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Abstract

Objectives: This study aims to assess the seroprevalence of severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) IgG antibodies against the spike (S) and nucleocapsid (NP) proteins, as well as neutralizing antibodies against the
receptor-binding domain (RBD). Additionally, it aims to detect viral RNA of SARS-CoV-2 in pre-pandemic archival
pediatric specimens collected before the announcement of the COVID-19 pandemic spread on March 20th, 2020, in
Morocco. The objective is to investigate the existence of pre-pandemic immunity to SARS-CoV-2.
Methods:We conducted a cross-sectional study, to analyze IgG antibody levels in a cohort of 106 pre-pandemic pediatric
participants. Using an indirect enzyme-linked immunosorbent assay (ELISA), we measured the IgG levels against the S and
NP proteins of SARS-CoV-2. Additionally, we staged a competitive ELISA assay to evaluate the neutralizing capability of
these antibodies. We used reverse transcription polymerase chain reaction (rRT-PCR) to detect viral NP and ORF1ab
genes of SARS-CoV-2 in oropharyngeal swabs. Moreover, we conducted on the same specimens a multiplexed RT-PCR to
detect RNA of the most common 27 pathogens involved in lower respiratory tract infections.
Results: Among the 106 serum samples, 13% (nn = =14) tested positive for SARS-CoV-2 IgG antibodies using ELISA.
Temporal analysis indicated varying IgG positivity levels across 2019. Neutralizing antibodies were found in 21% of the
28 samples analyzed, including two with high inhibition rates (93%). The SARS-CoV-2 RNA was detected using rRT-PCR in
14 samples. None of the samples tested positive for the other 27 pathogens associated with lower respiratory tract
infections, using multiplexed RT-PCR.
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Research Centre (CReSS), International University of Rabat (UIR), Rabat, Morocco
7Center of Genomic of Human Pathologies Biology Faculty of Medicine, Mohammed V University in Rabat, Rabat, Morocco
8Medical Biotechnology Laboratory, Faculty of Medicine at Mohammed V University in Rabat, Rabat, Morocco

Corresponding author:
Nouhaila Najimi, Laboratory of Human Pathologies Biology, Faculty of Sciences, Mohammed V University in Rabat, 4 Avenue Ibn Batouta BP 1014 RP,
Rabat 10106, Morocco.
Email: Nouhaila.najimi@um5r.ac.ma

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons
Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use,
reproduction and distribution of the work without further permission provided the original work is attributed as specified on the

SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

https://uk.sagepub.com/en-gb/journals-permissions
https://doi.org/10.1177/03946320241260633
https://journals.sagepub.com/home/iji
https://orcid.org/0009-0008-5536-0237
mailto:Nouhaila.najimi@um5r.ac.ma
https://creativecommons.org/licenses/by-nc/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage


Conclusion: Our study addresses the possibility, that COVID-19 infections occurred in Morocco before the recognized
outbreak. On the other hand, some of the cases might reflect cross-reactivity with other coronaviruses or be influenced by
previous viral exposures or vaccinations. Understanding these factors is crucial to comprehending pediatric immune
responses to newly emerging infectious diseases.
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Introduction

The severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) was noted first to have occurred in Wuhan,
China in November 2019.1 The World Health Organization
(WHO) reported the first case on December 31st, 2019,1

and announced the pandemic on March 11th.1 By the
middle of March 2020, China, the United States, and
several European nations had become epicenters of the
pandemic. Following the same suit, the Moroccan gov-
ernment declared a state of emergency on March 20th,
2020.2 Since December 19th, 2023, the WHO reported over
1,278,055 confirmed cases of COVID-19 in Morocco,
along with a total of 16,298 deaths.3 Worldwide the virus
outbreak rapidly saturated healthcare systems. Without
prophylactic or therapeutic solutions, governments im-
plemented non-pharmaceutical measures like school clo-
sures, mobility restrictions, curfews, and global shutdowns
to curb viral transmission.4 Numerous countries experi-
enced subsequent waves of the epidemic after the lock-
down ended, highlighting the importance of achieving herd
immunity either through vaccination or natural infection.
This strategy aimed to limit SARS-CoV-2 circulation.
Hence, the immune response triggered by SARS-CoV-
2 was closely monitored to guide vaccine development,
establish baseline protection, and ascertain the longevity
and nature of protective immunity. It is known that our
immune system responds to SARS-CoV-2 through a va-
riety of humoral and cellular effectors. By generating
potent antibodies targeting various components of viral
pathogens.5 These antibodies are crucial for neutralizing
the virus.6 SARS-CoV-2 belongs to the Betacoronavirus
genus of human coronaviruses, it shares similar RNA
sequences with other human coronaviruses, with approx-
imately 69% of OC43, 68% of HKU1, and around 65% of
NL63 and 229E.6,7 This identity suggests a potential cross-
reactivity between immune responses to these viruses, not
to mention that it depends on genetic diversity, individual
immune system variations, and the contexts of immune
reactions.8 These viruses are characterized by the presence
of a S protein on their surfaces. It plays a crucial role in the

