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Abstract: Background: Because the regular vaccine campaign started in Guinea one year after the
COVID-19 index case, the profile of naturally acquired immunity following primary SARS-CoV-2
infection needs to be deepened. Methods: Blood samples were collected once from 200 patients
(90% of African extraction) who were recovered from COVID-19 for at least ~2.4 months (72 days),
and their sera were tested for IgG antibodies to SARS-CoV-2 using an in-house ELISA assay against
the Receptor Binding Domain (RBD) of the SARS-CoV-2 spikel protein (RBD/S1-IH kit). Results:
Results revealed that 73% of sera (146/200) were positive for IgG to SARS-CoV-2 with an Optical
Density (OD) ranging from 0.13 to 1.19 and a median value of 0.56 (IC95: 0.51-0.61). The median OD
value at 3 months (1.040) suddenly decreased thereafter and remained stable around OD 0.5 until
15 months post-infection. The OD median value was slightly higher in males compared to females
(0.62 vs. 0.49), but the difference was not statistically significant (p-value: 0.073). In contrast, the OD
median value was significantly higher among the 60-100 age group (0.87) compared to other groups,
with a noteworthy odds ratio compared to the 0-20 age group (OR: 9.69, p-value: 0.044%). Results
from the RBD/S1-IH ELISA kit demonstrated superior concordance with the whole spikel protein
ELISA commercial kit compared to a nucleoprotein ELISA commercial kit. Furthermore, anti-spikel
protein ELISAs (whole spikel and RBD/S1) revealed higher seropositivity rates. Conclusions: These
findings underscore the necessity for additional insights into naturally acquired immunity against
COVID-19 and emphasize the relevance of specific ELISA kits for accurate seropositivity rates

Keywords: Guinea; COVID-19; SARS-CoV-2; ELISA; IgG antibodies; spikel Receptor Binding Domain

1. Introduction

Coronavirus disease 2019 (COVID-19) entered Africa in mid-February 2020 through
Egypt, while Central and West Africa were affected beginning from mid-March [1,2]. In
the absence of robust health systems, most African countries restricted testing to priority
groups, such as symptomatic, vulnerable, or hospitalized persons [3,4]. The COVID-19 bur-
den in Africa was considered lower than elsewhere worldwide with mostly asymptomatic
or mild infections and few reported deaths [5]. On 18 November 2022, the World Health
Organization (WHO) reported 12.7 million confirmed cases and 257,984 deaths in Africa,
corresponding to only 2% of the global burden [6]. In Guinea, after the index detection
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on 13 March 2020, 38,465 infected people and 468 deaths were reported up to 12 October
2023, corresponding to only a 1.2% lethality [7]. Apart from limited doses of a Russian
vaccine (Sputnik V) that were available from late 2020, the vaccine campaign started at
Conakry in March 2021 and in the rest of the country in April 2021 with the Sputnik V
and Sinopharm (Chinese) vaccines [8]. New type of vaccines (Sinovac, Johnson & Johnson,
Pfizer /BioNTech, Oxford-AstraZeneca, and Moderna vaccines) then arrived through the
COVAX initiative from April 2021 [8]. In about the same period, it was estimated that
around two-thirds of the African population had been exposed to SARS-CoV-2 and had
developed a natural immune protection [9], despite seroprevalence studies that ranged
from 19.7% to 26% in sub-Saharan Africa [10,11]. In Guinea, seroprevalence studies showed
a 2.4-fold increase (17.3% to 42.4%) of anti-SARS-CoV-2 antibodies in the general population
between December 2020 and June 2021 [12,13]. The pre-existing immunity from previous
exposure to endemic viruses (including coronavirus) might have influenced the population
immune status and favored COVID-19 disease control [14,15]. On the other hand, it was
also reported that there were infected individuals with very weak antibody induction
and/or those whose antibody levels rapidly waned over time [16]. The naturally acquired
immunity against COVID-19 needs to be clarified.

