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Abstract

Background: Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the causa-
tive agent of Coronavirus disease 2019 (COVID-19), exploits angiotensin-converting en-
zyme 2 (ACE2) for cell entry, implicating the renin-angiotensin system (RAS) in disease
pathogenesis. Hypertension (HT), a major comorbidity, is strongly influenced by genetic
factors within RAS, including angiotensin ii receptor type 1 (AGTR1) and ACE2) poly-
morphisms. However, data on these variants in African populations remain scarce. This
study investigated associations between AGTR1 and ACE2 single-nucleotide polymor-
phisms (SNPs), HT, and COVID-19 severity in patients at a Tshwane Academic Hospital.
Methods: We genotyped AGTR1 and ACE2 SNPs in 94 PCR-confirmed COVID-19 pa-
tients using Matrix-Assisted Laser Desorption/Ionization Time-Of-Flight (MALDI-TOF)
mass spectrometry. Clinical data were extracted from hospital records. Ordinal logistic
regression models assessed relationships between SNPs, HT, and COVID-19 severity. Re-
sults: The cohort (mean age: 53.9 years; HT prevalence: 54.9%) exhibited mild (54.9%),
moderate (18.6%), and severe (26.5%) COVID-19. Although the rs2106809 A genotype ap-
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1. Introduction

COVID-19, caused by SARS-CoV-2, presents a wide clinical spectrum, with most in-
dividuals experiencing mild to moderate respiratory illness that resolves without special-
ized care [1]. The initial cases of this respiratory illness were identified in Wuhan, Hubei
Province, China, in late December 2019, with SARS-CoV-2 classified as a positive-sense
single-stranded RNA virus [2]. The first confirmed case of COVID-19 in South Africa was
documented on March 5, 2020, involving a traveler who had recently returned from Italy
[3]. Transmission occurs primarily via aerosols, respiratory droplets, and close contact.
Disease severity is strongly influenced by age, immune status, and comorbidities such as
hypertension (HT) and diabetes [2,4].

SARS-CoV-2 enters host cells through the angiotensin-converting enzyme 2 (ACE2)
receptor, a key component of the renin-angiotensin system (RAS). ACE and ACE2 are
central to blood-pressure regulation and inflammatory responses, while AGTR1 (encod-
ing the angiotensin II type 1 receptor) regulates the classical RAS signalling cascade and
contributes to vascular homeostasis [5-7].

Genetic variation within ACE, ACE2, and AGTR1 has been implicated in modulating
HT risk and COVID-19 outcomes. Associations between SNPs in ACE and ACE2 and in-
creased HT susceptibility have been reported, and ACE2 variants on the X chromosome
may contribute to sex-specific differences in COVID-19 prevalence and severity [8]. How-
ever, findings across studies are inconsistent, with some reporting robust genotype-phe-
notype associations and others observing minimal or no effects [9]; conflicting results have
also been described for specific loci such as rs2106809 [10,11].

Despite expanding international literature [12], AGTR1 and ACE2 SNPs remain
markedly understudied in Sub-Saharan African populations, including South Africa. Ex-
isting data are dominated by some cohorts from Northern and West Africa [13-15], limit-
ing insight into the distribution and clinical relevance of RAS-pathway variants across the
continent’s heterogeneous ancestries, an important gap given Africa’s high HT burden
and genomic diversity [16].

This study addresses this gap by evaluating key AGTR1 and ACE2 SNPs in patients
at a Tshwane academic hospital in South Africa to determine their relationships with HT
and COVID-19 severity. The findings aim to inform population-specific biomarkers and
advance our understanding of host genetic factors that contribute to severe disease out-
comes.

2. Materials and Methods
2.1. Study Population and Specimen Collection

A total of 94 laboratory-confirmed COVID-19 patients at a Tshwane Academic Hos-
pital exhibiting varying degrees of disease severity (mild, moderate and severe) were en-
rolled in this study. The COVID-19 severity framework established by the Tshwane Aca-
demic Hospital was employed, with its criteria detailed in Supplementary Table S2. Each
participant had a nasopharyngeal swab collected using DNA/RNA Shield reagent, in ad-
dition to blood drawn into a DNA/RNA Shield Blood Collection Tube. These procedures

were carried out by a qualified phlebotomist registered with the Health Professions Coun-
cil of South Africa (HPCSA), following standardized techniques.

