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Abstract

Background: COVID-19 severity varies widely among individuals, influenced by age, gender, and
genetic predisposition. The heme oxygenase-1 (HO-1) T(-413)A promoter polymorphism has been
implicated in modulating inflammatory and oxidative-stress responses and may influence disease
outcomes, but data from Sudanese and other African populations remain scarce.

Objectives: This study aimed to evaluate the association of age, gender, and the HO-1 T(-413)A
polymorphism with COVID-19 severity among Sudanese patients.

Methods: A cross-sectional study was conducted on 138 patients with laboratory-confirmed COVID-
19. Demographic data were recorded, and the HO-1 T(-413)A promoter SNP (rs2071746) was
genotyped by allele-specific PCR (AS-PCR). Disease severity was classified as severe or non-severe
according to WHO criteria. Associations were assessed using chi-square tests, odds ratios, and four
genetic models (codominant, dominant, recessive, overdominant) implemented in SNPStats.

Results: Males made up 67.4% of participants, with a mean age of 65 years, marginally older than
females (60 years; p = 0.050). The prevalence of severe disease was similar between males (35.5%)
and females (37.8%; p = 0.468). Younger age was significantly associated with severe disease among
males (61.0 vs. 67.4 years; p = 0.029) but not among females. Under the recessive model, the HO-1
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T/T genotype was associated with markedly lower odds of severe COVID-19 compared with carriers
of at least one A allele (OR = 0.31, 95% CI: 0.10-0.98, p = 0.029), suggesting a possible protective
association.

Conclusion: Both demographic and genetic factors appear to contribute to COVID-19 severity in
this Sudanese cohort. Although overall severity did not differ by sex, younger men were
disproportionately affected, and the HO-1 T/T genotype was associated with reduced odds of severe
disease. These findings point to a possible protective role of the T/T genotype that warrants
confirmation in larger, adequately powered studies.

Keywords: COVID-19, Heme Oxygenase-1, Genetic Polymorphism, Disease Severity, Sudan

Introduction

Coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), emerged in late 2019 and rapidly evolved into a global pandemic with far-reaching
consequences for health, economic, and social systems worldwide (Skerenova et al., 2022; Ke et al.,
2022). As of 2025, although no longer designated a Public Health Emergency of International
Concern, COVID-19 continues to pose a substantial global health risk according to the WHO's most
recent assessments, underscoring the continued need for surveillance and preparedness (WHO,
2025). Despite widespread vaccination and improved clinical management, the disease continues to
pose challenges, particularly with the emergence of new variants and persistent disparities in
outcomes (Niemi et al., 2022).

Clinically, COVID-19 presents a broad spectrum of severity, ranging from asymptomatic infection
to acute respiratory distress syndrome, multi-organ failure, and death (Velavan et al., 2021). While
most cases remain mild, a substantial proportion progress to severe disease requiring hospitalization
and intensive care (Zhang et al., 2022). Established risk factors for severe disease include older age,
male sex, obesity, and comorbidities such as cardiovascular disease, diabetes, and hypertension;
however, these clinical parameters alone do not fully explain the wide inter-individual variability
observed in disease severity (Gao et al., 2022; Niemi et al., 2022). Severe and even fatal cases have
been documented in young, otherwise healthy individuals, sometimes clustering within families,
pointing to a role for host genetic factors in susceptibility and progression (Niemi et al., 2022;
Skerenova et al., 2022).

Genome-wide association studies, whole-exome sequencing, and candidate-gene studies have
identified variants linked to COVID-19 susceptibility and severity, many residing in genes governing
viral entry, immune regulation, inflammation, and oxidative-stress pathways (COVID-19 Host
Genetics Initiative, 2021; Niemi et al., 2022). Among these, single nucleotide polymorphisms in
heme oxygenase-1 (HO-1) have been implicated in shaping host responses to infection (Halasova et
al., 2022). HO-1 is a rate-limiting enzyme in heme catabolism with anti-inflammatory and antioxidant
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properties, and its expression is modulated by promoter polymorphisms such as the T(-413)A variant,
which may in turn influence COVID-19 outcomes (Skerenova et al., 2022; Velavan et al., 2021).

