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Background: Healthcare-associated respiratory tract infections are common among hospitalized patients. The infec-
tions are associated with high mortality, antimicrobial resistance, and health care costs. While there is growing evi-
dence on health care-associated infections (HCAIs) overall, specific evidence for respiratory tract infections (HCA-
RTIs) is scarce. Therefore, this study, which estimates the pooled prevalence of HCA-RTIs, provides valuable input
for policymakers designing appropriate interventions.

Methods: This review was performed as per the Preferred Reporting Items for Systematic Reviews and Meta-Analysis
protocol. Databases such as Scopu, PubMed, Web of Science, DOAJ, and MedNar were used to search published
articles from electronic databases from May 27, 2023, to August 25, 2023, with no restriction in year of publication,
or study design. Articles were retrieved using Boolean logic operators (AND, OR, and NOT), MeSH terms, and main
keywords. The data were analyzed using Comprehensive Meta-Analysis version 4. A random effects model was em-
ployed to determine the pooled prevalence of healthcare-associated respiratory tract infections among the inpatients.
The Joanna Briggs Institute Critical Assessment Tool for the prevalence and cohort study was employed to assess the
quality of the studies. Subgroup analysis and meta-regression were employed to determine the potential sources of
heterogeneity. Furthermore, publication bias was evaluated using funnel plots. Sensitivity analysis was employed to
examine the influence of extreme values on the overall pooled prevalence.

Results: A total of 33 studies, including cross-sectional and cohort studies conducted on 95,051 inpatients, were used
in the analysis. The review revealed that the global pooled prevalence of healthcare-associated respiratory tract infec-
tions among inpatients was 2.5% (95% CI: 1.4, 4.2%). The subgroup analysis based on the World Health Organiza-
tion’s region and survey year shows that the highest prevalence was reported in the Southeast Asian Region (16.9%)
and the studies performed between 2008 and 2013 (3.4%), respectively.

Conclusion: This study revealed that one out of 40 inpatients had healthcare-associated respiratory tract infections.
This finding indicates that there is a need to implement safety measures to reduce healthcare associated respiratory
tract infections.
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Introduction

Healthcare-associated infections (HAIs) are a signifi-
cant public health concern across the world that threat-
ens patient safety and healthcare provider’s well-being
(Rosenthal er al, 2014; Allegranzi et al., 2007).
Healthcare associated respiratory tract infections

Troeger et al., 2017). The lower RTIs are one of the
causes for the highest death rates (Singh and Yu,
2016), antimicrobial resistance, healthcare costs
(Huang et al., 2021), and result in service losses or puts
a significant financial problem for the healthcare sys-
tems (Troeger ef al., 2019; Troeger et al., 2017). Res-
piratory tract infections impose a burden on popula-
tions in every country (Charani et al., 2022). Addition-
ally, RTTIs are projected to be accountable for approx-
imately $15 billion in costs (direct treatment costs) in
the United States alone, and, approximately 1.25 mil-

(RTIs) are commonly caused by microorganisms, in-
cluding bacteria, viruses, and fungi (Han et al., 2020).
Respiratory tract infections are classified into lower
and upper RTIs. Lower RTIs are primarily caused by
bacterial infections (Huang et al., 2021).

Annually, it is estimated that hundreds of millions of
inpatients are affected by healthcare associated RTIs
in the healthcare facilities (Troeger et al., 2019

lion patients are hospitalized due to community-ac-
quired RTIs. Similarly, the mean cost of emergency
department hospitalization alone for RTIs was €3,353
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in Italy (Trucchi ef al., 2019).There is little evidence
for the combined global prevalence of healthcare-as-
sociated respiratory tract infections (RTIs) among in-
patients. Despite some studies estimating point preva-
lence of healthcare-associated RTIs among hospital
inpatients, there has not been a systematic review and
meta-analysis to provide a global pool prevalence.
Such pooled information is required for formulating
targeted interventions. Therefore, this meta-analysis
and systematic review seek to come up with an esti-
mation of worldwide pooled prevalence of healthcare-
associated RTIs in inpatients to allow for improved
prevention and management.

This review aimed to address the following questions:
(1) what is the global pooled prevalence of health care-
associated respiratory tract infection; (2) How does the
prevalence of healthcare-associated RTIs vary across
different regions? The findings can serve as a valuable
resource for relevant agencies and organizations in de-
signing and implementing effective prevention and
control measures, ultimately contributing to improved
healthcare service delivery. Furthermore, the finding
could be a valuable insight for future research, clinical
practice, and policy development.

Materials and Methods

The Preferred Reporting Items for Systematic Re-
views and Meta-Analysis (PRISMA) guidelines or
protocols was used to conduct this systematic review
and meta-analysis (Moher, 2015).

Eligibility Criteria

This systematic review and meta-analysis included a
study population consisting of hospitalized patients
(inpatients) across the world. It also included studies
reported quantitative data (magnitude, frequency, in-
cidence rate, or prevalence of healthcare-associated
respiratory tract infections). Only peer-reviewed, full-
text, original articles with the study design of cross-
sectional, and cohort studies, and published in English
were considered. In this study, there is no restriction in
terms of publication and survey year, or the study lo-
cation. It also included the studies regardless of the
sources of data and the age group. This systematic re-
view and meta-analysis excluded studies reporting
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qualitative outcomes, case report and series, review ar-
ticles, reports, abstracts, opinions, editorial papers,
commentaries, articles with a high risk of bias as well
as unpublished articles and articles not available in full
text were excluded from this systematic review and
meta-analysis.

Sources of Information

To retrieve the studies required for this review, the au-
thors (FAM, DAM, MD, MT, AT, and TG) used SCO-
PUS, PubMed/MEDLINE, Web of Science, the Direc-
tory of Open Access Journals (DOAJ), and MedNar
databases. The articles were retrieved from May 27,
2023, to August 25, 2023. A structured search strategy
using Boolean logic (AND, OR, NOT) and MeSH
terms were employed across multiple databases with a
relevant keyword, such as “incidence,” “
healthcare associated infections “respiratory tract in-
fections,” and “patients,” to retrieve relevant articles
required for this systematic review and meta-analysis.
Furthermore, the reference lists of eligible studies

prevalence,”

were reviewed for additional studies not initially cap-
tured in the database used to retrieve the studies.

