP admitted to hospitals, so that 
appropriate diagnostic strategies, judicious antibiotic 
use, and public health interventions can be planned 
accordingly.

The high burden of CAP in children in Pakistan, along with 
the increasing consideration of respiratory viruses as the 
primary causes, led to this study that aimed to find out the 
frequency and clinical importance of the main respiratory 
viruses RSV, RV, HMPV, and HBoV in children with 
radiologically confirmed CAP. Furthermore, our study 
aims to comprehensively investigate the clinical behavior 
of various viral pathogens and thus contribute to the 
development of more rational, evidence-based mana-
gement strategies by comparing virus-positive and virus-
negative cases and single and multiple viral infections.

Objective

This study aims to determine the prevalence of respiratory 
viruses, including rhinovirus (RV), human metapneumo-
virus (HMPV), and human bocavirus (HBoV) in respiratory 
specimens of children diagnosed radiologically with 
community-acquired pneumonia (CAP). Additionally, the 
study compares demographic, clinical, and laboratory 
characteristics between (i) virus-positive and virus-
negative CAP cases, (ii) single versus dual/multiple viral 
infections, and (iii) CAP caused by different respiratory 
viruses versus respiratory syncytial virus (RSV).

Methodology

This study was an observational study conducted in the 
Department of Pediatrics, Sahara Medical College, 
Narowal from January 2022 to August 2023. The medical 
staff screened all children aged 14 years or less admitted 
one after the other for participation in the study, provided 
they had a clinical diagnosis of community-acquired 
pneumonia (CAP) and had their pulmonary infiltrates 
confirmed by radiology. Community-acquired pneumonia 
was identified if there were acute respiratory symptoms 
(cough, fever, difficulty breathing, tachypnea, or 
wheezing) together with new infiltrates or consolidation 
on chest radiograph, and these were not linked to 
hospital-acquired or aspiration events. A pediatric 
radiologist, unaware of the clinical and laboratory data, 
reviewed all chest radiographs and confirmed the 
diagnosis according to the WHO standardized criteria for 
pediatric pneumonia.
Children diagnosed with hospital-acquired pneumonia 
(≥48 hrs after admission), chronic respiratory illness (aside 
from asthma), congenital heart disease with decreased 
blood flow requiring surgery, immunosuppressed status, 
thoracic surgery within the last two weeks, or those who 
were admitted within the last two weeks were not 
considered for the study. Parents or legal guardians were 
required to sign a consent form before the child was 
enrolled in the study.
Using a structured clinical proforma, each child's 
demographic data (age, sex, prematurity), clinical 
symptoms (fever, respiratory distress, oxygen saturation, 
wheezing), comorbidities, and need for oxygen or 
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intensive care were recorded. Fever was defined as a 
temperature≥38 °C, and hypoxia was defined as oxygen 
saturation <95% in room air. The duration of fever, oxygen 
therapy, and length of hospital stay were also 
documented. Blood was collected at admission for 
complete blood count (CBC), C-reactive protein (CRP), 
and blood culture, as clinically indicated.
Nasopharyngeal swab specimens were collected from 
each subject within the first 24 hours of admission to the 
hospital and then subjected to various tests. Sterile 
flocked swabs were used for collection, and the samples 
were immediately placed in viral transport medium. In 
accordance with institutional biosafety protocols, the 
samples were sent to the virology laboratory. All samples 
were kept at −70 °C until analysis. A multiplex RT-PCR 
(reverse transcription polymerase chain reaction) test was 
carried out to identify the presence of a respiratory viral 
panel that included respiratory syncytial virus (RSV), 
rhinovirus (RV), human metapneumovirus (HMPV), human 
bocavirus (HBoV), seasonal coronaviruses, influenza A/B, 
adenovirus, and parainfluenza viruses. Viral assays were 
performed using commercially validated multiplex RT-
PCR kits supplied by the manufacturer, which included 
internal positive and negative controls to maintain assay 
quality and prevent contamination.
Children identified with at least one respiratory virus were 
considered virus-positive; those without viral detection 
were categorized as virus-negative. Viral infections were 
then divided into single infections (one virus detected) or 
dual/multiple infections (≥2 viruses detected). Clinical and 
laboratory features were studied in these groups, and 
subgroup analyses were performed for children <18 
months and ≥18 months of age, mirroring the established 
age-related differences in viral epidemiology and immune 
response.