2.2. Hypertension and Other Comorbidities

Confirmed pre-existing HT information was obtained from the participants’ hospital
records during their visits, with HT defined in accordance with the South African Hyper-
tension Society (SAHS) guidelines as a reading of 2140/90 mmHg [17]. Additionally, in-
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formation on age, gender, diabetes mellitus (DM) and estimated glomerular filtration rate
(eGRF) dichotomized as normal (>60 mL/min/m2) or low (<60 mL/min/m2) were collected.

2.3. Nucleic Acid Extraction & Genotyping

The ExtractMe viral RNA kit (EM39) from Blirt (172 Gdansk, Poland) was used to
extract viral RNA according to the method of Kgatle et al. [18]. The Quick-DNA/RNA™
Blood Tube Kit (R1151) from Zymo Research (Irvine, California) was used to extract DNA
from patient samples following the manufacturer’s instructions. SARS-CoV-2 genotyping
was performed using a previously described method [19]. AGTR1 and ACE2 SNP geno-
typing was conducted using MALDI-TOF mass spectrometry, as previously outlined by
Chalwe et al. [20]. This study focused on the rs5183 [21], rs5185 [22], and rs5186 [23] SNPs
within AGTR1, as well as the rs2106809 [24] SNPs in ACE2, which were selected due to
their reported associations with the RAS, HT, and COVID-19.

2.4. Statistical Analysis and Modelling

Characteristics were outlined using summary statistics, including mean, standard
deviation (SD), proportions, and percentages of missing data. To address the issue of miss-
ing data, we utilized 10 multiple imputations via the Amelia Il software (version 9.0) pack-
age in R [25]. Specifically, we imputed datasets for age, gender, and DM. The results of
our multivariable analysis were derived from these imputed datasets, which were com-
bined according to Rubin’s rules [26]. COVID-19 severity was modeled as an ordinal out-
come with three levels: Mild, Moderate, and Severe. Ordinal logistic regression (OLR)
models were fitted using the MASS package [27], presuming a proportional odds logistic
link. Our models were constructed separately for each imputed dataset. To tackle issues
of quasi-complete separation and sparse genotype categories, we developed dominant
genetic models for SNPs rs5183, rs5185, rs5186, and rs2106809 by merging heterozygous
and homozygous categories. Under this approach, the combined genotype categories
were compared against major-allele homozygotes. This modeling strategy was chosen not
only to reduce sparse-data bias and improve model convergence, but also to enhance sta-
tistical power given the limited sample size. Moreover, applying a dominant model is bi-
ologically plausible for ACE2 SNPs, where the presence of even a single minor allele may
be sufficient to influence gene expression or functional activity. Therefore, this approach
provides a balance between statistical robustness and mechanistic interpretability. An ad-
justed OLR model was specified to include age, gender, DM, HT, eGFR and selected SNPs.
Model coefficients and standard errors were extracted from each imputed dataset and
pooled using Rubin’s rules to generate combined estimates, standard errors, confidence
intervals, and p-values. Odds ratios (ORs) and 95% confidence intervals (Cls) were calcu-
lated by exponentiating the pooled log-odds estimates. Crude models were also fitted for
each predictor individually to evaluate unadjusted associations with COVID-19 severity.
These models were similarly pooled across imputations using Rubin’s rules. SNPs that
did not converge or exhibited poor estimation in the adjusted models were excluded.
Model performance was assessed using the Akaike Information Criterion (AIC), averag-
ing the AIC values across imputations and computing AIC weights (AICw) to identify the
most parsimonious model. The top-performing model underwent further analysis, and its
findings, along with those from the crude analyses, were reported. Collinearity was also
evaluated in the adjusted models using variance inflation factors (VIFs).

https://doi.org/10.3390/covid6030040


https://doi.org/10.3390/covid6030040

COVID 2026, 6, 40

4 of 13

3. Results
3.1. Study Population

A total of 94 patients were enrolled in the study. Table 1 summarizes the demo-
graphic and clinical characteristics of the cohort, including SNPs and COVID-19 severity
classifications. The mean age of participants was 53.9 years (SD = 12.8), with a nearly equal
distribution between males (52.9%) and females (47.1%). The ethnic composition of the
cohort included 50 Black patients, 3 Indian patients, 3 mixed/biracial patients, and 38
White patients. Comorbidities were prevalent, with 26.5% of participants diagnosed with
DM and 54.9% with HT. eGFR abnormalities were present in 20.6% of participants. Gen-
otypic distributions for the SNPs were assessed. The performance of the genotyped SNPs
showed variability across key quality metrics, including coverage, expected heterozy-
gosity and Hardy-Weinberg equilibrium (HWE) p-values. These parameters coopera-
tively reflect assay robustness and the reliability of genotype calls in population-level
analyses. rs5183 showed the highest frequency for allele A (42.2%), followed by GA
(22.5%), None (26.5%), and G (8.8%). A similar trend in variability was observed across
other SNPs, including rs5185, 1s5186 and rs2106809, which is indicative of genetic hetero-
geneity within the cohort. Regarding COVID-19 severity, 54.9% of participants experi-
enced mild disease, 18.6% had moderate disease, and 26.5% had severe illness.