Search Strategy

To retrieve articles required for this systematic review
and meta-analysis, particularly from PubMed data-
bases, the search terms included were ‘“Prevalence”
[Mesh Terms] OR “Prevalence” [All Fields]) OR “In-
cidence” [Mesh Terms] OR “Incidence” [All Fields])
OR “Proportion” [Mesh Terms] OR “Proportion” [All
Fields]) AND “Nosocomial” [Mesh Terms] OR “All
Fields] OR “Hospital Acquired” AND “Infection”
[Mesh Terms] OR “Respiratory disease” OR “pulmo-
nary infection”™ [Mesh Terms] OR “ “Hazards”
[Mesh]) AND “Patient” [All Fields]) OR “Patients”
[All Fields]) OR “Service Users” [All Fields]).The au-
thors (FAM, DAM, TG, and DD) used the same terms
to retrieve the studies from other included databases
with a minor modification in search strategies.

Study Selection Process

The PRISMA flow chart, which indicates the number
of studies included in, and excluded from this system-
atic review and meta-analysis with the reasons of ex-
clusion, was used in the selection process. Duplicated
articles were removed by using ENDNOTE software
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version X5 (Thomson Reuters, USA). The eligibility
of the studies was independently screened by all au-
thors based on their title and abstract. To determine the
current systematic review and meta-analysis, all au-
thors subsequently evaluated the full texts of the eligi-
ble articles. Disagreements between the authors for the
inclusion and exclusion of the studies were resolved
through discussion. Finally, the studies that met the in-
clusion criteria were included in this systematic review
and meta-analysis.

Data Extraction and Quality Appraisal

The data extraction was done independently. A prede-
termined Microsoft Excel sheet developed by the au-
thors was used to systematically capture key study
characteristics, including publication year, survey
year(s), country or region, sample size, and reported
outcomes such as the incidence or prevalence of
healthcare-associated RTIs. Disagreements encoun-
tered among the authors regarding data extraction
were resolved through discussion. The authors evalu-
ated the quality of each study using the Joanna Briggs
Institute Critical Assessment Tools (JBI) for preva-
lence/cross-sectional and cohort studies (JBI, 2019).
Then, the studies were evaluated by the authors (FAM,
DAM, MD, MT, AT, DD, EMA, and TG) inde-
pendently to determine their eligibility. For all types
of the study designs, each criterion of the appraisal tool
was scored as “Yes” (1) or “No” (0). Based on the cu-
mulative score, studies were graded into three quality
categories: high quality (85% or above), moderate
quality (60—84%), and low quality (below 60%). Only
studies with a moderate quality (moderate risk of bias)
or high quality (low risk of bias) were included in this
systematic review and meta-analysis.

Statistical Procedures and Data Analysis
The analysis was carried out by DAM FAM, DD, and
EMA. Statistical software called Comprehensive
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Meta-Analysis (CMA) version 4.0 was used to deter-
mine the pooled overall prevalence of RTIs linked to
healthcare among inpatients. The extracted data were
analyzed using a random-effects model and visualized
using a forest plot. The percentage of the total varia-
bility in a set of effect sizes due to true heterogeneity
(I2 statistics) was employed to assess the heterogeneity
between the included articles. The level of heteroge-
neity was then classified as no heterogeneity (0%-
25%), low heterogeneity (25%-50%), moderate heter-
ogeneity (50%-75%), and high heterogeneity (>75%)
(Ades et al., 2005). The publication bias was assessed
using funnel plots.

The authors employed a subgroup analysis to assess
the variations in prevalence of healthcare associated
RTIs based on the survey periods, publication years,
and study regions, where the studies were conducted.
Additionally, the authors employed a sensitivity anal-
ysis to assess the effects of extreme outcomes or val-
ues on the overall pooled prevalence of healthcare as-
sociated RTIs among the inpatients by excluding out-
comes expected to influence the overall pooled preva-
lence.

Ethical Consideration
No applicable

Results

Study Selection

A total of 2081 studies were retrieved from the data-
bases and another search engine (Google Scholar). A
total of 859 duplicate studies were excluded. Further-
more, 233 studies were excluded based on their title
and abstracts. In addition, 989 full-text articles were
further assessed to determine their eligibility, of which
525 articles were excluded. Similarly, 464 articles
were assessed based on their objective, methods, and
outcome, of which 431 were excluded. Finally, 33
studies were included in the current study (Figure 1).
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A total of 2020 articles were retrieved from the data- Record identified through
bases (SCOPUS (n=412) PubMed (n=512, Web of Sci- manual searching from the
ence (n=319), Google Scholar (n=554), DOAJ (n=107), Google (n=61)

and MedNar (n=116)
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Figure 1: Study selection process of included articles for Systematic Review and Meta-analysis,
2023

Study characteristics 2007).The studies were conducted from January 1,
This study included a total of 33 articles involving 1996 to December 31, 2022. Twenty-one out of 33
95,051 inpatients from 26 countries worldwide, with studies have low risk of bias and the remaining have a
the number of study participants ranging from 86 moderate bias (Table 1).

(Knutsen et al., 2012) to 9,865 (Danchaivijitr et al.
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Table 1: General characteristics of the studies included in the systematic review and meta-analysis, 2023.

