Peertechz

» ARCHIVES OF

Community Medicine and Public Health a s

submitpaper@peertechz.com

Received: 24 December, 2024
Accepted: 10 January, 2025
Published: 11 January, 2025

Review Article

*Corresponding author: Rahil Khowaja, School of
Medicine, Swansea University, Swansea, United
Kingdom, E-mail: khowajarahil16@gmail.com

Bacterial Etiology of Adult
Community-Acquired
Pneumonia in Pakistan: A
Systematic Review and Meta-
Analysis

Rahil Khowaja'* and Fazila Karimi?

Keywords: Community-acquired pneumonia; Etiology;
Bacterial; Pakistan; Meta-analysis

Copyright License: © 2025 Khowaja R, et al. This
is an open-access article distributed under the
terms of the Creative Commons Attribution License,
which permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

https://www.healthdisgroup.us

'.) Check for updates

'School of Medicine, Swansea University, Swansea, United Kingdom

2School of Public Health, SZABIST University, Karachi, Pakistan

Abstract

Background: Accurate knowledge of the epidemiology of community-acquired pneumonia (CAP) is essential for guiding appropriate antimicrobial therapy. This
systematic review and meta-analysis aimed to identify and quantify the prevalence of common bacterial pathogens responsible for CAP in adult patients in Pakistan to
improve empirical treatment strategies.

Methods: We systematically searched EMBASE, PubMed, Web of Science, and Google Scholar for studies published in English between January 1, 2000, and December
1, 2024. Studies were included if they reported bacterial etiology of radiologically confirmed CAP in adult patients in Pakistan. Quality assessment was performed using
standardized criteria, and a random-effects model was used for meta-analysis. Seven studies met the inclusion criteria, comprising 1,793 CAP patients from three major
cities: Karachi (n=4 studies), Lahore (n=1), and Rawalpindi (n=1).

Results: Meta-analysis revealed Streptococcus pneumoniae as the predominant pathogen (14%, 95% Cl: 8-20%), followed by Pseudomonas aeruginosa (12%, 95%
Cl: 3-21%), Haemophilus influenzae (9%, 95% Cl: 2-16%), and Staphylococcus aureus (8%, 95% Cl: 2-13%). Significant heterogeneity was observed across studies (12 > 94%
for all pathogens), attributable to variations in patient demographics (mean age range: 44.8-63.6 years), diagnostic methods (primarily sputum and blood cultures), and
clinical settings (5 inpatient and 2 outpatient studies).

Conclusion: While S. pneumoniae emerged as the leading pathogen in Pakistani adults with CAP, the high heterogeneity and limited geographic representation suggest
the need for more comprehensive research. Future studies should: 1) include diverse geographic areas, particularly rural settings, 2) employ standardized diagnostic
methods, and 3) investigate pathogen-specific impacts on disease severity and outcomes to enhance CAP management strategies in Pakistan.

Introduction

Community-acquired pneumonia (CAP) is an infection of
the lung parenchyma that develops outside hospitals or other
healthcare facilities [1]. It remains a significant global health
challenge, contributing to substantial mortality and morbidity
[2]. According to the Global Burden of Diseases, Injuries, and
Risk Factors Study 2017, lower respiratory infections affected
an estimated 471.8 million individuals and were responsible
for 2.6 million deaths worldwide in that year [3]. There is a

scarcity of recent data on the incidence of CAP in Pakistan.
Geographical and seasonal differences in the frequency and
types of organisms causing CAP have been reported [4]. In
several studies, S. pneumoniae has been the most common
causative agent. However, organisms like M. pneumoniae, C.
pneumoniae, and L. pneumophila are being reported more
often than expected [5].

In Asia, it is estimated that CAP causes around 1 million
deaths among adults every year [6]. Many of these deaths occur
in older adults [5]. However, adult CAP has not been studied
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adequately in Pakistan in recent years. There has been no
systematic review of CAP etiology in Pakistan. For a successful
outcome, selecting the right empirical antimicrobial medication
is essential [7]. Based on the site of care (intensive versus
non-intensive care unit) and pathogen-related risk factors,
such as those for influenza viruses, Pseudomonas aeruginosa,
and methicillin-resistant Staphylococcus aureus (MRSA),
national and international CAP guidelines provide specific
recommendations [8]. However, it remains uncertain whether
these guidelines offer adequate antimicrobial coverage.