Table 1. Study Summary Statistics.

Variable Value Missing Percentage
Age (mean * sd) 53.9+12.8 S
Gender n(%)

Male 54 (52.9%) -
Female 48 (47.1%)

DM n(%)

No 71 (69.6%) 3.9
Yes 27 (26.5%)

HT n(%)

No 43 (42.2%) 2.9
Yes 56 (54.9%)

eGRF n(%)

No 81 (79.4%) -
Yes 21 (20.6%)

155183 n(%)

None 27 (26.5)

A 43 (42.2) -
GA 23 (22.5)

G 9(8.8)

155185 n(%)

None 41 (40.2)

T 4(3.9)
GT 57 (55.9)

rs5186 n(%)

None 65(54.2%)

A 51(42.5%)

CA 4(3.3%)

rs2106809 n(%)

None 25 (24.5%)

A 61 (59.8%) -
AG 12 (11.8%)

G 4 (3.9%)

COVID-19 Grades, n(%)

Mild 56 (54.9%)

Moderate 19 (18.6%)
Severe 27 (26.5%)
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3.2. Crude and Adjusted Predictors of COVID-19 Severity

Ordinal logistic regression analyses were conducted to evaluate the association
between clinical and genetic predictors and COVID-19 severity. Because the genotype
distribution exhibited quasi-constant patterns, it was not feasible to reliably evaluate the
proportional odds assumption across the imputations. Table 2 summarizes the results
from both crude and adjusted models following multiple imputations (MlIs). The dataset
exhibited minimal missingness, with only 3.9% of DM data and 2.9% of HT data
unavailable. To ensure methodological rigor, MI was employed instead of complete-case
(CC) analysis, as MI maximizes statistical power and minimizes bias by incorporating
information from partially observed records, an especially important consideration given
the study’s relatively small sample size. The imputation model in Amelia was used, which
employs the expectation-maximization bootstrap (EMB) algorithm. The EMB combines
the classic EM algorithm with a bootstrap approach to draw from the posterior. For each
draw, the data are bootstrapped to simulate estimation uncertainty, and then the EM
algorithm is run to find the mode of the posterior for the bootstrapped data, yielding
fundamental uncertainty as well. Furthermore, a sensitivity analysis was conducted to
validate the robustness and consistency of the primary findings, the results of which are
presented in Supplementary Table S1. Collectively, these methodological choices
strengthen the reliability and scientific merit of the study’s preliminary findings. All
predictors also demonstrated VIF values below conventional thresholds (e.g., VIF < 5),
indicating no evidence of problematic multicollinearity as shown in Table 2. In the crude
model, increasing age was significantly associated with higher odds of severe COVID-19
(OR =1.06,95% CI: 1.02-1.10, p = 0.001). Male gender also showed a significant association
(OR =1.47, 95% CI: 0.95-2.27, p = 0.04), although the confidence interval was wide. Low
eGFR was also a significant predictor (OR = 1.96, 95% CI: 1.21-3.13, p = 0.002). In the
adjusted model, age remained a significant predictor (OR = 1.06, 95% CI: 1.03-1.09, p <
0.001). However, the associations for gender and eGFR were attenuated and no longer
statistically significant. Notably, although the rs2106809 A genotype showed an
association with reduced odds of severe disease (OR = 0.39, 95% CI: 0.14-1.08, p = 0.04),
this finding should be interpreted cautiously. The limited sample size and exploratory
nature of the study mean that this observation may not reflect a true underlying
relationship. Larger, well-powered studies are needed to verify whether this apparent
protective trend is reproducible and clinically meaningful. Other SNPs, including rs5183,
did not show significant associations in the adjusted model. Model selection based on
AICw identified age as the most informative predictor (AICw OR = 0.86, 95% CI: 0.77—
0.97, p = 0.005), supporting its inclusion in the final model.

