ISSN: 2755-0125
Journal of Virology Research &

?‘.»SCIENTIFIC
Reports \

Research and Community

v

Research Article Open @ Access

Impact of ACE2 and TMPRSS2 Activity on Clinical Manifestations
of COVID-19 in Pointe-Noire, Congo

Rebecca Frédérique Dussaud'?, Luc Magloire Anicet Boumba»*, Landry Martial Miguel’, Parode Ragive Takale'?, Charley Elenga-
Bongo'*, Freddy Saturnin Pouki'*7, Aladin Atandi Batchy"%’, Colombe Sagesse Luzayisu'*, Donatien Moukassa * and Ange Antoine
Abena '#

'Faculty of Health Sciences, Marien Ngouabi University, BP: 69 Brazzaville, Congo

*Pointe-Noire Research Zone, National Institute for Health Science Research (IRSSA), Congo
*Microbiology and Molecular Biology Laboratory, Loandjili General Hospital, Pointe-Noire, Congo
*Adolph Sicé General Hospital, Pointe-Noire, Congo

*Private Clinic Louise Michel, Pointe-Noire, Congo

Ti¢ Tié Referral Hospital, Pointe-Noire, Congo

’Guénin Medical Clinic, Pointe-Noire, Congo

8Denis Sassou Nguesso University, Brazzaville, Congo

ABSTRACT
Introduction: The COVID-19 pandemic caused by SARS-CoV-2 exhibits marked clinical heterogeneity, ranging from asymptomatic cases to severe
complications. Viral entry depends on ACE2 and TMPRSS2 proteins, whose activity may influence disease progression.

Objective: To evaluate the association between ACE2 and TMPRSS2 activity and the severity of COVID-19 clinical manifestations.

Methods: A cross-sectional descriptive study included 170 RT-PCR confirmed SARS-CoV-2 patients. Demographic (age, sex) and clinical (symptom)
data were extracted from medical records. ACE2 and TMPRSS2 protein activity was measured using immunoenzymatic assays from blood samples.
Patients were stratified into moderate and severe forms according to standardized clinical criteria.

Results: The average age was 31.7 + 4.4 years (range 24-68), with a male predominance (78%). Predominant symptoms in severe forms included fever
(54.6%), cough (55.6%), and ageusia (56%). A significant correlation was found between ACE2 activity and severe disease forms (p < 0.001). TMPRSS2
activity was also associated with severity, though less prominently (p = 0.029).

Conclusion: These findings suggest that ACE2 and TMPRSS2 activity may serve as predictive biomarkers of COVID-19 severity. Quantifying these
markers could enable early patient stratification and optimized therapeutic strategies. Prospective studies are needed to validate their clinical utility.
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Introduction

Coronavirus disease 2019 (COVID-19), caused by SARS-CoV-2,
emerged as a global pandemic after its appearance in China at
the end of 2019. On January 30, 2020, the WHO declared this
outbreak a public health emergency of international concern.
As the third highly pathogenic coronavirus of the 21st century
after SARS-CoV (2002) and MERS-CoV (2012), SARS-CoV-2
had resulted in over 768 million confirmed cases and 6.9 million
deaths worldwide by June 18, 2023 [1].

In Congo, the first case was reported on March 14, 2020 (MSP-
SITREP No. 233, 2022). As of December 22, 2024, more than
25,234 cases were recorded, including 24,845 recoveries and
389 deaths (case fatality rate: 1.54%) according to the WHO
(2025). Clinical severity ranges from asymptomatic forms to fatal
complications, influenced by biological and genetic factors [2].

SARS-CoV-2 enters human cells via ACE2 (angiotensin-
converting enzyme 2) and TMPRSS2 (transmembrane serine
protease 2) receptors, which are expressed in the respiratory tract,
blood vessels, and heart [3]. Overexpression of ACE2 increases
susceptibility to lung injury, while high levels of TMPRSS2
promote accelerated viral replication [4,5]. However, few studies
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have explored these markers in resource-limited settings.

