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Abstract

Introduction: Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), the causative agent of coronavirus disease 2019 (COVID-19),
has spread worldwide since 2019. Survey of the antibodies against SARS-CoV-2 is one of the most important measures of immunity since it
can give an idea on the effectiveness of administered vaccines and the serologic status of individuals. We determined the concentrations of
blood IgM and IgG against three SARS-CoV-2 proteins in vaccinated teachers and students among a university population from Chihuahua,
Mexico.

Methodology: Humoral response surveillance against the 3C-like proteinase (3CLpro), nuclear protein (NP), and receptor binding domain
(RBD) of SARS-CoV-2 was carried out. A total of 239 samples were analyzed: 67 from teachers who were vaccinated with CanSino and 172
from students (27.9% were vaccinated with AstraZeneca, 32.6% with Sinovac, 24.4% with Pfizer-BioNTech, 15.1% with other vaccines).
Results: Significant differences in the levels of IgG were observed between serum from individuals prior to vaccination (preimmunization
serum) and from those that were vaccinated with CanSino. However, samples from asymptomatic individuals did not show differences between
the preimmunization and post-immunization serum. The three vaccinated groups (AstraZeneca, Pfizer and Sinovac) did not show significant
differences in anti-RBD IgG antibody titers compared to the positive control group, except for a Pfizer non-COVID-19 subgroup where the
level of antibodies in the Pfizer group was 1.7 times higher. Neither vaccine group showed significant differences between those individuals
who previously had COVID-19 and uninfected individuals.

Conclusions: These results provide a picture of the situation at the time when in-person classes resumed.
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Introduction

The severe acute respiratory syndrome coronavirus-
2 (SARS-CoV-2) is the causative agent of coronavirus
disease 2019 (COVID-19) and has spread worldwide
since 2019. The limited immunity of the population
against this new coronavirus caused, until May 2023,
765,903,278 confirmed cases of COVID-19 and
6,927,378 deaths [1,2]. In the face of this pandemic,
diverse protective activities were invoked throughout
the world, including academic responses adapted in
various ways, via both at home and online assignments
and classes, until effective vaccines against COVID-19
could be developed and deployed [3,4].

Protective immunity against SARS-CoV-2 is based
on both humoral and cellular immune responses. The
immune response against the virus depends to a large
extent on antigenic specificity, especially to antigens
such as the N-terminal domain (NTD) and the receptor-
binding domain (RBD) of the spike (S) glycoprotein
[5].

As of December 2, 2022, 50 different COVID-19
vaccines have been approved in at least one country [6].
Most of the vaccines were based mainly on the viral S
glycoprotein, which was administered by various
methodologies such as non-replicating adenoviruses,
nucleic acid vectors, mRNAs, recombinant proteins,
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and inactivated viruses that, in addition to the S protein,
also include the entire viral structure [4].

Among the main vaccines applied worldwide were
the spike mRNA vaccines BNT162b2 (Pfizer-
BioNTech, Michigan USA) and mRNA-1273
(Moderna, Marlborough, Massachusetts); as well as
Ad26.COV2-S (Johnson & Johnson's Janssen Division,
Beerse, Belgium) consisting of an adenovirus vector
encoding a stabilized spike protein; Ad5-nCOV
(CanSino Biologics Inc. and the Beijing Institute of
Biotechnology, Tianjin, PRC), an adenoviral vector
fused with full-length spike protein; ChAdOX1-nCoV
(AstraZeneca/University of Oxford, London, UK), an
adenovirus vector encoding full-length spike protein;
and Sinovac (Sinovac Biotech, Hong Kong S.A.R.,
PRC), made from the entire inactivated virus [7,8].

Evidence from clinical trials and observational
studies overwhelmingly support the safety and
efficacy/effectiveness of numerous COVID-19
vaccines to reduce the incidence and severity of SARS-
CoV-2 [9]. Specifically, antibodies to SARS-CoV-2
produced after vaccination have been shown to protect
against severe disease in a range of 62 to 90%
depending on the dosage, in addition to a wide range of
effectiveness (50 to 100%) against infection [9]. For
example, it was found that 100% of individuals
vaccinated with the mRNA vaccines BNT162b2 and
mRNA-1273 tested positive for IgGs against the S1
region, mainly for anti-RBD and 97% of individuals
vaccinated with the vector-based vaccine ChAdOx1
developed Sl-specfic IgG antibodies [10]. The AdS5-
nCOV vaccine showed seroconversion rates at 96% for
antibodies against the RBD [11].

