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ABSTRACT 

	Keratoconjunctivitis refers to the concurrent inflammation of the cornea and conjunctiva, often presenting with redness, discharge, tearing, irritation, photophobia, and ocular pain. Herpes simplex virus type 1 (HSV-1), a neurotropic α-herpesvirus, is a significant etiological agent of ocular diseases worldwide and can lead to blepharitis, conjunctivitis, dendritic keratitis, and in severe cases, corneal scarring and blindness. HSV-1 transmission occurs through direct contact with infected secretions and can be triggered by immunosuppression, trauma, or ultraviolet exposure. Although the global burden of ocular HSV-1 infections is well documented, but limited data are available from Sudan, particularly concerning molecular detection. This study aimed to investigate the molecular prevalence of HSV-1 among patients presenting with keratoconjunctivitis at Al-Walidayn Hospital in Khartoum State, Sudan. A total of 40 eye swab samples were collected from clinically diagnosed keratoconjunctivitis patients. Demographic and clinical data were obtained through structured questionnaires. Molecular analysis was performed using real-time PCR methods targeting the HSV-1 glycoprotein B gene. Among the 40 participants, 14 (35%) were male and 26 (65%) female, ranging in age from 6 months to 90 years. HSV-1 DNA was detected in 2 (5%) patients using real-time PCR. The relatively low detection rate reflects the rare occurrence of HSV-1-induced keratoconjunctivitis in this population. Nevertheless, the potential severity of HSV-1 ocular complications underscores the importance of raising awareness among both healthcare providers and the general public. The study highlights the utility of real-time PCR for HSV-1 detection in ocular infections and underlines the need for larger, multi-center surveillance studies in Sudan to guide diagnostic and public health interventions.
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1. INTRODUCTION 
Herpes simplex virus (HSV) is a highly adaptable human pathogen, widely distributed across populations and capable of persisting in the host indefinitely (Looker et al., 2015). It is classified within the Herpesviridae family and exists as two major serotypes: HSV-1 and HSV-2. HSV-1 is primarily associated with oral and ocular infections, while HSV-2 is predominantly responsible for genital infections (Looker et al., 2015). Both serotypes are transmitted through direct contact with infected secretions, contributing to a significant global disease burden. The worldwide prevalence of HSV infections, including both types, is estimated to be around 90%, with substantial variations across different regions (Freeman et al., 2020).
HSV infections can affect individuals across all age groups, but susceptibility varies based on immune status and exposure risks. Neonates are particularly vulnerable to HSV infections, often acquiring the virus during childbirth if the mother has an active infection, leading to neonatal herpes, which can result in severe complications leading to high mortality (Whitley, 2015). Children and adolescents frequently contract HSV-1 through non-sexual contact, such as kissing or sharing utensils, contributing to its high prevalence in younger populations. By adolescence and early adulthood, HSV-2 infections become more common due to the onset of sexual activity, with prevalence rates increasing significantly in individuals aged 20–29 years (Johnston et al., 2013). Studies indicate that HSV-1 infections acquired during childhood provide partial immunity against genital HSV-1 infections later in life, though reinfections can still occur (Schiffer & Corey, 2013). Older adults may experience reactivation of latent HSV infections, particularly during periods of immunosuppression or physiological stress (Wald et al., 2006). Immunocompromised individuals, including those with HIV/AIDS, are at heightened risk for severe HSV infections, often presenting with prolonged and recurrent episodes (Tyring, 2006). The psychological impact of HSV infections can be significant, particularly among young adults, due to the stigma associated with genital herpes, affecting mental health and social interactions (Fife et al., 2008). Epidemiological studies suggest that HSV prevalence varies by geographic region, with higher rates observed in populations with limited access to healthcare and preventive measures. Public health efforts focus on education, prevention, and early treatment to reduce transmission and mitigate the long-term effects of HSV infections across all age groups (Booy et al., 2014).
Ocular infections caused by HSV-1 include blepharitis, conjunctivitis, dendritic keratitis, and corneal ulceration, all of which can lead to significant vision impairment. Keratoconjunctivitis, defined as inflammation of the cornea and conjunctiva, presents with symptoms such as redness, tearing, discharge, irritation, pain, and photophobia (Noyes et al., 2002). Immunocompromised individuals—such as those with diabetes mellitus, malignancies, or undergoing post-organ transplant treatments—exhibit an increased risk of severe or bilateral HSV keratitis (Romano et al., 2005). Studies have demonstrated that diabetic patients, particularly those with poor glycemic control, are more susceptible to herpetic eye diseases, a pattern observed in epidemiological investigations conducted in some regions (Ben-Ami et al., 2012). Similarly, prolonged use of topical corticosteroids has been linked to HSV-1 reactivation, contributing to recurrent ocular manifestations (Hayward et al., 2008).
Diagnostic approaches for HSV-1 keratitis have evolved significantly over the years, with molecular detection techniques offering much improved sensitivity and specificity. The burden of HSV-1 keratoconjunctivitis in Sudan remains underexplored, necessitating further research to evaluate its prevalence and impact on affected individuals. Strengthening diagnostic capabilities, implementing preventive strategies, and promoting awareness about HSV ocular infections can contribute to mitigating vision loss associated with the disease (El-Sayed et al., 2020). Given the existing data from regional studies, this research aimed to assess the molecular prevalence of HSV-1 among keratoconjunctivitis patients in Khartoum, Sudan using real-time PCR methodologies (Kammoun et al., 2021).