3.3. Sensitivity Analysis

A sensitivity analysis was performed using an alternative adjusted model that in-
cluded dominant coding for SNPs with sparse genotype distributions (Supplementary Ta-
ble S1). The model demonstrated a slightly improved fit (AIC =227.28). Other clinical var-
iables, including age, gender, DM, HT and eGFR were not statistically significant in this
sensitivity model. Most SNPs, including rs5183 and rs5185, did not show consistent asso-
ciations across models.
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Table 2. Ordinal logistic regression analysis of crude and adjusted models for COVID-19 severity after multiple imputation of model-selected variables.

Crude Adjusted AICw Mean_VIF
Variable OR 95%CI p-value OR 95%CI p-value OR 95%Cl p-value
Age 1.06 1.02-1.10 0.001 1.06 1.03-1.09 0.000 0.86 0.77-0.97 0.005 1.361
Gender (Female) Reference Reference Reference Reference Reference Reference 1.397
Gender (Male) 1.47 0.95-2.27 0.04 0.89 0.45-1.75 0.69
Diabetes (No) Reference Reference Reference Reference Reference Reference 1.173
Diabetes (Yes) 1.14 0.60-2.13 0.65 1.08 0.60-1.94 0.77
HT (No) Reference Reference Reference Reference Reference Reference 1.334
HT (Yes) 1.47 0.91-2.38 0.06 0.78 0.37-1.69 0.43
eGFR (Normal) Reference Reference Reference Reference Reference Reference 1.288
eGFR (Low) 1.96 1.21-3.13 0.002 1.89 0.87-4.09 0.06
rs5183 Reference Reference Reference Reference Reference Reference 1.385
rs5183 (A) 1.74 0.52-5.85 0.30 1.66 0.29-9.60 0.51
rs5183 (GA) 1.40 0.50-3.95 0.46 1.79 0.57-5.61 0.28
rs5183 (G) 1.84 0.81-4.20 0.09 0.70 0.22-2.21 0.49
rs2106809 Reference Reference Reference Reference Reference Reference 1.292
rs2106809 (A) 1.37 0.57-3.31 0.41 0.39 0.14-1.08 0.04
rs2106809 (AG) 0.93 0.39-2.21 0.85 0.88 0.38-2.03 0.73
rs2106809 (G) 1.61 0.69-3.79 0.20 0.99 0.26-3.72 0.96

Note: Statistical significance set at p < 0.05; AIC = 235.056; VIF = variance inflation factor.
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4. Discussion

The present study aimed to investigate the predictive relationships between the
AGTR1 and ACE2 SNPs (rs5183, rs5185, rs5186, rs2106809) in relation to pre-existing HT
and the severity of COVID-19 among patients at a Tshwane Academic Hospital in Preto-
ria, South Africa. Among our participants, 54.9% experienced mild illness, 18.6% experi-
enced moderate illness, and 26.5% experienced severe disease. These findings are con-
sistent with those from a multicenter survey conducted in Osaka, Japan, by Imoto et al.
[28]. In previous reports, the high prevalence of mild COVID-19 cases has been attributed
to widespread population immunity, which may be due to vaccination and/or prior infec-
tions [29], the reduced virulence of the dominant variants during the study period [18,19]
and the age of the participants [30]. This may help explain the results observed in our
study.

The demographic composition of the cohort, predominantly Black patients with ad-
ditional representation from Indian, mixed/biracial, and White participants, provides a
critical context for interpreting both HT status and COVID-19 severity. Racial differences
in HT risk are well documented: Black populations exhibit higher rates of HT, altered
renal sodium handling, and distinct vascular responses compared with White popula-
tions. Additional work further highlights physiological and environmental contributors,
including inflammation, gut microbiota changes, and social determinants of health, which
reinforce these disparities [31-33].

Genetically, key HT-associated genes such as SCNNI1B, GRK4, ARMCS5, and
CACNAI1D show ancestry-specific patterns in individuals of African descent, contrib-
uting to low renin phenotypes and increased susceptibility to end-organ damage [34,35].
These genetic and physiological traits are particularly relevant because HT remains one
of the strongest predictors of severe COVID-19 outcomes. Racial and ethnic disparities in
HT prevalence and control contribute to broader inequities that may amplify vulnerability
to severe COVID 19 [36,37]. Given this background, the predominance of Black partici-
pants in the cohort underscores the importance of interpreting SNP-based findings within
an ancestry-informed framework. This diversity also strengthens the study’s contribution
to potential precision medicine efforts by helping identify ancestry-specific variants that
may influence cardiometabolic and infectious disease outcomes.