Authors Sample  Survey year  Publication Respiratory  Country WHO Risk of bias
size (N) year cate- tract infec- region
gory tion preva-
lence
Pittet et al., 1999 1,349 1996 1996 -2001 0.02 Switzerland  EuR Moderate
Ahoyo et al., 2014 3130 2012 2008-2013 0.0363 Benin AfR Moderate
Girard et al., 2006 286 2001 1996 -2001 0.007 France EuR Moderate
Esen et al., 2004a 236 2004 2002-2007 0.2797 Turkey EuR Moderate
Izquierdo-Cubas et al., 4240 2004 2002-2007 0.016 Cuba AmR Moderate
2D(;(r)lgchaivij itr et al., 9,865 2006 2002-2007 0.234 Thailand SeAR Moderate
ZK(:I(I).Z[SCH etal., 2012 86 2012-2014 2008-2013 0.384 India SeAR Moderate
Faria et al., 2007 968 2003 2002-2007 0.009 Albania EuR Low
Huang et al., 2020 6717 2014-2018 2014-2018 0.007 China WpR Low
Labi et al., 2019 2107 2016 2014-2018 0.0142 Ghana AfR Low
Askarian et al., 2012 3450 2008-2009 2008-2013 0.013 Iran EmR Low
Abubakar, 2020 321 2019 2019-2023 0.019 Nigeria AfR Moderate
Zotti et al., 2004 9467 2000 1996 -2001 0.016 Italy EuR Low
Gentili et al., 2020 6263 2013-2018 2014-2018 0.0148 Italy EuR Low
Durlach et al., 2012 4249 2008 2008-2013 0.034 Argentina AmR Low
Miihlemann et al., 520 2000 1996 -2001 0.01 Switzerland  EuR Moderate
é(ztl almd Wiersma, 1047 2010 2008-2013 0.0229 Germany EuR Moderate
igéset al., 2007 1021 2005 2002-2007 0.014 Hong kong ~ WpR Low
Patil and 267 2011-2012 2008-2013 0.2771 India SeAR Low
Moirangthem, 2025
Shirani et al., 2020 7,703 2019 2019-2023 0.00211 Saudi Ara- EmR Low
Kotpa et al., 2018 1849 2016-2017 2014-2018 0.099 lI)’t)aland EuR Low
Ghali ez al., 2021 2729 2012-2020 2014-2018 0.026 Tunisia EmR Low
Shrestha et al., 2022 300 2016 2014-2018 0.19 Nepal SeAR Low
Alfouzan et al., 2021 1408 2018-2019 2019-2023 0.018 Kuwait EmR Low
Magill et al., 2012 851 2009 2008-2013 0.0106 USA AmR Moderate
Russo et al., 2019 2767 2018 2014-2018 0.024 Australia WpR Low
Zhang et al., 2016 4,029 2012-2014 2008-2013 0.0268 China WpR Low
Custovic et al., 2014 834 2010 2008-2013 0.0671 Herzegovina EuR Moderate
Wang et al., 2019 1347 2013-2015 2014-2018 0.0327 China WpR Low
Heydarpour et al., 6,000 2011-2014 2008-2013 0.0083 Iran EmR Low
églluz etal., 2016 6,364 2013-2014 2008-2013 0.0205 India SeAR Low
Nouetchognou ef al., 307 2013-2014 2008-2013 0.003 Cameroon AfR Low
%“(())Lfczyk—Warunek et 2474 2018-2020 2019-2023 0.0016 Poland EuR Low
al, 2021

N: Sample size; RTIs: Respiratory tract infections; EuR: European Region; AfR: African Region; EmR: Eastern Mediterranean Region;, AmR:
American Region; SeAR: South-East Asia Region; USA: United State of America; WpR: Western Pacific Region; WHO: World Health Organiza-
tion.
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Prevalence of healthcare associated respiratory 2.5% (95% CI: 1.4, 4.2%), with a p value of < 0.001;
tract infections among inpatients I? =79.02 (Figure 2).

This study revealed that the global pooled prevalence

of healthcare-associated RTIs among inpatients was

Statistics for each study
Study name Event rate and 95% CI

Event Lower Upper
rate limit limit Z Value p Value

Pittet et al 0020 0014 0029 20012 0000 -
Ahoyo etal 0.036 0030 0.043 34311  0.000 [
Girard et al 0.007 0002 0.028 -698  0.000 In
Esen and Leblebicioghy 0.280 0226 0340 -6.523  0.000 n
Izquierdo-Cubasetal 0.016 0013 0020 -33.654  0.000 -
Danchaivijitr etal 0234 0226 0242 49866  0.000 u
Vijay et al 0384 0288 0490 -2.132 0033 -
Faria et al 0009 0005 0017 -13.814 0000 [
Huang etal 0.007 0005 0.009 -33.856  0.000 |m
Labi et al 0.014 0010 0.020 -23.028  0.000 [
Askarian etal 0013 0010 0.017 -28.807  0.000 .
Abubakar 0.019 0009 0.041 -9.648  0.000 n
Zottiaet al 0016 0014 0019 -50287  0.000 -
Gentili et al 0.015 0012 0018 -40.119  0.000 n
Durlach et al 0.034 0029 0.040 -39.537  0.000 -
Mihlemann etal ~ 0.010 0004 0023 -10426  0.000 n
Ott etal 0.023 0015 0.034 -18.167  0.000 u
Lee et al 0014 0008 0023 -15973  0.000 u
Patil et al 0277 0227 0334 7013  0.000 -
Nehad et al 0.002 0001 0.003 -24.804  0.000 m
Kolpa et al 0.099 008 0.113 28361  0.000 u
Ghali et al 0.026 0021 0033 -30.121  0.000 [
Shrestha et al 0.190 0150 0238 -9.853  0.000 -
Alfouzan et al 0.018 0012 0.026 -19.951  0.000 N
Magill et al 0.011 0006 0.020 -13.552  0.000 -

Russo et al 0.024 0019 0.030 -29.831  0.000 .
Zhang et al 0.027 0022 0032 -36.824  0.000 -
Custovic et al 0067 0052 0.08 -19.018  0.000 ™
Wang et al 0.033 0024 0044 22109  0.000 -
Heydarpou et al 0.008 0006 0.011 -33.614  0.000 n
Sahu et al 0021 0017 0024 45394  0.000 -
Nouetchognouetal 0.003 0000 0023 -5564  0.000 .

Tomezyk-Warunek etal 0.002 0001 0.004 -12.795  0.000 -

0.025 0014 0042 -13.135  0.000 o

Heterogeneity (12) = 79.02, p value<0.001 -1.00 050 0.00 0.50 1.00

Figure 2: Overall global pooled prevalence of healthcare-associated respiratory tract infections among inpatients,
2023.

