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Transfusion-Transmissible Viral Infections Among Blood Donors in Sudan During Armed Conflict: A Cross-Sectional Study, 2024

ABSTRACT
Background: Blood transfusion safety remains a major public health concern due to the risk of transfusion-transmissible infections (TTIs), particularly hepatitis B virus (HBV), hepatitis C virus (HCV), and human immunodeficiency virus (HIV). In Sudan, the ongoing armed conflict has severely disrupted healthcare services, potentially increasing transfusion-related risks. This study aimed to assess the seroprevalence of major TTIs among blood donors in a conflict-affected region of Sudan during 2024. Methods: A retrospective cross-sectional study was conducted using blood donor records from Al-Naw Hospital, Omdurman, Sudan, between March and August 2024. A total of 6,531 donors were screened for HBsAg, anti-HCV, and anti-HIV using rapid diagnostic tests. Data were analyzed using descriptive statistics to determine overall and monthly seroprevalence rates, and findings were compared with previous studies conducted in Sudan. Results: Among the screened donors, 235 (3.6%) tested positive for at least one TTI. HBV was the most prevalent infection, detected in 142 donors (2.17%), followed by HCV in 57 donors (0.87%) and HIV in 36 donors (0.55%). No co-infections were identified. Monthly analysis showed fluctuating prevalence rates, with the highest overall TTI prevalence observed in March (4.56%) and August (4.42%). Compared with pre-conflict studies from other regions of Sudan, the prevalence of HBV and HCV was generally lower, while HIV prevalence showed variable patterns. Conclusion: Transfusion-transmissible infections remain a significant threat to blood safety in conflict-affected settings of Sudan, with HBV constituting the predominant infection among blood donors. Despite healthcare system disruptions, sustained transmission risks persist, underscoring the urgent need for strengthened blood screening strategies, improved quality assurance, and context-specific interventions to ensure safe blood transfusion during humanitarian emergencies.
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1. INTRODUCTION
Blood transfusion, while lifesaving, poses significant risks for transmitting viral pathogens, including hepatitis B virus (HBV), hepatitis C virus (HCV), and human immunodeficiency virus (HIV) [1]. These transfusion-transmissible infections (TTIs) constitute a persistent global health challenge, particularly in resource-limited settings where screening infrastructure and quality assurance may be inadequate [2]. The epidemiology of TTIs exhibits substantial geographical variation, influenced by regional endemicity, donor demographics, vaccination coverage, and sensitivity of screening methodologies [3]. In Sudan, pre-conflict studies reported heterogeneous seroprevalence across states: HBV ranged from 1.3% to 11.7%, HCV from 0% to 3.4%, and HIV from 0.05% to 3.0% among blood donors [4-8]. However, since April 2023, Sudan has experienced a devastating armed conflict that has precipitated a humanitarian catastrophe characterized by mass displacement, healthcare system collapse, and destruction of public health infrastructure [9]. This conflict has created a paradoxical situation for blood transfusion services: demand has surged due to conflict-related trauma and surgical emergencies, while the capacity to ensure blood safety has been severely compromised by shortages of medical supplies, trained personnel, and functional laboratories [10]. Al-Naw Hospital in Karari locality, Omdurman, serves as a critical referral center for war-injured patients, placing extraordinary pressure on its blood bank operations [11]. Contemporary data on TTIs during this humanitarian emergency are critically lacking. The absence of current epidemiological information impedes the development of evidence-based interventions to mitigate transfusion risks. This study was therefore conducted to determine the seroprevalence of HBV, HCV, and HIV among blood donors at Al-Naw Hospital during six months in 2024, to inform urgent blood safety strategies in conflict-affected regions of Sudan.