Due to the data obtained from clinical trials of the
different vaccines together with the need to continue
and return to productive activities, the COVID-19
pandemic has forced health authorities around the
world to deploy different vaccination plans. In Mexico,
it was decided to start vaccination in December 2020 in
the population considered most at risk, including
healthcare personnel, with the BNT162b2 vaccine from
Pfizer-BioNTech [12,13]. The educational personnel
were exclusively administered the Ad5-nCoV
CanSinoBio vaccine, which was authorized on
February 8, 2021, and administered during April and
May 2021 [14,15].

After vaccination of the school teaching and
administrative staff, the Mexican Public Education
Secretariat (SEP) schools were urged to reopen starting
January 2022 for in-person activities in basic education
throughout the country [16]. In contrast, higher
education hybrid academic activities were restarted in
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the second half of 2021. At the local Autonomous
University (UACH), in the city of Chihuahua,
preference was given to participants in courses that
would require practical settings, e.g., workshops and
laboratories. To enable this, all UACH staff
(administrative and teaching) were vaccinated with the
CanSinoBio vaccine in May 2021 [17-19].

Knowing the duration of immunity produced by
SARS-CoV-2 vaccines is essential to guarantee the
health of individuals during the return to face-to-face
activities. Therefore, it is important to assess how long
antibodies persist after natural infection and after
immunization, as well as their protective capacity [20].
In a study carried out at the University of Salamanca, a
general Ig seroprevalence of 8.25% was found in
teachers and students before vaccination [21]. In
England, the seroprevalence in university students was
17.8% prior to vaccination and during return to school
[22]. On the other hand, in students and staff of
secondary schools, a seropositivity of 13.1% and
13.3%, respectively, was found before vaccination [23].
During the first wave of COVID-19 in Mexico, the
estimated national seroprevalence of antibodies against
SARS-CoV2 was 3.5% in February 2020 [24] and
24.9% in November 2020, being lower in adults over
60 years of age and higher in urban areas [25]. In
clinical trials, a group of childcare workers immunized
with a single dose of the CanSinoBio (Adv5-nCoV)
COVID-19 vaccine had an estimated vaccine
effectiveness of 20% against disease, 76% against
hospitalization, and 94% against death [26]. In another
clinical study where the percentage of neutralizing
antibodies against SARS-CoV-2 was explored, it was
found that the Pfizer/BioNTech, Moderna, and
CanSinoBio vaccines showed the highest percentages
of neutralization with means of 97.23%, 97.61%, and
97.23%. respectively [27].

The determination of antibodies against SARS-
CoV-2 is of the utmost importance since it can give an
idea of both the effectiveness of the vaccines and the
duration of immunity against the virus. Therefore, our
objective was to determine the concentrations of IgM
and IgG against the RBD of the spike glycoprotein, the
phosphoprotein nucleocapsid (N) and the M protein in
UACH teachers and post-vaccination students
administered with CanSinoBio, AstraZeneca, Pfizer,
and Sinovac vaccines.

Methodology
Ethics statement

This study was approved by the Facultad de
Medicina y Ciencias Biomedicas Program Institutional
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Review Board (CI-015-20) and the Ethics Review
Board from Secretaria de Salud del Estado de
Chihuahua (SI-002-2020). Informed consent was
obtained from all enrolled patients and healthcare
workers.

Patients/donors

Teachers, new students from the UACH 2021-22
cohort (fall semester), and all enrolled Biomedical
Engineering students (regardless of semester) were
eligible for characterization of humoral immune
response induced by vaccination against SARS-CoV-2.
Sixty-seven samples from teachers were included in the
study; all of them were vaccinated with CanSino. One
hundred and seventy-seven samples from healthy
students were characterized. Among these, 172 samples
were from students who received either AstraZeneca,
Sinovac, Pfizer-BioNTech, CanSinoBio, or Moderna
vaccines. A total of 103 students reported not having
COVID-19 prior to vaccination, while 69 reported
COVID-19 infection before being vaccinated. Of the
participants, 27.9% were immunized with AstraZeneca,
32.6% with Sinovac, 24.4% with Pfizer-BioNTech, and
15.1% with other vaccines (CanSinoBio, Moderna, and
Johnson & Johnson) (Table 1).

Blood samples were collected in tubes without
anticoagulant and centrifuged to separate sera.
Convenience sampling was carried out during August-
December 2021. Paired whole blood was collected in
sodium heparin-coated vacutainers and kept on gentle
agitation until processing. All blood was processed on
the day of collection. Plasma samples from 35 patients
infected with SARS-CoV-2 and confirmed by real-time

Table 1. Cohort baseline characteristics.

