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Seroprevalence of Human Herpesvirus-6 (HHV-6) IgM among Healthy Blood Donors in Eastern Sudan: A Cross-Sectional Study


ABSTRACT
Background: Human herpesvirus 6 (HHV-6) is a ubiquitous β-herpesvirus that establishes lifelong latency following primary infection, usually acquired during early childhood. Although infection is often asymptomatic in immunocompetent individuals, HHV-6 may pose a transfusion-transmitted risk, particularly for immunocompromised recipients, in whom viral reactivation can lead to severe complications. Data on HHV-6 exposure among Sudanese blood donors are scarce. This study aimed to determine the seroprevalence of HHV-6 IgM antibodies among healthy blood donors in Eastern Sudan. Methods: A cross-sectional study was conducted between 2022 and 2025 among 180 apparently healthy male blood donors attending Kassala Teaching Hospital, Eastern Sudan. Anti-HHV-6 IgM antibodies were detected using a commercial enzyme-linked immunosorbent assay (ELISA). Demographic characteristics and hematological parameters were recorded. Statistical analysis was performed using SPSS version 28, and associations were assessed using the chi-square test, with statistical significance set at p < 0.05. Results:
HHV-6 IgM antibodies were detected in 5 out of 180 donors, yielding a seroprevalence of 2.78%. No statistically significant associations were observed between HHV-6 IgM seropositivity and age, region of residence, or ABO/Rh blood groups. Most hematological parameters were comparable between IgM-positive and IgM-negative donors; however, monocyte counts showed a statistically significant difference (p = 0.043). Conclusion: The low seroprevalence of HHV-6 IgM suggests limited evidence of recent or active infection among healthy blood donors in this setting. Nevertheless, the low sensitivity of the serological assay used may underestimate the true prevalence. These findings highlight the need for larger, multicenter studies incorporating high-sensitivity molecular techniques to better assess the transfusion-related risk of HHV-6 in Sudan.
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1. INTRODUCTION
[bookmark: _GoBack]“Blood transfusion is a life-saving medical intervention; however, it carries an inherent risk of transmitting infectious agents from asymptomatic donors to recipients. Transfusion-transmitted infections (TTIs) remain a major public health concern, particularly in low- and middle-income countries where diagnostic resources and surveillance systems are often limited. Although routine screening for major blood-borne pathogens such as human immunodeficiency virus (HIV), hepatitis B virus (HBV), hepatitis C virus (HCV), and Treponema pallidum has significantly reduced the burden of classical TTIs, emerging and neglected pathogens continue to pose challenges to transfusion safety” [1]. “Human herpesvirus 6 (HHV-6) is a ubiquitous β-herpesvirus comprising two closely related species, HHV-6A and HHV-6B” [15]. “Primary infection usually occurs during early childhood, after which the virus establishes lifelong latency” [2,16]. “HHV-6B is the etiological agent of exanthema subitum (roseola infantum), whereas HHV-6A is less well characterized but is increasingly associated with neurotropic and immunomodulatory effects” [3]. Following primary infection, HHV-6 persists in various cell types, including monocytes and macrophages, and may integrate into human chromosomal telomeres, resulting in chromosomally integrated HHV-6 (ciHHV-6), a condition reported in approximately 1% of the general population [4]. “In immunocompetent individuals, HHV-6 infection is usually asymptomatic or self-limiting. However, in immunocompromised patients—such as hematopoietic stem cell and solid-organ transplant recipients, individuals with hematological malignancies, and those living with HIV—viral reactivation or primary infection can lead to severe clinical manifestations, including encephalitis, hepatitis, pneumonitis, bone marrow suppression, and graft dysfunction” [5–8]. “In solid organ transplant recipients, including kidney, liver, and lung transplants, HHV-6 reactivation has been associated with graft dysfunction, delayed recovery, and increased morbidity” [17].  Several studies have documented transfusion-transmitted HHV-6, highlighting the potential risk associated with blood transfusion, particularly in settings where transfusion recipients often include immunosuppressed patients. Globally, HHV-6 IgG seroprevalence ranges from 60% to 90%, reflecting widespread early-life exposure [9]. In contrast, detection of HHV-6 IgM antibodies, which indicates recent or active infection, is less common and varies by geographic region, population characteristics, and diagnostic methods. For example, a study conducted in Qatar reported an HHV-6 IgG seroprevalence of 71.7% [9], while a recent study from Pakistan detected HHV-6 IgM antibodies in 8% of healthy blood donors [10]. In Sudan, routine screening for HHV-6 is not performed, and epidemiological data on HHV-6 infection among blood donors are scarce. Kassala State, located in Eastern Sudan near international borders, is characterized by high population mobility and limited infectious disease surveillance. Understanding the sero-epidemiology of HHV-6 in this region is therefore essential for assessing potential transfusion-related risks. Recent studies have highlighted the clinical relevance of herpesvirus-specific antibody responses, particularly IgM and IgA classes, in both acute infection and viral reactivation. Westman et al. demonstrated that IgM and IgA anti-NMDAR antibodies may have important diagnostic and prognostic value in herpes simplex encephalitis, emphasizing the complexity of herpesvirus-associated immune responses and the potential for antibody cross-reactivity in neurological conditions [13]. Furthermore, Shikova et al. reported frequent co-infections with cytomegalovirus, Epstein–Barr virus, and HHV-6 among patients with chronic inflammatory conditions, underscoring the immunomodulatory role of HHV-6 and the challenges associated with serological interpretation [14]. These findings support the need for cautious interpretation of HHV-6 IgM seropositivity, particularly in asymptomatic populations such as blood donors. Accordingly, this study aimed to determine the seroprevalence of HHV-6 IgM antibodies among healthy Sudanese blood donors attending Kassala Teaching Hospital, thereby providing baseline data to inform blood transfusion safety policies in Sudan.