The eradication of CAP-related mortality and morbidity
faces multiple challenges in Pakistan. The continuous
emergence of new pathogen strains and changing resistance
patterns complicate the maintenance of effective treatment
protocols. Limited healthcare infrastructure and financial
resources hamper the implementation of optimal diagnostic
and treatment strategies [7]. Additionally, insufficient data
on local pathogen prevalence and resistance patterns makes
it difficult to develop evidence-based treatment guidelines
specific to Pakistani populations. Socioeconomic factors,
including poor living conditions and overcrowding, contribute
to both the spread of respiratory pathogens and poor treatment
outcomes [4]. Climate change and increasing air pollution
levels add another layer of complexity to CAP management
by potentially influencing the prevalence and severity of
respiratory infections. These challenges underscore the critical
importance of understanding local pathogen patterns and
developing context-appropriate diagnostic and treatment
strategies. While global guidelines provide a framework for
CAP management, local epidemiological data is essential for
developing targeted interventions that address Pakistan's
specific healthcare needs and constraints.

The identification of bacterial pathogens causing CAP has
broader implications for both public health and antimicrobial
stewardship. Accurate pathogen identification guides not only
individual patient treatment but also shapes regional antibiotic
prescribing patterns, helping to combat antimicrobial
resistance [9,10]. In resource-limited settings like Pakistan,
where antibiotic resistance rates are rising and diagnostic
capabilities may be limited, understanding the local distribution
of bacterial pathogens becomes crucial for developing cost-
effective empiric treatment guidelines. This knowledge
supports antimicrobial stewardship programs by enabling
healthcare providers to select appropriate narrow-spectrum
antibiotics when possible, thereby reducing unnecessary
broad-spectrum antibiotic use and helping preserve these vital
medicines for future generations.

The objective of this systematic review and meta-
analysis is to consolidate and analyze the findings of studies
investigating the etiology of CAP among adults in Pakistan,
with a particular focus on bacterial pathogens. By synthesizing
data from existing research, this review aims to provide a
comprehensive understanding of the most prevalent causative
organisms associated with CAP in the region. Furthermore,
it evaluates the methodologies employed in these studies to
identify potential limitations and gaps in the current research
landscape, highlighting areas where further investigation is
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needed to improve diagnostic, therapeutic, and preventive
strategies for CAP in Pakistan.

Methodology

This systematic review and meta-analysis were carried out
using Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) guidelines [11]. The protocol of this
review is registered in the International Prospective Register of
Systematic Reviews (PROSPERO).

Information sources

We identified relevant studies by searching online
databases including the EMBASE, PubMed, and Web of Science
from 1%t Jan 2000 to 20™ November 2024. We limited our search
to those articles that were published in the English language
and included human beings only. To find additional studies,
we also searched for Google Scholar. Lastly, reference lists of
included studies were manually screened to avoid missing out
on any relevant studies.

Literature search

We developed a comprehensive and systematic literature
search strategy to ensure the standardized identification and
screening of studies reporting the prevalence or distribution
of bacterial pathogens in adult patients with CAP in Pakistan.
This approach aimed to capture all relevant studies addressing
the bacterial etiology of CAP, regardless of their design or
publication status. Keywords used to search for articles
included “community-acquired pneumonia”, “Pakistan”,
“etiology” and “pathogens”. These key terms were used to
combine search terms (OR, AND). Medical subject heading
(MeSH) terms were also used to sensitize the search. A detailed
description of the search strategy used is provided in the
supplementary file (Table S1).

Study selection

Two authors independently reviewed all retrieved studies
to determine their eligibility for inclusion. The review process
was conducted in two phases. In the first phase, studies were
excluded based on their titles and abstracts if they did not meet
the inclusion criteria. In the second phase, the full texts of the
remaining articles were manually screened for eligibility. Data
extraction was subsequently performed for all studies that
satisfied the inclusion criteria. Any disagreements between
the authors during the study selection process were resolved
through discussion and consensus. Articles were included in the
meta-analysis if they met the following criteria: observational
studies (retrospective or prospective cohort, cross-sectional or
case-control), they involved patients with chest radiography-
confirmed CAP, assessed the etiology of CAP, and were
published in English. Exclusion criteria included case reports,
case series, reviews, and editorials, as well as studies involving
patients with conditions other than CAP.