Characteristics Subjects
General information n=177
Gender (male/female) 81/96
Mean age = SD 20+3
COVID-19 infection n=172

No COVID-19 prior to vaccination 103

Had COVID-19 prior to vaccination 69
Vaccines

AstraZeneca 27.9% (48/172)
No COVID-19 before vaccination 29/48

Had COVID-19 before vaccination 19/48
Sinovac 32.6% (56/172)
No COVID-19 before vaccination 32/56

Had COVID-19 before vaccination 24/56
Pfizer-BioNTech 24.4% (42/172)
No COVID-19 before vaccination 28/42

Had COVID-19 before vaccination 14/42
other vaccine 15.1% (26/172)
No COVID-19 before vaccination 14/26

Had COVID-19 before vaccination 12/26

COVID-19: coronavirus disease 2019.
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polymerase chain reaction (RT-PCR), were used as
positive controls. Healthy donor (HD) plasma was
obtained from 16 persons without any vaccine, during
the months of June to August 2021.

Isolation of patient plasma

Plasma samples were collected after centrifugation
of whole blood at 400 g for 10 min at room temperature
(RT) without brake. The undiluted serum was then
transferred to 15 mL polypropylene conical tubes, and
aliquoted and stored at -80 °C for subsequent analysis.
Plasma obtained from patients was heat-inactivated (56
°C, 30 min).

Recombinant proteins

The SARS-CoV2 antigens used were the RBD of
the spike glycoprotein, N protein, and 3C-like
proteinase (3CLpro). The N protein was expressed and
purified using the pET-28a+ E. coli vector (Novagen,
Pretoria, South Africa) with optimized codons for
residues 173-591 (sequence ID: QIC50514.1) inserted
between the Nhe I and Not [ sites. A 1L culture of the
E. coli, DE3 strain containing this vector was used to
produce 174 mg of Ni++ affinity-purified protein using
methods described in [23] with final formulation in
phosphate buffered saline (PBS) at 3 mg/mL. Chain A,
3CLpro (GenPep Sequence ID: 6XA4 A) was
produced in a manner similar to the N protein. The RBD
protein sequence ID: QJD23474.1 residues 172-395
fused to ASHHHHHHAS and followed by EPEA (Glu,
Pro, Glu, Ala) and was expressed in transiently
transfected Chinese hamster ovary (CHO-S) cells using
a previously described CET-HS mammalian expression
vector (Cat UCOEO1, EMD Millipore Corporation,
Temecula, CA) [23,24] with TransIT-VirusGEN®
(Merck, Rahway, New Jersey) transfection reagent
according to the manufacturer’s protocol (Mirus, WI,
USA). Culture supernatant (220 mL) was loaded onto 2
connected 1 mL CaptureSelect™ C-tag XL pre-packed
columns (Thermo Scientific, Waltham, MA) at 1
mL/minute, then washed with PBS at 0.5 mL/minute for
1 h, and eluted with 2M MgCl; in 20 mM Tris-HCI (pH
7.0) at 0.5 mL/minute. The fractions were analyzed by
sodium dodecyl-sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) and those with RBD were
pooled and dialyzed into PBS with Ca/Mg to yield 10
mg of recombinant protein.

Enzyme linked immunosorbent assay (ELISA)

Clear flat-bottom Nunc MaxiSorp™ 96-well plates
(442404, ThermoFisher, Waltham, MA) were coated
with 50 mL of 2 pg/mL antigen in 50 mM
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carbonate/bicarbonate buffer, pH 9.6 overnight at 4 °C,
washed in PBS with 0.05% Tween 20, blocked with 65
mL tris buffered saline (TBS) (SuperBlock™,
ThermoFisher, Waltham, MA) for 1 h at 37 °C, and then
patted dry. Thawed plasma samples (50—100 mL) were
spun at 2,500 rpm in a refrigerated microfuge for 10 min
at 4 °C before dilution in TBS. For the N or 3CLpro-
point assay, dilutions of 1:250 and 1:500 were used. For
the RBD spike antigen 2-point assay, dilutions of 1:100
and 1:250 were used. Samples (50 mL) were applied to
the antigen-coated plates, covered with plate sealer, and
incubated at 4 °C overnight. On the following day, the
plates were washed 3% in PBS with 0.05% Tween 20.
Plate-bound IgG was detected with 50 mL of
peroxidase-conjugated donkey anti-human IgG Fc
specific reagent (709-035-098; Jackson
ImmunoResearch, West Grove, PA) at a 1:25,000
dilution or peroxidase-conjugated goat anti-human IgM
Fc 5p specific reagent (109-036-129; Jackson
ImmunoResearch, West Grove, PA) used at 1:5,000 in
TBS for the N protein assay and a 1:10,000 dilution in
TBS for the RBD assay. The plates were covered with
plate sealer, incubated at 37 °C in a 5% CO, humidified
incubator for 1 hour. Plates were then washed in PBS
with 0.05% Tween 20, developed with 50 mL of
3,3',5,5'-tetramethylbenzidine (TMB) substrate (Life
Technologies, Waltham, MA) for <5 min, stopped with
50 mL of 1 N HCI, then read at absorbance 450 nm on
a MultiSkan FC instrument (Thermo Scientific,
Waltham, MA). All manipulations with open plates
were done in a SterilGARD® III laminar flow hood
(Baker, Waltham, MA). For serial dilution titrations,
the same overall process was used. To choose the
threshold value, the standard deviation of the reading
absorbance at 450 nm of the negative controls and pre-
immune sera was assayed, determining that the
threshold value was at least three times the standard
deviation for each protein.

