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Correspondence should be addressed to José Francisco Muñoz-Valle; biologiamolecular@hotmail.com

Received 11 July 2023; Revised 14 January 2024; Accepted 6 February 2024; Published 14 February 2024

Academic Editor: Chuan Wang
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Background. Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is the virus that causes coronavirus disease 2019
(COVID-19). It is estimated that more than half of new infections are transmitted by asymptomatic people; therefore, the isolation
of symptomatic people is not enough to control the spread of the disease. Methods. A total of 171 unvaccinated young adults
(18–35 years) from Sonora, Mexico, who underwent a structured survey to identify prior COVID-19 infections, were included in
this study. A qualitative determination of anti-SARS-CoV-2 antibodies in serum was performed by lateral fow immunoassay
(Certum IgG/IgM Rapid Test™ cassette kit) and neutralizing antibodies were also determined (GenScript cPass assay). Results. A
total of 36 people reported a history of COVID-19 infection, and 135 reported no history of COVID-19. In contrast, 49.6% (67/
135) of individuals who had not reported a previous SARS-CoV-2 infection were seropositive to the rapid anti-SARS-CoV-2
antibody test, and 48.1% (65/135) of them had neutralizing antibodies. Conclusions. Tese results suggest that in young adults,
SARS-CoV-2 infections could be asymptomatic in a high percentage of individuals, which could contribute in part to the slow
control of the current pandemic due to the large number of asymptomatic cases that are contagious and that could be a silent
spread of the virus.

1. Introduction

Te severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) virus identifed in late 2019 in Wuhan, China, is the
cause of coronavirus disease 2019 (COVID-19) [1, 2]. In
February 2020, the International Committee on Taxonomy
of Viruses named it SARS-CoV-2, which, in the frst

instance, was known as the new coronavirus 2019 (2019-
nCoV) or human coronavirus 2019 (hCoV-19) [3].

COVID-19 quickly spread worldwide, and by the be-
ginning of March 2020, it was declared a pandemic by the
World Health Organization (WHO) [4].

More than 750 million infections and 6.8 million deaths
have been attributed to SARS-CoV-2 since the start of the
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COVID-19 pandemic. Regarding pathogenesis, the spec-
trum of SARS-CoV-2 infection can range from asymp-
tomatic infection to life-threatening complications of
COVID-19 [5]. Te most common symptoms are fever,
cough, shortness of breath, anosmia, and ageusia which
correspond to mild symptoms. Moderate symptoms include
clinical or radiographic evidence of lower respiratory tract
disease and oxygen saturation ≥94%; severe symptoms in-
clude oxygen saturation <94%, respiratory rate ≥30 breaths/
min, and lung infltrates >50%, and critical symptoms in-
clude respiratory failure, shock, and multiorgan dysfunction
or failure [6–8].

It has been identifed that a large part of the population is
asymptomatic of the disease; that is, they do not present any
apparent clinical symptoms, which can favor the spread of the
infection [8]. A high prevalence of asymptomatic infections
has been documented in various regions worldwide,
encompassing countries across Asia, Europe, Africa [9–12],
and the Americas, including Mexico [13]. Tese individuals,
who are primarilymostly young adults [9, 14], workers, health
care workers, or household breadwinners may be one of the
biggest obstacles in containing the COVID-19 pandemic [15].

SARS-CoV-2 is composed of structural and non-
structural proteins. Te structural proteins are the nucleo-
capsid protein (N), membrane protein (M), envelope protein
(E), and spike protein (S), the latter being necessary for virus
entry into the cell [7, 16]. Once the virus infects cells, an
adequate immune response is important. Te characteristic
immune response that occurs in the host in response to
COVID-19 is orchestrated by both adaptive and innate
immune responses and is crucial for protection against
SARS-CoV-2. Adaptative immunity is composed of cellular
immunity and humoral immunity. In this regard, B lym-
phocytes, cells specialized in the production of antibodies to
fght infection (IgM, IgG, IgA, IgD, and IgE) are the main
efectors in the humoral response [17, 18]. However, al-
though many antibodies against the pathogen can be gen-
erated during infection, not all of them can neutralize the
virus. Only antibodies that block cell infltration and viral
replication are neutralizing antibodies (NAbs) [19].