Quality assessment, data collection procedures, and
data analysis

Quality assessment of included studies was done using
the New Castle Ottawa scale and the table presenting quality
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assessment findings is given in Table S2. We designed a
structured data extraction sheet using an Excel spreadsheet to
systematically extract relevant information from the included
studies. The data collected included the author’s name, year
of publication, city, number of patients, and details of the
microbial investigation. Extracted data were subsequently
imported into STATA for analysis. This meta-analysis calculated
the prevalence rate of each bacterial etiology causing CAP
using a random-effects model with a 95% confidence interval
(CI). Heterogeneity among the included studies was assessed
using the I* statistic [12]. Heterogeneity levels were interpreted
as follows: I* values between 25% and 49% indicated low
heterogeneity, 50% to 74% signified moderate heterogeneity,
and values of 75% or higher represented high heterogeneity
[13]. All statistical analyses were performed using Stata version
17.0 (StataCorp LLC, College Station, TX, USA).

Results

Overall, 695 articles were obtained through online
searching. Twenty-six studies were identified after title and
abstract screening. Full-text of these 26 articles were obtained
and a detailed assessment was done based on pre-defined
inclusion and exclusion criteria. Of these 26 articles, 7 articles
were included in the quantitative analysis (Figure 1).

Study characteristics

Table 1 presents the characteristics of the included studies.
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Three studies were prospective, three were retrospective
and 1 was a secondary analysis of the Global Initiative for
MRSA Pneumonia (GLIMP). Most of the included studies
reported similar exclusion criteria, typically involving
immunosuppression, tuberculosis, lung cancer, pneumonia
developing more than 48 hours after admission, or other
terminal illnesses. Four of the seven included studies were
conducted in Karachi, with one study each conducted in Lahore
and Rawalpindi. Five studies focused on populations from
inpatient departments, while two studies enrolled patients
from outpatient departments. The mean age of the included
studies ranged from 44.8 to 63.6. All studies used sputum and
blood culture to identify pathogens responsible for CAP.

Etiology results

Table 2 presents the pooled analysis of the etiological
agents causing community-acquired pneumonia (CAP) in
Pakistan, while Table 3 compares these findings with a review
of CAP studies conducted in Asian countries.

Streptococcus pneumoniae emerged as the most frequently
identified pathogen, with an overall prevalence of 14%. The
prevalence of S. pneumoniae varied significantly across studies,
ranging from 6% in the study by Carugati et al. (2020) to 28.5%
reported by Perveen et al. (2017). In three of the seven included
studies, S. pneumoniae was identified as the leading cause of
CAP. A high degree of heterogeneity was observed across the
studies.
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Figure 1: PRISMA flowchart of study selection.
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Table 1: Characteristics of included studies.
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Duration of Study Study Design Study Setting | Sample Size | Most Prevalent Pathogen | Mean Age (Years)

Carugati et al., 2020 [14] NS March to June 2015 Retrospective

January 2011 to December

Igbal et al., 2018 [15] Karachi 2016 Retrospective

Irfan et al., 2009 [16] Karachi  January 2002 to August 2003 Retrospective

Khawaja et al., 2013 [17] Karachi March 200220t(i)IEI;December Retrospective
Perveen etal.,, 2017 [18] Rawalpindi.  April 2016 to April 2017 Prospective
Rahman et al., 2013 [19] Lahore NS Prospective
Zubairi et al.,, 2012 [20] Karachi | February 2007 to March 2008 Prospective

NS: Not specified.

Table 2: Pooled analysis of bacterial pathogens causing CAP.

m Pooled Rate (%) 95% CI I-Square (%)

Staphylococcus aureus 2t013 96.28
Streptococcus pneumoniae 14 81020 94.05
Haemophilus influenzae 9 2to16 97.76
Pseudomonas aeruginosa 12 3to 21 96.18v
Klebsiella pneumonia 7 3to14 97.07

CI: Confidence interval.

Table 3: Comparison of current study findings with meta-analysis including Asian
studies.