In the crude model, advancing age was notably linked to increased chances of expe-
riencing severe COVID-19. This is consistent with findings from Mueller et al. [30] and
Hossain et al. [38]. They reported that the severity of COVID-19 and its outcomes are
closely correlated with age, indicating that older adults (particularly those over 65) may
face significantly greater risks of hospitalization, severe illness (e.g., multi-organ failure),
and mortality. These studies attribute this mainly to factors like age-related immune de-
cline (immunosenescence), a higher prevalence of pre-existing health issues and elevated
baseline inflammation, among others [30,38]. This may provide insight into the results
observed among our participants. These findings underscore the importance of age as a
consistent and significant predictor of disease severity, corroborating previous literature
that identifies older age as a major risk factor for adverse outcomes related to COVID-19
[30].

The male gender demonstrated a notable association as well. This aligns with find-
ings from Zaher et al. [39] and Beegle et al. [40], who indicated that men are at a greater
risk of experiencing severe illness, hospitalization, and mortality when compared to
women, who may have higher incidences of long COVID. They linked this discrepancy to
differences in immune responses across genders, hormonal influences (such as the protec-
tive effect of estrogen), and lifestyle factors (including higher smoking prevalence among
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men), which likely lead to men being more susceptible to severe health outcomes [39,40].
This finding may provide a plausible explanation for our results.

A low eGFR emerged as a significant predictor within our study population. Our
results share similarities with those reported by Boruga et al. [41] and Cornelissen et al.
[42], who also observed that COVID-19 infection correlates with a decreased eGFR. The
kidneys are often affected by infections through both direct and indirect mechanisms. Ah-
madian et al. [43] noted that kidney involvement related to COVID-19 primarily presents
as proteinuria and acute kidney injury (AKI). Damage to the kidneys caused by SARS-
CoV-2 is likely to be multifaceted; it can directly infect podocytes and proximal tubular
cells, and via the ACE2 pathway, can result in acute tubular necrosis, protein leakage into
Bowman’s capsule, collapsing glomerulopathy and mitochondrial dysfunction. The
dysregulation of immune responses driven by SARS-CoV-2, including cytokine storms,
macrophage activation syndrome, and lymphopenia, may also contribute to AKIL. Addi-
tional potential mechanisms for AKI include organ interactions, endothelial dysfunction,
hypercoagulability, rhabdomyolysis, and sepsis [41-43]. These factors could help explain
the findings presented in this paper.

HT emerged as the most prevalent underlying condition, affecting 54.9% of the par-
ticipants in our study. This finding aligns with numerous reports in the literature, includ-
ing those by Batiha et al. [44] and Sohrabivafa et al. [45]. Previous research has proposed
several mechanisms through which COVID-19 may contribute to the worsening of pre-
existing hypertension [37,46]. For instance, SARS-CoV infection triggers inflammation
that can harm blood vessels and the heart, consequently resulting in elevated blood pres-
sure [47]. Furthermore, the virus binds to the transmembrane protein ACE2, a key com-
ponent of the RAAS, which is crucial for regulating blood pressure. Disruption of this
receptor can lead to higher BP values and increased difficulty in managing the condition
[37]. Finally, COVID-19 can induce fluid imbalances within the body, causing either fluid
retention or dehydration, both of which can influence blood pressure [48]. These factors
may contribute to a clearer understanding of the findings presented in our study.

In addition to the previously mentioned factors, we performed an analysis examining
the relationship between DM and the severity of COVID-19. Our findings did not reveal
any statistically significant correlations that would support the conclusions drawn by
Legris et al. [49].

Interestingly, in the adjusted model, only age continued to be a significant predictor
when analyzing these same variables. The relationships for gender and eGFR weakened
and were no longer statistically significant. The process of model selection, utilizing
Akaike Information Criterion weights (AICw), determined that age was the most informa-
tive predictor, which justifies its inclusion in the final model.