Most of the evidence linking host genetic variation, including HO-1 polymorphisms, to COVID-19
severity has been generated in European, Asian, and North American cohorts. Data from African and,
specifically, Sudanese populations remain very limited, despite the region's distinct genetic
background, comorbidity profile, and healthcare context. Because allele frequencies and gene—
environment interactions for HO-1 variants are known to differ across ethnic groups, findings from
other populations cannot be assumed to apply directly to Sudanese patients. This gap constrains the
ability of clinicians and public health authorities in Sudan to identify individuals at elevated genetic
risk and to interpret demographic risk patterns, such as the roles of age and sex, within their own
population.

Characterizing the demographic and genetic correlates of COVID-19 severity in a Sudanese cohort
addresses this evidence gap and contributes population-specific data to the broader literature on host
genetics and COVID-19. Identifying whether the HO-1 T(-413)A polymorphism is associated with
disease severity in this setting may help clarify the biological pathways underlying differential
outcomes, inform risk-stratification strategies, and support the development of more targeted clinical
and public health responses for Sudanese and, more broadly, African populations. This is particularly
relevant given that host genetic susceptibility markers may eventually complement established
clinical risk factors in identifying patients who warrant closer monitoring.

To the best of our knowledge, no previous study has examined the relationship between the HO-1
T(-413)A polymorphism and COVID-19 severity in a Sudanese population. This study was therefore
conducted to investigate the associations of age, gender, and the HO-1 T(-413)A polymorphism with
COVID-19 severity among Sudanese patients.

Methods

Study Participants

A cross-sectional study was carried out at the isolation center in Wad Madani between November
2020 and April 2021, involving adult patients (>18 years) hospitalized with laboratory-confirmed
COVID-19. Diagnosis was established according to World Health Organization (WHO) criteria,
using reverse transcription polymerase chain reaction (RT-PCR) to detect SARS-CoV-2 RNA.

Both male and female patients were enrolled, and disease severity was classified according to WHO
guidelines into two categories: severe and non-severe (moderate). Severe illness was defined by
clinical indicators such as respiratory distress, oxygen saturation (SpO:) below 90% on ambient air,
or a respiratory rate exceeding 30 breaths per minute. Non-severe cases were characterized by clinical
or radiological evidence of pneumonia in the absence of these severe criteria.

Patients were excluded if they had received immunosuppressive therapy prior to admission, had
autoimmune disease, or had a known genetic condition affecting immunity. Patients who did not
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provide informed consent or whose biological samples were of insufficient quality were also
excluded.

Sample and Data Collection

Venous blood was collected from all participants at admission, prior to administration of any
medication, using a 3 mL syringe into EDTA tubes, and stored immediately at —80 °C for subsequent
genetic testing. Demographic information, medical history, and clinical signs and symptoms were
obtained from the hospital's data management system.

DNA Extraction and HO-1 T(-413)A Promoter SNP (rs2071746) Genotyping

Total DNA was extracted from EDTA blood samples using the G-spin™ Total DNA Extraction Mini
Kit (iNtRON Biotechnology, Seongnam-si, South Korea). The HO-1 T(-413)A promoter SNP
(rs2071746) was genotyped by Allele-Specific PCR (AS-PCR), using two allele-specific primer sets
designed to amplify the T and A alleles independently. Each 15 pl reaction contained 1 pl of allele-
specific primer, 3 ul of 5x FIREPol® Master Mix (Solis BioDyne, Tartu, Estonia), 2 ul of extracted
genomic DNA, and 9 pl of nuclease-free H.O. Amplification conditions comprised initial
denaturation at 95 °C for 10 minutes, followed by 35 cycles of 95 °C for 30 seconds and 60 °C for
30 seconds, with a final extension at 72 °C for 45 seconds. The expected PCR product length was
311 base pairs. The beta-globin gene served as a positive control in each reaction to confirm DNA
integrity and PCR success. Products were resolved on 10% agarose gel electrophoresis with ethidium
bromide staining, using a 100 bp size marker.

