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ABSTRACT

Background: Blood transfusion remains a cornerstone of modern medicine, yet it carries an inherent risk of transmitting
infectious diseases. Regular surveillance of transfusion-transmitted infections (TTIs) among blood donors is essential to ensure
transfusion safety and to inform public health strategies. In Pakistan, despite advancements in donor screening, TTIs continue
to pose a challenge, reflecting underlying epidemiological and healthcare gaps that warrant continuous monitoring and policy
reinforcement.

Objective: This study aimed to assess the prevalence and distribution trends of major transfusion-transmissible infections—
hepatitis B virus (HBV), hepatitis C virus (HCV), human immunodeficiency virus (HIV), and Treponema pallidum (syphilis)—
among voluntary, non-remunerated blood donors in Islamabad and Rawalpindi.

Methods: A retrospective cross-sectional study was conducted at the Pakistan Red Crescent Society from October 2024 to May
2025. Data from 9,213 voluntary donors aged 18—60 years were analyzed. Donor demographic details, including age and gender,
were obtained from institutional records. Screening for HBV, HCV, HIV, and syphilis was performed using
electrochemiluminescence immunoassay (ECLIA) technology on the Roche Cobas e41l analyzer, following standard
manufacturer and quality control protocols. All data were reviewed for completeness, and infection prevalence was calculated
as proportions of total donations.

Results: Out 0f 9,213 donors, 9,121 (99.0%) were male and 92 (1.0%) were female. A total of 362 donors (3.93%) were reactive
for at least one TTI. HCV was the most prevalent infection (1.58%, n=146), followed by HBV (1.38%, n=127), syphilis (1.03%,
n=95), and HIV (0.14%, n=13). No co-infections were detected, and all positive cases were male. The highest infection rates
were observed among donors aged 18—34 years.

Conclusion: The persistence of TTIs among voluntary donors highlights an ongoing public health concern in Pakistan.
Strengthening donor selection, enhancing screening sensitivity, promoting immunization coverage, and improving community
awareness are imperative for maintaining a safe blood supply and reducing transfusion-related risks.
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INTRODUCTION

Blood transfusion is a vital medical procedure involving the intravenous administration of whole blood or specific components—such
as red blood cells, platelets, plasma, or cryoprecipitate—from a donor to a recipient (1). It remains indispensable in managing a wide
range of medical conditions, including major trauma, complex surgeries, and hematologic disorders. Despite its life-saving potential,
transfusion carries inherent risks, most notably the transmission of infectious agents collectively termed transfusion-transmitted
infections (TTIs). Globally, pathogens such as Treponema pallidum (syphilis), hepatitis B virus (HBV), hepatitis C virus (HCV), and
human immunodeficiency virus (HIV) continue to threaten blood safety (2,3). The occurrence of TTIs is multifactorial, influenced by
donor-related factors, procedural safeguards, and systemic blood safety measures. Among these, the type of donor and the quality of
screening protocols are of particular concern. Evidence consistently shows that Voluntary Non-Remunerated Blood Donors (VNRDs)
present a lower infection risk compared with family or replacement donors, who may conceal risk factors under social pressure (4,5).
Furthermore, in many resource-limited countries, the lack of highly sensitive diagnostic tools such as Nucleic Acid Amplification Testing
(NAT) prolongs the “window period” between infection and detection, thereby heightening the possibility of infected donations entering
the supply (6). While high-income countries have significantly reduced the residual risk of TTIs through routine NAT and stringent
serological screening, low- and middle-income countries (LMICs) continue to face disproportionate challenges due to limited
infrastructure, inconsistent donor screening, and inadequate surveillance systems (7). In Pakistan, this disparity remains evident. A
multicenter retrospective study analyzing data from 2016 to 2020 reported an overall TTI seroprevalence of 3.6%, with HCV being the
most prevalent pathogen (8).