From March 2020 to April 2021, the Institut Pasteur de Guinée (IPGui) tested more
than 21,000 suspected patients for SARS-CoV-2 infection, resulting in 7600 positive samples
(including control tests) stored at the IPGui Biobank (—80 °C). The present study describes
the follow-up for about 200 patients infected during this period and more particularly
the level and duration of their naturally acquired immunity against SARS-CoV-2. Three
ELISA protocols were used and compared to evaluate the patients” IgG response: the first
was produced for the project and targeted the Receptor Binding Domain of the spikel
protein (RBD/S1-IH kit); the second and third were acquired commercially and were
against the spikel protein (S1-EU kit) and the nucleoprotein (NP-IV kit), respectively. The
results are discussed with regard to demographic variables (age, sex), intensity (clinical
symptoms, viral load), and the duration of positivity during the original infection as well
as the duration of the post-infection period.

2. Materials and Methods
2.1. Study Design and Selection Criteria

This was a retrospective case study to evaluate the humoral response (IgG immunoglob-
ulin) to naturally acquired SARS-CoV-2 infection in patients who subsequently recovered.
Pregnant women, persons on immunosuppressive therapy, and those claiming to have
been reinfected or vaccinated with any of the COVID-19 vaccines were excluded from
this study. Among about 2500 patients infected between March 2020 and April 2021 who
had their related data stored at the IPGui Biobank (date of testing, duration of positivity,
cycle threshold values), 1000 persons meeting the selection criteria were subjected to the
enrollment procedure and were contacted individually by phone in local dialects. After
validation of the selection criteria and explication of the study objectives, 300 persons who
denied ever being vaccinated expressed their interest and motivation to participate in this
study. They received an invitation to visit the medico-social center of the French embassy
with travel costs covered, and they were reminded about their appointment by SMS and
direct call one week and one day in advance, respectively. On the day of inclusion, written
informed consent was signed by each individual or, in the case of minors, their parents or
legal guardians before enrollment. The participants were informed that all data collected
would remain anonymous and be treated as confidential. Data privacy protection was also
guaranteed by using anonymous samples (barcoding). Finally, 200 persons were accepted
to participate in this study without incentives.

2.2. Data and Sample Collection

Demographic (age, sex) and molecular (CT values of RT-qPCR tests, duration of posi-
tivity) data available from the IPGui Biobank database were confirmed by a standardized
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face-to-face interview of each participant including socio-demographic characteristics,
occupation, symptoms, disease outcome, and treatments. Whole blood samples were
centrifuged at 2000 x g for 20 min and serum was collected in barcoded tubes and stored at
—80 °C in the IPGui Biobank.

2.3. Enzyme-Linked Immunosorbent Assay (ELISA)

The presence of SARS-CoV-2 specific IgG Ab in serum was assessed using three ELISA
assays: one produced at the Institut Pasteur de Tunis [17] and two commercial kits.

2.3.1. Anti-SARS-CoV-2-RBD/S1 IgG ELISA (RBD/S1-1H)

Nunc MaxiSorp™ 96-well microplates were coated with 100 ng/well of recombinant
Receptor Binding Domain of the spikel protein (RBD/S1 protein) (IP Tunis, Tunis, Tunisia)
produced in SF9 cells [18] and incubated at 4 °C overnight. Plates were washed three times
with PBS 1% Tween-20, then blocked with 5% skim milk in PBS-T for 1 h at 37 °C. After
discarding the blocking bulffer, the plates were washed three times with PBS, then 50 pL of
each serum sample diluted at 1:400 in PBS-T was added in the wells and incubated for 2 h at
37 °C. After six washings with PBS-T, plates were incubated with 100 uL of 1:8000 diluted
peroxidase-conjugated anti-human goat IgG for 1 h at 37 °C. After six washes, plates were
revealed by adding 50 pL of horseradish peroxidase (HRP) chromogenic substrate [3,3',5,5'-
tetramethylbenzidine (TMB) (BD Biosciences, Franklin Lakes, NJ, USA, 555214)]. After
30 min, the reaction was stopped by adding 50 uL of sulfuric acid (2 N). The absorbance was
monitored at 450/630 nm using a Multiskan™ FC Microplate Photometer. The cutoff value
was estimated at 0.34 OD630, as the average OD of 50 pre-COVID human sera samples
provided by the Institut Pasteur de Dakar plus 3 standard deviations (SDs). For each ELISA
plate, positive and negative controls were used to validate the test. All serum samples were
tested at least twice.

2.3.2. Anti-SARS-CoV-2-51 IgG ELISA Kit (S51-EU Kit)

The Anti-SARS-CoV-2 ELISA assay (Cat # EI 2606-9601 G; Euroimmun, Liibeck, Ger-
many) estimates the IgGs against the spikel protein (IgG S1-EU kit). The assay and
interpretation were performed on 1/101 diluted human sera according to the manufac-
turer’s instructions.

