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Abstract 
 
Introduction: Hospital-acquired pneumonia (HAP) poses a significant challenge to patient safety and healthcare quality, with 

healthcare workers (HCWs) playing a crucial role in its transmission. Despite numerous strategies to mitigate this risk, the 

effectiveness of various interventions remains to be systematically evaluated. This review aimed to synthesize evidence on 

interventions designed to prevent HCWs' role in the transmission of HAP, focusing on hand hygiene, personal protective 

equipment (PPE), educational programs, and environmental cleaning measures. 

Methods: A systematic search of electronic databases, including PubMed, Scopus, Web of Science, and the Cochrane Central 

Register of Controlled Trials, was conducted for interventional studies and clinical trials published from 2007 to 2022. Studies 

were included if they evaluated interventions aimed at reducing HAP transmission by HCWs in adult hospital settings. The 

primary outcomes assessed were changes in HAP incidence, with risk ratios (RR) and percentages used to quantify effect sizes.  

Quality assessment and data extraction were performed independently by two reviewers. 

Results Seven studies met the inclusion criteria, encompassing diverse interventions. Hand hygiene improvements were 

associated with a 55% reduction in HAP rates (RR 0.45, 95% CI 0.30 to 0.67). Enhanced PPE protocols resulted in a 40% 

decrease in HAP incidence (RR 0.60, 95% CI 0.42 to 0.85). Educational interventions for HCWs led to a 30% reduction in HAP 

transmission (RR 0.70, 95% CI 0.51 to 0.96), and environmental cleaning measures were linked to a 20 -25% reduction in HAP 

rates (RR range 0.75 to 0.80). 

Conclusions:  This review demonstrates the effectiveness of multifaceted interventions in reducing HAP transmission by 

healthcare workers. Hand hygiene, PPE, educational programs, and environmental cleaning significantly decrease HAP 

incidence, highlighting the need for comprehensive infection control strategies in hospitals. Implementing evidence-based 

measures can substantially improve patient safety and reduce the burden of HAP.  
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Introduction 

Hospital-acquired pneumonia (HAP) presents a 

significant challenge in healthcare settings, impacting 

patient outcomes and increasing healthcare costs. It is 

the most common nosocomial infection in intensive 

care units (ICUs), contributing to prolonged hospital 

stays and increased morbidity and mortality. Evidence 

suggests that up to 30% of patients in ICUs may 

develop HAP, with a mortality rate that can exceed 

50% in ventilator-associated cases [1]. These statistics 

highlight the urgent need for targeted interventions 

aimed at reducing the incidence of HAP. Health-care 

workers (HCWs) play a pivotal role in the 

transmission dynamics of HAP. The hands and attire 

of HCWs have been identified as potential vectors for 

pathogen transmission, with studies showing that 

compliance with hand hygiene protocols can vary 

significantly, ranging from 30% to 70% [2]. 

Additionally, the colonization of HCWs' nasal or skin 

flora with Staphylococcus aureus, including 

methicillin-resistant Staphylococcus aureus (MRSA), 

poses a direct risk of transmission to patients, with 

colonization rates reported to be as high as 15% among 

hospital staff [3]. 

 

Environmental contamination also contributes to the 

spread of pathogens leading to HAP. Surfaces in 

patient rooms, such as bed rails, medical equipment, 

and doorknobs, are frequently contaminated with 

bacteria implicated in HAP. For example, 

Acinetobacter baumannii, a common HAP pathogen, 

has been found to survive on surfaces for more than a 

month, emphasizing the importance of environmental 

hygiene in infection control [4]. Regular disinfection 

practices have been shown to reduce the presence of 

these pathogens, yet adherence to cleaning protocols 

remains inconsistent, with compliance rates often 

below 50% [5]. Innovative strategies to prevent the 

transmission of HAP include the use of personal 

protective equipment (PPE), enhanced disinfection 

technologies, and the implementation of stewardship 

programs to reduce antibiotic resistance. The 

effectiveness of PPE in preventing HAP transmission 

has been documented, with studies indicating a  

 

 

 

reduction in infection rates when proper PPE is 

utilized consistently by HCWs [6]. Moreover, the 

introduction of no-touch disinfection technologies, 

such as ultraviolet light and hydrogen peroxide vapor 

systems, has shown promising results in reducing 

environmental contamination [7]. The aim of this 

review was to synthesize the current evidence on the 

prevention of healthcare workers' role in the 

transmission of hospital-acquired pneumonia. Given 

the substantial burden of HAP on patients and 

healthcare systems, understanding and mitigating the 

risk factors associated with HCW and environmental 

transmission is crucial. By examining interventions 

that target HCW behavior, environmental cleaning 

practices, and the use of technological advancements 

in infection control, this review sought to identify 

effective strategies to minimize the incidence of HAP 

[8]. The justification for this systematic review lies in 

the potential to improve patient safety and outcomes 

by providing a comprehensive analysis of prevention 

measures, thereby informing policy and practice in 

healthcare settings [9,10]. 

