
Mveang Nzoghe et al. BMC Res Notes          (2021) 14:152  
https://doi.org/10.1186/s13104-021-05570-3

RESEARCH NOTE

Circulating anti-SARS-CoV-2 nucleocapsid 
(N)-protein antibodies and anti-SARS-CoV-2 
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setting: herd immunity, not there yet!
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Abstract 

Objective: Herd immunity is achieved when in a population, immune individuals are in a sufficiently large propor‑
tion. Neutralizing antibodies specific to SARS‑CoV‑2 that are produced following infection or vaccination are critical 
for controlling the spread of COVID‑19. The objective of the present work was to investigate the rate of SARS‑CoV‑2 
natural immunization in Gabonese.

Results: One thousand, four hundred and ninety two people were enrolled. The overall prevalence of anti‑SARS‑
CoV‑2 antibodies was 36.2%. Moreover, 76.4% of people who developed a humoral response to SARS‑CoV‑2 produced 
both anti‑SARS‑CoV‑2 N‑protein antibodies and anti‑SARS‑CoV‑2 S‑protein antibodies, which correspond to 27.7% of 
the total population. In infants (0–9 month), children (1–17 years) and adults, the prevalence of anti‑SARS‑CoV‑2 anti‑
bodies was relatively the same, between 33 and 37% (any antibody types) and between 25 and 28.6% (neutralizing 
antibodies). In this African context, one‑third (1/3) of the screened population was exposed to SARS‑CoV‑2 and three‑
quarter (3/4) of those exposed individuals developed neutralizing antibodies against SARS‑CoV‑2. This data suggest 
that herd immunity is not yet to be achieved in Gabon.

Keywords: SARS‑CoV‑2, Antibodies, Infants, Children, Adults

© The Author(s) 2021. This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material 
in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material 
is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the 
permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http:// creat iveco 
mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco mmons. org/ publi cdoma in/ 
zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Introduction
The severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2), the causative agent of COVID-19 is 
spreading around the globe. Many countries, if not all, are 
now facing this pandemic. Data shows that all continents 

and countries are not equal, and have in some aspects, 
their COVID-19 epidemic profiles [1–3]. The main argu-
ment for Africa’s resilience has been the younger age of 
its population. We need to understand why the virus 
spreads at different speeds and affects populations dif-
ferently. To understand why the virus affects populations 
differently, and assess if SARS-CoV-2 herd immunity 
should be contemplated naturally or as a result of wide-
scale vaccination programs [4], there is a need to conduct 
sero-epidemiological investigations.

In Gabon, more than 200 000 subjects were screened 
for SARS-CoV-2 infection (by PCR) from the 13th of 
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March- when the first COVID-19 case was reported- to 
October 2020. The PCR based prevalence of SARS-Cov-2 
was 4.4% with a death rate among detected cases of 
0.6% (country data). The median age in Gabon is around 
20 years old, with more than 60% of the population under 
25  years old. It is in that context that an age-stratified 
sero-epidemiological study was conducted to determine 
the extent of SARS-CoV-2 exposure in parts of the pop-
ulation. More precisely we determined the prevalence 
of anti-SARS-CoV-2 nucleocapsid (N)-protein antibod-
ies and anti-SARS-CoV-2 spike (S)-protein antibodies in 
Gabonese infants, children and adults.

Main text
Methods
A prospective study was conducted from July to October 
2020 in the setting of the Mother and Child University 
Hospital (CHUMEJE) in Libreville to establish the preva-
lence of anti-SARS-CoV-2 antibodies by demographic 
strata. The approach consisted of testing serum from 
routine activities.

The detection of anti-SARS-CoV-2 antibodies were 
done using two tests. The first test was the  Elecsys® Anti-
SARS-CoV-2 immunoassay (Roche Diagnostics, France). 
The Roche test detects pre-dominantly IgG, but also 
IgA and IgM to SARS-CoV-2 N-protein with a sensitiv-
ity of 99.5% and a specificity of 99.8%)). The second test 
was the  VIDAS® SARS-COV-2 IgM/IgG test targeting 
the Spike protein subdomain (S1/RBD) with a manufac-
turer declared sensitivity of 96.4–100% and a specificity 
of 100% (Biomerieux, France). Both tests’ cutoff index 
(COI) was one. Assays were conducted following the 
manufacturers’ strict instructions.

The hospital board approved the study, and samples 
from consenting participants were selected for analy-
sis. Consent was informed and obtained in a written or 

verbal format (both formats are allowed) based on par-
ticipant preferences.

Results
One thousand, four hundred and ninety five people 
were included in the study: 110 infants aged 9  months 
and below (7.4%), 141 children between the age of 1 
and 5 years old (9.4%), 143 children aged between 6 and 
17  years old (9.6%), 993 women aged between 18 and 
85 years old (66.5%) and 108 men aged between 18 and 
78 years old (7.2%).

