
MULTICENTRIC STUDY ON ANTI-SARS-CoV-2 IMMUNITY IN 2022 IN SENEGAL: CASE OF VULNERABLE POPULATIONS	Comment by Dr. Kubai P.K: Title is incomplete «Immunity among Patients with Selected Cormorbidities»

 
ABSTRACT 

	Introduction: The COVID-19 pandemic due to SARS-CoV-2 has progressed slowly in Africa, despite the alarmist predictions that were made. Vulnerable people are considered at risk of developing severe and complicated forms once they are infected. Then, it is important to have data about epidemiological seroprevalence and asymptomatic carriage to understand their behavior in the face of infection. The objective of this study was to screen for SARS-CoV-2 markers (genome and specific antibodies) in vulnerable peoples in three regions of Senegal (Thies, Saint-Louis and Ziguinchor) over a six-month period.
Methodology: This was a multicenter study conducted in three regions of Senegal among people over 65 years of age and/or with comorbidities in 2022. For each participant, after consent, SARS-CoV-2 genome detection was performed by RT-PCR and qualitative and quantitative anti-antibodies were performed using immunochromatography and chemiluminescence immunoassay tests.
Results: 737 people with the described criteria for vulnerability to COVID-19 were enrolled. Their median age was 58 years and 26.7% (n = 197) of them were older than 65 years.  The female-to-male ratio was 2.23. The main comorbidities were hypertension (26.18%), pregnancy (21.7%), diabetes mellitus (14.24%) and age > 65 years. Vaccination coverage was 38.34%, mostly by Sinopharm vaccine. RT-PCR was positive for 20 participants who had all received at least one dose of COVID-19 vaccine. IgG antibodies were found in an average of 73% of participants, and with some having antibody titers up to 40,000.
Conclusion: This study highlights the significant presence of antibodies in a majority of vulnerable peoples, despite a low proportion of RT-PCR positivity. Vaccination appears playing an important role in immune response, but the persistence of antibodies and their long-term efficacy require continued monitoring. Then, it is importance to continue vaccination and epidemiological surveillance efforts to better protect vulnerable populations.
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1. INTRODUCTION 

The SARS-CoV-2 pandemic has become a global public-health challenge threatening both major powers and resource-limited countries. This novel Coronavirus strain is marked by high transmissibility, elevated lethality, and a propensity for mutation [1]. These mutations have given rise to numerous variants detected during the pandemic. To date, the Delta variant (B.1.617.2, formerly the “Indian variant”), classified as a Variant of Concern (VOC), has proven the most virulent, with an estimated R₀ between 5 and 9.5 [2].  
In Africa, the epidemic progressed more slowly, with lower prevalence and fatality rates, raising questions about underlying causes. Hypotheses include cross-protection from drugs used therapeutically or prophylactically against endemic diseases (e.g., chloroquine for malaria or tuberculosis) and potential cross-immunity from prior infection with other Coronaviruses or antigenically related viruses [3]. In some cases, particularly among the elderly and immunocompromised, Coronavirus infections can cause severe, life-threatening pneumonia [4,5].
Vulnerable peoples bore a heavy toll during this pandemic, being more prone to severe and complicated forms of COVID-19 [6]. This study aims to assess the presence of SARS-CoV-2 immunity within this population. Its objective was to detect viral markers (genome and specific antibodies) in these target populations across three regions of Senegal.  

2. methodology 

This multicentric study was conducted in three sites of Senegal: Saint-Louis in the North, Thies in the Center-West, and Ziguinchor in the South. It took place in the outpatient, pediatrics, internal medicine, and maternity departments of hospitals in these regions.  
The study had two components: detection of the SARS-CoV-2 genome to assess carriage rates and detection of specific IgM/IgG antibodies to determine seroprevalence. It ran from April to August 2022, covering much of the virus’s active circulation phase. Sample processing and serology were performed at the Thies National Public Health Laboratory, while genomic testing was done at the Saint-Louis Regional Laboratory.  
-	Study population  
Patients hospitalized, seen in consultation, or managed as outpatients in the targeted services were eligible. Inclusion criteria:  age greater than or equal to 65 years , or pregnant women, or children under 5 years, or presence of comorbidities. Non-inclusion criteria: patients under 65 and children aged 5–18 without comorbidities, and women without pregnancy or comorbidities.  	Comment by Dr. Kubai P.K: Which patients..define them e.g those with selected chronic and terminal illnesses
All participants received clear explanations of the study and provided written informed consent. Ethical approval was granted by the National Ethics Committee under number 0000075/MSAS/CNERS/SP on March 30, 2022.  
-	Sample collection, processing, and storage  
For each participant, two samples were collected:  
- A blood sample in an EDTA tube: plasma was aliquoted and stored at −20 °C.  
- A nasopharyngeal swab in 3 ml of viral transport medium (VTM): aliquoted in a biosafety cabinet (class II) and stored at −80 °C.  
Each aliquot received an anonymous identification code to ensure confidentiality.  
-	Detection of viral RNA by RT-PCR  
Viral RNA was extracted using the ExiPrep™ Dx Viral DNA/RNA Kit per manufacturer instructions. A 100 µl RNA/DNA-free water control was included with each batch to monitor extraction. Amplification and detection were performed on the Biosystems ATILA platform using ANDIS FAST SARS-CoV-2 RT-qPCR® one-step kit for qualitative and semi-quantitative detection of SARS-CoV-2 RNA (Tab 1).  