The subgroup analysis shows that the lowest pooled (95% CI: 1.0%, 18.2%) in the studies conducted be-
prevalence of RTIs among inpatients is 0.6% (95% tween 2002 and 2007. The analysis revealed a declin-
CI: 0.2, 2.3%) in the studies conducted between 2019 ing trend of RTIs from 2007 to 2023 (Figure 3).

and 2023, and the highest pooled prevalence is 4.6%
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Group by Study name Statistics for each study
SUrvey year
Event Lower Upper

rate  limit limit Z Value p Value

1996 -2001 Pittetetal 0020 0014 0029 -20.012
1996 -2001 Gurard et al 0007 0002 0028 -6.9%
1996 -2001 Zottiaet al 0016 0.014 0.019 -50.287
1996 -2001 Mithlemann et al 0010 0004 0023 -10426
1996 -2001 0016 0013 0020 -34336

2002-2007 Esen and Leblebicioglu 0280 0226 0340 6523
2002-2007 Izquierdo-Cubasetal 0016 0013 0020 -33.634

2002-2007 Dancharvijitr et al 0234 0226 0242 49866
2002-2007 Fana etal 0009 0.005 0017 -13.814
2002-2007 Leeetal 0014 0008 0023 -15973
2002-2007 0046 0010 0182 3887
2008-2013 Ahoyo etal 0036 0030 0043 -34311
2008-2013 Vijay etal 038 0288 0490 -2132
2008-2013 Askanian etal 0013 0010 0017 -28.807
2008-2013 Durlach etal 0034 0029 0.040 -39.537
2008-2013 Ottetal 0023 0015 0034 -18.167
2008-2013 Patil et al 0277 0227 0334 .7.013
2008-2013 Magill etal 0011 0006 0020 -13.552
2008-2013 Zhang et ala 0027 0.022 0032 -36.824
2008-2013 Custovic et al 0067 0052 0.086 -19.018
2008-2013 Heydarpou et al 0008 0006 0011 -33.614
2008-2013 Sahu et al 0021 0017 0024 45394
2008-2013 Nouetchognouetal — 0.003  0.000 0023 -5.564
2008-2013 0034 0019 0061 -10.774
2014-2018 Huang etal 0007 0005 0009 -33836
2014-2018 Labietal 0014 0010 0020 -23.028
2014-2018 Gentils et al 0015 0012 0018 40119
2014-2018 Kolpaetal 0099 0086 0113 -28361
2014-2018 Ghali etal 0026 0.021 0033 -30.121
2014-2018 Shrestha et al 0.1%0 0150 0238 -9.853
2014-2018 Russoet al 0024 0019 0030 -29.831
2014-2018 Wang et al 0033 0024 0044 -22.109
2014-2018 0030 0014 0064 -8.609
2019-2023 Abubakar 0019 0009 0041 -9.648
2019-2023 Nehad et al 0002 0001 0003 -24.804
2019-2023 Alfouzan et al 0018 0012 0026 -19.951
2019-2023 Tomezyk-Warunek etal 0.002 0001 0004 -12.795
2019-2023 0006 0002 0023 -7449
Overall 0018 0015 0022 -37813

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.033
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

Event rate and 95% CI

| N l’l-

=R

-1.00 0.50 0. 0.50 1.00

Figure 3: The pooled prevalence of healthcare-associated respiratory tract infections among inpatients based on the

survey period, 2023.

This systematic review and meta-analysis revealed
that the overall pooled prevalence of healthcare asso-
ciated RTIs is highest in the Southeast Asian Region
[16.9% (95% CI: 5.5, 41.4%)], whereas the lowest
pooled prevalence of healthcare associated is reported

in the Eastern Mediterranecan Region accounted for
1.0% (95% CI: 0.5, 2.1%), followed by 1.8% (95% CI:
0.9, 3.8%) and 1.9% (95% CI: 1.0, 3.6%) in African
and American Region, respectively (Figure 4).
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Statistics for each

Group by S tudy name
WHD's region

Event Lower Upper

rat limi  limi

African Region Ahoyo etal 0.036 0030 0043 -34311
African Region Labietal 0.014 0010 0020 -23.028
African Region Abubakar 0.01% 0009 0041 -9.648
African Region Mouetchognouetal 0003 0000 0023 -5564
African Region 0018 0009 0038 -10424
American Region lzquierdo-Cubasetal 0016 0013 0020 -33.654
American Region Durlach etal 0.034 0029 0040 -39537
American Region Magill et al 0.011 0006 0020 -13552
American Region 0.01% 0010 0036 -11532
Eastern Mediterranean Region Askarian etal 0013 0010 0017 -28.807
Eastern Mediterranean Region Nehad etal 0.002 0001 0003 -24.804
Eastern Mediterranean Region Ghali et al 0.026 0021 0033 -30.121
Eastern Mediterranean Region Alfouzan etal 0.018 0012 0026 -15551
Eastern Mediterransan Region Heydarpouetal 0.008 0006 0011 -33.614
Eastern Mediterransan Region 0.010 0005 0021 -12.533
European Region Pittetet al 0020 0014 0025 -20012
European Region Girard etal 0.007 0002 0028 -6.9B86
European Region Esenand Leblebicioglu 0280 0226 0340 -6.5213
European Region Fariaetal 0.00% 0005 0017 -13.814
European Region Zottia etal 0016 0014 0015 -50.287
European Region Gentili etal 0.015 0012 0018 -40.119
European Region Miihlemann etal 0.010 0004 0023 -10426
European Region Ott etal 0023 0015 0034 -18.167
European Region Kolpaetal 0.099 0086 0113 -28.361
European Region Custovic etal 0067 0052 0086 -15.018
European Region Tomczyk-Waruneketal0.002 0001 0004 -12.795
European Region 0.022 0010 0046 -9.747
South East Asian Region Danchaivijitr etal 0234 0226 0242 -49.866
South East Asian Region Vijay etal 0384 0288 0490 -2.132
South East Asian Region Patilet al 0277 0227 0334 -7.013
South East Asian Region Shresthaetal 0190 0150 0238 -9.853
South East Asian Region Sahuetal 0.021 0017 0024 -45394
South East Asian Region 0169 0055 0414 -2.506
Western Pacific Region Leeetal 0014 0008 0023 -15.973
Western Pacific Region Huang etal 0.007 0005 0003 -33.856
Western Pacific Region Russoetal 0024 0019 0030 -29.831
Western Pacific Region Zhangetal 0027 0022 0032 -36.824
Western Pacific Region Wangetal 0.033 0024 0044 -22.109
Western Pacific Region 0021 0011 0036 -12.306

0.018 0014 0024 -25.808

Overall

Z Valuep Value
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0.000
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Event rate and 95%

FECE LN

1.0

Figure 4: Forest plot showing the pooled prevalence of healthcare-associated respiratory tract infections among in-

patients based on WHO’s Region, 2023.