Similarly, northern regional analyses have echoed these findings, identifying HCV as the dominant infection among donors (9). More
recent data from Malakand Division (2021-2024) revealed a 2.42% overall TTI prevalence among 94,000 donors, with a worrying
uptick in HIV and syphilis cases, indicating an evolving epidemiological landscape (10). A systematic review in 2022 further confirmed
that Pakistan’s pooled HCV prevalence among blood donors remains higher than that of most Asian countries, underscoring the
persistence of this public health concern (11). Collectively, these findings highlight that TTIs among blood donors in Pakistan remain a
pressing challenge, with trends suggesting dynamic changes in infection patterns—particularly the rising incidence of HIV and syphilis.
This calls for sustained surveillance, stronger donor recruitment systems prioritizing voluntary donors, and the expansion of advanced
screening technologies. Moreover, as voluntary donors represent a relatively healthy and traceable segment of the population, their
infection patterns can serve as an early indicator of broader community-level disease dynamics. This study aims to determine the
prevalence and temporal trends of major TTIs—HBYV, HCV, HIV, and syphilis—among voluntary blood donors in the Islamabad—
Rawalpindi region. It further seeks to analyze annual variations, donor demographics, and emerging epidemiological markers to inform
public health interventions, refine donor recruitment strategies, and strengthen national blood safety policies in Pakistan.

METHODS

This study was designed as a retrospective cross-sectional analysis conducted at the Pakistan Red Crescent Society, utilizing blood
donation records from voluntary donors in Islamabad and Rawalpindi. The study period spanned from October 2024 to May 2025.
Ethical approval was obtained from the Institutional Review Board (IRB) of Riphah International University and all procedures were
performed in accordance with the ethical principles of the Declaration of Helsinki. Confidentiality of donor data was strictly maintained,
and informed consent had been obtained from all participants at the time of donation as part of the institutional donor protocol. Eligible
participants included voluntary, non-remunerated blood donors aged 18—60 years who met the World Health Organization (WHO)
criteria for blood donation and had successfully completed the standard pre-donation screening process during the study period. Donors
were excluded if they had incomplete demographic or screening data, were identified as replacement or paid donors, or disclosed any
chronic medical condition, recent transfusion history, or high-risk behavior inconsistent with WHO donor selection guidelines. Data
were extracted from the centralized blood bank database, encompassing a total of 9,213 voluntary donors. Demographic characteristics
such as age, sex, and donation frequency were recorded. Laboratory screening data for major transfusion-transmissible infections—
hepatitis B virus (HBV), hepatitis C virus (HCV), human immunodeficiency virus (HIV), and Treponema pallidum (syphilis)}—were
obtained and analyzed. All samples were processed and tested using the Enzyme-Linked Immunosorbent Assay (ELISA) technique on

© 2025 et al. Open access under CC BY License (Creative Commons). Freely distributable with appropriate citation. 40



“
Volume 3 Issue 6: Transfusion-Transmitted Infections Among Blood Donors + !
Husnain A et al. INSIGHTS'JHH

INSIGHTS-JOURNAL OF HEALTH
AND REHABILITATION ® ® ®

a Roche Cobas e411 automated analyzer. The testing protocol followed the manufacturer’s specifications, with rigorous internal quality
control (QC) procedures applied prior to and during testing to ensure accuracy and reproducibility of results. Each donor sample was
first centrifuged for 10 minutes at 5000 rpm to separate serum from the gel vial. After verifying QC performance, the serum was loaded
into racks containing Hitachi sample cups for automated processing on the Cobas e411 platform, which operates based on the principle
of electrochemiluminescence immunoassay (ECLIA). Upon completion of the reaction cycle, results were electronically documented
and cross-verified by senior laboratory technologists for validity. The data were subsequently compiled for statistical evaluation, where
seroprevalence rates of each TTI were calculated as proportions of total donations. Descriptive statistics were performed to summarize
donor demographics and infection rates, and comparative analysis was intended to assess yearly and categorical variations.