2. MATERIALS AND METHODS
Study Design and Setting
A cross-sectional study was conducted at Kassala Teaching Hospital, Kassala State, Eastern Sudan, between 2022 and 2025.
Study Population and Sampling
A total of 180 apparently healthy male blood donors were enrolled using a non-probability convenience sampling technique. Participants were recruited consecutively after routine donor screening at the blood bank. All donors met the World Health Organization (WHO) eligibility criteria for blood donation [11]. The sample size was determined based on donor availability during the study period and was comparable to sample sizes used in similar studies conducted in the region.
Inclusion and Exclusion Criteria
Sudanese male voluntary or replacement blood donors who provided written informed consent were included in the study. Donors were excluded if they tested positive for any mandatory transfusion-transmissible infections, including HIV, HBV, HCV, or syphilis, or if they were non-Sudanese nationals.
Data Collection
Sociodemographic data, including age and region of residence, were collected using a structured interviewer-administered questionnaire. Additional clinical information was obtained from donor medical records when necessary to ensure data completeness and accuracy.
Specimen Collection and Hematological Analysis
Approximately 5 mL of venous blood was collected aseptically into serum separator tubes (SST). Samples were allowed to clot at room temperature for 2 hours and then centrifuged at 1000 × g for 15 minutes. The separated serum was aliquoted and stored at −20°C until serological analysis. Complete blood counts were performed using an automated hematology analyzer (Mindray BC-30s) following the manufacturer’s instructions and routine quality-control measures. ABO and Rh blood grouping was performed for all donors using the standard tube agglutination method with commercially available antisera (anti-A, anti-B, and anti-D), according to routine blood bank procedures.
Serological Detection of HHV-6 IgM Antibodies
Anti-HHV-6 IgM antibodies were detected using a commercial enzyme-linked immunosorbent assay (ELISA) kit (Bioassay Technology Laboratory, China) according to the manufacturer’s instructions. Serum samples were diluted 1:100 with the provided sample diluent before incubation in antigen-coated microplates. Positive and negative controls supplied with the kit were included in each assay run to ensure validity. Optical density values were measured at 450 nm with a reference wavelength of 630 nm, and results were interpreted using the manufacturer’s recommended cut-off values, with samples considered positive at concentrations ≥ 1.0 U/mL and negative at < 0.10 U/mL. The reported sensitivity and specificity of the assay were 40% and 98%, respectively. Given these performance characteristics, the possibility of false-negative results cannot be excluded, particularly in cases of low antibody titers, early infection, or latent viral infection. Additionally, although uncommon, false-positive results may occur due to antibody cross-reactivity with other herpesviruses, such as Epstein–Barr virus or cytomegalovirus.
Choose IgM as primary marker in this study 
HHV-6 IgM was selected as the primary serological marker in this study because its presence is indicative of recent or active infection. In contrast, HHV-6 IgG antibodies reflect past exposure and lifelong latency, which are highly prevalent in adult populations. Although molecular methods such as PCR are more sensitive, they may detect latent or chromosomally integrated HHV-6 DNA, which does not necessarily indicate active infection.
Statistical Analysis
Data were analyzed using SPSS version 28. Descriptive statistics were used to summarize demographic characteristics, serological findings, and hematological parameters. Associations between HHV-6 IgM seropositivity and categorical variables were assessed using the chi-square test. Statistical significance was set at p < 0.05. Given the small number of seropositive cases, results were interpreted with caution.
3. RESULTS &  DISCUSSION