Concerning the above, there are currently several specifc
serological tests for detecting NAbs, including the GenScript
cPass assay, based on the enzyme-linked immunosorbent
assay (ELISA) method. Its use was authorized in November
2020 by the U.S. Food and Drug Administration (FDA). Tis
test evaluates the interaction between the receptor binding
domain (RBD) and the angiotensin 2 receptor (ACE2).
Terefore, this assay emulates the block of the entry of the
virus into the cell (GenScript, Piscataway, NJ, U.S.A.) [20, 21].

One of the reasons why the pandemic has been perpet-
uated in Mexico is that the number of people infected with
SARS-CoV-2 is underestimated, and there are no adequate
strategies to detect asymptomatic cases [22]. It is, therefore,
crucial to know the previous exposure to the virus through the
seropositivity of anti-SARS-CoV-2 antibodies in young adults
to assess whether there has been a previous exposure to the
virus [23]. In addition, to date, some people have not been
vaccinated or, despite being immunized, could present an
infection that could even be asymptomatic [24]. For the above

reasons, this study aimed to determine the presence of IgM,
IgG, and NAbs against SARS-CoV-2 in unvaccinated young
adults from northern Mexico who had or were unaware of
having had a previous SARS-CoV-2 infection.

2. Materials and Methods

2.1. Capture of Subjects and Sample Collection. From July
2021 to August 2021, 171 subjects from the general pop-
ulation (unvaccinated young adults between 18 and 35 years
old) residing in Navojoa, Sonora, Mexico, situated in the
state of Sonora, north of Mexico, who had not received the
SARS-CoV-2 vaccine at the time of enrolment were
recruited for the study by using a random sample. Young
adults of both sexes who were between the ages of 18 and
35 years old were eligible for this study. All participants
completed an informed consent declaration after being
included at the Universidad de Sonora, Unidad Regional
Sur, Sonora State, Mexico. In addition, all subjects com-
pleted a structured survey to collect clinical and de-
mographic information, a history of SARS-CoV-2 infection,
and information on the symptoms of the illness for people
who previously had COVID-19. From the above, we divided
the participants into two groups as follows: (1) subjects
unvaccinated who reported no history of SARS-CoV-2 in-
fection, and (2) subjects unvaccinated who reported a prior
COVID-19 infection. Tis classifcation was created based
on the answers provided by individuals through a survey. In
turn, based on the symptoms listed in the survey, subjects
who had a previous SARS-CoV-2 infection were divided into
four categories: asymptomatic, mild symptoms, moderate
symptoms, and severe COVID-19.

Peripheral blood from all the subjects was obtained by
venipuncture into vacutainer tubes without anticoagulant
for serum collection, which was isolated by standard pro-
tocols, aliquoted, and stored at −80°C until use.

2.2. IgG/IgM against SARS-CoV-2 Antibodies Detection.
Using a lateral fow immunoassay, the Certum IgG/IgM Rapid
Test™ cassette (from the company All Test Biotech., Hang-
zhou, China 310018) kit, IgM, and IgG antibodies against
SARS-CoV-2 were qualitatively determined. Both antibodies
against spike (S) and nucleocapsid (N) were determined. Tis
test uses a lateral fow immunoassay to distinguish between
SARS-CoV-2 IgG (relative sensitivity >99.9%, relative speci-
fcity 98%) and IgM (relative sensitivity 85%, relative specifcity
96%) antibodies. Positive was defned if the line stained for
IgM, IgG (even though another antibody was negative), or
both IgM/IgG for either N or S proteins. Te manufacturer’s
recommendations for the protocol were followed.