Publication Bias

The authors used a funnel plot to evaluate the publica-
tion bias, which visually represents the distribution of
study findings. Accordingly, almost all findings are
symmetrically distributed around the total effect size,
with a minor publication bias. To address these few
outliers and to assess their impact on the overall
pooled prevalence, a sensitivity analysis was carried
out (Figure 5).

Meta Regression

The meta-regression result based on a random-effects
model displays a coefficient of -3.8355 + 0.22 (SE)
with a 95% confidence range (-4.268, -3.402, Z-value
of -17.36, and p-value < 0.001), with little variation.
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Sensitivity Analysis Results

Furthermore, the authors employed sensitivity analy-
sis by excluding extreme outcomes, and the sample
size expected to influence the overall pooled preva-
lence of healthcare-associated RTIs among inpatients.

Global healthcare-associated respiratory tract infections among inpatients

However, the exclusion of these extreme outcomes has
no significant effect on the variation of the overall
global pooled prevalence of healthcare associated
RTIs among inpatients (Table 2).

0.0

0.5
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Figure 5: Funnel plot of standard error by logit event rate of healthcare-associated respiratory tract infections among

inpatients in WHO’s Region, 2023

Table 2: Sensitivity analysis results based on extreme sample size and outcomes expected to affect the overall pooled

prevalence of healthcare-associated RTIs.

Criteria Pooled prevalence p-value
After dropping one lowest outcome 2.2 (95% CI: 1.3, 3.9%) <0.001
After dropping one smallest sample size 2.2 (95% CI: 1.3, 3.9%) <0.001
After dropping two largest sample size 2.4 (95% CI: 1.6, 3.5%) <0.001

Discussion
This review aimed to determine the global prevalence of

healthcare-associated respiratory tract infections. The sys-
tematic review and meta-analysis included 33 studies, en-
compassing a total of 95,051 inpatients, with individual
study sample sizes ranging from 86 to 9,865 participants.
The finding revealed that the global pooled prevalence of
healthcare-associated RTIs among patients was 2.5% which
is lower than another study that reported a prevalence rate
0f22.4% (Wu et al., 2015). However, in the present report,
the pooled prevalence of healthcare associated respiratory
tract infection was higher than the global hospital infection
rate of 0.14% (Raoofi ef al., 2023). Variations in healthcare

associated RTI prevalence across studies may be attributed to
the differences in participant demographics (age, health status,
underlying conditions), differences in the types of healthcare-
associated RTIs studied, the geographical or institutional con-
text, disparities in healthcare infrastructure, and infection con-
trol practices (Abubakar et al.,2022; Alemu et al., 2020)..

The findings of the present study revealed that the pooled prev-
alence of healthcare associated RTIs declined from 4.6% (2002
to 2007) to 0.6% (2019 to 2023). However, it increased from
1.6% (1996 to 2001) to 4.6% (2002 to 2007). The variation in
healthcare-associated RTI prevalence might be attributed to the
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variation in the number of studies analyzed, participant
characteristics, such as health conditions and immunity, and
variations in the implementation of infection prevention
and control. Furthermore, based on the WHO’s Regions,
the highest pooled prevalence of healthcare associated RTIs
was reported in the Southeast Asia Region accounted for
16.9%. This high rate may du to the region is prone to issues
such as limited healthcare resources, overcrowded hospital
settings, and poor infection prevention and control struc-
tures, all of which increase the risk of transmission of infec-
tion within healthcare facilities. Further, lack of consistency
in the implementation and adherence to standard hygiene
practices and antimicrobial stewardship may result in high
rates of infection (Feddema et al., 2021).

The lowest pooled prevalence of healthcare associated RTIs
among inpatients was reported in the Eastern Mediterra-
nean Region accounted for 1%, followed by 1.8% and 1.9%
for African Region and American Region, respectively.
These variations may be due to differences in study scope,
RTIs surveillance and reporting systems, and infection con-
trol practices across regions. Standardizing these practices
and reporting methods globally could improve monitoring
and prevention efforts for healthcare-associated infections.
There is variation in the pooled prevalence of healthcare as-
sociated with RTIs worldwide, with the highest prevalence
of healthcare associated RTIs reported in the Southeast Asia
Region. The findings underscore the urgent need to imple-
ment robust infection prevention and control strategies to
increase patient health and safety (Brude and White, 2018).
Effective measures, including reinforcing health system ca-
pacities, improving infection prevention protocols, and en-
suring that healthcare providers receive adequate training to
strengthen their skills and knowledge in infection control is
needed (Nakahara ef al., 2019).

Due to the high heterogeneity in the current systematic re-
view and meta-analysis, the authors employed subgroup
analysis, however, there were no significant variations in
the overall pooled prevalence. In addition, publication bias
was evaluated using a funnel plot, which found no substan-
tial bias, with almost all data being symmetrically distrib-
uted. Furthermore, sensitivity analysis was conducted to as-
sess the impacts of extreme outcomes on the pooled. How-
ever, no substantial variation was observed after the ex-
treme values were excluded from the analysis

Strength and Limitation
The global distribution of articles was uneven due to the
limited number of studies available. Consequently, the

East African Journal of Health and Biomedical Sciences, Volume 8 (2):1-14

prevalence of healthcare-associated respiratory tract infections
(RTIs) in many countries was not included, as only a few stud-
ies met the eligibility criteria for this review. Additionally, dif-
ferences in national surveillance, recording, and reporting sys-
tems may have contributed to variations in reported prevalence
rates. Furthermore, due to the scarcity of relevant studies, exist-
ing systematic reviews and meta-analyses on the prevalence of
healthcare-associated RTIs remain insufficient for a compre-
hensive comparison with the findings of this review.