virus’s ability to enter and infect host cells and is a primary
target for the immune response.6 Therefore, not only the
anti-spike antibodies are important but also antibodies
targeting other viral proteins such as the NP, E, and
M. These proteins may also trigger a cross-reactive im-
mune reaction, which is essential for understanding the
broader immunity landscape about SARS-CoV-2 and other
coronaviruses.6–8 However, previous research has shown
minimal cross-reactivity between RBD domains from
differing coronaviruses. These studies largely ignore the
rest of the spike protein and the other proteins, which would
be an important consideration for identifying antibodies
and can be used in vitro to help identify polyclonal re-
sponses that are not detected with RBD alone.8 The po-
tential cross-reactivity of these antibodies is an interesting
matter, particularly to understand the immunity against
SARS-CoV-2. Individuals previously exposed to other
betacoronaviruses may have some level of immunity to
SARS-CoV-2 because of this cross-reactivity.6,9

On the other hand, it is worth mentioning that several
studies draw some preliminary insights into the possible
relationship between the MMR (Measles, Mumps, and
Rubella) vaccine and COVID-19 immune responses, es-
pecially among children. The investigations in the cross-
reactivity extended to childhood vaccines.8 The MMR
vaccine is delivered to Moroccan children in two doses
according to the national vaccination schedule. The initial
dose is given between 9 and 15 months old, followed by a
second one from the age of 15 months to 6 years old.10 A
systematic review that included 169 studies, focusing on
11 that specifically address the MMR vaccine’s impact on
COVID-19, suggests a potential link between the vaccine
and a modulated immune response to COVID-19, by de-
creasing disease severity.11 While most of these studies are
hypothesis-driven, some evidence, including changes in
immunoglobulin IgG levels and a quasi-experimental study
showing mild COVID-19 symptoms in vaccinated indi-
viduals, supports this notion.11 Understanding cross-
reactive immune responses to SARS-CoV-2 may con-
tribute to our comprehension of the heterogeneity of
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clinical outcomes in COVID-19 disease. This can be
achieved by identifying immunological epitopes common
to coronaviruses with different genetic compositions,
variations, and most likely specific functions. Such un-
derstanding is relevant not only to SARS-CoV-2 but also to
similar diseases and vaccinations.

Based on these data, our study aimed to evaluate anti-
SARS-CoV-2 immunity and viral RNA detection in pre-
pandemic archival blood serum samples and oropharyngeal
swabs, that were collected from children clinically sus-
pected of having eruptive fevers caused by measles and
rubella. Focusing on pediatric populations, particularly
those with skin rashes, we assessed to understand the
humoral immune responses to determine the SARS CoV-2
prevalence before the pandemic. Given the virus’s asso-
ciation with skin issues in pediatric COVID-19 cases,12 our
research aimed to enhance our understanding of immune
response dynamics and establish pre-pandemic immuno-
logical benchmarks. To achieve this, we conducted an
ELISA test to detect IgG antibodies against S and NP
proteins, as well as IgG/IgM antibodies against SARS-
CoV-2 using a Lateral Flow Assay. Furthermore, we as-
sessed neutralizing IgG levels targeting the RBD domain
through a competitive ELISA assay. Additionally, we

identified viral RNA using the NP and ORF1ab genes of
SARS-CoV-2.