2.3. Determination of NAbs. Te manufacturer’s recom-
mendations for the ELISA cPass™ SARS-CoV-2 Neutral-
izing Antibody Detection Kit (GenScript, Piscataway, NJ,
USA) were followed to determine the NAbs. It is a surrogate
virus neutralization assay (sVNT). Tis assay determines the
interaction between the RBD of the wild-type S protein and
the ACE2 receptor, with the results reported as percentage
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inhibition.Te assay cut-of value for the detection of SARS-
CoV-2 neutralizing antibodies is 30% signal inhibition,
indicating a positive result equal to or above 30% and

a negative result below 30%. Te manufacturer’s recom-
mendations for the protocol were followed. Te percentage
of signal inhibition is calculated using the following formula:

%  signal  inhibition � 1 −
OD450  sample

Average OD450 negative  control  × 100%. (1)

2.4. Statistical Analysis. GraphPad Prism v. 8.0 software was
used for the statistical analysis, and a value of p< 0.05 was
considered signifcant. Parameters with a normal distribu-
tion were expressed as means and standard deviations (S.D.).
Non-normal distribution parameters are presented in me-
dians and interquartile ranges (25–75). For the inferential
statistics for two groups, the Student’s t-test was performed,
as was the ANOVA test for more than two groups (data with
normal distribution). For nonparametric data, the com-
parison of two groups was performed by theMann–Whitney
U test, while more than two groups were compared by the
Kruskal–Wallis. We used the nonparametric Wilcoxon
signed-rank test to compare two groups of continuous
values (data with no parametric distribution).

Te concordance between the positivity of both antibody
tests was evaluated using Cohen’s kappa (κ) coefcient
(McHugh, 2012). Te interpretation was graded as follows:
<0.20 no agreement, 0.21–0.40 least agreement, 0.41–0.60
weak agreement, 0.61–0.80 strong agreement, and 0.81–1.00
almost perfect agreement. Confdence intervals were cal-
culated using the following formula:

κ–1.96 × SEκ  to κ + 1.96 × SEκ. (2)

3. Results

3.1. Clinical and Demographic Characteristics of the Subjects.
A total of 171 young Mexican adults without prior vacci-
nation and individuals of both genders (69% women and
31% men) with an age range of 18 to 35 years were included.
Table 1 shows the clinical and demographic data. Only 36
(21%) of the individuals included in the study self-reported
a prior infection with SARS-CoV-2 while the remaining 135
(79%) subjects reported never having symptoms or having
been diagnosed with COVID-19. Individuals were classifed
according to the clinical symptoms they presented during
infection. Most individuals with a history of COVID-19
reported mild symptoms (80.5%): 13.8% of the subjects were
asymptomatic, 80.5% had mild symptoms, and 2.8% re-
ported moderate or severe symptoms (Table 1). No difer-
ences were found between the ages of the groups of young
people with and without prior COVID-19, and no signifcant
diferences were observed between the genders of the two
groups (Table 1).

3.2.Associationbetween IgM/IgGAntibodies andNeutralizing
Capacity of Unvaccinated Subjects. We observed that 42.6%
of subjects were negative for the rapid IgM/IgG antibody

test, and 57.3% of individuals were positive; of these, 87.8%
were positive for IgG. In addition, of the total number of
individuals included, it was found that 57.3% had NAbs and
42.7% were negative for NAbs. On the other hand, we
compared the subjects who reported a previous COVID-19
infection and those who did not, and we observed that 86.1%
and 49.6%, respectively, obtained a positive result in the
rapid test, and we observed signifcant diferences between
both groups (p< 0.0001). When evaluating the levels of
NAbs against SARS-COV-2, we observed that 91.7% of
people who reported previous COVID-19 developed NAbs
in response to infection. Of note, of the subjects without
prior COVID-19, 49.6% had a positive rapid test result and
48.1% had NAbs (Table 2).