Pakistani Studies (n=7)
Pooled rate (%)

Asian Studies (n= 38)
Pooled rate (%)

Streptococcus pneumoniae 14% 13.30%
Haemophilus influenzae 9% 6.90%
Staphylococcus aureus 8% 4.00%

Pseudomonas aeruginosa was identified as the second
most common pathogen in the pooled analysis, with an overall
prevalence of 12%. Among the included studies, the highest
prevalence (21.7%) was reported by Perveen et al. (2017).
However, in this study, P. aeruginosa ranked as the third
most common pathogen after Haemophilus influenzae and S.
pneumoniae. Significant heterogeneity was also noted for P.
aeruginosa prevalence among the studies.

The pooled prevalence of Haemophilus influenzae was 9%,
making it the third most common pathogen. In most studies,
the prevalence of H. influenzae was below 5%, except for the
study by Perveen et al., which reported a notably higher rate
of 37%, exceeding that of S. pneumoniae and P. aeruginosa.
This variability contributed to substantial heterogeneity in the
study findings.

Staphylococcus aureus accounted for 8% of cases in the
pooled analysis, ranking as the fourth most common pathogen.
The prevalence of S. aureus varied widely across individual
studies, ranging from 0.8% to 19.8%. Only one study identified
S. aureus as the most frequent pathogen causing CAP in its
population. High heterogeneity was again evident in the
reported rates.

Table 3 compares the overall rates of pathogens causing CAP
in this review with those from a broader review of Asian studies

In patient 101 S.aureus

Inpatient 509 S.aureus 63.6

Inpatient 329 S.pneumoniae 62

Inpatient 189 S.aureus 60
Outpatient 341 S.pneumoniae NS

Inpatient 200 S.pneumoniae 44.8
Out patient 124 H.influenzae 56.5

[21], highlighting notable differences in the ranking of the most
common bacteria. In our review, the top three pathogens were
Streptococcus pneumoniae (14%), Haemophilus influenzae
(9%), and Staphylococcus aureus (8%). Similarly, Streptococcus
pneumoniae was identified as the most common pathogen in
the Asian studies (13.3%). However, Mycoplasma pneumoniae,
which ranked as the second most common pathogen in the
Asian review, was not reported in any of the studies included
in our review. On the other hand, Haemophilus influenzae
was also identified in the Asian review, with a prevalence of
6.9%, consistent with its prominence in our findings. These
differences may reflect variations in diagnostic practices,
regional pathogen distributions, or study methodologies.

Discussion

This review synthesizes findings from published studies
on the etiology of community-acquired pneumonia (CAP) in
Pakistan, highlighting several important patterns. A pooled
analysis of seven studies identified Streptococcus pneumoniae
as the most frequently detected pathogen, with an overall
prevalence of 14%, followed by Pseudomonas aeruginosa and
Haemophilus influenzae. In comparison, a separate review of
studies from Asian countries also reported a higher proportion
of patients with S. pneumoniae as the predominant pathogen
[21]. However, that review did not include studies from
Pakistan. Additionally, another review encompassing 23 studies
from European countries similarly reported S. pneumoniae as
the most common causative organism [22]. One key difference
between our study and previous reviews involving Asian
studies is that our analysis included only seven studies, five of
which focused on in-patient settings, while the Asian review
contained more than 40 studies and added both inpatient and
outpatient settings.

Three out of four studies included in this review identified
S. pneumoniae as a common causative agent, with the mean age
of patients ranging from 44.8 to 62 years. Similarly, studies
reporting S. aureus as a common pathogen indicated a mean
patient age ranging from 60 to 63.6 years. A previous study
found that an age of 60 years or older was not associated
with any specific microbial etiology [23]. However, it reported
that comorbidities could significantly influence the causative
pathogens. While it is important to assess how the organisms
causing CAP vary across age subgroups and comorbidities, the
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limited number of studies included in this review precluded
subgroup analyses or meta-regression. Future research is
needed to address these gaps, particularly in Pakistan, to guide
optimal empirical treatment for CAP.