The ACE 2 gene located on chromosome X (Xp22) has 18 exons and 20 introns that
are identical to ACE exons [9,50]. The AGTR1 gene, in addition to ACE2, is located on
chromosome 3 (3q21-25) and comprises 5 exons and 4 introns [51]. The ACE2 gene con-
tains genetic polymorphisms that influence the clinical presentation of COVID-19. Specific
SNPs such as rs2074192, rs1978124, rs2074809, and rs2074666 have been reported to con-
tribute to the disease’s severity and its pathological effects across various organs [11]. In
the context of HT, ACE gene SNPs such as rs4341, rs4343, and rs4344 have demonstrated
varying degrees of association with the condition. Multiple SNPs within the AGTR1 gene
such as rs5183, rs5185, and rs5186 have been identified as being associated with differing
levels of severity in individuals affected by both COVID-19 and HT [6,11]. The genotypic
distributions for these SNPs were assessed in our population. The rs5183 showed the high-
est frequency for allele A (42.2%), followed by GA (22.5%), None (26.5%), and G (8.8%). A
similar trend in variability was observed across other SNPs, including rs5185, rs5186 and
rs2106809, which is indicative of genetic heterogeneity within the cohort.
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Our genetic analysis in the adjusted model suggested a possible protective effect of
the rs2106809 A genotype, which was significantly associated with reduced odds of severe
disease. This observation remains preliminary and should therefore be interpreted with
caution. The role of the rs2106809 gene variant in COVID-19 severity is complex and
shows conflicting results across different populations and studies, with some finding that
it is associated with increased severity while others suggest a potential protective effect in
specific contexts [11,52]. The rs2106809 SNP is located at chromosomal position
X:15599938 (GRCh38.p14) [24], and its allele frequency in African populations has been
reported as 0.1159 [53]. Differences between populations and interactions between genes
and environmental factors may explain the inconsistencies in the rs2106809 findings re-
ported across studies. For instance, Matic et al. [10], reported the rs2106809 allele as a
prominent protective factor for in-hospital death due to COVID-19, but only among fe-
males while Molina et al. [11] found that the rs2106809 SNP was associated with hospital-
ization. Our findings correspond well to those of Matic et al. [10] who also reported a
possible protective role of the rs2106809 SNP. As evidenced by these reports, the effect of
the rs2106809 variant on COVID-19 severity appears to be population-specific and may
be influenced by complex factors such as sex, ethnicity, and gene-environment interac-
tions. The present findings emphasize the need for further research in larger and more
diverse populations to determine the exact role of the rs2106809 SNP.

Intriguingly, we found no significant relationship between HT and the other SNPs
investigated in this study. This is in-line with the findings from Jafary et al. [54], who also
reported no significant association between the SNPs and the risk of being hypertensive
with other diseases and the risk of DM in unadjusted and adjusted models in patients with
COVID-19. Our results, however, contradict those of other studies that indicated an asso-
ciation between ACE2 polymorphisms, HT and COVID [55,56]. Jafary et al. [54] indicated
that one of the possible reasons for this result is that these SNPs are not in the coding
region on ACE2 and therefore do not play a role in the structure and function of ACE2
receptor. The findings within our population may reflect these contextual factors; how-
ever, it is also plausible that the study was underpowered and could not detect subtle
genetic effects. Consequently, the absence of statistically significant associations should
not be interpreted as definitive evidence of no underlying relationship. Rather, these re-
sults highlight the need for larger, adequately powered studies to clarify whether these
apparent null findings represent true biological effects.

This study did not include key clinical endpoints such as ICU admission, mechanical
ventilation, or mortality, which may also limit the clinical interpretability of the findings
and potentially attenuate detectable genotype—phenotype relationships. As such, these
observations should be viewed as exploratory and interpreted with appropriate caution.

5. Conclusions & Recommendations

To the best of our knowledge, this study provides the first report of the rs5183, rs5185,
and rs5186 (AGTR1) and rs2106809 (ACE2) SNPs in relation to HT and COVID-19 among
patients at a Tshwane Academic Hospital. While our findings indicate that age is consist-
ently associated with COVID-19 severity, the apparent protective trend observed for the
rs2106809 A genotype should be interpreted with caution due to the exploratory design
and limited sample size. These preliminary observations underscore the need for larger
and more diverse cohorts to verify these associations and to better delineate the potential
roles of these SNPs in disease susceptibility and progression.
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6. Limitations

This exploratory study had some limitations that warrant cautious interpretation of
the findings. Some SNPs exhibited sparse genotype distributions, leading to quasi-com-
plete separation and unstable estimates. The small sample size further increases the like-
lihood of type I and type II errors and limits the strength of the conclusions, particularly
in the complex field of disease genetics. Generalizability is also constrained by the single-
center setting, which may introduce unmeasured confounding related to COVID-19. Ad-
ditionally, missing data were handled using multiple imputations, which, while appro-
priate, adds another layer of possible uncertainty. As a result, these preliminary findings
should be viewed as specific to the cohort studied and not necessarily reflective of the
broader South African population.
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