Statistical Analysis

Statistical analyses were performed using SPSS version 22.0 (SPSS Inc., Chicago, IL, USA).
Categorical variables were summarized as frequencies and percentages and compared between
groups using the chi-square test. Continuous variables were expressed as mean = standard deviation
(SD). The independent-samples t-test or Mann—Whitney U test was applied for two-group
comparisons, and one-way ANOVA or the Kruskal-Wallis test for comparisons across more than
two groups, depending on the distribution of the data. Genotypic association analyses between the
HO-1 T(-413)A (rs2071746) polymorphism and COVID-19 severity were performed using SNPStats
software (www.snpstats.net), evaluating four inheritance models: codominant, dominant, recessive,
and overdominant. The chi-square (Pearson) test was used to compare genotype distributions between
severe and non-severe cases, with the most common genotype, or genotype combination, in each
model used as the reference category. Odds ratios (ORs) with 95% confidence intervals (Cls) were
calculated to estimate the strength of association for each model, and model fit was assessed using
the Akaike Information Criterion (AIC). A p-value < 0.05 was considered statistically significant.

Results

The study included 138 participants with a mean age of 64 years (SD = 14.1; range = 23-94 years).
Males constituted 67.4% (n = 93) of the sample, with a mean age of 65 years (SD = 12.8), while
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females represented 32.6% (n = 45), with a mean age of 60 years (SD = 15.9) (Table 2). The
difference in mean age between genders approached statistical significance (p = 0.050), with males
generally older than females in this cohort.

Table 2: Age and gender characteristics of the study population

Gender N (%) Mean Age (Years) SD Minimum | Maximum P value
Total 138 64 14.1 23 94 —

Female 45 (32.6%) 60 15.9 25 94 0.050
Male 93 (67.4%) 65 12.8 23 92

Table 3 presents mean age by gender and disease severity. Among males, mean age was significantly
lower in the severe group (61.0 years) than in the non-severe group (67.4 years; p = 0.029), indicating
that younger males were more likely to develop severe disease. Among females, mean age was nearly
identical between severe (61.1 years) and non-severe (60.4 years) groups, with no significant
difference (p = 0.893).

Table 3: Mean age of male and female COVID-19 patients by disease severity

. Male Mean Age Female Mean Age
Severity Group (Years) Male p (Years) Female p
Severe (n=51) 61.00 0.029 61.06 0.893
Non-severe (n = 87) 67.42 60.43

Of the 51 severe cases (36.2% of the cohort), 33 (35.5% of males) were male and 17 (37.8% of
females) were female. Among non-severe cases, 60 (64.5%) were male and 28 (62.2%) were female.
No significant difference in severity was observed between genders (p = 0.468) (Table 4).

Table 4: Gender distribution among severe and non-severe COVID-19 cases

Group Total N (%) Male N (%) Female N (%) p value
Severe (n=51) 51 (36.2%) 33 (35.5%) 17 (37.8%) 0.468
Non-severe (n = 87) 87 (63.8%) 60 (64.5%) 28 (62.2%)

Table 5 presents the distribution of HO-1 T(-413)A genotypes by COVID-19 severity under
codominant, dominant, recessive, and overdominant models. Genotyping data were available for 132
of the 138 participants (48 severe and 84 non-severe cases); the remaining six participants were
excluded from genotypic analysis due to insufficient DNA yield/genotyping failure [authors to
confirm and state the precise reason in the final text]. The percentages in Table 5 are therefore
calculated relative to this genotyped subset of 132 rather than the full cohort of 138.
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In the codominant model, a trend toward significance was observed (p = 0.09), with a markedly lower
frequency of the T/T genotype among severe cases (8.3%) than among non-severe cases (22.6%).
The T/T genotype was associated with reduced odds of severe disease relative to the A/A genotype
(OR =0.30, 95% CI: 0.09-0.99), consistent with a possible protective role.