Materials and methods

Study design

This study aims to measure the seroprevalence of different
antibody types targeting SARS-CoV-2 among children
attending the National Institute of Hygiene (NIH) in
Morocco (Figure 1). Serum and oropharyngeal swab
samples were collected between February 2019 to February
2020. The specimens were analysed with three different
immunoassays for the serums and two virological tests for
the swabs. The samples (collected from 106 patients) had
been collected before the announcement of the spread of
the COVID-19 pandemic in (March 20th, 2020). We se-
lected our cohort study as a part of a national surveillance
program investigating cases of rash fever associated with
measles or rubella infections among children. This program
is part of the Moroccan Ministry of Health (MoH) in
Morocco public health strategies, that evaluate the impact
of the measles and rubella vaccination campaign on rates

Figure 1. Study Design, Population, and Results. In this investigation, 106 serum and oropharyngeal swab samples were collected from
the National Institute of Hygiene virology laboratory, forming the basis of the dataset analyzed in this study. Various tests were
conducted, and comprehensive details on each test and its corresponding results are elaborated in the paper.
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incidence, by supporting the WHO global strategy against
their eradication.

Subject exclusion criteria

Study context. In the context of national surveillance for
measles and rubella in Morocco, we receive numerous
children’s samples annually, including blood, oropharyn-
geal swabs, and urine. The 106 children chosen tested
negative for IgM antibodies against measles and rubella.
Suspecting SARS-CoV-2 due to associated rash conditions,
we screened the whole serums (n = 106) for IgG antibodies
using the Vircell assay. 14 individuals tested positive. Due
to limited resources, the 14 positive and 14 borderline sera
underwent the neutralizing test. Multiplex RT-PCR on
oropharyngeal swabs was conducted on the whole cohort.
Subsequently, we opted for a specific test (Sansure rRT-
PCR) designed to detect the NP and ORF1ab genes of
SARS-CoV-2. Unfortunately, we only had 16 samples with
sufficient remaining volume for the rRT-PCR test, which
explains the limited number of samples tested.

Reactivity to measles and rubella. We excluded positive
samples of measles and rubella IgM-type immunoglobulin,
to determine the underlying causes of the rash and fever.

Clinical case definition. Only children having fever and
maculopapular rash, along with at least one of the fol-
lowing symptoms: cough, coryza (runny nose), or

conjunctivitis (red eyes), in addition to negative IgM an-
tibodies against measles and rubella were included in the
study.

Sample availability. Our study was limited to pre-pandemic
samples available, ensuring relevance to our COVID-19
immunity investigation.

Testing suitability. We excluded samples that were not viable
for ELISA and RT-PCR and rRT-PCR testing due to in-
sufficient volume or quality.

Study population and samples

The study included individuals with ages ranging from 1 to
14 years old with no travel history. The analysed samples
were residual serum samples collected for a primary
clinical diagnosis of an eruptive fever condition; informed
consent was legally signed by the authorized representa-
tives. Oropharyngeal swab samples were also collected and
used in this study. Meanwhile, information about age,
gender, and sampling date was collected from the medical
records and compiled with the serological results (Table 1).

Enzyme-linked immunosorbent assay ELISA

All serum samples were tested for IgG recognizing SARS-
CoV-2 using the Vircell COVID-19 ELISA IgG (Vircell
Spain S.L.U., Granada, Spain) against two SARS-CoV-

Table 1. Demographic characteristics of 106 subjects sampled in NIH Rabat, Morocco.

N %

Gender
Female 45 42
Male 61 58

Sampling date
February-May 2019 44 41,5
June-September 2019 49 46,2
October-November 2019 4 3,7
December 2019-February-2020 9 8,5

Age
1 year-2 years 22 20,7
3 years-5 years 46 43,4
6 years- 10 years 28 26,4
11 years- 12 years 7 6,6
13 years- 14 years 3 2,8

Vaccine type
Measles and rubella vaccine (live) (attenuated, freeze dried) by biological E. Limited, India 106 100

Number of doses
1 dose 30 28,3
2 doses 69 65,1
Unknown 7 6,6
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2 antigens (S and NP). According to manufacturer in-
structions, a 1/20 dilution of serum was prepared by adding
5 μL of the sample to 95 μL of the dilution solution. Then
80 μL of sample dilution solution was added into all wells
except those assigned to controls. Finally, 20 μL of the 1/
20 dilutions of serum samples, 100 μL of positive control,
100 μL of cut-off control, and 100 μL of negative control
were added into the corresponding wells. After 45 min of
incubation at 37°C, wells were washed according to the
manufacturer’s recommendation, and 100 ul of anti-IgG
human conjugate to Horseradish Peroxidase (HRP) was
added. After 30 min of incubation and washing, we added
100 μL of substrate 5,50-Tétraméthylbenzidine (TMB) to
each well and then incubated it in the dark. The reaction
was stopped with 50ul of stop solution. The absorbance
(OD) was measured in 450/620 nm and results were ex-
pressed as a ratio using the following equation (sample OD/
cutoff serum mean OD) × 10 to determine the index for
positive, negative, and ambiguous value thresholds.