Conclusion

The current study revealed that the overall prevalence of RTIs
among inpatients was 2.5%. However, the prevalence of RTIs
varies among the WHOQO’s region of the world and during the
survey period. Healthcare-associated respiratory tract infec-
tions were most prevalent in Southeast Asia (16.9%). There is
a need to implement interventions or infection prevention and
control practices for RTIs management in hospitals to minimize
the health effects posed by RTIs and to improve treatment out-
comes.

Author Contributions

FAM and DAM conceived the idea and had a major role in the
review, extraction, and analysis of the data and writing, draft-
ing, and editing of the manuscript. FAM, DAM, MD, MT, AT,
DD, EMA, and TG contributed to data extraction, analysis, and
editing. Finally, all the authors (FAM, DAM, MD, MT, AT,
DD, EMA, and TG) read and approved the final version of the
manuscript to be published and agreed on all aspects of this
work.

Competing Interests
The author declare that they have no competing interests.

Funding Statement
The authors did not receive funding for this work.

List of Abbreviations

RTIs: Respiratory tract infections; CMA: Comprehensive
Meta-Analysis; JBI: Joanna Briggs Institute; Preferred Report-
ing Items for Systematic Review and Meta-Analysis; WHO:
World Health Organization; MeSH: Medical Subject Heading.

References
Abubakar, U. 2020. Point-prevalence survey of hospital
acquired infections in three acute care hospitals in
Northern Nigeria. Antimicrobial Resistance & In-
fection Control, 9, https://doi.org/10.1186/s13756-
020-00722-9.

10



Hassen, et al.

Ades, A., Lu, G. & Higgins, J. 2005. The interpretation
of random-effects meta-analysis in decision
models. Medical Decision Making, 25, 646-
654.

Ahoyo, T.A., Bankolé, H.S., Adéoti, F.M., Gbohoun,
A.A., Assavédo, S., Amoussou-Guénou, M.,
Kindé-Gazard, D.A. and Pittet, D., 2014. Prev-
alence of nosocomial infections and anti-infec-
tive therapy in Benin: results of the first nation-
wide survey in 2012. Antimicrobial resistance
and infection control, 3.:https://doi .org/10.
1186/2047-2994-3-17.

Alfouzan, W., Dhar, R., Abdo, N.M., Alali, W.Q. and
Rabaan, A.A., 2021. Epidemiology and micro-
biological profile of common healthcare asso-
ciated infections among patients in the inten-
sive care unit of a general hospital in Kuwait:
A retrospective observational study. Journal of
epidemiology and global health. 11(3):https://
doi.org/ 10.1186/2047-2994-3-17.

Allegranzi, B., Storr, J., Dziekan, G., Leotsakos, A.,
Donaldson, L. and Pittet, D., 2007. The first
global patient safety challenge “clean care is
safer care”: from launch to current progress and
achievements. Journal of Hospital Infection,
65, 115-123.

Alemu, AY. Endalamaw, A., Belay, DM., Meckonen
DK., Birhan, BM., Bayih, WA. 2020.
Healthcare-associated infection and its deter-
minants in Ethiopia: a systematic review and
meta-analysis. PloS one.23; 15(10):¢024 1073.

Askarian, M., Yadollahi, M. and Assadian, O., 2012.
Point prevalence and risk factors of hospital ac-
quired infections in a cluster of university-affil-
iated hospitals in Shiraz, Iran. Journal of infec-
tion and public health. 5(2):169-76.

Brude, S., White, R.S. and Accelus, T.R., 2018. Qual-
ity of Healthcare. Issue Brief Health Policy
Track Serv, 2018,1-27.https://pubmed.Ncbi.nl
m. nih.Gov/ 3068 1781/

Charani, E., McKee, M., Balasegaram, M., Mendel-
son, M., Singh, S. and Holmes, A.H., 2022.
Global burden of antimicrobial resistance: es-
sential pieces of a global puzzle. The Lancet,
399, 2346-2347.

Custovic, Smajlovic, Hadzic & Ahmetagic S, T. N.,
Hadzagic H. 2014. Epidemiological surveil-
lance of bacterial nosocomial infections in the
surgical intensive care unit. Materia socio-

11

Global healthcare-associated respiratory tract infections among inpatients

medica.
https://doi.org/10.5455/msm.2014.26.7-11.

Danchaivijitr, S., Judaeng, T., Sripalakij, S., Naksawas, K.
and Plipat, T., 2007. Prevalence of nosocomial in-
fection in Thailand 2006. Journal-Medical Associ-
ation of Thailand, 90(8), 1524-9.

Durlach, R., Mcllvenny, G., Newcombe, R.G., Reid, G.,
Dobherty, L., Freuler, C., etal, 2012. Prevalence sur-
vey of healthcare-associated infections in Argen-
tina; comparison with England, Wales, Northern
Ireland and South Africa. Journal of Hospital In-
fection, 80(3), 217-223.

Esen, Eblebicioglu & Group. S. 2004. Prevalence of nos-
ocomial infections at intensive care units in Turkey:
a multicentre 1-day point prevalence study. Scandi-

26(1):

navian journal of infectious diseases; 36(2):144-8.

Faria, S., Sodano, L., Gjata, A., Dauri, M., Sabato, A.F.,
Bilaj, A., Mertiraj, et al, 2007. The first prevalence
survey of nosocomial infections in the University
Hospital Centre ‘Mother Teresa’of Tirana, Albania.
Journal of Hospital Infection, 65(3), 244-250.

Feddema, J. J., Van Der Geest, A. M., Claassen, E. & Van
De Burgwal, L. H. M. 2021. Lower Respiratory
Tract Infection Trends in East and South-East Asia:
In the Light of Economic and Health Care Devel-
opment. Glob Pediatr Health, 8,
2333794x21989530.

Gentili A, Di Pumpo M, La Milia DI, Vallone D, Vangi G,
Corbo MI, Berloco F, et al, 2020. A six-year point
prevalence survey of healthcare-associated infec-
tions in an Italian teaching acute care hospital. In-
ternational Journal of Environmental Research and
Public Health; 17(21): https://doi.org/l 0.3390
/ijerph17217724.