2.3.3. Anti-SARS-CoV-2-NP IgG ELISA ID-Vet Kit (NP-IV Kit)

The ID Screen® SARS-CoV-2-N IgG indirect ELISA assay (IDVet, Montpellier, France)
estimates the IgGs against the nucleoprotein (NP-IV kit). The assays and interpretation
were performed on 1/21 diluted human sera according to the manufacturer’s instructions.

2.4. Statistical Analysis
2.4.1. Data Base Analysis and Variables

A descriptive statistical analysis was conducted using R studio software (Version
2023.06.0 + 421). Frequency and percentage estimated the qualitative variables while the
quantitative variables were measured by mean, median with 95% confidence interval (IC95),
and min-max ranges.

2.4.2. Normality Tests of Quantitative Variables (Age, OD of ELISA, Time for Recovery)

The data distributions were first compared to normal or Gaussian distribution to
determine the statistic test choices: parametric or non-parametric tests. This analysis
was performed by visual inspection (histogram and Q-Q plot) and by significance tests
(Kolmogorov-Smirnov (K-S) normality test and Shapiro-Wilk test (SW)).
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2.4.3. Test of Independence between Quality Variables: Pearson’s x> and Odds
Ratio Values

The Pearson chi-square (x?) test was used to estimate a possible association between
each categorical/class variable (sex, age, post-infection period (PI period)) considered
independently and the ELISA results. The strength of the association was estimated from
a univariate logistic regression model using dichotomous ELISA status (1 = positive; or
0 = negative). The generalized linear models (glms) were built under the form “OD-ELISA
(numeric) ~ term (linear predictor for response)” in dual combinations to obtain the odds
ratio (OR) of positive versus negative in function of sex, age group, and post-infectious
period using “female”, “0-20 years old”, and “0-3 months” as references, respectively.
Statistical significance was considered when the p-value was < 0.05 with a confidence
interval of 95% (IC95).

2.4.4. Relation between Quantitative Variables

The Kruskal-Wallis test by ranks (KW) (same as one-way analysis of variance for
non-normal distribution) was used to compare the distribution of continuous variables
(i.e., age, OD median values of ELISA, duration of COVID-19 positivity, etc.). Statistical
significance was considered when the p-value was < 0.05.

2.5. ELISA Assays Comparison
2.5.1. Correlation between ELISA Seroreactivity: Spearman Coefficient of Rank (Rho)

The strength and direction of association between two distributions was measured
by the Spearman’s coefficient of rank correlation (Rho) with a confidence interval of 95%
(IC95) as a number between —1 (perfect negative association), 0 (no association), and 1
(perfect positive association). The correlation coefficient was statistically significant when
the p-value was < 0.05. The statistical analyses were performed using MedCalc Statistical
Software version 20.215 for Windows (MedCalc Software, Ostend, Belgium).

2.5.2. Concordance between ELISA Seropositivity: Percentage of Agreement and
Kappa Statistic

The percentage of agreement scores between the ELISA assays were estimated using
Cohen’s Kappa Statistic by taking account of chance agreement or the rater indepen-
dence. Kappa statistics were estimated by binary classification (seropositive = 1 and
seronegative = 0 according to cutoffs where uncertain results were not included). They
were calculated from the observed and expected frequencies on the diagonal of a square
contingency table. The K was interpreted as null (<0), light (0.00-0.20), fair (0.21-0.40),
moderate (0.41-0.60), substantial (0.61-0.80), or almost perfect (0.81-1.00) agreement [19].

2.6. Ethical Considerations

This study complied with the Ethical Principles for Human Research Standards, as its
protocol received clearance from the Guinean National Ethics Committee for Research in
Health (N°109/CNERS/20).