Some pathogens cause more severe CAP compared to others.
For example, S. pneumonia remains the most significant and
common bacterial agent in CAP associated with increased
mortality and severity as found in past studies. For example,
Nascimento-Carvalho et al reported that the incidence of S.
pneumonia increased from 13.2% in non-severe cases to 35.3%
in very severe instances, indicating that it is more common in
severe and very severe CAP patients [24]. The kidneys, heart,
and lungs are among the organs that S. pneumoniae might
acutely harm. In developed nations, the case fatality rate can
reach 30% when the bacterium enters the central nervous
system, but in low-income nations, it can approach 50% [25].
Although previous studies conducted reported how severity
and mortality vary across different bacterial pathogens, none
of the included studies assessed this.

The meta-analysis revealed Klebsiella pneumoniae as
having a relatively lower prevalence rate of 7% (95% CI: 3% to
14%) compared to other major pathogens. This lower prevalence
is noteworthy given that K. pneumoniae is often considered a
significant pathogen in Asian populations. The predominantly
urban hospital setting of most included studies might not
reflect the complete epidemiological picture, as K. pneumoniae
infections may have different distribution patterns in rural
or community settings. Additionally, the high heterogeneity
observed (I* = 97.07%) suggests considerable variation in
detection rates across studies, which could be attributed to
differences in patient populations, local antibiotic prescribing
practices, or regional environmental factors. It's also possible
that prior antibiotic use, which was not consistently reported
across studies, may have affected the detection rates of this
organism [24].

Differences in diagnostic practices can significantly
contribute to the variability in pathogen identification [26].
Variations in sampling techniques, laboratory capacities, and
diagnostic tools, such as the use of culture-based methods
versus molecular assays, may influence detection rates.
Furthermore, inconsistencies in clinical criteria for suspecting
specific pathogens and variations in antimicrobial use before
sampling can affect diagnostic yield [27,28]. These disparities
underscore the need for standardized diagnostic protocols to
ensure more consistent and accurate pathogen identification
across studies.

Study limitations

The present meta-analysis has certain limitations.
Firstly, only seven studies were included, which may limit
the generalizability of findings. To robustly identify common
microbial agents causing CAP, a larger number of studies are
necessary. Secondly, the small number of studies hindered
subgroup analyses or meta-regressions to explore variations
in microbial etiology based on age, comorbidities, or other
demographic factors. None of the included studies evaluated
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the association between specific pathogens and CAP severity
or mortality, a critical gap for understanding clinical outcomes
and guiding management strategies. Additionally, out of the
seven studies, four were conducted in Karachi, with none
performed in rural regions of Pakistan. This geographical
limitation restricts insights into the pathogen distribution
across diverse regions where climate, resource availability,
and treatment practices may influence etiology. Furthermore,
the small number of studies raises concerns about potential
publication bias, as studies with significant findings are more
likely to be published. This bias may skew the representation
of pathogens and their clinical relevance. Future research
should incorporate systematic efforts to minimize publication
bias, such as including unpublished or gray literature. To
address the gap in pathogen-specific severity data, prospective
multicenter studies with standardized protocols are needed
to assess severity and mortality outcomes associated with
specific pathogens. Expanding research to rural areas and
underrepresented regions of Pakistan is also critical for a more
comprehensive understanding of CAP etiology nationwide.

Research implications

Currently, the data related to microbial etiologies, the
severity of CAP concerning microbial etiology, antimicrobial
resistances, and susceptibilities is lacking in Pakistan contexts.
CAP in Pakistan is under-studied due to limited healthcare
infrastructure, insufficient disease surveillance, and
constrained research funding. Additionally, a lack of national
registries, regional healthcare disparities, and competing
priorities, such as infectious diseases like tuberculosis, further
hinder research efforts. This contrasts with neighboring
countries that prioritize CAP surveillance and research.

Addressing these gaps could improve empirical antibiotic
selection, reduce mortality, and enhance CAP management
strategies tailored to the Pakistani healthcare context.
Randomized comparisons of different empirical treatment
procedures are another method of direct treatment. In
Pakistan, comparatively few trials have assessed treatment
plans for adult CAP to date. By reducing the requirement for
non-standard diagnostics—apart from perhaps a sputum
sample for tuberculosis—such trials could be carried out even
in areas where etiology investigations are difficult. Given that
Pakistan is one of the most highly populated countries in the
world, these trials may produce trustworthy data to support
the empirical management of CAP in that region.