Lateral flow assay (LFA)

Panbio IgG/IgM rapid test COVID-19 (Abbott) is a rapid
lateral flow assay (LFA) for qualitative detection of IgG and
IgM against SARS-CoV-2 antigens in whole blood plasma.
Two drops of the assay buffer for migration were added to
20 μL from every sample. Revelation occurred after 20 min
of incubation for 92 samples.

Neutralization antibody detection assay

The cPass SARS-CoV-2 Neutralization Antibody Detec-
tion Kit by GenScript is a competitive ELISA-based de-
tection tool. The host cell ACE2 receptor is immobilized
into the ELISA plate. The assay was conducted according
to the manufacturer’s instructions on a cohort comprising
28 samples. The HRP-RBD complex was prepared, with
the dilution of 10 µl of RBD conjugated to HRP in 10 mL
of buffer. Subsequently, 5 µl of samples, along with
positive and negative controls, were combined with a di-
lution buffer (1/9). The HRP-RBD solution was then
added, followed by incubation at 37°C for 30 min. After
washing steps, 100 µl of TMB solution was introduced to
each well and incubated in darkness at 20/25°C for 15 min.
The reaction was stopped by adding 50 µl of stop solution
to each well. The microtiter plate reader was employed to
measure absorbance at 450 nm. The neutralizing antibodies
detection of SARS-CoV-2 was determined using a 30%
threshold signal inhibition according to the manufacturer’s
instructions. The inhibition signal percentage was calcu-
lated as (1-OD of sample/mean OD of negative controls) *
100. The neutralizing antibodies’ presence was affirmed
when the signal of inhibition exceeded 30%.

Virological tests: RT-PCR assays

Two distinct types of RT-PCR assays were conducted on
oropharyngeal swabs. A real-time PCR test using the
CORONAVIRUS (2019-nCoV) Sansure Biotech, was
conducted on a subset of 16 samples to identify SARS-
CoV-2 genes of NP and ORF1ab according to the
manufacturer’s instructions. Ct values were collected to
detect the viral RNA. The Coronavirus (2019-nCoV)
Nucleic Acid Diagnostic Kit (PCR-Fluorescence
Probing) uses real-time reverse transcription polymer-
ase chain reaction (rRT-PCR) for the qualitative de-
tection of ORF1ab and NP genes of SARS-CoV-2 RNA
in respiratory specimens. For RNA extraction, we used
the Sample Release Reagent RNA fast-releasing tech-
nology provided in the kit. As recommended by man-
ufacturers, patient results were interpreted using a Ct
cutoff of 40, the gene’s absence is indicated by a Ct
value exceeding 40. While a Ct value of 40 or lower
underlined the presence of the gene. A Multiplex RT-
PCR assay, the BIOFIRE® FILMARRAY® Pneumonia
plus Panel Test, was conducted on the entire cohort (n =
106), according to the manufacturer’s instructions, to
screen for 27 of the most common pathogens involved in
lower respiratory tract infections (see supplementary
Data in Table S1).

Statistical methods

Statistical analyses and graphical visualizations were
performed using GraphPad Prism8 (GraphPad Software,
LLC, San Diego, CA, USA, EE. UU.) andMicrosoft Excel.
Some Diagrams were edited on Biorender Graph Editor.

