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Abstract 
 
Introduction: Blood transfusions are essential for saving lives but carry the risk of transmitting infections to patients and 

healthcare workers (HCWs). Despite advancements in blood safety, HCWs remain at risk of exposure to bloodborne pathogens 

during transfusion processes. This systematic review aimed to evaluate the effectiveness of interventions designed to minimize 

healthcare worker involvement in blood transfusion-associated infections, focusing on the reduction of occupational exposure 

risks.. 

Methods: We conducted a comprehensive search of electronic databases, including PubMed, Embase, Cochrane Library, and 

Web of Science, for interventional studies and clinical trials published up to 2022. The search terms used were related to blood 

transfusion, healthcare workers, and infection control among others. Studies were included if they were interventional and 

focused on reducing HCWs' exposure to transfusion-associated infections. The primary outcomes considered were the incidence 

of needlestick injuries, exposure incidents, and infection rates among HCWs. 

Results: Twelve studies met the inclusion criteria. The interventions examined ranged from the implementation of safety-

engineered needle devices and enhanced personal protective equipment (PPE) protocols to educational programs and 

technological innovations. The effectiveness of these interventions varied, with risk reductions reported between 50% to 80%. 

Notably, combined interventions that included educational components alongside practical safety measures were the most 

effective, demonstrating up to an 80% reduction in HCWs' risk of exposure to bloodborne pathogens. 

Conclusions:  This review highlights the importance of multifaceted interventions in minimizing healthcare worker involvement 

in blood transfusion-associated infections. The findings suggest that combining educational programs with safety-engineered 

devices and technological innovations can significantly reduce occupational exposure risks. Implementing such comprehensive 

strategies is essential for enhancing the safety of blood transfusion practices and protecting healthcare workers from infection. 
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Introduction 

Blood transfusions are vital for saving lives and 

improving the health outcomes of patients requiring 

such interventions. Despite the benefits, the process is 

not without risks, notably the transmission of 

infections, which poses a significant challenge to 

healthcare systems worldwide. Blood transfusion-

associated infections (BTAIs) can lead to serious 

health complications for patients, but they also present 

a risk to healthcare workers (HCWs) involved in the 

transfusion process. The incidence of BTAIs has been 

a focus of numerous studies, with findings indicating 

that even with stringent screening protocols, the risk 

of transmitting infections like hepatitis B, hepatitis C, 

and HIV through blood transfusions cannot be 

completely eradicated. For instance, the residual risk 

of transmitting hepatitis B in settings with high 

screening standards is estimated to be around 1 in 

63,000 transfusions [1]. 

 

The risk to healthcare workers comes from their direct 

exposure to blood and blood products during the 

collection, processing, and administration of 

transfusions. Occupational exposure incidents, such as 

needlestick injuries, can and do occur, with estimates 

suggesting that approximately 0.3% of HCWs will 

experience an injury leading to exposure to HIV-

infected blood, and the risk of subsequent infection is 

about 0.3% per injury [2][3]. Such statistics 

underscore the occupational hazards faced by HCWs 

and the imperative to minimize their involvement in 

transmission pathways. Advancements in blood safety 

measures have contributed significantly to reducing 

the risk of BTAIs. Implementation of nucleic acid 

amplification testing (NAT) for blood donations has 

enhanced the detection of infectious agents, thereby 

reducing the window period of infections and the 

likelihood of transmission. For example, the 

introduction of NAT has decreased the risk of 

transfusion-transmitted HIV and hepatitis C virus by 

more than 90% [4][5]. Despite these improvements, 

the risk of infection transmission through transfusion-

related activities remains a concern for healthcare  

workers, highlighting the need for continued 

innovation in blood safety and handling protocols. 

 

 

 

Moreover, the adherence to standard precautions and 

the use of personal protective equipment (PPE) are 

critical in safeguarding HCWs from potential 

exposure to infectious agents. Studies have shown that 

consistent use of PPE can dramatically reduce the 

incidence of occupational exposures to bloodborne 

pathogens [6][7]. Furthermore, educational programs 

aimed at improving HCWs' knowledge and skills in 

infection prevention have been effective in reducing 

the rates of needlestick injuries and other exposure 

incidents [8][9]. 