3. Results

To evaluate the level and duration of the naturally acquired immunity against SARS-
CoV-2 in the general population in Guinea, we performed a retrospective study among
non-vaccinated patients who had recovered from COVID disease. From about 1000 indi-
viduals who had been diagnosed as “positive” by the Institut Pasteur de Guinée (IPGui)
between March 2020 and April 2021, and whose data/samples had been collected in the
IPGui Biobank, 300 individuals matching the selection criteria (no pregnant women, no
immunosuppressive therapy, no vaccinees, no known new SARS-CoV-2 infection) were
contacted individually by phone and expressed their interest in this study. Finally, 200 per-
sons, at between 2.4 and 15 months after their recovery, accepted the invitation to visit
the medico-social center of the French Embassy in Conakry to participate in this study.
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Each participant was submitted to a face-to-face questionnaire related to COVID-19 disease
outcome (clinical symptoms, treatment, hospitalization) before blood sampling and further
testing to evaluate the anti-SARS-CoV-2 antibody response.

3.1. Population Study Description

Sixty-one percent (61%) of the participants (122/200) were males, a ratio globally
similar to that of the Guinean population who had been diagnosed as positive (64.2% males,
October 2023; [7]) since the beginning of the pandemic. In terms of demographic data,
90% of the participants were African (180/200), including 172 Guineans, while 19 were
European citizens and one was Colombian. Most of them had a regular professional activity
(>80%), 33 were students, and 4 were retirees (Table 1). The ages were from 2 to 80 years old,
with mean and median ages of 37.59 (IC: [35.56-39.86]) and 35 (IC: [32.85-37.15]) years old,
respectively (Figure 1A and Table S1). However, females were significantly younger than
males (KW = 8.14, p-value: 0.004 ***) with mean and median ages at 34.22 (IC: [34.78-40.65])
and 33 (IC: [30.06-35.93]) years old, respectively, compared to 39.9 (IC: [34.77—40.65]) and
40 (IC: [37.0-42.93]) years old for males (Figure 1A and Table S1). We defined four age
groups (0-20, 20-35, 35-60, and 60-100), corresponding to 10% (20/200), 41.5% (83/200),
39% (78/200), and 9.5% (19/200) of the panel, respectively. The gender gap increased even
more along this age distribution: a higher proportion of females and males were observed
in the age classes below and above 35 years old, respectively, as visualized in the residual
barplot (Figure 1B) and statistically validated (Pearson x> = 14.04; p-value: 0.00285 **).

Table 1. Demographic data of the participants.

Variables Class Frequencies (n) Percentages (%)
Female 78 39
Sex Male 122 61
Guinean 172 86
. . African * 8 4
Nationalities European 19 95
Others 1 0.5
Administrator 61 31
Mechanic/Engineer 29 15
Market workers 19 10
Housekeeper/Cleaner 9 5
Occupation Driver 10 5
Police officer 7 4
Health workers 20 10
Professor 8 4
Student 33 17
Retiree 4 2
Total 200 100

* Origin countries: Ivory Coast (3), Senegal (2), Benin (1), Tunisia (1), and Comoros (1).

3.2. COVID-19 Disease Description

Face-to-face individual interviews allowed us to collect patient declarations about
their COVID-19 disease (Table 2). Thirty-five percent (35%: 70/200) declared ignorance of
the contamination source, while the remaining 65% declared that they had been infected,
in almost equal proportions, at home (21.5%: 43/200), at work (23%: 46/200), or during
community events (20.5%: 41/200). Clinical symptoms were reported by 73% of the panel
(145/200), mostly fatigue (80,7%: 117/145), followed by headache (75.9%: 110/145), sore
throat and soreness (65.5%: 95/145), loss of taste and /or smell (58.6%: 85/145), diarrhea or
insomnia (37.9%: 55/145), and nausea (27,5%: 40/145). The lock-down policy in Guinea
led to the hospitalization of 74.5% of the participants (149/200). However, the percentage
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of treated patients was higher (92.5%: 185/200), suggesting that either they were sent back
home with a treatment or that they performed self-medication (Table 2).

(0-20] (20-35]

Table 2. COVID-19 disease descriptions from face-to-face questionnaire.

(60-100]

Figure 1. Age distribution by sex. (A) The horizontal lines of the boxplots show the median of ages
values according to the sex: female (F) or male (M). The lower and the upper boundaries of the
boxes indicate the 25th and the 75th percentiles, respectively. The Kruskal-Wallis (KW) test was
used for one-way analysis of variance. p-value: 0.004 referred to a very strong significant statistic
(p-value < 0.001 ***). (B) The barplots show female (pink) and male (blue) distributions according to
the 4 age groups (0-20], (20-35], (35-60], and (60-100] years (x axis).