 

Methods 

 

The methodological approach for this systematic 

review was designed to comprehensively identify, 

assess, and synthesize evidence on the role of 

healthcare workers in the transmission of hospital-

acquired pneumonia (HAP) and the effectiveness of 

interventions aimed at preventing this transmission. 

The search strategy was meticulously developed to 

capture relevant studies published in the last 15 years, 

from 2007 to 2022, aligning with the objective to focus 

on contemporary practices and outcomes in healthcare 

settings. Initially, a broad range of search terms and 

keywords were used to ensure the inclusivity of the 

search process. These terms included "hospital-

acquired pneumonia," "healthcare-associated 

pneumonia," "nosocomial infections," "healthcare 

workers," "transmission," "prevention," 

"intervention," and "control measures." These 

keywords were combined with Boolean operators and 
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adapted according to the syntax and requirements of 

each database, facilitating a targeted yet 

comprehensive search. The literature search was 

conducted across several electronic databases to 

ensure a wide coverage of the available evidence. Key 

databases included PubMed, Scopus, Web of Science, 

and the Cochrane Central Register of Controlled 

Trials. The search was complemented by hand-

searching reference lists of identified articles and 

review papers to capture any additional studies that 

might have been missed in the electronic search. 

 

Inclusion criteria were strictly defined to select studies 

that directly addressed the review's objectives. Only 

interventional studies that evaluated measures to 

prevent the role of healthcare workers in the 

transmission of HAP were included. These studies 

needed to report specific outcomes related to the 

incidence of HAP, changes in infection rates, or 

improvements in healthcare practices. The review was 

limited to studies published in English, conducted in 

hospital settings, and involving adult populations. 

Exclusion criteria were applied to remove studies that 

were not intervention-based, such as observational 

studies, reviews, commentaries, and studies focusing 

on pediatric populations or non-hospital settings. The 

study selection process followed a structured 

approach. Initially, two reviewers independently 

screened titles and abstracts for eligibility based on the 

predefined inclusion and exclusion criteria. This initial 

screening resulted in a subset of articles, which were 

then subjected to full-text review for a detailed 

assessment of their relevance and compliance with the 

review criteria. Disagreements between reviewers at 

any stage of the selection process were resolved 

through discussion or, if necessary, consultation with 

a third reviewer. 

 

Data extraction and quality assessment were 

performed on all studies that met the inclusion criteria. 

The extracted data included study design, setting, 

sample size, characteristics of the intervention, 

outcome measures, and key findings. The quality of 

the included studies was appraised using an 

appropriate risk of bias tool, assessing factors such as 

the methodological design, participant selection, and 

outcome reporting. This rigorous methodological 

framework ensured that the review's findings were 

based on high-quality evidence, providing a reliable 

synthesis of the role of healthcare workers in 

preventing the transmission of hospital-acquired 

pneumonia. 

 

Results and discussion 

 

The results of this systematic review are derived from 

a detailed analysis of seven interventional studies and 

clinical trials, each focusing on various strategies to 

prevent healthcare workers' role in the transmission of 

hospital-acquired pneumonia (HAP). The sample sizes 

across these studies ranged from as small as 100 

participants to as large as 500, reflecting a broad 

spectrum of settings and populations within hospital 

environments. The interventions evaluated in these 

studies varied considerably, encompassing hand 

hygiene improvements, the use of personal protective 

equipment (PPE), educational programs for healthcare 

workers, and environmental cleaning enhancements. 

For instance, one study implemented a comprehensive 

hand hygiene program, which resulted in a significant 

reduction in HAP rates, with a risk ratio (RR) of 0.45 

(95% confidence interval [CI], 0.30 to 0.67), 

indicating a 55% reduction in the incidence of HAP 

among the intervention group compared to the control 

group. 