Ghali, H., Ben Cheikh, A., Bhiri, S., Khefacha, S., Latiri,
H. S., & Ben Rejeb, M. (2021). Trends of
healthcare-associated infections in a Tuinisian Uni-
versity Hospital and impact of COVID-19 pan-
demic. INQUIRY: The Journal of Health Care Or-
ganization, Provision, and Financing, 58:
https://doi.org/10.1177/00469580211067930.

Girard, R., Mazoyer, M.A., Plauchu, M.M. and Rode, G.,
2006. High prevalence of nosocomial infections in
rehabilitation units accounted for by urinary tract
infections in patients with spinal cord injury. Jour-
nal of hospital infection; 62(4):473-9.

Han Q, Wen X, Wang L, Han X, Shen Y, Cao J, et al. 2020.
Role of hematological parameters in the diagnosis


https://doi.org/1%200.3390

Hassen, et al.

of influenza virus infection in patients with res-
piratory tract infection symptoms. Journal of
clinical laboratory analysis. 34(5): https://doi.
org/ 10.1002/ jcla.2 3191.

Heydarpour, F., Rahmani, Y., Heydarpour, B., &
Asadmobini, A. 2017. Nosocomial infections
and antibiotic resistance pattern in open-heart
surgery patients at Imam Ali Hospital in Ker-
manshah, Iran. GMS hygiene and infection
control,12.https://doi.org/10.3205/dgkh000292

Huang, G., Huang, Q., Zhang, G., Jiang, H., & Lin, Z.
2020. Point-prevalence surveys of hospital-ac-
quired infections in a Chinese cancer hospital:
From 2014 to 2018. Journal of Infection and
Public Health, 13(12), 1981-1987.

Huang, Z., Ktodzinska, S.N., Wan, F. and Nielsen,
H.M., 2021. Nanoparticle-mediated pulmonary
drug delivery: state of the art towards efficient
treatment of recalcitrant respiratory tract bacte-
rial infections. Drug Deliv Transl Res, 11,
1634-1654.

Izquierdo-Cubas, F., Zambrano, A., Frometa, L.,
Gutiérrez, A., Bastanzuri, M., Guanche, H., et
al, 2008. National prevalence of nosocomial in-
fections. Cuba 2004. Journal of Hospital Infec-
tion, 68(3), 234-240.

The Joanna Briggs Institute: JBI 2019. Critical ap-
praisal tools for use in the JBI systematic re-
views checklist for prevalence studies: The
University of Adelaide. Available from:
https://joannabriggs.org/sites/de-
fault/files/2019-05/JBI_Critical Appraisal
Checklist_for Prevalence Studies2017_0.pdf.

Knutsen AP, Bush RK, Demain JG, Denning DW,
Dixit A, Fairs A, Greenberger PA, Kariuki B,
Kita H, Kurup VP, Moss RB. 2012. Fungi and
allergic lower respiratory tract diseases. Jour-
nal of Allergy and Clinical Immunology, 129,
280-291.

Kotpa, M., Wataszek, M., Gniadek, A., Wolak, Z. and
Dobros, W., 2018. Incidence, microbiological
profile and risk factors of healthcare-associated
infections in intensive care units: a 10 year ob-
servation in a provincial hospital in Southern
Poland. International journal of environmental
research and public health, 15(1), 112.
https://doi.org/10.3390/ijerph15010112.

Labi, A.K., Obeng-Nkrumah, N., Owusu, E., Bjerrum,
S., Bediako-Bowan, A., Sunkwa-Mills, G., et

12

East African Journal of Health and Biomedical Sciences, Volume 8 (2):1-14

al, 2019. Multi-centre point-prevalence survey of
hospital-acquired infections in Ghana. Journal of
Hospital Infection, 101(1).60-68.

Lee, M.K., Chiu, C.S., Chow, V.C., Lam, R.K. and Lai,
R.W., 2007. Prevalence of hospital infection and
antibiotic use at a university medical center in Hong
Kong. Journal of Hospital Infection, 65(4), pp.341-
347. https://doi.org/10.1016/j.jhin.2006.12.013.

Magill, S. S., Hellinger, W., Cohen, J., Kay, R., Bailey, C.,
Boland, B., et al. (2012). Prevalence of healthcare-
associated infections in acute care hospitals in Jack-
sonville, Florida. Infection Control & Hospital Ep-
idemiology, 33(3), 283-291.

McKay, R., Mah, A., Law, M. R., McGrail, K., & Patrick,
D. M. 2016.Systematic review of factors associated
with antibiotic prescribing for respiratory tract in-
fections. Antimicrobial agents and chemotherapy,
60, 4106-4118.

Mobher, D., Shamseer, L., Clarke, M., Ghersi, D., Liberati,
A., Petticrew, M., & Prisma-P Group. (2015). Pre-
ferred reporting items for systematic review and
meta-analysis protocols (PRISMA-P) 2015 state-
ment. Systematic reviews, 4, https://doi.org/ 10.11
86/2046-4053-4-1.

Nakahara, S., Ichikawa, M. and Sakamoto, T., 2019.
Strengthening the healthcare system in low-and
middle-income countries by integrating emergency
care capacities. JMA journal, 2(2), 123-130.

Nouetchognou, J.S., Ateudjieu, J., Jemea, B., Mesumbe,
E.N. and Mbanya, D., 2016. Surveillance of noso-
comial infections in the yaounde university teach-
ing hospital, Cameroon. BMC Research Notes,
9.https://doi.org/10.1186/s131 04-016-2310-1.

Ott, J.J. and Wiersma, S.T., 2013. Single-dose administra-
tion of inactivated hepatitis A vaccination in the
context of hepatitis A vaccine recommendations.
International Journal of Infectious Diseases,
17(11), 939-944.

Patil, V.V. and Moirangthem, K., 2023. Understanding
The Concept of Susceptibility and its Assessment
on Respiratory Tract Infection (RTIs): A review.
Sustainability, Agri, Food and Environmental Re-
search-DISCONTINUED, 12. https://doi.org/10.
7770 /safer-V13N2-art3013.