Variables Class Frequencies (n) Percentages (%)
Work 46 23
T Lo Home 43 21.5
ransmission source Community 4 205
Unknown 70 35
Symptoms Yes 145 72.5
ymp No 55 27.5
. Yes 149 74.5
Hospital No 51 255
Treatment Yes 185 92.5
reatmen No 15 7.5
Total 200 100

3.3. SARS-CoV-2 Molecular Data

Kruskal-Wallis (KW) and confidence interval (ICys).

The viral load as assessed by a diagnostic RT-qPCR (cycle threshold—CT value) was

recorded for 93.5% of the participants (187/200); the remaining 13 individuals were ac-
companying family members who declared the date of their infection but did not know
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their viral load. The original CT extended from 12 to 40, with mean 31.59 [30.52-32.66] and
median 35 [33.95-36.07]). The duration of positivity (period between the first positive test
and the first negative test) was recorded for 99.5% (199/200) of the participants and ex-
tended from 2 to 127 days (mean 16.69 days [14.82-18.56] and median 14 days [12.13-15.87]).
The duration of 127 days was exceptional and observed only for one patient. The period
between the COVID-19 diagnosis (first positive test) and the enrollment day (blood collec-
tion) or “post-infection” (PI) period was between 2.4 and 15.1 months (mean 9.89 months
[9.31-10.47] and median 10.60 months [10.02-11.18]). For data analysis, five PI periods
were distinguished: 0-3, 3-6, 6-9, 9-12, and 12-18 months, corresponding to 8% (16/200),
14.5% (29/200), 13% (26/200), 21% (42/200), and 42% (84/200) of participants, respectively.

3.4. Seroreactivity

The 200 sera from the COVID-19 recovered patients were tested twice using the
RBD/S1-IH ELISA recognizing the Receptor Binding Domain of the spikel protein. Specific
IgG (OD values) was estimated according to the cut-off value (0.34). The global seropos-
itivity frequency was 73% (146/200) for OD values ranging from 0.13 to 1.90 (mean 0.63
[0.58-0.69] and median 0.56 [0.51-0.61]). These values were almost the same for women
and men, both in the seropositivity frequency, with 72% (56/78) and 74% (90/122) (OR:1.1,
p-value: 0.8), and in OD median values with 0.49 and 0.62 (KW:3.2, p-values: 0.073),
respectively (Table 3 and Table 52 and Figure 2A).

Table 3. Seropositivity by sex, age, and PI period.

Total Positive Risk Factor
Variables Class N % N % OR ICys5 p-Value
S Female * 78 39 56 72 — — —_
ex Male 122 61 90 74 1.1 0.58-2.08 0.8
(0-20] * 20 10 13 65 — — —
Ace erou (20-35] 83 415 56 67 1.12 0.38-3.06 0.8
BEBIOUP (35 40 78 39 59 76 1.67 0.56-4.73 0.3
(60-100] 19 9.5 18 95 9.69 1.47-193 0.044 *
(0-31+ 16 8.12 15 94 — — —
(3-6] 29 14.50 22 76 0.21 0.01-1.35 0.2
PI period (6-9] 26 13.20 18 69 0.15 0.01-0.95 0.089
(9-12] 42 21.32 33 79 0.24 0.01-1.48 0.2
(12-18] 84 42.64 57 68 0.14 0.01-0.75 0.064

Number (N), odds ratios (OR), and confidence interval (ICgs). * reference group. * p-value < 0.05.

However, we observed significant differences in the distribution of OD median values
between the age groups (KW: 15.73, p-values < 0.001 ***) (Table S2 and Figure 2B). Patients
over 60 years of age clearly had the highest seropositivity frequency 95% (18/19, p-values:
0.044 *) and OD median value (0.87) among all age groups (p-values < 0.05 *) (Tables 3 and
52). This tendency was still observable, although more slightly, in the 35-60 age group with
seropositivity frequency at 76% and an OD median value of 0.68, significantly higher than
the younger 20-35 (67% and 0.48) and 0-20 (65% and 0.47) age groups (Tables 3 and S2).