The data were securely recorded in an electronic 
database and analyzed using SPSS version 26.0 (IBM 
Corp., Armonk, NY, USA). Continuous variables were 
shown as mean ± standard deviation or median 
(interquartile range), depending on the distribution, and 
were compared using either the Student's t-test or 
Mann–Whitney U test. Categorical variables were related 
in terms of frequencies and percentages, and compared 
by means of the chi-square test or Fisher's exact test if 
applicable. A P-value <0.05 was taken to indicate 
statistical significance. The study protocol was approved 
by the Institutional Review Board (IRB) of Sahara Medical 
College, Narowal, and was conducted in accordance with 
the ethical guidelines of the Declaration of Helsinki.

Results

A total of 315 hospitalized children (<14 years) with 
radiologically confirmed community-acquired pneu-
monia (CAP) were included. The mean age was 26.8 ± 
21.3 months (median: 17 months); 53% were males. 
Prematurity was reported in 10.2%. Fever ≥38 °C was 
present in 82% of patients, with a mean admission 
temperature of 38.9 °C.
Antibiotics were administered in 57.5% of cases. Blood 
culture was performed in 178 patients (56.5%), of which 8 
(4.4%) were positive (Streptococcus pneumoniae = 7; 
Moraxella catarrhalis = 1). A total of 168 children (53.3%) 
required supplemental oxygen for an average of 2.9 ± 2.1 
days. The overall mean hospital stay was 4.6 ± 2.4 days 
(range: 1–19 days). Among the study cases, 9 (2.9%) 
required PICU admission, and none died.
Results showed that at least one respiratory virus was 
detected in 228 of 315 children (72.4%). Viral detection 
was significantly higher in children <18 months (82.6%) 
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Virus n (%) of total Single infection n (%)

RSV 78 (24.8%) 68 (87.1%)

Rhinovirus 57 (18.1%) 49 (86.0%)

Human bocavirus 47 (14.9%) 16 (34.0%)

Adenovirus 40 (12.7%) 19 (47.5%)

HMPV 21 (6.6%) 13 (61.9%)

Parainfluenza 14 (4.4%) 8 (57.1%)

Influenza 12 (3.8%) 7 (58.3%)

Coronavirus 4 (1.3%) 2 (50.0%)

Table 1. Respiratory viruses detected in 315 hospitalized children with CAP
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compared with older children (63.8%) (P < 0.001) (Table 
1). 
When the viral etiology was analyzed by age groups, 
distinct patterns emerged. RSV was markedly more 
frequent among infants <18 months, accounting for the 
highest proportion of detections in this age group, 
whereas rhinovirus (RV) predominated among children 
≥18 months. Overall, of the 228 virus-positive samples, 
159 (69.7%) represented single viral infections, while 69 
(30.3%) involved dual or multiple viruses. Co-infections 
were significantly more common in younger children 
(34.8%) than in older children (24.2%; P = 0.03). Among 
the detected pathogens, HBoV showed the strongest 
association with mixed infections (68.1% of HBoV cases 
occurred as co-infections), followed by adenovirus 
(51.4%) and RV (44.7%), indicating that these viruses 
frequently co-occur with other respiratory pathogens 
(Table 2).
RSV was the main virus that caused severe clinical signs 
in infants with single viral infections who were less than 18 
months old. RSV-infected infants had the highest 75% 
and 94% percentages of hypoxia and wheezing, 
respectively, confirming the close connection of RSV with 
the lower respiratory tract during this age period. On the 
other hand, RV infections accounted for only half of the 
hypoxia cases (50%) and fewer wheezing episodes 
(72%), but RV was still linked to the highest white blood 
cell counts (mean over 20,000/mm³), which points to a 
more intense systemic inflammation despite fewer 
respiratory symptoms. HBoV infection in infants was also 
associated with high rates of hypoxia (86%) and wheezing 
(86%), thus making it possible to regard HBoV as another 
virus with mild RSV-like disease. HBoV and RV infants 
were more commonly (71% and 50%, respectively) than 
RSV infants, who required antibiotics (22%). This was 
probably due to the mimicry of bacterial infection by WBC 
and CRP elevation. Fever ≥38 °C was seen in all viral 
groups; however, RSV patients were generally younger, 