2. material and methods 
2.1 Study Design and Population
This descriptive, cross-sectional study was conducted at Al-Walidayn Hospital, Khartoum, Sudan, between March and August 2019. The study enrolled keratoconjunctivitis patients who presented at the ophthalmology department during this period. To ensure representativeness and minimize selection bias, patients were recruited consecutively during routine clinical visits. Inclusion criteria were based on clinical diagnosis of keratoconjunctivitis confirmed by slit-lamp examination, while exclusion criteria included prior antiviral treatment or ocular surgery within the past six months. Ethical approval was obtained from the hospital’s institutional review board, and informed consent was secured from all participants in accordance with the Declaration of Helsinki (World Medical Association, 2013).
2.2 Sample Collection
Eye swab samples were obtained from 40 patients diagnosed with keratoconjunctivitis. Samples were collected in viral transport media (VTM; Copan, Italy) and stored at -20°C for further laboratory analysis.
Swabs were taken from the inferior fornix using sterile Dacron-tipped applicators, avoiding contact with eyelashes or eyelids to reduce contamination. Each sample was labeled with a unique identifier and transported to the virology laboratory within 2 hours of collection under cold chain conditions. The use of VTM ensured viral integrity and minimized degradation prior to nucleic acid extraction (Maini et al., 2024).
2.3 DNA Extraction
DNA extraction was performed using the QIAamp DNA Mini Kit (QIAGEN, Germany), following the manufacturer’s protocols. The extracted DNA samples were stored at -20°C for downstream applications.
To enhance yield and purity, an additional proteinase K digestion step was included prior to column purification. DNA concentration and purity were assessed using a NanoDrop spectrophotometer (Thermo Fisher Scientific), with A260/A280 ratios between 1.8 and 2.0 considered acceptable. Negative extraction controls were included in each batch to monitor for contamination (Xu et al., 2022).
2.4 Real-Time PCR Assay
HSV-1 DNA detection was performed using the SOLIScript 1-step probe kit (Solis BioDyne Germany) according to the manufacturer’s instructions. The thermocycler amplification program for HSV-1 detection was optimized as follows: initial activation step at 95°C for 10 minutes, followed by 45 cycles of denaturation at 95°C for 15 seconds and annealing at 60°C for 60 seconds.
Table 1: The gB gene-specific primer sequences used were:
	Oligonucleotide
	Sequence (5′ → 3′)
	Label
	Target Gene

	Forward Primer (GbTyF)
	CGCATCAAGACCACCTCCTC
	—
	gB (glycoprotein B)

	Reverse Primer (GbTypR)
	GCTCGCACCAACGCGAG
	—
	gB (glycoprotein B)

	Probe (GbTyp1)
	TGGCAACGCGGCCCAAC
	VIC / TAMRA
	gB (glycoprotein B)


The gB gene was selected due to its high conservation and diagnostic relevance in HSV-1 detection (Labib & Chigbu, 2022). Amplification was performed on a QuantStudio 5 Real-Time PCR System (Applied Biosystems), and fluorescence data were analyzed using the system’s proprietary software. Positive and negative controls were included in each run, and samples with cycle threshold (Ct) values below 35 were considered positive for HSV-1 DNA (Mtshali et al., 2021).
2.5 Statistical Analysis
Data were analyzed using SPSS software (version 21). Statistical significance was determined using chi-square tests, with P ≤ 0.05 considered significant. Descriptive statistics were used to summarize demographic and clinical variables. Fisher’s exact test was applied when expected cell counts were below five. Additionally, logistic regression was performed to explore associations between HSV-1 positivity and age, gender, and clinical features. Confidence intervals (95%) were calculated for prevalence estimates to assess precision (Sugita et al., 2023).
3. results and discussion