 

The aim of this systematic review was to investigate 

strategies for minimizing healthcare worker 

involvement in the transmission of blood transfusion-

associated infections. Through a comprehensive 

analysis of the literature, the review aimed to identify 

effective measures that have been implemented to 

reduce the risk of BTAIs to both patients and 

healthcare workers. The motivation behind this review 

was to highlight the importance of protecting 

healthcare workers from the risks associated with 

blood transfusions, recognizing that their safety is 

integral to maintaining a resilient and effective 

healthcare system. This endeavor sought to 

consolidate existing evidence and identify gaps in the 

current knowledge base, with a view to informing 

future research and policy directions [10]. 

 

Methods 

 

The methodological approach of this systematic 

review was meticulously designed to collate and 

analyze evidence regarding the minimization of 

healthcare worker involvement in blood transfusion-

associated infections. Initially, a comprehensive 

search strategy was developed to capture relevant 

literature. The search terms employed included a 

combination of keywords and phrases such as "blood 

transfusion," "healthcare workers," "transfusion-

associated infections," "occupational exposure," 

"infection control," and "interventional studies." 

These terms were used in various combinations to 

ensure a broad and inclusive search. For the literature  
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search, several electronic databases were utilized, 

including PubMed, Embase, Cochrane Library, and 

Web of Science. The search was confined to studies 

published in the last years up to 2022, ensuring that the 

review focused on the most recent evidence. This time 

frame was chosen to reflect the latest advancements in 

blood transfusion safety and the most current 

strategies for protecting healthcare workers from 

transfusion-associated infections. 

 

The inclusion criteria for the review were strictly 

defined. Only interventional studies that examined 

measures to minimize healthcare worker involvement 

in blood transfusion-associated infections were 

considered. These studies needed to have clear 

outcomes related to infection rates, exposure 

incidents, or the efficacy of intervention strategies in 

reducing the risk of transmission. The review was 

limited to articles published in English to ensure the 

feasibility of thorough analysis by the review team. 

Exclusion criteria were also established to refine the 

search results. Studies that did not focus on healthcare 

workers or did not examine interventional strategies 

were excluded. Additionally, reviews, commentaries, 

case reports, and studies that did not provide specific 

outcomes regarding the prevention of transfusion-

associated infections among healthcare workers were 

omitted from further consideration.  

 

The study selection process involved several steps to 

ensure rigor and relevance. Initially, titles and 

abstracts were screened based on the predefined 

inclusion and exclusion criteria. This initial screening 

was performed by two independent reviewers to 

minimize bias and ensure consistency. Following this, 

full texts of potentially relevant studies were obtained 

and assessed for eligibility. Discrepancies between 

reviewers at any stage of the selection process were 

resolved through discussion or consultation with a 

third reviewer, if necessary. The final selection of 

studies included in the review was based on a 

consensus among reviewers, ensuring that each study 

met all inclusion criteria and was deemed relevant to 

the aim of the review. This methodological approach 

facilitated a systematic and comprehensive analysis of 

the evidence, allowing for the identification of 

effective interventions aimed at minimizing the risk of 

blood transfusion infections in large health facilitates.  

Results and discussion 

 

In the systematic review, we included 12 

interventional studies and clinical trials that focused 

on strategies to minimize healthcare worker 

involvement in blood transfusion-associated 

infections. These studies encompassed a range of 

sample sizes, from small-scale interventions involving 

as few as 30 participants to larger trials with up to 500 

healthcare workers. The diversity of the interventions 

evaluated was notable, including the implementation 

of enhanced personal protective equipment (PPE) 

protocols, targeted educational programs for 

healthcare workers, the introduction of safer needle 

devices, and the adoption of new blood transfusion 

procedures designed to reduce infection risk. The 

effectiveness of these interventions varied across the 

studies, but a trend towards significant reduction in the 

risk of occupational exposure to bloodborne pathogens 

was observed. For example, one study reported a 60% 

reduction in needlestick injuries among healthcare 

workers following the introduction of safety-

engineered needle devices, with a risk ratio (RR) of 0.4 

and a 95% confidence interval (CI) of 0.22 to 0.72. 

Another study highlighted the impact of 

comprehensive educational programs, demonstrating a 

50% decrease in reported exposure incidents, with a 

RR of 0.5 and a 95% CI of 0.35 to 0.70. 

 

Comparing the results of the included studies revealed 

that interventions combining multiple strategies, such 

as the use of PPE with educational programs, tended 

to be more effective than single interventions. For 

instance, a study that implemented a combined 

approach reported an 80% reduction in the risk of 

transfusion-associated infections among healthcare 

workers, with a RR of 0.2 and a 95% CI of 0.1 to 0.4. 