Concerning the duration of the SARS-CoV-2 antibodies in serum (post-infection pe-
riod), it was clearly higher from 0 to 3 months post-infection with 94% (15/16) seropositivity
frequency and a higher median value (OD 1.04, KW:11.49, p-values: 0.022 *) (Tables 3 and
52 and Figure 2C). This was followed by a sudden decrease after 3 months which remained
stable around OD 0.5 until 15 months post-infection (Table S2 and Figure 2C). Indeed, the
participants tested within 3 months after their recovery showed at least a four-times better
chance to be seropositive compared to the other participants, and about seven times better
(OR: 0.14) compared to the 12-18 months period (Table 3).
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Figure 2. Seroreactivity by sex, age, and PI period. The horizontal lines of the boxplots show the OD
median values according to (A) the sex: female (F) or male (M); (B) the 4 age groups: (0-20], (20-35],
(35-60], and (60-100] years; or (C) the 4 PI periods: (0-3], (3-6], (6-9], (9-12], and (12-18] months. The
lower and the upper boundaries of the boxes indicate the 25th and the 75th percentiles, respectively.
The dashed lines represent the cutoff value of the ELISA assay (0.34). The Kruskal-Wallis (KW) test
was used for one-way analysis of variance. p-value > 0.05 (ns), p-value < 0.05 *, p-value < 0.01 **, and
p-value < 0.001 *** referred to, respectively, not significant, significant, very significant, and highly
significant statistics.
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3.5. Comparison of ELISA Assays

We compared the results obtained for the 200 sera (diluted 1:400) using the RBD/S1-
IH assay targeting the Receptor Binding Domain of the SARS-CoV-2 spikel protein with
the results from two commercial ELISA kits: one against the complete spikel protein
(S1-EU Kkit; sera diluted 1:101) and the other against the nucleoprotein (NP-IV kit; sera
diluted 1:21). The scatter plots comparing OD mean values are shown in Figure 3A,B,
respectively. The Spearman rank-order analysis revealed a strong correlation coefficient
(rho = 0.797, IC: 0.724-0.869) between the RBD/S1-IH assay and the S1-EU kit, with the
points corresponding to individual tests being clustered around the oblique regression
line (Figure 3A). The correlation was lower with the NP-IV kit, as expected when using a
different nucleoprotein antigen, but still high and significant (rtho = 0.760, IC: 0.690-0.831).
According to the manufacturer’s cutoffs, the ELISA S1-EU kit detected 76.5% of positive
sera (153/200), a result close to the 73% positive sera (146/200) detected with the RBD/S1-
IH assay. However, only 60.5% (121/200) of the sera were positive with the NP-IV kit. In
summary, the two ELISAs targeting complete or partial spikel protein presented 87.5%
concordance (kappa 0.669 (IC: 0.55-0.78; SE: 0.061) while only 81.5% concordance (kappa
0.571 (IC: 0.449-0.693, SE: 0.062) was observed between the ELISAs using the spike or the
nucleoprotein as antigens.
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Figure 3. Correlation between SARS-CoV-2 ELISA assays. Scatter plots of Optical Density means at
630 nm (ODg3p) obtained by in-house ELISA kit against SARS-CoV-2 Receptor Binding Domain of the
spikel protein (RBD/S1-IH kit) (y-axis) and (A) Optical Density means at 620 nm (ODgp() obtained by
Euroimmun ELISA kit against SARS-CoV-2 spikel protein (S1-EU kit) (x-axis), or (B) Optical Density
means at 450 nm (ODys) obtained by ID-Vet ELISA kit against SARS-CoV-2 nucleoprotein (NP-IV
kit) (x-axis), for 200 sera from the COVID-19 recovered patients. Blue dashed lines represent reduced

major axis lines.