The overall prevalence of anti-SARS-CoV-2 anti-
bodies was 36.2%. 27.7% of people developed both 
anti-SARS-CoV-2 nucleocapsid (N)-protein antibod-
ies and anti-SARS-CoV-2 spike (S)-protein antibod-
ies. Anti-SARS-CoV-2 antibodies prevalence in infants 
(0–9 months), children (1–17 years), and adults (men and 
women) were relatively the same, ranging between 33 and 
37% (all antibody types) and between 25 and 28.6% (both 
anti-N-protein and anti-S-protein antibodies). Our analy-
sis also showed that 76.4% of anti-SARS-CoV-2 antibody-
positive subjects had both anti-SARS-CoV-2  N-protein 
antibodies and anti-SARS-CoV-2 S-protein antibodies. 
22.4% of subjects positive for anti-SARS-CoV-2 anti-
body-positive had only anti-SARS-CoV-2 N-protein anti-
bodies and 1.2% of subjects positive for anti-SARS-CoV-2 
antibody-positive had only anti-SARS-CoV-2 S-protein 
antibodies.

The Chi-square test of significance showed no differ-
ences in immunization status by gender or by age groups. 
Table  1 shows the prevalence of anti-SARS-CoV-2 anti-
bodies in the studied populations.

Discussion
Similar to the study by Anand et al., our study used blood 
collected as part of routine medical care, limiting selec-
tion bias [5]. Libreville is the epi-centre of SARS-CoV-2 

Table 1 Age and gender stratified prevalence of anti‑SARS‑CoV‑2 antibodies

N = number of participants; % percentage of participants (prevalence)

Age N Positive for SARS‑CoV‑2 
antibodies – any test 
N (%)

Positive for both anti‑N‑
protein and anti‑S‑protein 
antibodies N (%)

Crude prevalence 
(Any type of antibody) 
(%)

Prevalence of both anti‑N‑
protein and anti‑S‑protein 
antibodies (%)

Infants (N = 110) 0–3 months 68 25 (37) 19 (28) 36 27.2

4–9 months 42 15 (36) 11 (26.2)

Children (N = 284) 1–5 years old 141 44 (31) 34 (24.1) 33 25

6–17 years old 143 49 (34) 37 (26)

Women (N = 993) 18–44 years old 845 324 (38.3) 247 (29.2) 37 28.5

45–85 years old 148 47 (32) 36 (24.3)

Men (N = 105) 18–44 years old 63 21 (33) 16 (25.4) 37 28.6

45–78 years old 42 18 (43) 14 (33.3)
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infection in Gabon, concentrating 72% of cases (country 
data). In our analysis of the prevalence of SARS-CoV-2 
antibodies from patients attending the Libreville mother 
and child university hospital laboratory services showed 
that evidence of SARS-CoV-2 exposure in 36.2% of tested 
people. The prevalence of SARS-CoV-2 antibodies was 
comparable in all groups (children and adults). 27.7% of 
the population developed both anti-SARS-CoV-2 N-pro-
tein antibodies and anti-SARS-CoV-2 S-protein antibod-
ies. Data revealed that 76.4% of people who developed a 
humoral response to SARS-CoV-2 produced both anti-
SARS-CoV-2 N-protein antibodies and anti-SARS-CoV-2 
S-protein antibodies. This finding is interesting as it sug-
gests that at least 76.4% of people naturally exposed to 
SARS-CoV-2 antigens most probably develop protective 
immunity.

Currently, there is limited data on mother-to-child pas-
sive transfer of anti-SARS-CoV-2 antibodies. With 28% 
of newborn infants (aged 0 to 3  months) showing evi-
dence of antibodies against both SARS-CoV-2 N- and 
S-protein, our study brings further evidence of mother-
to-child transfer of protective immunity.

Overall, with only 36.2% of people presenting evidence 
of circulating anti-SARS-CoV-2 antibodies and 27.7% 
had developed a neutralizing immunity, it is safe to pre-
sume that Gabon is not near reaching herd immunity. 
Although there is a very limited number of reports on 
anti-SARS-CoV-2 antibodies seroprevalence in Africa, 
we believe that like Gabon, a great number of African 
countries are far from naturally acquired herd immunity 
[6, 7]. In Kenya, the crude seroprevalence of anti-SARS-
CoV-2 antibody was 4.3% [7]. The prevalence of anti-
SARS-CoV-2 antibody observed in South-African ranged 
from 32 to 63% [6]. Worldwide the pooled seroprevalence 
of anti-SARS-CoV-2 antibodies was estimated at 3.6% 
(with a maximum of 22%) [8]. These indicators show a 
very disparate SARS-CoV-2 exposure across communi-
ties and suggest that naturally acquired herd immunity 
is yet to be achieved worldwide. African immunization 
through vaccine remains therefore relevant.

The initiative COVAX works to guaranty access to 
COVID-19 vaccines in all parts of the world, the provi-
sion of vaccines for Africa is very limited [9]. We would 
argue that a great number of African countries will be 
forced to implement a kind of infection-based herd 
immunity policy (i.e., letting the low-risk people be nat-
urally exposed to the virus while vaccinating people at 
higher risk) [10].

Conclusion
The study showed that one-third (1/3) of the screened 
population was exposed to SARS-CoV-2 and 

three-quarter (3/4) of those exposed individuals devel-
oped neutralizing antibodies against SARS-CoV-2. The 
relatively low rate of immunization in this study sug-
gests that we are yet to reach herd immunity in this 
population.

Limitation
The principal limitation of the study is the small num-
ber of subjects in the age-stratified groups of infants 
and men.
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