The recessive model showed a statistically significant association (p = 0.029): individuals carrying
the T/T genotype had significantly lower odds of severe COVID-19 than carriers of at least one A
allele (A/A or A/T) (OR = 0.31, 95% CI: 0.10-0.98), supporting a recessive protective effect of the
T allele.

The dominant model showed no significant association (p = 0.32); carriers of at least one T allele
(A/T or T/T) had a modest, non-significant reduction in odds of severe disease (OR = 0.69, 95% CI:
0.34-1.42). The overdominant model likewise showed no significant effect (p = 0.55), indicating that
heterozygosity (A/T) alone does not independently modify risk (OR = 1.24, 95% CI: 0.61-2.55).

The Akaike Information Criterion (AIC) was lowest for the recessive model (AIC = 172.3), indicating
that it provided the best fit among the models tested.

Table 5: Association of HO-1 T(-413)A (rs2071746) genotypes with COVID-19 severity under
different genetic models (n = 132)

Genetic o Non-severe N P value o
Model Genotype Severe N (%) (%) ) OR (95% CI) AIC
Codominant A/A 22 (45.8) 31(36.9) 0.09 1.00 174.2
(reference)
0.91 (0.42—
A/T 22 (45.8) 34 (40.5) 1.96)
0.30 (0.09-
T/T 4 (8.3) 19 (22.6) 0.99)*
. 1.00
Dominant A/A 22 (45.8) 31 (36.9) 0.32 176.4
(reference)
A/T-T/T 26 (54.2) 53 (63.1) 0.69 (0.34-
1.42)
Recessive A/A-A/T 44 (91.7) 65 (77.4) 0.029 .00 172.3
(reference)
0.31 (0.10-
T/T 4 (8.3) 19 (22.6) 0.98)*
Overdominant A/A-T/T 26 (54.2) 50 (59.5) 0.55 1.00 176.7
(reference)
1.24 (0.61-
A/T 22 (45.8) 34 (40.5) 2.55)

* Statistically significant (p < 0.05).
Discussion
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This study examined the influence of gender, age, and the HO-1 T(-413)A genetic polymorphism on
COVID-19 severity in a Sudanese cohort. Globally, advanced age and male sex are well established
as major risk factors for severe disease and mortality from COVID-19; however, the strength and
pattern of these associations vary across populations and genetic backgrounds. Our findings reveal a
distinct pattern in which younger males exhibited greater severity while females showed no
significant age-related difference, and in which the HO-1 T(-413)A polymorphism was associated
with disease severity. These results are discussed below in relation to the existing literature, organized
around four themes: demographic distribution, age and severity, gender and severity, and the HO-1
genotype.

Demographic Distribution of the Study Population

Our findings of higher male representation (67.4%) and an older mean age among males (65 years)
(Table 2) are broadly consistent with regional reports. Comparable male predominance and mean
ages have been described in hospitalized COVID-19 cohorts from East Africa [authors to confirm
and cite the specific Ugandan and Ethiopian sources intended here], while South African data from
Boulle et al. (2021) showed a somewhat lower male proportion (around 55%) and a mean age near
60 years. A study from the United Arab Emirates by Hashim et al. (2022) reported an even higher
male proportion (70%) but a slightly younger mean age (58 years). This consistency across settings
points to a broader trend of higher COVID-19 infection and hospitalization rates among males,
particularly older males, plausibly linked to sex-specific biological and exposure-related factors. The
near-significant age difference between genders in our study (p = 0.050) is consistent with the wider
literature identifying age as a major risk factor for infection and hospitalization (Iaccarino et al., 2020;
Mueller et al., 2020), and suggests that older males may represent a particularly vulnerable
demographic for public health monitoring.

Age and COVID-19 Severity

Among male participants, those with severe disease had a significantly lower mean age (61.0 years)
than those with non-severe disease (67.4 years; p = 0.029), whereas no such difference was observed
among females (61.1 vs. 60.4 years; p = 0.893) (Table 3). This pattern contrasts with the widely
reported trend that older age is associated with increased severity and mortality in both sexes; large
cohort studies, such as that of Covino et al. (2021), have reported mean ages exceeding 70—80 years
among severe COVID-19 cases, reinforcing age as a dominant risk factor in many settings [authors
to confirm and provide the additional large-scale age-severity reference intended here].