Table I: Fluorophore Selections

	Target
	Reporter
	Quencher

	SARS-CoV-2 ORF1ab region
	FAM
	None   

	SARS-CoV-2 N gene
	ROX
	None   

	SARS-CoV-2 E gene
	VIC
	None   

	Internal control
	CY5
	None   


Note: The reference Ct value for a target gene is set at 40.

-	Serological testing for anti-SARS-CoV-2 antibodies  
Serology was performed using the STANDARD Q COVID-19 IgM/IgG Plus® rapid test, an immunochromatographic assay detecting antibodies against the nucleocapsid (N) and spike (S) proteins in serum, plasma, or whole blood. This kit was usually used as a professional in vitro screening test, with positive results requiring confirmation by more specific diagnostic methods.  
Samples positive on rapid testing were further quantified by chemiluminescence immunoassay (Abbott SARS-CoV-2 IgG II QUANT kit) on Architect platform. The detection threshold was 50 AU/ml, and the assay’s luminescent signal correlates with antibody concentration.  
-	Data collection and analysis  
The data collected from participants (sociodemographic data, clinical features, COVID-19 vaccination status, and laboratory results) were entered on a Google docs–based questionnaire. Then, they were exported to Excel, cleaned, and analyzed using SPSS 20.0.

3. results 

Population characteristics  
This study enrolled 737 peoples described criteria for vulnerability to COVID-19 across three regions of Senegal: 215 in Thies (29.2%), 334 in Saint-Louis (45.2%), and 189 in Ziguinchor (25.6%). The median age was 58 years (range, 6 weeks–97 years) and the female-to-male ratio was 2.23. Overall, 26.7% (n = 197) of participants were older than 65 years. Comorbidity profiles were as follows: diabetes mellitus (14.24%), hypertension (26.18%), age > 65 years (19%), pregnancy (21.7%) and other comorbid conditions (18.8%) (fig 1).


Figure 1: Number of participants by region and by type of vulnerability

Vaccination coverage in this cohort was 38.34%, with higher uptake among elderly subjects, hypertensive patients and pregnant women. The Sinopharm vaccine was most frequently administered at all three sites (fig 2 and 3).  


Figure 2: Vaccination status of the study population


Figure 3: Vaccines used by participants

SARS-CoV-2 RNA prevalence  
RT-PCR analysis detected SARS-CoV-2 RNA in 20 participants, yielding an overall carriage prevalence of 2.74 %. All PCR-positive peoples had received at least one dose of COVID-19 vaccine (tab 2).  

Table 2: RT-PCR Results by Study Site
	
	Ziguinchor
	Saint Louis
	Thies

	Positive PCR
	9
	0
	11

	Negative PCR
	183
	334
	203




Prevalence varied by vulnerability subgroup and region:  
- In Thies, 18.18% of participants with cardiovascular diseases and 7.84% of hypertensive patients were PCR positive.  
- In Ziguinchor, 14.28 % of participants with cardiovascular diseases, 5.71% of elderly participants, and 11.11% of asthmatic patients were PCR positive (fig 4).  

Figure 4: Prevalence of SARS-CoV-2 by vulnerability

Seroprevalence of anti-SARS-CoV-2 antibodies  
Thies: IgM antibodies were detected in 15.49% (n = 33), indicating recent or ongoing infection.  IgG antibodies were present in 76.52% (n = 163) and concurrent IgM and IgG positivity was observed in 11.73% (n = 25). IgG seroprevalence higher than IgM across all comorbidity categories (fig 5).


Figure 5 : Results of serological tests at Thies site

Saint-Louis: IgG antibodies were detected in 50.67% of participants. The highest seropositivity rates were observed among hypertensive patients (n = 77) and elderly subjects (n = 54). Quantitative antibody titers ranged from 130 to 25 260 AU/mL (detection threshold, 50 AU/mL). fig 6
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Figure 6 : Seroprevalence according to vulnerability in Saint Louis

Ziguinchor: IgG seropositivity reached 92. % among the cohort. Pregnant women (40.22%) and hypertensive patients (23.56%) constituted the largest vulnerability subgroups. Antibody concentrations varied from 57 to 24 447 AU/mL.	Comment by Dr. Kubai P.K: Qualitative results are missing and even how they were analysed if collected