Practice Implications

The findings from this systematic review have several
important implications for the development of future national
treatment guidelines in Pakistan. The predominance of
Streptococcus pneumoniae (14%) as the leading pathogen,
followed by Pseudomonas aeruginosa (12%) and Haemophilus
influenzae (9%), suggests that empirical antibiotic regimens
should provide adequate coverage for these organisms.
However, the notable presence of Pseudomonas aeruginosa,
which is not typically covered by standard CAP regimens in many
international guidelines, may warrant special consideration
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in the Pakistani context. This finding could influence
recommendations for initial empiric therapy, particularly
in patients with specific risk factors or in regions where this
pathogen is more prevalent. Additionally, the significant
heterogeneity in pathogen distribution across different regions
and healthcare settings indicates that guidelines may need to
incorporate location-specific recommendations.

Conclusion

In conclusion, the appropriate selection of empirical
treatment and diagnostic tests for CAP relies on a thorough
understanding of the common pathogens identified in etiology
studies and therapeutic trials. However, the available etiology
data from Pakistan is limited, and developing guidelines based
on studies conducted outside the region may be inappropriate
due to differences in patient characteristics and treatment
practices. This review identified S. pneumoniae as the most
common pathogen, but these findings are based on a limited
number of studies. Future research is essential to better
understand the etiology of CAP in both adult and pediatric
populations in Pakistan.

Author contributions

Rahil Khowaja: Study design, study searching, study
selection, quality, assessment, data analysis, manuscript
drafting; Fazila Karimi: Study design, study searching, study
selection, manuscript drafting. The final version of the meta-
analysis was reviewed by both authors.

Availability of data and materials

All data generated or analyzed during this study are
included in this published article.

Use of Al

We have used Al in this paper to improve readability and
correct grammar and language errors.

(Supplementary Tables S1, S2)

References

1. Chang DC, Anderson S, Wannemuehler K, Engelthaler DM, Erhart L,
Sunenshine RH, et al. Testing for coccidioidomycosis among patients
with community-acquired pneumonia. Emerg Infect Dis. 2008;14(7):1053.
Available from: https://doi.org/10.3201/eid1407.070832

2. Brar NK, Niederman MS. Management of community-acquired pneumonia:
areview and update. Ther Adv Respir Dis. 2011;5(1):61-78. Available from:
https://doi.org/10.1177/1753465810381518

3. Roth GA, Abate D, Abate KH, Abay SM, Abbafati C, Abbasi N, et al. Global,
regional, and national age-sex-specific mortality for 282 causes of death
in 195 countries and territories, 1980-2017: a systematic analysis for the
Global Burden of Disease Study 2017. Lancet. 2018;392(10159):1736-88.
Available from: https://doi.org/10.1016/s0140-6736(18)32203-7

4. Niederman MS, McCombs JS, Unger AN, Kumar A, Popovian R. The cost
of treating community-acquired pneumonia. Clin Ther. 1998;20:820-37.
Available from: https://doi.org/10.1016/s0149-2918(98)80144-6

5. Luna CM, Famiglietti A, Absi R, Videla AJ, Nogueira FJ, Fuenzalida AD, et al.
Community-acquired pneumonia—etiology, epidemiology, and outcome at

https://www.healthdisgroup.us/journals/archives-of-community-medicine-and-public-health a

a teaching hospital in Argentina. Chest. 2000;118:1344-54. Available from:
https://doi.org/10.1378/chest.118.5.1344

6. World Health Organization. Global burden of disease (GBD). Geneva: World
Health Organization; 2008. Available from: https://iris.who.int/bitstream/
handle/10665/41864/0965546608_eng.pdf

7. Maruyama T, Fujisawa T, Ishida T, Ito A, Oyamada Y, Fujimoto K, et al.
A therapeutic strategy for all pneumonia patients: a 3-year prospective
multicenter cohort study using risk factors for multidrug-resistant
pathogens to select initial empiric therapy. Clin Infect Dis. 2019;68(7):1080-
8. Available from: https://doi.org/10.1093/cid/ciy631

8. Self WH, Wunderink RG, Williams DJ, Zhu Y, Anderson EJ, Balk RA, et al.
Staphylococcus aureus community-acquired pneumonia: prevalence,
clinical characteristics, and outcomes. Rev Infect Dis. 2016;63(3):300-9.
Available from: https://doi.org/10.1093/cid/ciw300

9. Kumarasamy KK, Toleman MA, Walsh TR, Bagaria J, Butt F, Balakrishnan
R, et al. Emergence of a new antibiotic resistance mechanism in India,
Pakistan, and the UK: a molecular, biological, and epidemiological study.
Lancet Infect Dis. 2010;10:597-602.