The inverse age—severity relationship observed among males in our cohort is atypical and may reflect
population-specific characteristics or unmeasured confounders, such as comorbidity profiles, genetic
predisposition, occupational exposure, or differences in healthcare-seeking behavior among younger
men. The absence of a comparable pattern in females suggests that sex-specific biological or social
determinants may shape disease progression differently. This is broadly consistent with meta-analytic
evidence that the predictive value of age for severity diminishes once other factors are accounted for,
particularly in multivariable models (Notarte et al., 2022; Bhargava et al., 2020), and underscores the
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need for further research into sex-specific interactions between age and other risk factors when
adjusting clinical risk-stratification models.

Gender and COVID-19 Severity

Our study observed a marginally higher proportion of severe cases among females (37.8%) than
males (35.5%), a difference that was not statistically significant (p = 0.468) (Table 4). This finding
differs from much of the existing literature, in which male sex is more commonly associated with
greater severity and worse outcomes, attributed to biological factors such as differences in immune
response, hormonal influences, and comorbidity prevalence (Jin et al., 2020; Galbadage et al., 2020).
However, the relationship between gender and severity is not uniform across populations and ethnic
groups. Thompson and Memon (2021) reported that, among some ethnic-minority populations
hospitalized with COVID-19 in Europe and North America, a greater proportion of severe cases
occurred among women than men, a pattern potentially shaped by genetics, socioeconomic status,
vitamin D status, occupational exposure, housing conditions, and access to healthcare. Our findings
add further support to the view that gender-based severity patterns are population-specific rather than
universal.

Overall Prevalence of Severe Disease

The present study identified a 36.2% prevalence of severe COVID-19, notably higher than reported
in several African and Middle Eastern cohorts. In Uganda, Baluku et al. (2021) reported an overall
severe-case proportion of 18%, with substantial variation between epidemic waves (5% in the first
wave versus 33% in the second). In South Africa, severity during the Omicron-dominated wave was
even lower, at 28.8% of hospitalized patients (National Institute for Communicable Diseases, 2022),
likely reflecting reduced variant virulence and increasing population immunity (Jassat et al., 2022),
in contrast to earlier waves in which severe cases ranged from 52-63% (Jassat et al., 2021).
Internationally, the proportion of severe disease among hospitalized patients frequently exceeded 40—
50% during early pandemic waves in Europe and North America (Bhargava et al., 2020; Covino et
al., 2021), while studies from the United Arab Emirates reported that only 21.7% of patients were
classified as moderate to severe (Hashim et al., 2022), with other Middle Eastern estimates ranging
from 25-35% depending on case definitions and healthcare capacity (Mueller et al., 2020; Notarte et
al., 2022).

The comparatively higher severity prevalence observed in our study may reflect several factors,
including delayed presentation to healthcare facilities, circulation of more pathogenic variants during
the study period (November 2020—April 2021), and a substantial burden of comorbidities in the
population, which are well documented to increase the risk of severe outcomes (Boulle et al., 2021).
Differences in patient-selection criteria and healthcare access across studies may also contribute to
this variation, highlighting the importance of interpreting severity estimates within their local
epidemiological and health-system context.

HO-1 T(-413)A Polymorphism and COVID-19 Severity
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Our findings suggest that the T/T genotype of the HO-1 T(-413)A (rs2071746) polymorphism may
be associated with reduced COVID-19 severity in this cohort, particularly under the recessive model
(Table 5). This observation appears novel for an African population and is notable because it contrasts
with earlier studies linking the T allele, associated with lower basal HO-1 expression (Yamada et al.,
2000; Chen et al., 2002), to increased susceptibility to oxidative-stress-related complications in
conditions such as type 2 diabetes and sickle cell disease (Basu et al., 2010; Nath et al., 2018).