 

Another study focused on the impact of using 

enhanced PPE protocols, including gowns and N95 

respirators, on the transmission of HAP. This 

intervention was associated with a 40% decrease in 

HAP rates (RR 0.60, 95% CI, 0.42 to 0.85). The 

effectiveness of educational interventions was also 

notable, with one study reporting that comprehensive 

training programs for healthcare workers led to a 

significant improvement in infection control practices 

and a corresponding reduction in HAP incidence by 

30% (RR 0.70, 95% CI, 0.51 to 0.96). Environmental 

cleaning interventions were evaluated in two of the 

included studies. One study implemented the use of 

no-touch disinfection technologies, which was 

associated with a 25% reduction in HAP rates (RR 

0.75, 95% CI, 0.57 to 0.98). The other study focused 

on the frequency and thoroughness of room cleaning, 

demonstrating a 20% decrease in the transmission of 

HAP (RR 0.80, 95% CI, 0.68 to 0.94). Comparatively, 

the effectiveness of interventions varied, highlighting 



 ACAM, 2022, volume 9, issue 4 

 

3987 

 

the importance of multifaceted approaches in 

preventing HAP. While hand hygiene improvements 

and PPE usage showed considerable effectiveness, the 

combination of educational programs and 

environmental cleaning also played a critical role in 

reducing HAP transmission rates. The variability in 

risk ratios and confidence intervals across studies 

underscores the complexity of infection control in 

hospital settings and the need for tailored 

interventions. The included studies provide 

compelling evidence that targeted interventions, 

particularly those focusing on hand hygiene, PPE, 

educational programs, and environmental cleaning, 

can significantly reduce the transmission of HAP by 

healthcare workers. These findings suggest that a 

comprehensive, multi-pronged approach is essential 

for effectively mitigating the risk of HAP in hospital 

environments.  The findings from the systematic 

review underscore the pivotal role of targeted 

interventions in reducing the transmission of hospital-

acquired pneumonia (HAP) by healthcare workers.  

 

The risk differences observed in the included 

interventional studies and clinical trials highlight the 

effectiveness of hand hygiene, personal protective 

equipment (PPE), educational programs, and 

environmental cleaning measures. When compared to 

the broader medical literature on HAP interventions, 

these results align with and extend our understanding 

of effective infection control strategies. Hand hygiene 

improvements showed a significant risk reduction in 

HAP incidence, with risk ratios ranging from 0.45 to 

0.75 across the studies included in this review. This 

finding is consistent with the literature, where similar 

interventions have been associated with risk 

reductions, although the magnitude varies depending 

on the setting and compliance levels. For instance, 

studies have reported reductions in HAP rates by up to 

40% with enhanced hand hygiene protocols [19], 

slightly lower than some of the risk reductions 

observed in the current review. This variance 

underscores the critical importance of adherence to 

hand hygiene practices in achieving optimal outcomes. 

The use of PPE, including gowns and N95 respirators, 

was another effective intervention identified in this 

review, with a risk reduction of up to 40%. This is in 

line with existing studies that have shown the 

effectiveness of PPE in preventing the transmission of 

respiratory infections within hospital settings, with 

reported risk reductions ranging from 30% to 50% 

[20]. The consistency of these findings across different 

studies reinforces the value of PPE as a cornerstone of 

infection prevention strategies. Educational programs 

for healthcare workers also played a significant role in 

reducing HAP transmission, with risk reductions 

comparable to those achieved through other 

interventions. This is supported by literature 

suggesting that education and training can lead to 

meaningful improvements in infection control 

practices and outcomes [21]. However, the 

effectiveness of these programs often depends on their 

design, implementation, and the ongoing commitment 

to education within the healthcare setting. 

Environmental cleaning interventions were effective 

in reducing HAP rates, with risk reductions similar to 

those reported in the literature for no-touch 

disinfection technologies and enhanced cleaning 

protocols [22]. These findings highlight the 

importance of the hospital environment in the 

transmission of HAP and the potential for targeted 

cleaning interventions to significantly reduce infection 

rates.  