2. MATERIALS AND METHODS
Study Design and Setting
A retrospective, descriptive cross-sectional study was conducted by reviewing blood donor records at Al-Naw Hospital, Karari locality, Omdurman State, Sudan. This facility operates as a primary trauma center serving a population severely affected by ongoing armed conflict.
Study Population and Sampling
The study population comprised all blood donors (n=6,531) who presented for donation between March 1 and August 31, 2024. A convenience sampling approach was used, including all available records from this period. All donors were male, reflecting cultural norms and practical constraints on female donation in this setting.
Data Collection and Laboratory Procedures
Data were extracted from standardized blood bank registers. All prospective donors underwent preliminary assessment through a structured questionnaire (medical history, risk behaviors) and basic physical examination. Approximately 5 mL of venous blood was collected by venipuncture, and serum was separated by centrifugation. Screening was performed using commercially available immunochromatographic rapid diagnostic test (RDT) cassettes (Model: HBsAg/HCV/HIV Combo Test) for simultaneous detection of HBsAg, anti-HCV, and anti-HIV antibodies. Tests were conducted according to manufacturer specifications by trained laboratory technicians. No confirmatory testing (ELISA or NAT) was performed due to resource constraints.
Data Analysis
Extracted data were entered into Microsoft Excel 2019 and analyzed using descriptive statistics. Frequencies and percentages were calculated for each TTI marker. Monthly prevalence trends were analyzed, and results were compared with previous Sudanese studies through narrative synthesis.
3. RESULTS
A total of 6,531 blood donors were screened at Al-Naw Hospital blood bank between March and August 2024. All donors were male, with a median age of 41.5 years (range: 18–65 years). Overall, 235 donors (3.6%) tested positive for at least one transfusion-transmissible infection (TTI). Hepatitis B virus (HBV) was the most frequently detected infection, identified in 142 donors (2.17%), followed by hepatitis C virus (HCV) in 57 donors (0.87%) and human immunodeficiency virus (HIV) in 36 donors (0.55%). No cases of co-infection with more than one TTI marker were observed among the study population. The distribution of TTIs showed temporal variation over the six-month study period (Table 1). HBV prevalence remained relatively stable, ranging from 1.21% to 2.80%, with the highest rate recorded in May (2.80%). HCV seropositivity was highest in March (2.01%), followed by a marked decline to below 1% in the subsequent months. HIV prevalence remained low throughout most of the study period (0.11%–0.55%), except for a noticeable increase in August (1.40%). The overall monthly TTI prevalence ranged from 2.52% in April to 4.56% in March, indicating persistent but fluctuating exposure risk among blood donors during the study period (Table 1). When compared with findings from previous studies conducted in different regions of Sudan (Table 2), the HBV prevalence observed in the current study (2.17%) was lower than rates reported in El-Obeid, Kassala, Kosti, and Port Sudan, but higher than those documented in Dongola. Similarly, HCV prevalence (0.87%) was lower than that reported in Kassala and Kosti, while HIV prevalence (0.55%) exceeded that observed in Dongola but remained lower than rates reported in Kassala and El-Obeid (Table 2).
Table 1. Overall and Monthly Distribution of Transfusion-Transmissible Infections Among Blood Donors
	Month
	Donors Screened
	HBV n (%)
	HCV n (%)
	HIV n (%)
	Total TTI n (%)

	March
	1,095
	22 (2.01)
	22 (2.01)
	6 (0.55)
	50 (4.56)

	April
	911
	11 (1.21)
	11 (1.21)
	1 (0.11)
	23 (2.52)

	May
	820
	23 (2.80)
	7 (0.85)
	3 (0.36)
	33 (4.02)

	June
	1,150
	21 (1.83)
	10 (0.87)
	3 (0.26)
	34 (2.96)

	July
	1,198
	28 (2.34)
	3 (0.25)
	4 (0.33)
	35 (2.92)

	August
	1,357
	37 (2.73)
	4 (0.29)
	19 (1.40)
	60 (4.42)

	Total
	6,531
	142 (2.17)
	57 (0.87)
	36 (0.55)
	235 (3.60)


Table 2. Comparative Seroprevalence of Transfusion-Transmissible Viral Infections Among Blood Donors in Different Regions of Sudan.
	State (Study Period)
	HBV (%)
	HCV (%)
	HIV (%)
	Reference

	El-Obeid (2008)
	10.0
	0.0
	0.8
	[12]