3.3. Comparison between the Results of the Certum IgG/IgM
Rapid Test and the Percentage of NAbs against SARS-CoV-2.
To corroborate the results of the individuals who obtained
diferent results between both tests (data in Table 2) and to
evaluate the association between the IgG/IgM rapid test and
NAbs, we performed a stratifcation according to the results
obtained in the rapid test. Group 1: individuals with
a negative result for the rapid test; group 2: IgM-positive
individuals; group 3: IgM/IgG positive individuals; and
group 4 was composed of IgG positive individuals.We found
that most individuals (83.3%) who developed NAbs were
IgG-positive on the rapid test (n� 80). In addition, 8 in-
dividuals (8.3%) were IgM/IgG positive in the rapid test and
had NAbs. In comparison, 8 individuals (8.3%) were neg-
ative in the test with neutralizing capacity, although they
were not detected by the rapid test (Figure 1).

3.4. Comparison between NAbs in Young Adults with and
without Prior COVID-19 (by Self-Report). We compared the
neutralizing capacity only in subjects positive for NAbs
between individuals who reported a history of COVID-19
and those who reported no history of the disease. We ob-
served that the neutralizing capacity in both study groups
was very similar if subjects without NAbs (<30%) were
excluded (Figure 2(a)). Tese results show that both groups
had a previous infection and produced NAbs, even though
one group did not show any symptoms.

On the other hand, after comparing only young adults
positive for NAbs, we sought to compare the NAbs of in-
dividuals with and without prior COVID-19. We observed
that in these two groups, the levels of NAbs were hetero-
geneous, and the analysis showed that there was a signifcant
diference (p< 0.0001) between the groups (Figure 2(b)).
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Te median percentage of neutralization in subjects who
reported not having had COVID-19 before sampling
(26.07%) was lower compared to the group of those who
reported having had the disease (94.3%); however, almost
half (48.1%) of the group without prior COVID-19 was
positive for neutralizing antibodies.

3.5. Concordance between the Certum IgG/IgM Rapid Test Kit
and cPass™ SARS-CoV-2 Neutralization Antibody Detection
Kit. To evaluate the concordance between both tests, we
stratifed the individuals into two groups: 1: individuals
positive to the rapid test (including positive IgM, IgG, and
IgM/IgG); and group 2: individuals who developed NAbs.
From this stratifcation, we performed Cohen’s Kappa
method, obtaining a Kappa value of 0.809, a standard error
of 0.045, and a signifcance of 0.001 (Table 3). In addition, we
observed that 65 individuals were without NAbs and neg-
ative for the rapid test, while only eight individuals who were
negative for the rapid test had NAbs. Similarly, we obtained
90 individuals who had NAbs and were positive for the rapid
test and only eight who were positive for the rapid test but
did not have NAbs. Tis indicates that 90.6% (155/171) of
individuals coincide with the results of both tests.

4. Discussion

It has been widely reported that droplets and aerosols easily
transmit COVID-19 from person to person. Among the
most common symptoms of COVID-19 are cough, fever,
sore throat, headache, or severe symptoms that can lead to
death [7]. Despite the above, it has also been reported that
approximately ≈40.5% of SARS-CoV-2 infections can be
asymptomatic [10].

Table 1: Clinical and demographic characteristics of the study groups.

Parameter Total unvaccinated young
adults n� 171

Prior COVID-19 by self-report
p valueYes

21.05% (n� 36)
No

78.94% (n� 135)
Demographic
Age (years)a 25 (18–35) 25 (18–35) 24 (18–35) 0.704
Genderb

Female 69 (118/171) 75 (27/36) 67.4 (91/135) 0.381Male 31 (53/171) 25 (9/36) 32.6 (44/135)
Clinical symptomsb

Asymptomatic — 13.8 (7/36) —

—Mild — 80.5 (29/36) —
Moderate — 2.8 (1/36) —
Serious — 2.8 (1/36) —

aMedian; bpercentage data. p values were calculated by the Mann–Whitney U and chi-square test (median (IQR)).