RESULTS

A total of 9,213 voluntary blood donors were analyzed in this study. The overwhelming majority were male (99.0%, n = 9,121), while
female donors accounted for only 1.0% (n = 92), reflecting a significant gender imbalance in voluntary blood donation patterns. The
participants ranged in age from 18 to 60 years, with a prominent representation of younger adults. The most frequent donors were aged
18-24 years (31.4%, n = 2,865), followed by those aged 25-34 years (27.2%, n = 2,510). Participants aged above 55 years comprised
only 9.1% (n = 838), demonstrating a declining participation rate with increasing age Out of 9,213 blood donations screened, 362 donors
(3.93%) were found positive for at least one transfusion-transmitted infection (TTI). Among these, Hepatitis C virus (HCV) was the
most prevalent (1.58%, n = 146), followed by Hepatitis B virus (HBV) (1.38%, n = 127), Treponema pallidum (syphilis) (1.03%, n =
95), and Human immunodeficiency virus (HIV) (0.14%, n = 13). No donor was found positive for more than one infectious marker.
Notably, all cases of infection occurred among male donors; none of the female donors tested positive for any TTI. When analyzed by
age group, the 25—34-year category exhibited the highest incidence of infections across all TTIs. In this group, 57 cases of HBV, 69 of
HCYV, and 45 of syphilis were reported, followed by the 18—24-year category, which recorded 31 cases of HBV, 22 of HCV, and 27 of
syphilis. The lowest infection rates were observed among donors older than 55 years, who demonstrated minimal or no positivity for
the tested infections. These findings suggest a greater susceptibility or exposure risk among younger adults compared to older donors.

Table 1: Prevalence of Transfusion-Transmitted Infections among Voluntary Blood Donors (N = 9,213)

Infection Positive cases (n) Prevalence (%)
HCV 146 1.58%
HBV 127 1.38%
Syphilis 95 1.03%
HIV 13 0.14%
Total TTIs 362 3.93%

Table 2: Age-Wise Distribution of Transfusion-Transmitted Infections in the Voluntary Blood Donors

Age Group HIV HBV HCV Syphilis
18-24 6 31 22 27
25-34 2 57 69 45
35-44 4 23 48 17
45-54 1 10 7 6

>55 0 6 0 0
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DISCUSSION

This study assessed the frequency and distribution of transfusion-transmitted infections (TTIs) among voluntary, non-remunerated blood
donors in Islamabad and Rawalpindi using retrospective serological data from 9,213 donations. The findings underscore critical patterns
in donor demographics and infection prevalence that have important implications for transfusion safety and public health surveillance
in Pakistan. A striking observation was the overwhelming predominance of male donors, who accounted for 99% of all donations, while
only 1% were contributed by females. This gender disparity mirrors the sociocultural and systemic barriers that restrict women’s
participation in blood donation, including health misconceptions, familial discouragement, and logistical challenges. Similar gender
distributions have been reported in other regional studies conducted in Pakistan, where over 95% of blood donors were male (12,13).
The resulting reliance on male donors may reduce donor diversity and limit the sustainability of the national blood supply. Increasing
female participation through culturally sensitive awareness campaigns and safe donation environments could therefore serve as a
valuable intervention for strengthening donor base stability. The age distribution of donors demonstrated that younger adults, particularly
those aged 18—34 years, formed the backbone of the voluntary donor population. Approximately 58.6% of donations originated from
this age group, indicating an encouraging trend toward youth participation. This pattern has also been reflected in studies from other
regions, such as South America, where young adults dominate donor pools (14,15). However, the gradual decline in donations with
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advancing age suggests that retention strategies for older donors are needed to maintain long-term supply continuity. The prominence
of young donors also highlights the importance of targeted education about safe health practices and infection prevention within this age
group, given their higher likelihood of exposure to community-based risk factors. The overall TTI prevalence in the present study was
3.93%, with HCV emerging as the most prevalent infection (1.58%), followed by HBV (1.38%), syphilis (1.03%), and HIV (0.14%).
These results correspond closely with previous national data indicating HCV as the leading transfusion-transmissible pathogen among
Pakistani donors (16,17). The comparatively lower rates of HIV and syphilis are encouraging but should not be misconstrued as
negligible threats, as both infections demonstrated increasing trends in other recent local studies. In contrast, some neighboring countries
report comparatively lower TTI prevalence, such as 1.46% in voluntary donors in India, where HBV predominates (18). These
interregional differences likely reflect disparities in community infection burden, donor selection criteria, and diagnostic capacity.