Results

Cohort characteristics

Identification of SARS-CoV-2 IgG antibody in human
serum collected before the COVID-19 pandemic

The humoral activity was determined using ELISAs for
IgG in all samples (n = 106). Overall, 14 samples repre-
senting 13%, showed positive results, revealing the pres-
ence of anti-SARS-CoV-2 antibodies anti-S and anti-NP.
Additionally, it was observed that 15.74% (n = 17) of the
cases showed ambiguous results, with an index value
ranging between four and 6. (Figure 2(a) and (b)).
Meanwhile, in the samples collected between February and
May 2019, 15,9% (7/44) tested positive for IgG antibodies.
While those collected from June to September 2019, 12,5%
(6/48), were IgG-positive. Only, one sample collected
between October and November 2019 tested positive for
IgG antibodies. The median index value for the positive
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samples collected from February to May 2019 was 11.45,
while for the period between June and September 2019,
was 7.42. (Figure 2(b)). The rapid test was conducted on
92 specimens, resulting in two positive samples: one for
IgM (indicating recent exposure) and another for IgG
(suggesting past infection). These samples showed diver-
gent results in the ELISA test, with the IgM-positive
sample testing negative and the IgG-positive sample for
the rapid test testing positive. Remarkably, the sample that
tested positive in both assessments was the earliest one,
collected on February 2, 2019, and it was from an indi-
vidual who had received two doses of the MMR vaccine.
(Table 1)

Children with pre-pandemic SARS-CoV-2 detectable
antibodies had elevated levels of neutralizing
antibodies

Since several samples had a detectable rate of anti-S and
anti-NP IgG levels, we opted to analyse their nature. To
fulfill that, we assessed the cPass SARS-CoV-2 antibody
neutralization test among 28 chosen samples to identify
their function. Among them, 14 samples tested positive in
the ELISAVircell test, 10 were ambiguous, and four were
strictly negative. We noted, that six samples (21%) showed
neutralizing antibody levels against the RBD protein
(Figure 3(a)). Among those, three tested positive in the
ELISA Vircell showing neutralizing antibody inhibition
rates of 51%, 32%, and 93%, while the other three samples
generated ambiguous results in the ELISA Vircell Test
(93%, 42%, 34%) (Figure 3(b)).

Pre-existing SARS-CoV-2 RNA in oropharyngeal
swabs

All samples underwent analysis using the BIOFIRE test, a
multiplex RT-PCR assay designed to detect 27 common
pathogens associated with lower respiratory tract infec-
tions. The results showed that all 106 samples tested
negative for this test (see supplementary Table S1).

Then, 16 samples were subjected to rRT-PCR to detect
the virus RNA by targeting the N and ORF1ab genes. Only
samples that tested positive for IgG or showed ambiguous
results were included in this test. The outcome revealed that
14 of these samples tested positive, indicating the presence
of NP and/or ORF1ab genes specific to SARS-CoV-2, with
Ct values ranging between 34 and 39 (see Table 2).
Moreover, nine rRT-PCR-positive samples (n = 8) tested
positive for the IgG anti-Spike ELISA test.

Discussion

In this study, we found that 13% of the children (n = 106)
with confirmed eruptive fevers and clinical symptoms
exhibited anti-SARS-CoV-2 IgG antibodies (anti-S and
anti-NP), indicating a prior humoral immune response to
SARS-CoV-2. The detectable IgG levels in the serum
indicate that B lymphocytes have undergone class-switch
recombination within germinal centers, indicating a mature
phase of the immune response after the infection.5 The
presence of this immunity raises several hypotheses re-
garding its origin. It could be due to cross-reactivity with
other human coronaviruses that may have previously in-
fected these children. Otherwise, it might be linked to the

Figure 2. (a) Serologic positivity in different periods: Immunoglobulin G presence for SARS-CoV-2 in pre-2019 children’s serums (n =
14). The different categories of index values are determined using the test recommendations. Index= (sample OD/average serum OD
Threshold) * 10. (b) Number of individuals of each IgG status; positive, negative, and ambiguous for different times of sampling.
Percentages of IgG-positive samples were calculated from the total samples collected within each period.
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possibility that the virus circulated in the community before
the first confirmed case was reported in Morocco. To ad-
dress the first hypothesis, studies identified the presence of
this cross-immunity when comparing serum from healthy
volunteers collected pre-2019 to those from a high-
exposure community. These studies have shown that an-
tibodies against SARS-CoV-2 can recognize spike proteins
of HCoV-OC43 and HCoV-HKU1, suggesting possible
cross-immunity from previous infections with these
common coronaviruses.13 A research study provided data
about the percentage similarity of the RBD protein among
various Coronaviruses (CoVs). The RBD exhibits more

diversity when compared with different CoVs. It is known
that SARS-CoV-2 shares a 73 to 76% identity with SARS-
CoV, 24%with HKU1, and 23%with OC43.8 Furthermore,
other studies have confirmed identities between SARS-
CoV-2 and H-CoVs OC43/HKU1, with 30% and 29%
identity, respectively.13,14Moreover, a substantial degree of
identity is observed towards the C-terminus of the spike
protein in all CoVs. This region is the primary structural
segment of the protein, which includes the heptad repeat
regions responsible for facilitating the insertion of the
fusion peptide into the host cell membrane.13 In previous
reports, the majority of children are exposed to H-CoV-