A total of 180 apparently healthy male blood donors were included in the study. The study population consisted exclusively of male blood donors. In Kassala, female blood donation rates are extremely low due to cultural, social, and physiological factors, resulting in insufficient female donor availability during the study period. Therefore, only male donors met the eligibility criteria, allowing for consistent recruitment without introducing sampling bias. The overall seroprevalence of anti-HHV-6 IgM antibodies was 2.78% (5/180). It should be noted that the low sensitivity (40%) of the ELISA assay used may have contributed to an underestimation of the true prevalence of HHV-6 IgM due to potential false-negative results. Figure 1 illustrates the distribution of HHV-6 IgM seropositivity among the study population. The distribution of HHV-6 IgM seropositivity according to demographic characteristics (Table 1). No statistically significant associations were observed between HHV-6 IgM seropositivity and age group (χ² = 2.34, p = 0.126), region of residence (χ² = 0.147, p = 0.986), or ABO/Rh blood group (χ² = 2.657, p = 0.753). Although most IgM-positive donors were aged 19–35 years, this distribution did not indicate a meaningful epidemiological trend. A comparative analysis of hematological parameters between HHV-6 IgM–positive and IgM–negative donors (Table 2). No significant differences were observed in total white blood cell counts, neutrophil counts, lymphocyte counts, or platelet counts. However, monocyte counts showed a statistically significant difference between the two groups (p = 0.043). Overall, the findings indicate a low prevalence of recent HHV-6 infection among healthy blood donors, with no clear demographic predictors of seropositivity in this population.
Table 1. Distribution of HHV-6 IgM Seropositivity According to Demographic Characteristics.
	Variable
	Category
	Total Samples (n)
	HHV-6 IgM Positive, n (%)
	χ²
	P-value

	Age Group (years)
	19–35
	152
	3 (1.97%)
	
2.34
	
0.126

	
	36–52
	28
	2 (7.14%)
	
	

	Region
	Kassala
	175
	5 (2.86%)
	

0.147
	

0.986

	
	Khartoum
	2
	0 (0.0%)
	
	

	
	Al-Jazeera
	2
	0 (0.0%)
	
	

	
	Darfur
	1
	0 (0.0%)
	
	

	Blood Group
	O+
	85
	2 (2.35%)
	

2.657
	

0.753

	
	B+
	60
	2 (3.33%)
	
	

	
	A+
	25
	1 (4.0%)
	
	

	
	AB+
	5
	0 (0.0%)
	
	

	
	Rh− (O−, B−)
	5
	0 (0.0%)
	
	



Table 2. Hematological parameters among HHV-6- IgM positive.
	Parameter
	P
	X2
	OR
	95% Confidence Interval

	
	
	
	
	Lower
	Upper

	Total WBCs
	0.1839
	1.765
	3.950
	0.2141
	72.88

	Neutrophils
	0.4144
	0.6663
	0.4771
	0.077
	2.9929

	Lymphocytes
	0.4191
	0.6528
	0.4129
	0.04515
	3.775

	Monocytes
	0.043
	4.006
	0.1827
	0.02867
	1.164

	Platelets
	0.4131
	0.6700
	0.4025
	0.04237
	3.824
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Figure 1. Seropositivity of HHV-6 IgM by ELISA among the study population