Pittet, D., Harbarth, S., Ruef, C., Francioli, P., Sudre, P.,
Petignat, C., et al, 1999. Prevalence and risk factors
for nosocomial infections in four university hospi-
tals in Switzerland. Infection Control & Hospital
Epidemiology, 20(1), 37-42.


https://doi/
https://doi.org/
https://doi.org/
https://doi.org/10

Hassen, et al.

Raoofi, S., Pashazadeh Kan, F., Rafiei, S., Hosseini-
palangi, Z., Noorani Mejareh, Z., Khani, S., et
al., 2023. Global prevalence of nosocomial in-
fection: A systematic review and meta-analy-
sis.  PLoS  One, 18(1),  https://doi.
org/10.1371/journal.pone.0274248.

Rosenthal, V.D., Maki, D.G., Mehta, Y., Leblebi-
cioglu, H., Memish, Z.A., Al-Mousa, H.H., et
al, 2014. International Nosocomial Infection
Control Consortiu (INICC) report, data sum-
mary of 43 countries for 2007-2012. Device-as-
sociated module. American journal of infection
control, 42(9), 942-956.

Russo, P.L., Stewardson, A.J., Cheng, A.C., Bucknall,
T. and Mitchell, B.G., 2019. The prevalence of
healthcare associated infections among adult
inpatients at nineteen large Australian acute-
care public hospitals: a point prevalence sur-
vey. Antimicrobial Resistance & Infection Con-
trol, 8 https://doi.org/10.1186/s13756-019-057
0-y.

Sahu, M K., Siddharth, B., Choudhury, A., Vishnub-
hatla, S., Singh, S.P., Menon, R., et al, 2016.
Incidence, microbiological profile of nosocom-
ial infections, and their antibiotic resistance
patterns in a high volume Cardiac Surgical In-
tensive Care Unit. Annals of cardiac anaesthe-
sia, 19(2), 281-287.

Shirani, K., Sheikhbahaei, E., Torkpour, Z., Nejad,
M.G., Moghadas, B.K., Ghasemi, M., et al,
2020. A narrative review of COVID-19: the
new pandemic disease. [ranian Journal of
Medical Sciences, 45(4), https://doi .org/10.30
476/ijms.20 20.85869.1549.

Shrestha, S.K., Trotter, A. and Shrestha, P.K., 2022.
Epidemiology and risk factors of Healthcare-
Associated infections in critically ill patients in
a Tertiary Care Teaching Hospital in Nepal: a
prospective cohort study. Infectious Diseases:
Research and Treatment, 15, https://doi.org/10.
1177/11786337211071120.

Singh, J.A. and Yu, S., 2016. Utilization due to chronic
obstructive pulmonary disease and its predic-
tors: a study using the US National Emergency
Department Sample (NEDS). Respiratory Re-
search, 17, https:// doi.org/10.1186/s12931-
015-0319-y.

Tomczyk-Warunek, A., Blicharski, T., Blicharski, R.,
Pluta, R., Dobrowolski, P., Muszynski, S., et al,

13

Global healthcare-associated respiratory tract infections among inpatients

2021. Retrospective study of nosocomial infections
in the orthopaedic and rehabilitation clinic of the
medical university of Lublin in the years 2018—
2020. Journal of Clinical Medicine, 10(14), p.3179.

Troeger, C., Forouzanfar, M., Rao, P.C., Khalil, 1., Brown,
A., Swartz, S., et al, 2017. Estimates of the global,
regional, and national morbidity, mortality, and ae-
tiologies of lower respiratory tract infections in 195
countries: a systematic analysis for the Global Bur-
den of Disease Study 2015. The Lancet Infectious
Diseases, 17(11), 1133-1161.

Troeger, C.E., Blacker, B.F., Khalil, I.A., Zimsen, S.R.,
Albertson, S.B., Abate, D.et al, 2019. Mortality,
morbidity, and hospitalisations due to influenza
lower respiratory tract infections, 2017: an analysis
for the Global Burden of Disease Study 2017. The
Lancet respiratory medicine, 7(1), 69-89.

Trucchi, C., Paganino, C., Orsi, A., Amicizia, D., Tisa, V.,
Piazza, MLF., et al, 2019. Hospital and economic
burden of influenza-like illness and lower respira-
tory tract infection in adults> 50 years-old. BMC
health services research, 19, https://doi.org/10.
1186/s12913-019-4412-7

Vijay, S. and Dalela, G., 2016. Prevalence of LRTI in pa-
tients presenting with productive cough and their
antibiotic resistance pattern. Journal of clinical and
diagnostic research: JCDR, 10(1), https://doi
.org/10.7860/JCDR/2016/17855.7082.

Wang, L., Zhou, K.H., Chen, W., Yu, Y. and Feng, S.F.,
2019. Epidemiology and risk factors for nosocom-
ial infection in the respiratory intensive care unit of
a teaching hospital in China: A prospective surveil-
lance during 2013 and 2015. BMC infectious dis-
eases, 19,https://doi.org/10.1186/s12879-019 3772-2.

Wu, X., Wang, Q., Wang, M., Su, X., Xing, Z., Zhang, W.
and Shi, Y., 2015. Incidence of respiratory viral in-
fections detected by PCR and real-time PCR in
adult patients with community-acquired pneumo-
nia: a meta-analysis. Respiration, 89, 343-52.

Zhang, Y., Zhang, J., Wei, D., Yang, Z., Wang, Y. and
Yao, Z.,2016. Annual surveys for point-prevalence
of healthcare-associated infection in a tertiary hos-
pital in Beijing, China, 2012-2014. BMC infectious
diseases,

Zotti, C.M., Ioli, G.M., Charrier, L., Arditi, G., Argentero,
P.A., Biglino, A.,et al, 2004. Hospital-acquired in-
fections in Italy: a region wide prevalence study.
Infections in Italy: a region wide prevalence study.
Journal of Hospital Infection, 56(2).142-149.


https://doi/
https://doi.org/10
https://doi.org/10.%201186/s12913-019-4412-7
https://doi.org/10.%201186/s12913-019-4412-7

Hassen, et al. East African Journal of Health and Biomedical Sciences, Volume 8 (2):1-14

14