	Kassala (2010)
	4.3
	3.1
	3.0
	[4]

	Dongola (2010–2015)
	1.3
	0.7
	0.05
	[13]

	Kosti (2014)
	5.5
	3.4
	0.7
	[14]

	Khartoum (2015)
	6.0
	0.2
	0.4
	[5]

	Port Sudan (2017)
	11.7
	0.4
	0.4
	[8]

	Omdurman (2024)
	2.17
	0.87
	0.55
	Current study



 4. DISCUSSION
This study provides crucial epidemiological data on TTIs among blood donors in Omdurman, Sudan, during a period of severe humanitarian crisis. The overall TTI prevalence of 3.6%, with HBV being predominant (2.17%), indicates persistent threats to blood safety in this conflict-affected region. The finding of HBV as the most prevalent TTI (2.17%) aligns with the established epidemiology of hepatitis B in sub-Saharan Africa, where the virus remains hyperendemic with an estimated 6.1% prevalence in the general population [15]. This persistent high prevalence underscores the critical need for expanded hepatitis B vaccination programs in Sudan, particularly targeting high-risk groups including healthcare workers, family contacts of infected individuals, and newborns through birth-dose vaccination [16]. The observed HBV prevalence is notably lower than rates reported in several pre-conflict Sudanese studies (Table 2). While this might suggest epidemiological improvement, it more likely reflects methodological differences. Our exclusive reliance on RDTs—known to have variable sensitivity (51.5-100%) for HBV detection compared to ELISA or NAT [17]—probably resulted in underestimation. Additionally, the all-male donor population in our study (versus mixed populations in earlier studies) and potential changes in donor demographics during conflict may contribute to observed differences. HCV prevalence (0.87%) was substantially lower than rates reported in Kassala (3.1%) and Kosti (3.4%) [4,14]. This variation likely reflects regional differences in HCV transmission dynamics, influenced by factors such as healthcare practices, injection safety, surgical procedures, and cultural norms [18]. The relatively low HCV prevalence in our study, despite conflict conditions, warrants further investigation into potential protective factors or detection limitations. HIV prevalence (0.55%) represents a concerning risk for transfusion safety, though it is lower than rates in some neighboring countries during stable periods [19]. The absence of co-infections in our study differs from some previous reports [4,20], possibly reflecting different epidemiological patterns or limitations in RDT sensitivity for multiple infections. The ongoing conflict in Sudan has created unprecedented challenges for blood transfusion services. The surge in trauma cases requiring urgent transfusion has coincided with the collapse of medical supply chains, electricity shortages, and depletion of trained personnel [9,10]. In such contexts, blood banks face extreme pressure to provide life-saving transfusions while operating with compromised screening capabilities.
5. LIMITATIONS 
This study is limited by its retrospective design and reliance on rapid diagnostic tests without confirmatory assays, which may have resulted in underestimation of transfusion-transmissible infection prevalence. The inclusion of only male donors and the single-center study setting limit the generalizability of the findings. Additionally, the lack of detailed donor demographic and risk factor data and operational challenges related to the ongoing conflict may have affected data completeness and interpretation.
6. CONCLUSION
Transfusion-transmissible viral infections remain a persistent threat to blood safety in conflict-affected regions of Sudan. Hepatitis B virus was the most prevalent infection among blood donors in Omdurman during 2024, followed by hepatitis C virus and human immunodeficiency virus. Despite severe healthcare system disruptions caused by ongoing armed conflict, the continued presence of these infections highlights the urgent need for strengthened and context-appropriate blood screening strategies to ensure transfusion safety in humanitarian settings.
7. RECOMMENDATIONS
Blood transfusion safety in conflict-affected areas should be strengthened through the consistent availability of quality-assured screening tests, improved quality control of rapid diagnostic testing, and expansion of hepatitis B vaccination programs. Incorporating emergency preparedness into national blood transfusion policies and enhancing donor screening and surveillance systems are essential to reduce transfusion-transmissible infection risks. Continued collaboration with international health organizations is crucial to support sustainable blood safety interventions during humanitarian crises.
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