Figure 3. The detected levels of anti-RBD neutralizing antibodies against SARS-CoV-2 and IgG levels against the S and NP in children’s
sera. (a) Neutralizing Antibodies (NAbs) levels were assessed via a competitive ELISA neutralization test. The presence of neutralizing
antibodies was determined as follows: If the inhibition signal exceeded 30%, it indicated the presence of NAbs. Conversely, if the
inhibition signal was less than 30%, neutralizing antibodies are undetectable. (b) Comparison of the IgG levels between two tests: the
neutralization test and the Vircell ELISA.
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OC43 as well as HCoV-NL63 and seroconvert early in
life.15 To support this hypothesis, several studies have
indicated that children are less affected by COVID-19.16

This phenomenon might be attributed to distinct immu-
nological responses characteristic of the younger age
groups. In Piccaluga et al. children’s frequent exposure to
common respiratory coronaviruses and their inherently
more reactive immune systems may lead to more effective
cross-immunization.17 Supporting this, Ng et al. observed
elevated neutralizing antibodies in children, possibly
stemming from a varied antibody repertoire formed
through consistent interactions with seasonal coronavi-
ruses.18 Notably, these antibodies often target the
S2 subunit of the coronavirus spike protein, suggesting an
age-related immunological memory.18

All our patients had received the Measles and Rubella
Vaccine. It’s crucial to highlight that while some clinical
presentations resembled those of measles or rubella, they
were not cases of Measles vaccine-associated reaction, as
stated by the WHO through a positive IgM measles-rubella
test.19 None of the selected cases in our study tested
positive for IgM for measles and rubella. The potential role
of the MMR (Measles, Mumps, Rubella) vaccine may
provide significant protection against COVID-19 in chil-
dren. Gold et al. have reported a significant inverse cor-
relation between MMR vaccination and the severity of
COVID-19 symptoms.20 Furthermore, Sidiq et al. pro-
posed that MMR vaccine components might offer a pro-
tective effect against COVID-19, a theory that continues to
be explored.21 While these findings offer promising in-
sights, definitive proof confirming the MMR vaccine’s role

in safeguarding children against COVID-19 remains to be
established.

The two positive results for the ABBOT test for both
IgM and IgG support that these individuals’ responses are
related to a potential virus infection. According to the
manufacturer’s instructions, a positive result could indicate
a current or previous infection with coronaviruses other
than SARS-CoV-2, including strains like HKU1, NL63,
OC43, or 229E.22 This underscores the variability in an-
tibody detection depending on the test used. A related study
on the clinical performance of this test highlighted a high
sensitivity (95.2%) for IgG detection in samples collected
more than 14 days post-symptom onset.22 However, IgM
detection was considerably lower, with a maximum sen-
sitivity of 20.5%. Specificity rates were notably high, at
98.7% for IgG and 100% for IgM.22 These findings
highlight the complexities and variability in antibody
testing and underscore the importance of test selection in
accurately assessing immune response to SARS-CoV-2.

We further performed an Antibody neutralization assay
on 28 samples to check the nature of the antibodies found
earlier. We therefore observed that 21% (n = 6) of the
children had neutralizing immune responses against the
RBD domain of the spike protein. Not only are these
antibodies specific to antigens of SARS-CoV-2, but they
also demonstrate neutralizing capacity against the virus.
The SARS-CoV-2 Neutralization Antibody Detection
GenScript assay exhibited a sensitivity of 96.1% (95% CI,
94.9%–97.3%), and a specificity of 100% (95% CI,
98.0%–100.0%).23 Detectable IgG antibodies in response
to a virus typically indicate either a prior infection that has

Table 2. The Ct values of existing RNA for SARS-CoV-2 NP and ORF genes, accompanied by corresponding IgG values obtained from
Vircell ELISA (Index) Test and Neutralizing ELISA assay (% of inhibition), along with the dates of sample collection.