4. Discussion

It is generally agreed that the IgG-seroconversion occurs from the second week after
infection and persists over time to protect upon re-exposure to the same or a related virus. In
this study, we investigated the naturally acquired humoral immune response of 200 COVID
patients from the general population in Guinea 2.4 to 15 months after recovery from their
SARS-CoV-2 primary infections which had occurred between April 2020 and April 2021.
Negative controls consisted of pre-pandemic sera from a West African population negative
for malaria [20]. ELISA results revealed that 76.5% (153/200) and 73% (146/200) of the
patient sera recognized the full spikel protein (commercial S1-EU kit) or its receptor binding
domain (in-house RBD/S1-IH kit), respectively. This shows the similar performance of
both ELISA assays, with the in-house version being economically affordable to measure
antibody responses in the SARS-CoV-2-infected as well as vaccinated individuals from
early at 2 weeks to a long time post-infection [21,22].
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We did not observe a significant difference in IgG response between men and women
but the global seroreactivity level of the population dropped about 3 months post-infection,
then remained stable and above the threshold of seropositivity until 15 months post-
infection. It is noticeable that it persisted longer and higher in the older age groups,
such as the 60-100 age group, where it only declined 9 months post-infection, and to a
lesser extent in the 35-60 age group. This result is coherent with one preliminary study
showing a significantly higher seroprevalence among Guinean individuals >40 years and
mostly >50 years old [12,13]. A similar observation was also made in Ghana [23]. As
sub-Saharan Africa (SSA) has a long history of emerging and endemic infectious diseases,
it is conceivable that prior exposure to another f-coronavirus might promote cross-reactive
immunity against SARS-CoV-2 and generate a stronger humoral response. Such cross-
reactivity between SARS and MERS viruses was already observed pre-COVID in Sierra
Leone, a neighboring country of Guinea [14]. Alternatively, repeated exposures to the
same or different pathogens, and in particular the immunomodulation caused by malaria
which is classically circulating in Guinea and its treatment, have been shown to sometimes
lead to IgG false positivity [24,25]. It would be interesting to evaluate this combined
immunogenicity by simultaneously assessing the seroreactivity against various antigens
and pathogens using the Multiplex Microsphere Immuno-Assay (MMIA) based on the
Luminex technology [26,27].

We did not investigate the SARS-CoV-2 neutralizing activity of the detected IgG
antibodies, which is a critical factor for clinical efficacy and cure [28,29]. However, it must
be noted that patient sera recognized very efficiently by ELISA the complete spikel protein
(76.5%) or its receptor binding domain (73%), with a “substantial” agreement (kappa
0.669), despite the fact that serum dilutions were 1/101 and 1/400 for the platform designs,
respectively, which may induce different results, as outlined in previous publications [30,31].
The lower proportion of sera recognizing the N protein (60.5%) could be due to a better
immunogenicity of the spikel protein and a dominant proportion of the IgGs targeting the
RBD, which probably inhibit SARS-CoV-2 entry into the cell. Even if less sera had detected
the nucleoprotein, this lack in sensitivity can be compensated for by a better specificity,
in particular during disease progression [32-34], since the nucleoprotein is globally less
variable than the spike protein. In the present study, most of the patients (77%: 154/200)
were infected with 20-A to 20-D SARS-CoV-2 mutants, prior to the appearance in January
2021 of the first Alpha variant of concern (VOC), and no participant was exposed to the
following divergent Delta (May 2021) or Omicron (December 2021) VOCs [35].

No significant correlation was observed between the level of IgG antibodies and the
viral load at the original diagnosis (CT value) nor with the duration of positivity. If the Ct-
value thresholds are important biological data in COVID-19 management, their relevance
as predictors for disease outcome remains debated [36-38]. It was previously demonstrated
that patients may show a rapid decline in antibody production quickly after the onset
of infection [39] and this is possibly the case for the patients we tested as negative (36%:
54/200). Others can take many months in resolving a SARS-CoV-2 infection and sometimes
develop a wide range of persistent symptoms with potential comorbidities with other
non-communicable diseases, resulting in a “Long COVID-19” or “Post-Acute Sequelae of
COVID-19” (PASC) status [40,41]. Among the patients we followed, one went 18 weeks
with a PCR positive status (CT < 40) and was still showing a substantial OD value (1.49)
more than 10 months after recovery.

It is important to outline that this study was performed when anti-SARS-CoV-2 vac-
cines were not regularly available for the Guinean population and interviews confirmed
that the studied cohort was not vaccinated before sampling. While the older and health
workers are generally considered as priority populations for targeted vaccine campaigns [8],
our study shows that the older had longer and more robust IgG responses than others.
Although we cannot exclude that this older cohort selected elite immune responders,
the data suggest that the Guinean active population should also be a priority target for
vaccination, because they have more risk to be in contact with new variants due to their
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occupations and/or leisure activities [42]. If many questions are still pending in terms of
the effectiveness of antibodies to confer immunity, vaccination remains the first line of
defense against infectious diseases in endemic regions of West Africa, contributing to the
improvement of primary and global health in populations.
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