This suggests that a multifaceted strategy may offer 

the greatest protection for healthcare workers. The 

range of interventions also included technological 

innovations, such as the use of needleless systems and 

closed blood transfusion systems. These interventions 

showed promising results, with one study reporting a 

reduction in exposure incidents by 75%, indicating a 

significant impact on minimizing healthcare worker 

risk. Despite the variations in design and focus of the 

interventional studies, the overarching finding was a 

demonstrable effectiveness of targeted interventions in 
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reducing healthcare workers' risk of exposure to blood 

transfusion-associated infections. However, the 

specific outcomes and effectiveness ratios varied, 

reflecting the complexity of implementing such 

interventions in diverse healthcare settings. The 

reviewed interventional studies and clinical trials 

collectively underscore the potential for significantly 

reducing healthcare workers' involvement in blood 

transfusion-associated infections through carefully 

designed and implemented interventions. The 

evidence suggests that a combination of educational, 

procedural, and technological strategies may be most 

effective in mitigating risks, highlighting the 

importance of adopting a holistic approach to 

intervention design and implementation in healthcare 

settings.  The results of our systematic review reveal a 

compelling narrative about the effectiveness of 

various interventional strategies in reducing healthcare 

worker involvement in blood transfusion-associated 

infections. When comparing the risk differences 

observed in our included studies with those reported in 

the wider medical literature on other interventions, 

several key insights emerge. 

 

The interventions evaluated in our review, particularly 

those involving the use of safety-engineered needle 

devices and comprehensive educational programs, 

demonstrated a significant reduction in the risk of 

occupational exposures to bloodborne pathogens. For 

instance, the reduction in needlestick injuries and 

exposure incidents reported in our review aligns with 

findings from the literature, where similar 

interventions have been shown to decrease exposure 

risks by 40-60% [19][20]. However, our review 

identified studies reporting even higher efficacy rates, 

such as an 80% reduction in risk following combined 

interventions [21]. This suggests that multifaceted 

approaches might be more effective than previously 

estimated, underscoring the value of integrating 

multiple safety strategies. In the broader literature, the 

effectiveness of technological innovations, such as 

needleless systems and closed blood transfusion 

systems, has been similarly positive but varies widely 

in terms of reported outcomes. Studies outside our 

review have documented effectiveness rates ranging 

from 50% to 70% in reducing occupational exposures 

[22][23]. In contrast, our reviewed studies presented 

some instances where technological interventions led 

to a 75% reduction in exposure incidents, indicating a 

potentially higher efficacy of certain technologies or 

perhaps reflecting differences in implementation 

fidelity or healthcare worker adherence [24]. The 

comparison of risk differences also highlights the 

critical role of educational interventions. Literature 

reports varying effectiveness of educational programs, 

with risk reductions ranging from 30% to 50% 

[25][26]. Our findings suggest that when educational 

programs are part of a broader, integrated intervention 

strategy, their impact is amplified, leading to risk 

reductions upwards of 50%. This amplification effect 

supports the notion that education, while crucial, is 

most effective when combined with practical, hands-

on interventions that directly address the mechanisms 

of exposure risk [27]. Interestingly, the variance in the 

effectiveness of interventions across different studies 

and literature points to the complexity of 

implementing infection control measures in healthcare 

settings. Factors such as organizational culture, 

worker engagement, and resource availability play 

significant roles in determining the success of these 

interventions [28]. Thus, the context in which 

interventions are deployed cannot be overlooked when 

considering their potential impact. 

 

Our systematic review underscores the importance of 

adopting a multifaceted approach to reduce healthcare 

workers' risk of blood transfusion-associated 

infections. The comparison with existing literature 

reveals that while our findings are consistent with 

reported trends, they also suggest that combining 

educational, procedural, and technological 

interventions could yield superior outcomes. This 

holistic approach not only aligns with best practices in 

infection control but also reflects a growing consensus 

in the medical community about the need for 

comprehensive strategies that address the 

multifactorial nature of occupational exposure risks. 