Samples Ct N Ct ORF1ab IgG index NAb% (%) Sample collection date

sample1 — — 4,297 6 06/02/2019
sample2 35 37 48,128 51 27/03/2019
sample3 — 38,9 12,554 9 20/05/2019
sample4 35 38 4,722 34 20/05/2019
sample5 35 — 6,722 32 12/06/2019
sample6 35 37 11,455 23 11/07/2019
sample7 35,8 39,5 4,92 42 17/07/2019
sample8 37 38 5,91 7 31/07/2019
sample9 37 — 6,009 13 01/04/2019
sample10 35 36 7,148 18 23/05/2019
sample11 34 38 4 18 03/06/2019
sample12 36,6 36,5 7,643 6,20 12/06/2019
sample13 36,4 35,4 5,435 19 17/07/2019
sample14 36,1 38,8 4,435 16 28/08/2019
sample15 — 39 5,445 17 12/09/2019
sample16 — — 6,237 6,60 23/09/2019

Values with bold highlighting indicate the positive for IgG ELISA and Neutralizing antibodies samples and the presence of the genes.
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generated memory B cells, leading to the reactivation of
those cells upon encountering the virus again, or the ac-
tivation of naı̈ve B cells by a new virus. These memory
B cells can be activated by an antigenically related
virus.24–26 This concept is well documented for influenza
infections whereby humans are repeatedly exposed to
antigenically distinct viruses.24 Humans are repeatedly
infected with endemic H-CoVs.27,28 Our findings suggest
that children from the pre-pandemic period exhibited
specific immune responses to SARS-CoV-2. This obser-
vation may align with the hypothesis of an early circulation
of SARS-CoV-2 before the first reported case in Morocco.
However, the antibodies detected in these children may be
cross-reactive IgG. However, further testing is necessary to
substantiate this conclusion.

On the other hand, the result of the RT-PCR Multiplex
BIOFIRE test exhibited no detectable viral RNA against
several pneumonia viruses. This suggests that the observed
immune responses may not be attributed to the respiratory
viruses identified by the assay. However, once the virus has
been cleared, it might not be detectable with PCR, while the
immune response could persist.29 Therefore, RT-PCR re-
sults could explain the immune response, especially in the
context of infectious diseases.30 However, RT-PCR does
not measure the immune response directly; it only indicates
whether the pathogen’s genetic material is present. When a
pathogen is identified in a sample via RT-PCR, and there is
an ongoing immune response, it is often inferred that the
detected pathogen is the cause of this response.31 However,
this relationship is not always straightforward, as other
factors (co-infections, pre-existing conditions, etc.) might
influence the immune response.

During our investigation, we tested 16 oropharyngeal
swabs and assessed the potential of SARS-CoV-2 RNA
presence by the detection of the NP and ORF genes using
Sansure rRT-PCR assay. 14 of the samples were identified
as positive, indicating the presence of NP and ORF1ab
genes specific to SARS-CoV-2. Out of the 16 samples
analyzed, 10 showed the presence of both the NP and
ORF1ab genes of SARS-CoV-2 (Samples 2, 4, 6, 7, 8, 10,
11, 12, 13, 14; see Table 2). Among these, four samples
also displayed IgG antibodies against the virus (Samples 2,
6, 10, 12; see Table 2), with Sample 2 testing positive for
neutralizing antibodies (NAbs), while the remaining six
samples had results that were ambiguous or borderline
(Samples 4, 7, 8, 11, 13, 14; see Table 2). These findings
may suggest that these 10 cases provide evidence sup-
porting the hypothesis of early circulation of the virus in
Morocco. Nevertheless, it’s important to acknowledge the
limitations of this experiment. Factors such as the possi-
bility of false positives, high Ct values, lack of sequencing
performed, an unusually high positivity rate, and the rel-
atively low number of samples tested are among the key
limitations to be considered when interpreting these results.