This study aimed to assess the impact of blood activities of ACE2
and TMPRSS2 on the severity of COVID-19 in Pointe-Noire,
Republic of the Congo.

Materials and Methods

Study Population

A descriptive cross-sectional study was carried out on COVID-19
patients followed at the Loandjili and Adolphe Sicé General
Hospitals in Pointe-Noire.

Clinical Data Collection

Demographic (age, sex) and clinical data were extracted from
medical records, with a focus on symptom severity (WHO
classification).

Biological Investigation

Laboratory analyses were carried out at the Laboratoire d’ Analyses
Biomédicales HDL of the Polyclinique Fondation Marie Madeleine
Gombes in Pointe noire.

Samples

- Blood: After consent, a 5 mL venous sample was taken from
the elbow in a dry tube without anticoagulant.

- Nasopharyngeal: A Citoswab swab (CITOTEST, China)
was inserted deep into the nasopharynx to collect secretions,
preserved in viral transport medium (VTM).

Serum Biomarker Assay
ACE2: Quantified by ELISA (Kit PRS-01837hu, Nanjing Pars
Biochem) with spectrophotometric detection at 450 nm.

Interpretation

*  Not expressed: <25.3 ng/L
*  Expressed: 25.3-50.6 pg/L
*  Overexpressed: > 50.6 pg/L

TMPRSS2: Assayed by sandwich ELISA (Invitrogen Kit
EEL046).

Interpretation

e Not expressed: < 0.83 ng/mL

* Expressed: 0.83-3.7 ng/mL

*  Overexpressed: > 3.7 ng/Ml

Molecular Analysis

RNA Extraction

RNA from nasopharyngeal samples was purified using Total RNA
Purification Insert P112200-37 (Norgen Biotek, Canada).

Quantitative RT-PCR

Amplification of the SARS-CoV-2 E and RdRp genes was

performed using the Covid-19 TagMan RT-PCR Kit (Norgen

Biotek) following the manufacturer’s instructions.

- Reaction mix: 10 pL Master Mix, 1.5 pL primers/probes, 3.5
uL nuclease-free water, 5 uL RNA.

- Thermal parameters

- Reverse transcription: 50°C, 20 min

- Initial denaturation: 95°C, 3 min

- 45cycles: 95 °C (15 5), 58 °C (30 5).

- Detection: Fluorochromes FAM (E gene) and HEX (internal
control).

Statistical Analysis

Statistical analysis has enabled us to classify the study variables
into:

- Categorical variables: Numbers (percentages), > test.

- Quantitative variables: Means =+ standard deviation.

SPSS v26.0, IBMa software was used for statistical analysis, with
a Significance threshold of p < 0.05.

Ethical Considerations

The study was approved by the Health Research Ethics Committee
of the Marie Madeleine Gombes Foundation (n°152/CERS/
FMMG-2021/PNR), in accordance with the Declaration of
Helsinki.

Results

Sociodemographic Characteristics

The study population consisted of 170 COVID-positive subjects,
78% male and 22% female. The sex ratio (M/F) was 3.6 (Figure
1). The mean age was 31.7+ 4.4 years, with extremes ranging
from 24 to 68 years.

Figure 1: Distribution of Study Population by Gender

Clinical Features

Table I shows the clinical manifestations of our study population.
Fever, rate and agueusia were the most common signs in weaning
forms of the disease.

Table I: Clinical Characteristics

Characteristic | symptoms
Moderate N = 92 ‘ severe N=78 | p
FATIGUA <0.001
No 29 (56%) 23 (44%)
Yes 63 (53%) 55 (47%)
AGUEUSY <0.001
No 42 (74%) 15 (26%)
Yes 50 (44%) 63 (56%)
ANOSMIA <0.001
No 73 (54%) 61 (46%)
Yes 19 (53%) 17 (47%)
COUGH 0.012
No 64 (59.8%) 43 (40.2%)
Yes 28 (44.4%) 35 (55.6%)
FEVER 0.025
No 52 (63.4%) 30 (36.6%)
Yes 40 (45.4%) 48 (54.6%)
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Expression of CEA2 According to Severity
Our results show that CEA2 is over-expressed in 56% of patients
with severe disease, versus 30% with moderate disease (Table II).