3.1 HSV-1 DNA Detection
Among the 40 keratoconjunctivitis patients tested, 2 (5%) were positive for HSV-1 DNA via real-time PCR as detailed in Table 2. 
Table 2: Association between gender and the presence of Herpes Simplex Virus-1 DNA in Keratoconjunctivitis patients detected by Real-time PCR at Al-Walidayn Hospital, Khartoum, Sudan.
	Herpes Simplex Virus-1 Status
	Males (n=14)
	Females (n=26)
	Total (n=40)

	Positive Patients (No.)
	1/14
	1/26
	2/40

	Positive Patients (%)
	7.1%
	3.8%
	5%

	Negative Patients (No.)
	13
	25
	38

	Negative Patients (%)
	92.9%
	96.2%
	95%


The low detection rate may reflect the episodic nature of viral shedding and the timing of sample collection relative to disease onset. Previous studies have shown that HSV-1 DNA is more likely to be detected during active epithelial keratitis than in stromal disease (Epstein et al., 1990).
3.2 Age and Gender Distribution
HSV-1 DNA was detected in two patients: one aged <10 years (1/5; 20%) and another aged 21–31 years (1/7; 14%) [Table 3]. 
Table 3: Association Between Age Groups and the Presence of Herpes Simplex Virus-1 DNA in Keratoconjunctivitis Patients at Al-Walidayn Hospital, Khartoum, Sudan (2019)
	Age Group (Years)
	Positive Patients (No.)
	Positive Patients (%)
	Negative Patients (No.)
	Negative Patients (%)
	Total (%)

	Less than 10
	1
	20%
	4
	80%
	100%

	10-20
	0
	0.0%
	7
	100%
	100%

	21-31
	1
	14%
	6
	86%
	100%

	32-42
	0
	0.0%
	4
	100%
	100%

	43-53
	0
	0.0%
	4
	100%
	100%

	More than 53
	0
	0.0%
	13
	100%
	100%



No significant association was observed between age and HSV-1 positivity (P = 0.40). Similarly, no statistically significant difference was found between gender groups (P = 0.64). [Tables 2 and 3.]
These findings align with global data indicating that HSV-1 infection is often acquired early in life, with seroprevalence exceeding 80% in many African populations by adolescence (Nasrallah et al., 2017). However, the detection of viral DNA in ocular samples may not correlate directly with serostatus due to latency and intermittent reactivation (Antony et al., 2024).