This apparent protective association may reflect a context-dependent role of HO-1 in COVID-19.
While HO-1 is generally regarded as cytoprotective through its anti-inflammatory and antioxidant
functions (Durante, 2020), excessive HO-1 activity has also been associated with poor prognosis
among critically i1l COVID-19 patients (Sahoo et al., 2021). Under this hypothesis, lower basal HO-
1 levels among T/T carriers could attenuate the hyperinflammatory response characteristic of severe
disease, thereby reducing risk. The ethnic and genetic background of African populations, including
a reportedly higher prevalence of the T/T genotype and its co-segregation with longer (GT)n repeats
in the HO-1 promoter (Exner et al., 2004; Yamada et al., 2014), may modulate this effect differently
than in European or Asian populations. Because the T(-413)A SNP is often linked to the (GT)n
repeat-length polymorphism, the protective signal observed here may partly reflect the influence of
specific (GT)n repeat lengths rather than the T(-413)A SNP in isolation, a possibility that could not
be examined with the present genotyping approach.

Findings from Asian and European cohorts have been mixed. A Japanese study reported that carriers
of the A allele had reduced risk of severe sepsis and improved survival (Yamada et al., 2000),
consistent with the view that higher HO-1 inducibility is generally beneficial, whereas an Italian
COVID-19 cohort reported higher HO-1 levels among critically ill patients, suggesting that excessive
HO-1 activity may contribute to tissue damage in late-stage disease (Favarato et al., 2021). These
divergent observations suggest that the role of HO-1 polymorphisms in COVID-19 outcomes is likely
population-specific, depending on host genetic background, comorbidity profile, and environmental
exposure. Our results contribute preliminary evidence that, in this African population, the T/T
genotype may be associated with a more favorable course of SARS-CoV-2 infection, potentially by
limiting harmful HO-1 overexpression during severe inflammatory states. Given the modest sample
size underlying this genotype—severity analysis (n = 132, with only 23 T/T carriers overall), this
association should be interpreted as hypothesis-generating rather than conclusive, and requires
confirmation in larger, independent cohorts before any causal or firmly protective role can be
assigned to the T/T genotype.

Conclusion

This study highlights the interplay of age, gender, and genetic factors in COVID-19 severity within
a Sudanese cohort. Although males constituted a higher proportion of the study population and were
generally older, overall disease severity did not differ significantly between genders. Younger age
was associated with severe disease among males but not females, suggesting sex-specific biological
or behavioral factors may influence disease progression. Genotypic analysis of the HO-1 T(-413)A
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polymorphism revealed a possible protective association between the T/T genotype and reduced odds
of severe COVID-19, pointing to a role for host genetics in shaping disease outcomes in this
population. These findings underscore the value of considering demographic and genetic diversity in
COVID-19 research and clinical management, while the modest sample size and cross-sectional
design mean that the genetic association reported here should be regarded as preliminary pending
replication in larger, prospective, multi-center studies.

Recommendations

1. Adjust future analyses for comorbidities, vaccination status, and disease-wave/variant period,
which could not be controlled for in this cross-sectional dataset.

2. Investigate the functional mechanism linking the T/T genotype to attenuated inflammatory
response in COVID-19, including measurement of HO-1 expression and downstream
inflammatory markers.

3. Examine the (GT)n repeat-length polymorphism alongside the T(-413)A SNP to determine
whether the protective signal observed here reflects the SNP itself or its linkage with (GT)n
repeat length.

Limitations

This study has several limitations. The relatively small sample size and cross-sectional design may
have reduced statistical power to detect genetic effects, particularly given the small number of T/T
carriers. The absence of data on comorbidities and vaccination status limited adjustment for key
clinical confounders. Genotyping data were unavailable for six participants, reducing the analytic
sample for Table 5 to 132 of the original 138 patients. Finally, the study was conducted at a single
isolation center, which may introduce selection bias and limit the generalizability of the prevalence
and severity estimates, as well as the genetic association, to the broader Sudanese population.
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