and hypoxia lasted longer. RSV posed the greatest risk of 
respiratory impairment, while RV and HBoV caused 
stronger inflammatory responses, which resulted in 
higher antibiotic usage (Table 3).
In children aged 18 months or older, RSV continued to be 
associated with significant respiratory involvement and 
revealed the largest number of hypoxemia cases (69%) 
compared to RV (35%), HBoV (44%), and HMPV (67%). 
Fever was reported as very high across all viral groups, 
but HBoV and HMPV infections had a 100% frequency of 
fever over 38 °C, suggesting a more febrile presentation in 
older children. Moreover, RV and HBoV cases presented 
with remarkably high inflammatory markers of CRP and 
WBC levels, which were significantly greater than those 
seen in RSV infections and thus contributed to more 
frequent antibiotic usage in RV (65%) and HBoV (78%) 
cases. RSV-infected older children, however, had the 
longest hospital stay, reflecting the more difficult course 
of illness, even if there was less intense laboratory 
inflammation. While the prevalence of wheezing was low 
and similar across all groups, it was especially rare in 
HMPV infection, which showed a clinical severity pattern 
very similar to that of RSV, with high rates of hypoxia and 
fever but fewer patients requiring antibiotics. These 
results suggest that in older children, RSV still remains the 
main culprit for respiratory failure, whereas RV and HBoV 
cause more inflammation and antibiotic treatment (Table 
4).

Discussion

In the present study involving 315 hospitalized children, 
all of whom had community-acquired pneumonia (CAP) 
confirmed by radiology, respiratory viruses were identified 
in 72.4% of cases. This percentage highlights the major 
role these viruses play in causing pneumonia in young 
children. The result is consistent with other studies 
showing that the viral detection rates in children with CAP 
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Virus <18 months (n=138) ≥18 months (n=90) P-value

RSV 54 (39.1%) 24 (26.6%) <0.01

Rhinovirus 27 (19.6%) 30 (33.3%) 0.02

HBoV 25 (18.1%) 22 (24.4%) 0.18

Adenovirus 18 (13.0%) 22 (24.4%) 0.04

HMPV 8 (5.8%) 13 (14.4%) 0.03

Parainfluenza 7 (5.1%) 7 (7.7%) 0.36

Influenza 6 (4.3%) 6 (6.6%) 0.42

Table 2. Etiology of CAP in virus-positive children stratified by age

Comparative Clinical Analysis of Respiratory Viruses in Pediatric Community-Acquired Pneumonia
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9,10range from 55% to even 85% globally.  Likewise, 
Dandachi et al. reported a 75% viral positivity rate among 

11children hospitalized,  which is not far from the burden 
reported in our group.
Respiratory Syncytial Virus (RSV) was the top pathogen 
(31.6%) in these cases, especially among infants less 
than 18 months old. The RSV in these young infants 
caused sham hypoxia in 75% and wheezing in 94% of the 
patients. According to the worldwide literature, RSV has 
consistently been identified as the major virus causing 

12,13lower respiratory tract infections in infants.  Hall et al. 
reported a lot of RSV-related morbidity that led to 

14hospitalization,  thus, strengthening the main role of RSV 
in pediatric CAP, especially in the very young infants age 
groups, where the problem is much more exacerbated by 
the narrow airway diameter and the immunological 
immaturity.
Rhinovirus (RV), observed in 25.0% of children, ranked 
second among the most prevalent pathogens. Infections 
with RV in our group were characterized by very high WBC 
counts (>20,000/mm³) and a significant increase in 
antibiotic use (50% in infants), indicative of a strong 
systemic inflammatory response. The same was also 
noted by Papadopoulos et al., who showed RV's ability to 
infect the lower respiratory tract and cause large-scale 

15inflammation.  RV, previously thought to be a mild upper 
respiratory virus, is now recognized as a major player in 

16,17pneumonia and asthma attacks, in line with our results.
Human bocavirus (HBoV), found in 11.8% of viral cases, 
was strongly associated with co-infections; 68.1% of 
HBoV-positive children had at least 2 viruses detected. 
This is similar to the findings of earlier studies, which 
indicated that HBoV is often detected as a co-pathogen 

18,19rather than a primary pathogen.  Nevertheless, the 
HBoV in our group was associated with high fever, 
elevated inflammatory markers, and a total antibiotic 
prescription rate of 71–78%, suggesting that its 
presence, in combination with other viruses, could 
clinically escalate the situation. These results agree with 
those characterizing HBoV-associated pneumonia as 

18,20difficult to differentiate from bacterial infection.
Human Metapneumovirus (HMPV) was detected in 9.6% 
of children and was responsible for serious respiratory 
distress in older children and hypoxia in 67% of the total 
cases. Marinari et al. have also reported that HMPV 
causes the same clinical manifestations as RSV, albeit 

21more often and to a lesser degree.  In the group we 
studied, HMPV infections manifested with high fever and 
moderate hypoxia, but with less antibiotic use, 
suggesting a less intense inflammatory signature than 
RSV and HBoV infections.
Viral co-infections were found in 30.3% of the cases that 
were positive for the virus. Infants under 18 months had 
co-infection rates of 34.8%, compared with 24.2% in 
older children (P = 0.03), a significant difference. Different 
studies have reporting similar co-infection rates of 20% to 