4. DISCUSSION 
Our findings indicate that real-time PCR detected HSV-1 DNA in 5% of keratoconjunctivitis cases. This relatively low prevalence contrasts with higher detection rates reported in other countries in the region. For instance, studies reported prevalence rates of 22.5% in Saudi Arabia (Al-Swailem & Abdel-Aziz, 2014), 31.1% in Egypt (Badawy et al., 2008), 18.7% in Jordan (Matar et al., 2010), 15.3% in the United Arab Emirates (Al-Dahash et al., 2015), and 29.8% in Kuwait (Al-Darwish et al., 2015). In North Africa, Tunisia reported the highest rate at 41% (Amara et al., 2017), while Morocco recorded a prevalence of 26.4% (Jaidane et al., 2016). These differences may be attributed to environmental factors, healthcare accessibility, diagnostic methodologies, and study population characteristics. Additionally, the small sample size in our study, coming from a single hospital, may have contributed to the lower detection rate, underscoring the need for larger epidemiological investigations utilizing advanced molecular techniques in Sudan.
The relatively low HSV-1 DNA detection rate in our study (5%) may reflect both epidemiological and methodological factors. In Sudan, limited access to molecular diagnostics and underreporting of viral keratitis cases may contribute to an underestimated burden. Moreover, the timing of sample collection, often during late-stage keratitis, can reduce viral load, affecting PCR sensitivity (Sugita et al., 2023).
Comparative data from neighboring countries further highlight regional disparities. A recent study in Egypt reported HSV-1 DNA detection in 31.1% of keratoconjunctivitis cases (Badawy et al., 2008), while Tunisia showed a prevalence of 41% (Amara et al., 2017). In contrast, a 2024 review from Ethiopia and Chad found limited molecular surveillance, with most diagnoses based on clinical presentation alone (Antony et al., 2024). This underscores the need for standardized diagnostic protocols across North and East Africa.
The role of HSV-1 in ocular morbidity is increasingly recognized. Globally, HSV-1 is responsible for over 1.5 million cases of keratitis annually, with 40,000 resulting in monocular blindness (WHO, 2024). In the Middle East and North Africa (MENA) region, seroprevalence studies suggest that up to 90% of adults carry HSV-1 antibodies, indicating widespread exposure (Nasrallah et al., 2017). However, seropositivity does not equate to active ocular disease, reinforcing the importance of PCR-based detection for clinical relevance.
Recent advances in real-time PCR have improved diagnostic accuracy. Multiplex PCR platforms now allow simultaneous detection of HSV-1, HSV-2, and other ocular pathogens, reducing turnaround time and enhancing sensitivity (Maini et al., 2024). In our study, the use of the SOLIScript 1-step probe kit provided reliable amplification of the gB gene, a conserved target for HSV-1 detection. Future studies may benefit from integrating droplet digital PCR (ddPCR), which offers absolute quantification and improved detection in low-viral-load samples (Xu et al., 2022).
Risk factors such as immunosuppression, diabetes mellitus, corticosteroid use, and corneal trauma are consistently associated with HSV-1 keratitis across studies. Research from Kuwait and Lebanon emphasized the role of these conditions in increasing susceptibility to ocular HSV infections (Al-Darwish et al., 2015; Holbrook et al., 2010). This highlights the importance of early diagnosis, particularly among high-risk groups, to prevent severe complications, including recurrent keratitis and vision loss.
The immunopathogenesis of HSV-1 keratitis involves both viral replication and host immune response. Following primary infection, HSV-1 establishes latency in the trigeminal ganglion, with reactivation triggered by stress, immunosuppression, or trauma (Antony et al., 2024). Recurrent episodes can lead to stromal keratitis, characterized by immune-mediated inflammation and neovascularization. Studies have shown that CD4+ T cells and pro-inflammatory cytokines such as IL-6 and TNF-α play a central role in corneal damage (Yun et al., 2020).
Our findings align with global trends indicating a shift in HSV-1 epidemiology. In high-income countries, declining childhood oral HSV-1 infections have led to increased genital transmission among adolescents and young adults (WHO, 2024). While ocular HSV-1 remains primarily associated with oral acquisition, the changing landscape may influence future keratitis patterns. Surveillance systems must adapt to these shifts, incorporating both serological and molecular data to guide public health interventions.
The absence of significant associations between HSV-1 positivity and age or gender in our cohort may be due to sample size limitations. Larger multicenter studies are needed to explore demographic risk factors. For instance, a 2023 study in South Africa found higher HSV-1 keratitis rates among males aged 20–40, potentially linked to occupational exposure and delayed healthcare access (Mtshali et al., 2023). Incorporating behavioral and socioeconomic variables could enhance epidemiological modeling.
Additionally, although data from neighboring African countries remain scarce, incorporating future studies from countries such as Ethiopia, Chad, Southern Sudan, and Central Africa, where cross-border human movement and trade are extensive, would provide a more comprehensive understanding of HSV-1 epidemiology across the region (Kasule et al., 2014).
From a clinical perspective, early diagnosis and antiviral therapy are critical. Oral acyclovir remains the first-line treatment, with valacyclovir offering improved bioavailability and reduced dosing frequency (Labib & Chigbu, 2022). However, antiviral resistance is emerging, particularly in immunocompromised patients. Genotypic assays targeting UL23 and UL30 mutations may help identify resistant strains and guide therapy (M’Garrech et al., 2017).
In Sudan, integrating molecular diagnostics into routine ophthalmic care faces logistical challenges. Limited laboratory infrastructure, cost constraints, and training gaps hinder widespread PCR adoption. Partnerships with regional research centers and international health organizations could facilitate capacity building. Mobile PCR units and point-of-care platforms may offer scalable solutions for remote settings (Wang et al., 2024).
Finally, public awareness campaigns are essential to reduce HSV-1 transmission and promote early care-seeking. Educational initiatives targeting high-risk groups, such as healthcare workers, contact lens users, and individuals with diabetes can mitigate complications. Community-based screening and telemedicine consultations may improve access and outcomes, especially in underserved areas.
5. Conclusion
The findings of this study highlight the presence of HSV-1 DNA in a subset of keratoconjunctivitis patients, confirming the utility of real-time PCR as a sensitive diagnostic tool. Although HSV-1 keratoconjunctivitis appears to be a rare condition in this setting, its potential to cause vision-threatening complications calls for greater clinical attention. There is a pressing need to increase public and professional awareness of the disease, particularly its signs, risk factors, and the importance of early diagnosis. Future studies should incorporate larger sample sizes across multiple healthcare institutions to improve epidemiological accuracy and provide a more comprehensive understanding of HSV-1 prevalence in Sudan. Additionally, integrating serological testing alongside molecular assays could enhance diagnostic precision by distinguishing active infections from past exposure.
6. LIMITATIONS
This study was conducted with a relatively small sample size which may limit the generalizability of the findings to a broader population in Sudan. Additionally, the absence of detailed immunological assessments in study participants restricts the ability to determine underlying host factors influencing HSV-1 susceptibility. The reliance on a single hospital setting may not fully capture variations in HSV-1 prevalence across different geographical regions and healthcare facilities.
.
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