Available from: https://doi.org/10.1016/s1473-3099(10)70143-2

10. Jean SS, Hsueh PR. High burden of antimicrobial resistance in Asia. Int J
Antimicrob Agents. 2011;37:291-5.
Available from: https://doi.org/10.1016/j.ijantimicag.2011.01.009

-
—_

. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Getzsche PC, loannidis JP,
et al. The PRISMA statement for reporting systematic reviews and meta-
analyses of studies that evaluate health care interventions: explanation
and elaboration. Ann Intern Med. 2009;151(4):W-65. Available from:
https://doi.org/10.1016/j.jclinepi.2009.06.006

12. Begg CB, Mazumdar M. Operating characteristics of a rank correlation
test for publication bias. Biometrics. 1994;50:1088-101. Available from:
https://pubmed.ncbi.nim.nih.gov/7786990/

13. Etminan N, Chang HS, Hackenberg K, de Rooij NK, Vergouwen MDI, Rinkel
GJE, et al. Worldwide incidence of aneurysmal subarachnoid hemorrhage
according to region, time, blood pressure, and smoking prevalence in
the population: a systematic review and meta-analysis. JAMA Neurol.
2019;76(5):588-97.

Available from: https://doi.org/10.1001/jamaneurol.2019.0006

14. Carugati M, Aliberti S, Sotgiu G, Blasi F, Gori A, Menendez R, et al. Bacterial
etiology of community-acquired pneumonia in immunocompetent
hospitalized patients and appropriateness of empirical treatment
recommendations: an international point-prevalence study. Eur J Clin
Microbiol Infect Dis. 2020;39:1513-25.

Available from: https://doi.org/10.1007/s10096-020-03870-3

15. Igbal N, Irfan M, Siddique F, Arshad V, Zubairi AB. Factors predicting
in-hospital mortality among patients admitted with community-acquired
pneumonia at a tertiary care hospital Karachi, Pakistan. Clin Respir J.
2020;14(4):328-34. Available from: https://doi.org/10.1111/crj.13137

16. Irfan M, Hussain SF, Mapara K, Memon S, Mogri M, Bana M, et al.
Community-acquired pneumonia: risk factors associated with mortality
in tertiary care hospitalized patients. J Pak Med Assoc. 2009;59(7):448.
Available from: https://pubmed.ncbi.nim.nih.gov/19579732/

17. Khawaja A, Zubairi AB, Durrani FK, Zafar A. Etiology and outcome of severe
community-acquired pneumonia in immunocompetent adults. BMC Infect
Dis. 2013;13:1-6. Available from: https://doi.org/10.1186/1471-2334-13-94

18. Perveen |, Sehar S, Naz I, Ahmed S. Prevalence and antibiotic sensitivity
profiles of bacteria causing community-acquired pneumonia in Rawalpindi,
Pakistan. Int J Infect Dis. 2018;73:160. Available from: https://www.
ijidonline.com/article/S1201-9712(18)33860-8/fulltext

19. Rehman S, Rehman K, Akash MS. A prospective study of inpatients to
determine microbial etiology and therapeutic outcome of antibiotics for

Citation: Khowaja R, Karimi F. Bacterial Etiology of Adult Community-Acquired Pneumonia in Pakistan: A Systematic Review and Meta-Analysis. Arch Community
Med Public Health. 2025;11(1):001-007. Available from: https://dx.doi.org/10.17352/2455-5479.000215


https://www.peertechzpublications.us/articles/Supplementary-Databases-ACMPH-11-315.zip

E’ PeertechzPublications https://www.healthdisgroup.us/journals/archives-of-community-medicine-and-public-health a

community-acquired pneumonia in Pakistan. Bioimpacts. 2013;3(2):91. severity categories: a prospective cross-sectional study. BMC Pediatr.
Available from: https://doi.org/10.5681/bi.2013.023 2016 Dec;16:1-0.