The high prevalence of HBV and HCV observed in this study aligns with long-recognized endemicity of viral hepatitis in Pakistan,
largely attributed to unsafe medical practices such as reuse of syringes, poor sterilization of medical instruments, and transfusions from
inadequately screened donors (19). Although national immunization programs have reduced HBV prevalence among children, adult
donor populations remain vulnerable. The persistence of HCV transmission, in particular, underscores the absence of a vaccine and the
need for continued community-level interventions. The detection of syphilis in over 1% of donors is equally concerning, as it indicates
ongoing community transmission of this sexually transmitted infection, which carries both reproductive and transfusion-related
implications. Age-specific analysis revealed that the 25—-34-year age group exhibited the highest frequency of all TTIs, particularly HCV
and syphilis. This concentration of infections among younger and middle-aged men may be linked to increased social mobility, higher
occupational exposure, and engagement in healthcare or community settings where unsafe practices persist. In contrast, the near absence
of infections in donors over 55 years may reflect reduced exposure to such risks or generational differences in medical practices.
Comparable age-related trends have been reported in prior epidemiological research, further validating this association (20,21). The
combined TTI rate in this study (3.93%) was markedly higher than that reported in high-income countries, where residual risk has been
minimized to below 0.01% through advanced screening methods such as Nucleic Acid Amplification Testing (NAT) and strict donor
selection protocols (16,22). However, similar rates have been observed in other low- and middle-income countries, including Brazil
(4.04%) and Ethiopia (11.5%), highlighting that Pakistan faces a shared challenge in achieving a safe and sustainable blood supply
(17,23). The findings thus emphasize the urgent need for upgrading blood screening technologies, enforcing standardized national donor
registries, and expanding NAT coverage in all major blood centers to shorten the diagnostic window period and reduce transmission
risk.

A notable strength of this study is the use of a large dataset encompassing thousands of voluntary donations across two major urban
centers, which enhances representativeness and statistical reliability. The findings provide updated regional insight into TTI trends and
identify key demographic patterns relevant to public health policy. However, certain limitations must be acknowledged. The
retrospective nature of data collection may have introduced information bias due to incomplete or inaccurate record entries. The study
relied solely on serological testing without confirmatory molecular assays, which could underestimate the true infection prevalence
within the early seroconversion window. Additionally, the data were restricted to voluntary donors from specific centers, limiting
generalizability to the national donor population and precluding inclusion of replacement or paid donors. Future studies should adopt
multicenter, prospective designs incorporating molecular diagnostic techniques such as NAT to provide more accurate prevalence
estimates. Including both voluntary and replacement donors would allow comparative analysis and yield insights into differential risk
profiles. Expanding the demographic base to include more female donors and older adults could also enhance donor diversity and reduce
dependency on limited male donor pools. Public health authorities should further integrate donor education, pre-donation counseling,
and targeted awareness programs to reduce community-level transmission of TTIs and improve blood safety nationwide (24). In
summary, this study revealed a 3.93% overall prevalence of transfusion-transmitted infections among voluntary donors, with HCV and
HBYV remaining the dominant pathogens. These findings reaffirm the persistent burden of TTIs in Pakistan and underline the importance
of sustained surveillance, modernization of screening practices, and inclusive donor recruitment strategies to secure a safer national
blood supply.

CONCLUSION

This study highlights that transfusion-transmitted infections remain a persistent concern among voluntary blood donors in Islamabad
and Rawalpindi, with hepatitis viruses continuing to pose the greatest risk to blood safety. The predominance of infections among
younger male donors underscores the need for more inclusive and targeted donor recruitment strategies, particularly involving women
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and older adults. Although improved screening practices have reduced certain risks, the continued presence of infections such as syphilis
indicates gaps in preventive and educational measures. Ensuring a safe and sustainable blood supply therefore requires not only advanced
laboratory testing but also comprehensive public health interventions focused on donor education, vaccination, and community
awareness to strengthen the overall integrity of the transfusion system in Pakistan.
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