Table II: ACE2 Expression According to Severity

Characteristic | Gravity

Moderate N =92 Severe N=78 | p
ACE2S2 <0,001
Not expressed | 36 (39%) 7 (9,0%)
Expressed 28 (30%) 27 (35%)
Over expressed | 28 (30%) 44 (56%)

TMPRSS2 Expression According to Severity

Our results show that TMPRSS?2 is over-expressed in 47% of
cases in patients with the severe form of the disease, versus 34%
in the moderate form (Table III).

Table III: TMPRSS2 Expression According to Severity

Characteristic

Gravité
Moderate N =92

Severe N=78 | p

0,029
TMPRSS2

Not expressed | 43 (47%) 21 (27%)

Expressed 18 (20%) 20 (26%)

Over expressed | 31 (34%) 37 (47%)

Discussion

Epidemiological Context and Molecular Mechanisms

The COVID-19 pandemic, caused by SARS-CoV-2, has revealed
significant clinical and biological disparities among infected
populations. In Pointe-Noire (Republic of the Congo), this crisis
highlighted the importance of molecular determinants of infection,
particularly the ACE2 receptor and the TMPRSS2 protease, which
are crucial for viral entry. Our study aimed to evaluate their activity
in modulating disease severity.

Sociodemographic Characteristics of Patients
Sociodemographic analysis revealed a male predominance (78% of
cases, M/F sex ratio = 3.6), consistent with national and international
trends [6,7]. This disparity may be attributed to increased ACE2
expression in men and hormonal factors: androgens, which are
higher in males, regulate TMPRSS2 expression [8,9]. Additionally,
the mean patient age (31.7 = 4.4 years) contrasts with earlier
studies indicating increased vulnerability among older adults,
suggesting an age-specific epidemiological dynamic in this young
population.

Clinical Manifestations According to Severity

Symptom assessment revealed distinct profiles between moderate

and severe forms:

- Fatigue: A universal symptom, independent of disease
severity, confirming the findings of [10].

- Ageusia: Significantly more prevalent in severe forms (p <
0.001), who associated it with milder cases. This discrepancy
may reflect genotypic or methodological variations [11].

- Anosmia: Observed across all forms, with a predominance
reported in mild cases [12].

- Cough and fever: More frequent in severe cases (p =0.017 and
p =0.031), likely linked to pulmonary lesions and systemic
hyperinflammation [13,14].

Role of ACE2 and TMPRSS2 in Pathogenicity

While ACE2 expression was detected in both groups, its plasma
activity was significantly higher in severe patients. This may
indicate enhanced membrane shedding, releasing the enzyme into
circulation [15]. Paradoxically, reduced pulmonary ACE2 activity
could exacerbate local inflammation, as suggested by [16]. These
findings align with, who emphasized that ACE2 is not the sole
determinant of severity but interacts with immunological and
inflammatory factors [17].

A progressive overexpression of TMPRSS2 was noted, increasing
from 64% in moderate cases to 84.6% in severe cases. This
upregulation correlates with accelerated viral replication,
intensifying tissue damage [18]. Findings by Ziegler et al. support
this correlation, although individual variations (comorbidities,
age) influence its impact [19].

Synthesis of Proposed Mechanisms

Moderate forms are characterized by effective immune regulation
and uniform ACE2/TMPRSS2 expression, limiting viral
progression. Conversely, severe forms combine inflammatory
dysregulation, receptor overexpression facilitating viral entry, and
aggravating comorbidities [20]. These observations underscore
the multifactorial role of the host in disease pathogenesis [21].

Conclusion

Our study demonstrates that plasma activity of ACE2 and TMPRSS2
is significantly increased in severe cases of COVID-19 [22]. These
proteins emerge as promising biomarkers for predicting disease
severity and guiding therapeutic strategies [23-25]. However,
their application requires prospective validation, incorporating
genetic, immunological, and environmental parameters to refine
their predictive value across diverse populations [26-29].
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