Available from: https://doi.org/10.1186/s12887-016-0645-3
20. Zubairi AB, Zafar A, Salahuddin N, Haque AS, Waheed S, Khan J. Atypical

pathogens causing community-acquired pneumonia in adults. JPMA. J 25. Kruckow KL, Zhao K, Bowdish DM, Orihuela CJ. Acute organ injury and

Pak Med Assoc. 2012;62(7):653. long-term sequelae of severe pneumococcal infections. Pneumonia.

Available from: https://pubmed.ncbi.nlm.nih.gov/23866508/ 2023;15(1):5. Available from: https://doi.org/10.1186/s41479-023-00110-y
21. Peto L, Nadjm B, Horby P, Ngan TT, van Doorn R, Kinh NV, et al. The 26. Rudkjgbing VB, Thomsen TR, Xu Y, Melton-Kreft R, Ahmed A, Eickhardt S,

bacterial aetiology of adult community-acquired pneumonia in Asia: et al. Comparing culture and molecular methods for the identification of

a systematic review. Trans R Soc Trop Med Hyg. 2014;108(6):326-37. microorganisms involved in necrotizing soft tissue infections. BMC Infect

Available from: https://doi.org/10.1093/trstmh/tru058 Dis. 2016;16:1-3.

Available from: https://doi.org/10.1186/s12879-016-1976-2
22. Woodhead M. Community-acquired pneumonia in Europe: causative

pathogens and resistance patterns. Eur Respir J Suppl. 2002;36:20s-27. 27. Anderson R, Feldman C. The global burden of community-acquired
Available from: https://doi.org/10.1183/09031936.02.00702002 pneumonia in adults, encompassing invasive pneumococcal disease and
the prevalence of its associated cardiovascular events, with a focus on
23. Ruiz M, Ewig S, Marcos MA, Martinez JA, Arancibia F, Mensa J, et al. pneumolysin and macrolide antibiotics in pathogenesis and therapy. Int J
Etiology of community-acquired pneumonia: impact of age, comorbidity, Mol Sci. 2023;24(13):11038.
and severity. Am J Respir Crit Care Med. 1999;160(2):397-405. Available Available from: https://doi.org/10.3390/ijms241311038

from: https://doi.org/10.1164/ajrccm.160.2.9808045
28. Elias C, Nunes MC, Saadatian-Elahi M. Epidemiology of community-

24. Nascimento-Carvalho AC, Ruuskanen O, Nascimento-Carvalho CM. acquired pneumonia caused by Streptococcus pneumoniae in older adults:
Comparison of the frequency of bacterial and viral infections among a narrative review. Curr Opin Infect Dis. 2024;37(2):144-53. Available from:
children with community-acquired pneumonia hospitalized across distinct https://doi.org/10.1097/gc0.0000000000001005

Discover a bigger Impact and Visibility of your article publication with

Peertechz Publications

Highlights
< Signatory publisher of ORCID
<  Signatory Publisher of DORA (San Francisco Declaration on Research Assessment)

< Articles archived in worlds’ renowned service providers such as Portico, CNKI, AGRIS,
TDNet, Base (Bielefeld University Library), CrossRef, Scilit, J-Gate etc.

< Journals indexed in ICMJE, SHERPA/ROMEQ, Google Scholar etc.

<  OAI-PMH (Open Archives Initiative Protocol for Metadata Harvesting)
< Dedicated Editorial Board for every journal

< Accurate and rapid peer-review process

< Increased citations of published articles through promotions

< Reduced timeline for article publication

Submit your articles and experience a new surge in publication services
https:/www.peertechzpublications.org/submission

Peertechz journals wishes everlasting success in your every endeavours.

007

Citation: Khowaja R, Karimi F. Bacterial Etiology of Adult Community-Acquired Pneumonia in Pakistan: A Systematic Review and Meta-Analysis. Arch Community
Med Public Health. 2025;11(1):001-007. Available from: https://dx.doi.org/10.17352/2455-5479.000215