However, the four cases that tested positive for only one
of the SARS-CoV-2 genes (Samples 3, 5, 9, 15; see
Table 2) may potentially indicate cross-reactivity. Among
these cases, three also exhibited positive results for IgG
antibodies (Samples 3, 5, 9; see Table 2), with sample
5 showing levels of NAbs. The fourth case yielded bor-
derline results for IgG antibodies. The gene ORF1ab in
SARS-CoV-2, as well as in other Human Coronaviruses
(H-CoVs), encodes multiple non-structural proteins (nsps),
along with the NP protein, that has been noted to have a
high degree of identity and similarity.32 Various compar-
ative studies have indicated that the Sansure Biotech assay
exhibits slightly superior diagnostic effectiveness com-
pared to other RT-qPCR methods, although they are
generally similar in performance.33 However, among the
limitations of the kit is that the ORF1ab and NP gene
primer/probes may detect bat coronaviruses based on
in silico analysis, additionally, no cross-reactivity was
observed for the four H-CoVs.34

A study conducted in Japan on the serum of
92 healthcare workers noted that during the COVID-19
pre-pandemic phase, five (5.4%) and fifteen (16.3%)
participants tested positive and borderline for SARS-CoV-
2 IgG antibodies, respectively. Based on their government
status reports, these rates were greater than predicted. They
stated that these results imply that during the beginning of
the pandemic,35 COVID-19 had already begun to spread
throughout the southern section of Kyoto city.29 In a
comparative study in Angola, researchers analyzed the
immune response to SARS-CoV-2 in 442 participants with
both confirmed and non-confirmed clinical cases of mea-
sles, by using ELISA to test blood samples collected be-
tween September 23, 2019, and February 28th, 2020.
Interestingly, within the seropositive and vaccinated
measles group, 40 samples showed a positive reaction to
SARS-CoV-2 viral proteins in both IgG and IgM tests,
which occurred more than 2 weeks before the first con-
firmed COVID-19 case in Angola. These findings indicated
significant differences in IgG and IgM levels, both in
measles patients who were vaccinated and those who were
not.36 These differences suggest the possibility of an early
and unnoticed spread of SARS-CoV-2 when compared to
our study conducted during a similar timeframe. An ad-
ditional study involved analyzing blood samples from
169 deceased individuals who had autopsies performed
between October 1, 2019, andMarch 27, 2020 and reported
five cases with positive anti-SARS-CoV-2 antibodies using
LFIA and ELISA tests, as well as SARS-CoV-2 RNA in
blood and available lung tissues through RT-PCR and
ddPCR. The search of SARS-CoV-2 RNA by RT-PCR
resulted in negative in all seropositive subjects but one.37 A
comprehensive analysis of multiple independent studies
found retrospective evidence of the existence of antibodies
and viral RNA in clinical samples. Additionally, these
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studies proved that SARS-CoV-2’s community transmis-
sion by detecting viral RNA inwastewater during periods that
do not coincide with the virus’s initial emergence in No-
vember 2019.38 This is consistent with our research, another
study examined 235 serum samples collected from March
2017 to March 2022. These samples were obtained as part of
the measles/rubella surveillance program from patients who
had tested negative for measles and rubella viruses. Inter-
estingly, they observed that 5.5% of these samples tested
positive for IgG antibodies against SARS-CoV-2.39

Overall, the results obtained in this study confirm the
presence of immunity against SARS-CoV-2 immunity in
children before the pandemic, with specific and neutral-
izing immunity. It is worth indicating that further experi-
ments, larger cohorts, and different types of proteins
(H-CoV proteins), are necessary to establish more precisely
the protection duration and the antibodies nature together
with their neutralizing effect against SARS-CoV-2 by in-
vestigating different epitopes. All the results obtained
during this study highlight the relevance of the anti-SARS-
CoV2 serological status in presuming SARS-CoV2 cir-
culation, regardless of the cohort conducting context.

While the presence of anti-SARS-CoV-2 antibodies
suggests possible early exposure, it’s challenging to de-
finitively rule out cross-reactivity with other human co-
ronaviruses without specific tests. The use of different tests,
a larger sample size, and a single-time snapshot may affect
results and not provide conclusive evidence on vaccination
effects.

Conclusions

In this study, we discovered that 13% of children with
eruptive fevers possessed anti-SARS-CoV-2 IgG anti-
bodies, hinting at either early virus exposure or cross-
reactivity with other coronaviruses. Intriguingly, 21%
showed a specific neutralizing immune response against
SARS-CoV-2, emphasizing the pediatric population’s
unique immune capabilities. The potential impact of
childhood vaccinations, like MMR, in shaping responses to
COVID-19 was thoroughly highlighted. This research,
along with future studies on antibodies nature and their
neutralizing effects remains crucial for refining SARS-
CoV-2 vaccine strategy and understanding the immune
response to coronaviruses.
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