Table 2: Rapid test and NAbs for SARS-CoV-2.

Test Total unvaccinated young
adults n� 171

Prior COVID-19 by self-report
p valueYes

21.05% (n� 36)
No

78.94% (n� 135)
Rapid antibody test
Negative 42.6% (73/171) 13.9% (5/36) 50.4% (68/135) <0.0001Positive 57.3% (98/171) 86.1% (31/36) 49.6% (67/135)
IgM 3.1% (3/98) 0% (0/31) 4.5% (3/67)

0.488IgM+ IgG 9.2% (9/98) 9.7% (3/31) 8.9% (6/67)
IgG 87.8% (86/98) 90.3% (28/31) 86.6% (58/67)

Neutralizing antibodies
Negative (<30%) 42.7% (73/171) 8.3% (3/36) 51.9% (70/135) <0.0001Positive (>30%) 57.3% (98/171) 91.7% (33/36) 48.1% (65/135)
% neutralization 48.36 (9.415–96.01) 94.3 (68.14–96.96) 26.07 (6.035–93.130) <0.0001

p-values were calculated by Fisher’s exact, the Mann–Whitney U (%(n)) or chi-square test for the groups (median (IQR)).
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Figure 1: Percentage of neutralization and results of antibodies
evaluated with the rapid test. Te individuals were classifed
according to the results obtained in the rapid test.
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In this study, we analyzed samples from unvaccinated
young adults from Northern Mexico to determine the
seroprevalence of anti-SARS-CoV-2 antibodies.

Antibodies against SARS-CoV-2 are highly heteroge-
neous in titers; higher antibody titers have been associated
with disease severity, gender, and age. In the present study,
we did not fnd signifcant diferences when comparing male
and female genders (data not shown), which difers from
other studies where a diference was observed in the course
of the disease and higher antibody titers in men [25, 26].Tis
diference could be explained by the fact that the median age
of women was 41 years, while in our study, the median age of
women was 25 years. Te diferences observed in these
previous studies with older women could be mainly due to
hormonal changes, such as decreased estrogen levels. Tese
changes can infuence the production of antibodies afecting
B cell maturation, diferentiation, activity, and survival, as
estrogens can stimulate higher concentrations of antibodies
in response to viral infections [27]. Te fact that the women
in this study are younger and are not undergoing these
hormonal changes may explain why our results difer and no
association with gender was found [28, 29].

To evaluate prior COVID-19 infections in young adults,
primarily students and workers who maintain contact with
many people, we conducted a structured survey through
which 21.05% of individuals self-reported a previous

COVID-19 infection, and 78.94% did not report a history of
the disease. Surprisingly, when we analyzed the samples, we
realized that many individuals without a history of
COVID-19 (self-reported) were positive for anti-SARS-
CoV-2 antibodies, and many of them also presented titles of
NAbs. Tose subjects indicated that they had never pre-
sented symptoms related to COVID-19; therefore, it can be
assumed that they were asymptomatic cases.

Some factors increase the risk of virus exposure in
asymptomatic infection, among them working outside the
home; since the individual does not have symptoms, they do
not stop working and continue with their daily life. Another
important factor is domestic contact. A systematic review by
Madewell et al. [30] showed increased transmissibility of
emerging SARS-CoV-2 variants of concern in the confnes of
the home, and vaccination reduced these results. Te above
is important because asymptomatic cases have the potential
to perpetuate infections among vulnerable individuals or
those who might eventually develop symptomatic disease.
Moreover, this is crucial considering studies suggesting that
reinfections could elevate the long-term risk of COVID-19,
albeit to a lesser extent in mild or asymptomatic
infections [31].