DISCUSSION 
Epidemiological data  
Between 2019 and 2022, COVID-19 represented a severe global threat, with markedly elevated mortality among older adults and individuals with comorbid cardiovascular, metabolic or renal disorders [7]. In our cohort, characterized by a high median age and 26.7% of participants either over 65 years or with at least one comorbidity, we targeted precisely those at greatest risk for severe disease. Many studies have demonstrated that these patients account for the majority of intensive-care admissions, prolonged hospital stays, and the highest in-hospital fatality rates [8].  	Comment by Dr. Kubai P.K: Dont say many studies and quate one only ref no 8
The predominant comorbidities in this study were hypertension (26.18%) and diabetes mellitus (14.24 %), while pregnant women were 21.7% of the cohort. Comparable studies in China reported hypertension in 30% of cases and diabetes in 19%, with 8% exhibiting underlying cardiac disease [9]. In Italy, hypertension was the most frequent comorbidity and mortality peaked at 36% among those older than 65 years [10]. A large British series conducted during peak pandemic observed a mean age of 73 years, with cardiac disease, hypertension, and chronic kidney disease predominating; 17% required intensive care, and in-hospital mortality was 3% [11]. Collectively, these findings reaffirm that male sex, advanced age and chronic comorbidities are independent predictors of adverse hospital outcomes.  
COVID-19 vaccines, introduced in early 2021 [https://www.who.int/emergencies/diseases/novel-coronavirus-2019/interactive-timeline], have substantially mitigated pandemic progression by reducing severe disease [12]. Under the COVAX initiative, Senegal’s initial vaccine supply was the inactivated Sinopharm vaccine and the non-replicating adenoviral AstraZeneca vaccine, prioritized for health-care workers, older adults, and those with comorbidities [https://www.esante.sn/app/uploads/MSAS-info-Edition-Speciale-Covid-19.pdf]. Despite this, only 38.34 % of our participants had received at least one vaccine dose. This suboptimal uptake reflects global vaccine hesitancy driven by rapid development timelines and safety concerns [13,14]. 
Similar reluctance levels were reported in Chad (22.3%) [15], United States (19% hesitancy, 8.1% refusal) [16], and among diabetic patients in China (55% apprehensive) [17]. Yet vaccination unequivocally reduces ICU admissions and mortality from severe COVID-19 [18]. 
Molecular findings  
Real-time reverse-transcription PCR (RT-PCR) has been the gold standard for diagnosing active SARS-CoV-2 infection during this pandemic, targeting genes such as E, S, N, and RdRP (ORF1a–ORF1b) [19, 20]. A low PCR-positivity rate of 2.74% were observed, likely reflecting reduced viral circulation at the time of sampling, potentially due to accrued immunity, both natural and vaccine-induced. All PCR-positive participants had received at least one vaccine dose. Detection of viral RNA in a biological specimen may represent asymptomatic infection. Although some studies associate low cycle-threshold (Ct) values with poorer prognosis, the prognostic value of Ct remains equivocal, with other reports finding no such correlation [21]. Rapid antigen tests, while less sensitive than RT-PCR, proved useful for point-of-care screening during periods when molecular testing capacity was constrained, reliably detecting cases with high viral loads [22, 23, 24].  
Serological findings  
Serological assays are not indicated for acute diagnosis but serve to characterize population-level immunity, guide contact tracing and identify potential donors of neutralizing antibodies for therapeutic or prophylactic use [25].  
For Thies site, 15.49% of participants had anti-SARS-CoV-2 IgM, suggesting recent or ongoing infection, whereas 76.52% were IgG-positive, indicating prior exposure or vaccination. Concurrent IgM and IgG positivity occurred in 11.73%, consistent with early secondary immune responses. In a comparable cohort, serology revealed 82% IgG positivity, 38% IgM positivity, and 31% dual positivity [26].  
In Saint-Louis, IgG seroprevalence was 50.67%, lower than in Thies but still substantial. Hypertensive patients (n = 77) and older adults (n = 54), priority vaccination groups, displayed particularly high IgG rates. Serological profiling can further inform screening of monoclonal antibodies targeting the spike protein’s receptor-binding domain, as IgG titers generally correlate strongly with neutralizing activity [27]. Authors documented anti-nucleocapsid antibodies in 10.12% of subjects, 95% of whom had measurable neutralizing activity, although titers waned by three to six months [28, 29]. The time for seroconversion is about 10–14 days, but early seroconversion has also been documented at 3–5 days post infection [30].
As with most viral infections, IgM levels rise rapidly post-exposure, as IgG responses mature and persist at higher levels. It seems that immunity against SARS-CoV-2 infection is higher than the tests show [31]. So, serology aids in identifying previously infected individuals and delineating transmission dynamics, even in vaccinated populations. However, discordance between molecular and serological results is well documented: Makuo et al. reported 23.5% of patients with discordant PCR and antibody findings [32].  
Overall, our serological data underscore widespread viral exposure across vulnerable groups, tempered by vaccination campaigns and naturally acquired immunity, which together have likely attenuated SARS-CoV-2 transmission in Senegal.

4. Conclusion
	Comment by Dr. Kubai P.K: Align to the study objectives
This study highlights the significant presence of antibodies in a majority of vulnerable peoples, despite a low proportion of RT-PCR positivity. Vaccination appears playing an important role in immune response, but the persistence of antibodies and their long-term efficacy require continued monitoring. Then, it is importance to continue vaccination and epidemiological surveillance efforts to better protect vulnerable populations.
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