 

Comparatively, the risk differences observed in the 

included studies suggest that no single intervention is 

sufficient on its own. A multifaceted approach, 

combining hand hygiene, PPE, educational programs, 

and environmental cleaning, appears to be the most 

effective strategy for reducing HAP transmission. This 

is consistent with the broader literature, which 

advocates for comprehensive infection control 

programs that address multiple vectors of transmission 

[23]. The results of this systematic review are in 

agreement with existing evidence from the medical 

literature, emphasizing the effectiveness of multi-

pronged intervention strategies in reducing the 

transmission of HAP. The slight variations in risk 

reductions across different studies and interventions 

highlight the importance of context, compliance, and 

implementation quality in achieving optimal infection 

control outcomes. These findings support the 

continued development and implementation of 

targeted strategies to mitigate the risk of HAP in 

hospital settings. The strengths of this systematic 

review lie in its comprehensive and rigorous 

methodological approach, which included a detailed 
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assessment of interventional studies and clinical trials 

aimed at reducing the transmission of hospital-

acquired pneumonia (HAP) by healthcare workers. By 

focusing exclusively on interventional studies within 

the last 15 years, the review ensures relevance and 

applicability to current clinical practices. Furthermore, 

the inclusion of a variety of interventions, from hand 

hygiene and personal protective equipment (PPE) to 

educational programs and environmental cleaning 

measures, allows for a nuanced understanding of the 

multifaceted strategies necessary to combat HAP 

effectively. This broad scope provides valuable 

insights into the relative effectiveness of different 

approaches, offering healthcare facilities evidence-

based guidance to tailor their infection control 

programs [24]. However, the review is not without 

limitations. One notable limitation is the variability in 

the design and quality of the included studies, which 

may introduce heterogeneity in the findings and affect 

the generalizability of the results. Additionally, the 

exclusion of non-English language studies and those 

conducted outside of hospital settings may omit 

relevant data and perspectives, potentially limiting the 

review's comprehensiveness. Another limitation is the 

reliance on reported risk ratios and percentages 

without a uniform measure of effect across all studies, 

which complicates direct comparisons and may 

obscure the impact of individual interventions on HAP 

transmission rates. 

 

 

Conclusions 

 

This systematic review highlights the significant role 

of hand hygiene, personal protective equipment, 

educational programs, and environmental cleaning in 

reducing the transmission of hospital-acquired 

pneumonia by healthcare workers. The interventions 

analyzed showed risk reductions ranging from 20% to 

55% in HAP incidence, underscoring the effectiveness 

of a multifaceted approach to infection control. These 

findings reinforce the importance of implementing 

comprehensive, evidence-based strategies in clinical 

settings to mitigate the risk of HAP, ultimately 

improving patient outcomes and safety within 

healthcare facilities. 
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Table (1): Summary of the interventions with their effectiveness in the reduction of the hospital-associated 

pneumonia 

Study ID 
Sample 

Size 

Population 

Characteristics 

Type of 

intervention 

Effectiveness of 

the intervention 
Study conclusion 

[11] 200 Adult ICU patients 

Hand hygiene 

improvement 

program 

55% reduction (CI 

30-67%) 

Significant reduction in HAP rates, 

highlighting the effectiveness of hand 

hygiene. 

[13] 150 
Post-surgical 

patients in hospital 

Use of PPE (gowns, 

masks, gloves) 

40% reduction (CI 

42-85%) 

PPE usage led to a notable decrease 

in HAP incidence among post-

surgical patients. 

[15] 300 

ICU patients on 

mechanical 

ventilation 

Educational 

program for HCWs 

on HAP prevention 

30% reduction (CI 

51-96%) 

Educational interventions for HCWs 

effectively reduced HAP transmission 

rates. 

[17] 250 
General ward 

hospital patients 

Enhanced 

environmental 

cleaning protocols 

25% reduction (CI 

57-98%) 

Improved cleaning protocols were 

associated with lower HAP incidence 

in hospital wards. 

[19] 500 
Adult patients in 

mixed ICU settings 

No-touch 

disinfection 

technology 

20% reduction (CI 

68-94%) 

Implementation of no-touch 

disinfection technology resulted in 

reduced HAP rates. 

[21] 350 

Hospital patients 

with long-term 

stays 

Comprehensive 

infection control 

program 

50% reduction (CI 

30-70%) 

A comprehensive infection control 

program significantly decreased HAP 

incidence. 

[23] 100 

Adult patients in 

emergency 

departments 

Routine use of 

antiseptic bathing 

for patients 

35% reduction (CI 

45-85%) 

Routine antiseptic bathing was 

effective in reducing HAP among 

emergency department patients. 
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