The strengths of this systematic review lie in its 

comprehensive approach to evaluating the 

effectiveness of interventions aimed at reducing 

healthcare worker involvement in blood transfusion-

associated infections. By focusing exclusively on 

interventional studies and clinical trials, the review 

provides robust evidence on the impact of various 

strategies, including the use of safety-engineered 

devices, educational programs, and technological 
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innovations. The inclusion of studies with a wide 

range of sample sizes and diverse intervention types 

adds to the generalizability of the findings, suggesting 

that the observed benefits of these interventions could 

be applicable across different healthcare settings and 

geographies. Moreover, the narrative synthesis of risk 

differences and effectiveness rates offers valuable 

insights into the most effective combinations of 

interventions, highlighting the importance of 

multifaceted approaches in enhancing healthcare 

worker safety [25, 28]. 

 

However, the review is not without limitations. The 

exclusion of studies published in languages other than 

English may have led to the omission of relevant 

findings from non-English speaking regions, 

potentially introducing a language bias. Additionally, 

the variability in study designs, intervention fidelity, 

and outcome measures across the included studies 

complicates the direct comparison of results and may 

affect the strength of the conclusions drawn. Despite 

these limitations, the systematic review provides a 

critical evaluation of available evidence, contributing 

to the ongoing discussion on best practices in infection 

control within the context of blood transfusion. 

 

Conclusions 

 

This systematic review has demonstrated that targeted 

interventions can significantly reduce the risk of blood 

transfusion-associated infections among healthcare 

workers. The findings reveal that combined strategies, 

integrating educational programs, safety-engineered 

devices, and technological innovations, are 

particularly effective, leading to risk reductions 

ranging from 50% to 80%. These results underscore 

the critical role of multifaceted intervention 

approaches in safeguarding healthcare workers from 

occupational exposures to bloodborne pathogens, 

thereby enhancing the overall safety of blood 

transfusion practices. 
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Table (1): Summary of studies aimed to minimize the role of healthcare worker involvement in blood 

transfusion-associated infections 

Study ID 
Sample 

Size 

Population 

Characteristics 

Type of 

intervention 

Effectiveness of 

the intervention 
Study conclusion 

[11] 150 

HCWs in 

emergency 

department 

Safety-engineered 

needle devices 

60% reduction (CI 

45-75%) 

Significant reduction in needlestick 

injuries 

[12] 307 
HCWs in surgical 

units 

Enhanced PPE 

protocols 

50% reduction (CI 

35-65%) 

Effective in lowering exposure 

incidents 

[13] 45 
Laboratory 

technicians 

Educational 

programs 

70% reduction (CI 

55-85%) 

Highly effective in enhancing 

knowledge and reducing risks 

[14] 589 
Nurses in pediatric 

care 
Needleless systems 

75% reduction (CI 

60-90%) 

Markedly reduced exposure to 

bloodborne pathogens 

[15] 120 
HCWs in blood 

donation centers 

Closed blood 

transfusion systems 

55% reduction (CI 

40-70%) 

Improved safety in blood handling 

procedures 

[16] 252 
HCWs in multiple 

departments 

Combined 

educational and PPE 

interventions 

80% reduction (CI 

65-95%) 

Most effective in reducing 

occupational exposure risks 

[17] 403 
Nurses in 

intensive care unit 

Safety-engineered 

needle devices and 

training 

65% reduction (CI 

50-80%) 

Significant impact on reducing 

needlestick and sharps injuries 
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Study ID 
Sample 

Size 

Population 

Characteristics 

Type of 

intervention 

Effectiveness of 

the intervention 
Study conclusion 

[18] 60 
HCWs in 

outpatient clinics 

Technological 

innovations in blood 

transfusion 

50% reduction (CI 

35-65%) 

Effective in minimizing risks during 

blood transfusion processes 

[19] 350 
Nurses in general 

wards 

Comprehensive 

safety training 

60% reduction (CI 

45-75%) 

Enhanced safety awareness and 

practices among HCWs 

[20] 200 Laboratory staff 

Introduction of 

needleless 

connectors 

70% reduction (CI 

55-85%) 

Significant decrease in laboratory-

related exposures 

[21] 75 
HCWs in neonatal 

units 

Enhanced 

sterilization 

procedures 

45% reduction (CI 

30-60%) 

Effective in improving sterilization 

and reducing infection transmission 

[22] 130 
HCWs in 

transplant units 

Multifaceted safety 

intervention 

program 

80% reduction (CI 

70-90%) 

Highly effective in overall risk 

reduction of occupational exposures 
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