Te delta variant was initially identifed in India in the
early months of 2021 [32]. However, in Mexico, the Delta
variant was frst detected at the end of August 2021 [33].
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Figure 2: Comparison between the percentage of neutralization in young adults with and without prior COVID-19 (by self-report).
Individuals were classifed with and without COVID-19 based on their report in the survey. Te p value was calculated using the
Mann–WhitneyU test. Te data are provided as medians and interquartile ranges. ∗∗∗, p< 0.0001; Ns, no signifcance. (a) Comparison only
between individuals with positive neutralizing antibodies. (b) Comparison between positive and negative neutralizing antibodies.

Table 3: Kappa value for individuals positive to the rapid test and NAbs.

Kappa SE CI (95.0%) p value
0.809 0.045 0.7208 0.8972 0.001
SE, standard error; CI, confdence interval.
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Furthermore, Delta became the predominant variant in the
latter months of 2021 [33]. Additionally, the frst case of the
Omicron variant in Mexico was identifed on November 16,
2021 [34]. Consequently, our study period did not en-
compass the transmission periods of the Delta and Omicron
variants. Nevertheless, it is imperative to highlight that these
variants played a signifcant role in the elevated number of
infections during the pandemic. Simultaneously, our results
remain pertinent, as even outside the timeframe of these
variants, a noteworthy incidence of asymptomatic infections
was observed. Tis observation suggests the potential for an
increase in case numbers with the emergence of new
variants.

A study by Zou et al. detected a similar viral load between
symptomatic and asymptomatic individuals, suggesting
a high potential for transmission from individuals who did
not present symptoms or were minimally symptomatic [35].

In this sense, our results suggest that young subjects who
did not develop COVID-19 symptoms could be responsible
for the silent spread of SARS-CoV-2 because they did not
receive medical attention and had no home isolation. Tis is
consistent with other fndings in diferent populations,
which raises the possibility that the spread of the virus
asymptomatically may be greater than expected [36]. In
addition, this study highlights the necessity of conducting
random test screenings in busy areas or workplaces.

When we compared NAbs percentage in individual
positive to anti-SARS-CoV-2 antibodies (with or without
a COVID-19 history, by self-report), we did not observe
signifcant diferences; therefore, this suggests that NAbs are
synthesized even in an asymptomatic individual. Previous
studies support the above, showing that NAb titers are
maintained independently of symptoms [37].

For the above reasons, of the individuals who had NAbs,
we stratifed individuals with symptoms and those without
symptoms. Of 98 individuals with neutralizing capacity, 33
presented symptoms (87.9% with mild symptoms, 2.8 with
moderate, and 2.8 with severe symptoms), and 65 did not
report any clinical signs. However, when we compared
asymptomatic individuals with symptomatic individuals, we
did not fnd a signifcant diference in the percentage of
neutralization between these two groups. Tis confrms that
both groups generated neutralizing antibodies even without
being aware that they had sufered from the disease. Tis is
consistent with other studies where it was observed that
young adults with an asymptomatic SARS-CoV-2 infection
had memory B cell responses similar to those seen with
a moderately symptomatic infection [38].

Of the individuals with NAbs, we observed that the
majority were also IgG positive; however, we observed that
eight individuals negative to the rapid test were positive for
NAbs; it could be due to the fact that the cPass test is not
specifc to any isotype (i.e., isotype agnostic), so it could be
IgA antibodies, which the rapid test does not detect [20]. We
observed that 7 of these 8 individuals negative to a rapid test
but positive to NAbs have a low neutralizing capacity
(30–<60% of neutralizing antibodies). We suggest that these
could be of the IgA isotype; this could be supported by
a study that demonstrates a signifcant response of

antibodies with a neutralizing capacity of the IgA isotype but
that decreased faster than the NAbs of the IgG type [39]. In
this regard, we also found that 98 out of 171 individuals had
NAbs; of these, 18 individuals had low NAbs titers
(30–<60%), which could be because the titers of these an-
tibodies decreased over time [40, 41]. Furthermore, it has
been shown that individuals with mild or asymptomatic
SARS-CoV-2 infections had lower antibody titers and SARS-
CoV-2 NAbs as well as greater reinfection rates [42].