22-2445%.  The issue of co-infections and their clinical 
relevance has not yet been settled, but our results clearly 
indicate that co-infected children, especially those 
infected with HBoV, adenovirus, or RV, had stronger 
inflammatory responses and greater antibiotic exposure 
than non-infected or mono-infected children. This 
supports the idea that multiple viruses may act together to 
increase the severity of diseases in infants.
The comparison between virus-positive and virus-
negative cases indicated significant relationships 
between viral infections and wheezing as well as hypoxia, 
while the opposite was true for the virus-negative group, 
where higher levels of CRP and WBC were reported these 
findings being in accord with previous reports that 
inflammatory markers are usually more pronounced in 

25bacterial than in viral pneumonia.  Antibiotic use, 
however, remained high in viral CAP cases, an indicator of 
real-world diagnostic confusion and a problem that needs 
to be addressed through the availability of better 
laboratory and point-of-care instruments for antimicrobial 
stewardship. The data from our study showed a distinct 
wintertime peak, with the highest virus activity around 
February, a pattern resembling the RSV and RV global 
seasonality patterns as well as regional respiratory virus 
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Feature RSV (n=32) RV (n=18) HBoV (n=7) HMPV (n=7) P-value

Male 17 (53%) 13 (72%) 4 (57%) 3 (43%) 0.18

Temperature >38°C 25 (78%) 12 (67%) 6 (86%) 6 (86%) 0.44

Hypoxia <95% 24 (75%) 9 (50%) 6 (86%) 5 (71%) 0.09

Wheezing 30 (94%) 13 (72%) 6 (86%) 2 (29%) <0.01

Antibiotics given 7 (22%) 9 (50%) 5 (71%) 2 (29%) 0.03

WBC (mean/mm³) 12,980 20,540 14,210 13,980 <0.01

Table 3. Clinical characteristics of RSV vs RV vs HBoV vs HMPV in children <18 months (single infections)
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surveillance reports from South Asia.
All in all, our findings point out the large number of 
respiratory viruses, namely RSV, RV, HBoV, and HMPV, 
that are primarily responsible for children being 
hospitalized with CAP in Pakistan. The high rate of 
coinfections, the strong inflammatory responses caused 
by RV and HBoV, and doctors prescribing antibiotics for 
viral infections underscore the need for molecular 
diagnostics for proper case management. Being aware of 
these epidemiological and clinical patterns is crucial for 
developing preventive strategies, including RSV 
vaccination, improved diagnostic algorithms, and more 
precise interventions to reduce unnecessary antibiotic 
exposure.

Limitations

This study has several limitations. First, it was conducted 
at a single tertiary care center, which may limit the 
generalizability of findings to other regions of Pakistan 
with different epidemiological patterns. Second, although 
multiplex RT-PCR provides high sensitivity, viral detection 
does not always confirm causation, and the clinical 
relevance of certain viruses, particularly HBoV, remains 
uncertain in the presence of co-infections. Third, bacterial 
diagnostics were limited to blood cultures, which have 
low sensitivity in pediatric pneumonia; therefore, bacterial 
co-infection may have been underestimated. Fourth, the 
study did not evaluate long-term clinical outcomes or 
follow-up viral shedding, which could provide insight into 
disease severity and recurrence. Despite these 
limitations, the large sample size, radiologic confirmation, 
and comprehensive viral testing strengthen the validity of 
the findings and provide important local data on the viral 
etiology of pediatric CAP.

Conclusion

This study demonstrates that respiratory viruses are a 
major etiological contributor to community-acquired 
pneumonia in hospitalized children, with 72.4% of cases 
testing positive for viruses. RSV remained the predomi-

nant pathogen, particularly among infants, and was 
strongly associated with hypoxia and wheezing, 
highlighting its clinical impact in early childhood. RV and 
HBoV, although less frequently detected than RSV, were 
associated with more pronounced systemic inflammatory 
responses and greater antibiotic use, underscoring the 
diagnostic challenge of distinguishing viral from bacterial 
pneumonia in routine clinical practice. The high rate of 
viral co-infections, especially in younger children, further 
complicates clinical management and emphasizes the 
need for enhanced surveillance and improved diagnostic 
strategies. These findings reinforce the importance of 
incorporating molecular viral testing into routine 
evaluation of pediatric CAP to promote evidence-based 
decision-making, guide antimicrobial stewardship, and 
support the development of targeted preventive 
approaches, including RSV immunization strategies.
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