This study provides the first serological evidence of HHV-6 IgM antibodies among healthy blood donors in Sudan, contributing important baseline data to an area where epidemiological information is extremely limited. The overall seroprevalence of HHV-6 IgM antibodies (2.78%) observed in this cohort suggests a low level of recent or active HHV-6 infection among apparently healthy male donors attending Kassala Teaching Hospital. The low IgM seropositivity rate reported in the present study is consistent with findings from several regional and international studies involving blood donor populations. Obeid et al. [12] reported no detectable HHV-6 IgM antibodies among healthy blood donors in Saudi Arabia, while a higher prevalence was observed among transplant recipients, likely reflecting immunosuppression-related viral reactivation. In contrast, a study conducted in Pakistan by Iftikhar et al. [10] reported an HHV-6 IgM seroprevalence of 8% among healthy blood donors, indicating geographical variation in HHV-6 epidemiology. A study conducted among blood donors in Greece reported a high seroprevalence of HHV-6 antibodies, reflecting widespread exposure in healthy populations, although evidence of recent infection was uncommon [20]. Differences in seroprevalence across studies may be attributed to variations in population characteristics, sample size, diagnostic assays, and regional exposure patterns. The absence of statistically significant associations between HHV-6 IgM seropositivity and demographic factors such as age, region of residence, and ABO/Rh blood group suggests that recent HHV-6 infection is sporadic and not strongly influenced by these variables in the studied population. Although most IgM-positive donors were within the younger age group (19–35 years), this finding did not reach statistical significance and may reflect the overall age distribution of the donor population rather than a true epidemiological trend. Analysis of hematological parameters revealed no significant differences between HHV-6 IgM–positive and IgM–negative donors, except for monocyte counts, which were significantly different between the two groups. This observation may be biologically plausible, as monocytes and macrophage-lineage cells are recognized reservoirs for HHV-6 latency and replication. Similar associations between HHV-6 infection and monocyte involvement have been described in previous studies [4]. However, given the small number of seropositive cases, this finding should be interpreted cautiously and warrants confirmation in larger studies. From a transfusion safety perspective, the detection of HHV-6 IgM antibodies among blood donors, even at a low frequency, is clinically relevant. HHV-6 can be transmitted through blood components, and although infection is typically asymptomatic in immunocompetent recipients, transfusion-transmitted HHV-6 may have serious consequences for immunocompromised patients, including transplant recipients and individuals with hematological malignancies [5–8]. Higher HHV-6 seroprevalence has been reported among patients with hematological malignancies, including acute leukemia, where immunosuppression may facilitate viral reactivation and enhanced viral–host interactions [21]. The absence of routine HHV-6 screening in Sudanese blood banks underscores the need for targeted surveillance and risk assessment. Importantly, the low seroprevalence observed in this study may underestimate the true burden of HHV-6 infection due to the limited sensitivity (40%) of the ELISA assay used. Serological detection of IgM antibodies may fail to identify latent or low-level infections, particularly in cases of viral integration or intermittent reactivation. Molecular techniques such as polymerase chain reaction (PCR) are more sensitive and would provide a more accurate assessment of HHV-6 prevalence and transfusion-related risk. Interpreting HHV-6 IgM seropositivity remains difficult due to the known limitations of serological tests. Serological assays for HHV-6, particularly IgM-based tests, are limited by suboptimal sensitivity and specificity and may fail to distinguish between primary infection, viral reactivation, and latent or chromosomally integrated HHV-6 [19]. The relatively low sensitivity of the ELISA method used in this study raises the chances of false-negative results, which may underestimate the true rate of recent HHV-6 infection among blood donors. Also, false-positive IgM reactions have been reported in cases of polyclonal B-cell activation and cross-reactivity with other herpesviruses, such as EBV and CMV, as noted in the literature [13,14]. These factors should be considered when interpreting serological results, especially in asymptomatic populations.
4. CONCLUSION
Despite the low observed seroprevalence of HHV-6 IgM antibodies, HHV-6 remains a clinically relevant transfusion-transmissible pathogen, particularly for immunocompromised patients who are at risk of severe complications such as encephalitis, bone marrow suppression, and graft dysfunction. The lack of routine HHV-6 screening and the scarcity of epidemiological data in Sudan represent important gaps in current transfusion safety practices. The findings of this study highlight the need for expanded sero-epidemiological surveillance of HHV-6 among blood donors in Sudan, incorporating multicenter designs, inclusion of both male and female donors, and the use of high-sensitivity molecular diagnostic methods. Strengthening diagnostic capacity and generating robust epidemiological data will be essential for informing evidence-based blood transfusion policies and enhancing the safety of blood supplies for high-risk patient populations.

5. LIMITATIONS 
This study has several limitations that should be considered when interpreting the results. First, the study was conducted at a single center, which limits the generalizability of the findings to other regions of Sudan. Second, only male blood donors were included, and therefore, the results may not reflect the seroprevalence of HHV-6 among female donors or the general population. Third, the relatively small sample size and the low number of HHV-6 IgM–positive cases reduced the statistical power to detect significant associations with demographic or hematological variables.
Additionally, the reliance on a serological assay with low analytical sensitivity may have resulted in underestimation of the true prevalence of HHV-6 infection. The absence of molecular diagnostic methods, such as PCR for viral DNA detection and viral load quantification, further limited the ability to differentiate between latent, reactivated, and active infections. 
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