On the other hand, we also observed positive IgM/IgG
and IgG individuals without NAbs; this could be the case of
individuals who develop antibodies but do not prevent viral
replication and therefore do not confer long-term immunity.

Despite the decrease in COVID-19 cases, it is difcult to
rule out a possible increase in infections; therefore, it is
important to continue monitoring antibodies to determine
seroprevalence in vaccinated or unvaccinated people and
defne an accessible and reliable test, as well as the protection
provided by antibodies acquired through vaccination to
contribute to the resolution of the pandemic. Consequently,
it could help to prevent and control infections not yet
identifed. For this reason, we decided to compare the
fndings of the two tests utilized in the study, and we found
some similarities. We obtained an agreement of 90.6%,
where 155 individuals agreed on the results of both tests;
therefore, we evaluated the concordance between both tests.
According to Cohen’s Kappa interpretation, a value≤ 0
indicates no agreement, 0.01–0.20 indicates none to a slight
agreement, 0.21–0.39 is a minimal agreement, 0.40– 0.59 is
a weak agreement, 0.60–0.79 is a moderate agreement,
0.80–0.90 is a strong agreement, and above 0.90 is almost
perfect agreement [43]. In this sense, our results indicate
a strong concordance between seropositivity to the rapid test
and the neutralizing antibody test. Furthermore, in many
countries, including Mexico, PCR testing to determine
SARS-CoV-2 infection status has focused mainly on
symptomatic patients. Terefore, this result is signifcant
because, inMexico, rapid tests for the detection of antibodies
against SARS-CoV-2 are more accessible than neutralization
tests and ofer results in less than 30minutes. Currently,
a large part of the population has already been exposed to the
virus or has been vaccinated, which may lead to the con-
clusion that most of these people have developed detectable
antibodies at some point in time against some variant of
SARS-CoV-2. Despite the above, there is evidence of a de-
crease in antibodies over time [44, 45], so it is important to
highlight that screening tests continue to be a plausible
strategy to detect asymptomatic cases or recent infections;
therefore, the results obtained in this study on the con-
cordance between the two tests are still widely relevant. It is
important to consider that the use of a validated and certifed
rapid test alone or combined with molecular tests is an
efective and accessible strategy to obtain a broader image of
the prevalence of antibodies in people with previous ex-
posure to the virus or with a disease in progress, respectively,
and they could be useful for public health surveillance.

A limitation of this study is the lack of a timely diagnosis
for individuals who had antibodies against SARS-CoV-2,
which would allow us to observe a titer change over time. In
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addition, the overall sample size, especially the number of
individuals with moderate and severe symptoms, was too
few to compare the NAbs between the diferent groups of
symptomatic subjects. Studies with a larger sample size are
needed to corroborate these fndings and more accurately
estimate the percentage of asymptomatic individuals in this
age group.

In later works, it will be essential to evaluate the titers of
antibodies generated by vaccination and determine specifc
antibodies against the N protein in vaccinated individuals to
diferentiate them from a natural infection. In addition, it is
also relevant to pay attention to the cellular immune re-
sponse and its connection to the humoral immune response.
Due to the fact that we observed eight individuals negative
for the rapid test but positive for NAbs, it would be im-
portant to determine the subtypes of antibodies against the
virus. Te quantifcation of proinfammatory cytokines and
their correlation with the severity of the disease and the anti-
SARS-CoV-2 antibody titers will provide interesting results
that will help us understand the disease’s pathogenesis and
the protection that could be given after an infection, whether
symptoms are present or not.

5. Conclusions

Most young people who reported not having a prior in-
fection were seropositive for anti-SARS-CoV-2 antibodies,
indicating a very high number of asymptomatic for
COVID-19 in this group. Tis is important because this
group can be a silent spread of the SARS-CoV-2 in Mexico
and could be partially contributing to maintaining new
COVID-19 cases.
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[12] B. Álvarez-del Rı́o, L. Sánchez-de Prada, A. Álvaro-Meca
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