Data processing and analysis

Calculations were performed using Microsoft Excel
365. Fitting curves to find the absolute ECsy were
determined by plotting the logio of the dilution factor
values (x-axis) required to obtain OD 450 nm values (y-
axis). Analyses were performed using GraphPad Prism
9 software and the figures were drawn using Prism 9
(GraphPad Software, Boston, Massachusetts USA).
The Shapiro-Wilk test was used to test the normality of
a data set. The Krustal-Wallis method was used to
evaluate the effect of COVID-19 infection prior to
immunization, gender, and the different vaccines on the
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Table 2. Teachers’ cohort baseline characteristics.

Characteristics Subjects
General information n=67
Gender (Male/Female) 40/27
Age range 20-49
Vaccinated CanSino participants n=67
No COVID-19 before vaccination 52
Had COVID-19 before vaccination 15

COVID-19: coronavirus disease 2019.

antibody titers against the three SARS-CoV-2 proteins.
p <0.05 was taken as the level of significance.

Results
Serum antibody levels among teachers vaccinated with
Ad5-nCOV (CanSinoBio)

A total of 67 blood samples were collected from
university teachers vaccinated with a single dose of
CanSinoBio vaccine. All of them had their blood
sample taken before being vaccinated and four weeks
after receiving the vaccine. It should be noted that the
range of donors’ age was between 20 to 49 years (Table
2). At the time the samples were taken, participants or
teachers who were > 50 years and received the Pfizer-
BioNTech vaccine and were not considered in this
group/study. Significant differences in the levels of IgG
antibodies were observed between pre-vaccination
samples and the first and only vaccine administration.
However, when analyzing the samples and separating
by record of COVID-19 infection, people who had not
reported to have had the disease, did not show
differences between the pre-vaccination and post-
vaccination serum. In contrast, in people who had
reported COVID-19 infection, there were significant
differences when compared to the pre-pandemic control
and people with no reported infection. The only group
that presented significant differences after vaccination
were the 40-49 years old teachers (Figure 1).

RBD protein

Regarding IgM antibodies against the RBD protein,
the titers did not show significant differences between
the groups of individuals previously infected,
individuals who did not have COVID-19, and the
negative and positive controls. In the case of IgG
antibodies, there was a significant increase in antibody
concentration in the serum of those who were
vaccinated, who previously suffered from COVID-19,
and those who did not have COVID-19, when
compared to the value of the negative control sera
(Figure 2, with p < 0.0001 in both cases). The average
value of IgG-RBD antibodies was 0.94 and 1.0 in those
vaccinated against COVID-19 and without COVID-19
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Figure 1. Titer of IgG isotype antibodies against the receptor binding domain (RBD) protein in a population of university teachers

with CanSinoBio vaccination.
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A: Monitoring of the humoral immune response (RIU) before and four weeks after vaccination, paired t test p < 0.05; B: groups separated according
to whether or not they had reported COVID-19 and its monitoring by the RIU after 30 days, Tukey multiple comparison test, p < 0.05; C: groups
separated by age and their monitoring 30 days after being vaccinated, Tukey multiple comparison test, p < 0.05.

infection, respectively; four times higher than the
average value of the negative control. In 72% of those
vaccinated without previous COVID-19 infection, this
value exceeded the threshold value of 0.5 (developed
anti-RBD IgG antibodies), while in those vaccinated
and with previous COVID-19 infection, 71% exceeded
the threshold value of 0.5. However, no significant
differences were found in the values between those who
were positive for a previous SARS-CoV-2 infection and
those who were not (p > 0.05); so, it can be determined
that the anti-RBD antibody response to vaccination was
independent of having suffered or not from COVID-19
(Figure 2).

N protein (N)

When evaluating IgM antibodies against N protein,
the titers did not show differences between the groups
evaluated (Figure 2). On the other hand, in the case of
anti-N IgG antibodies, the behavior was opposite to that
previously described (IgG-RBD), with a significant
difference in the values of those vaccinated with
COVID-19 infection and those who did not have
COVID-19 compared with the positive control (p <
0.0001 in both cases). The mean was six times lower

than the mean of the positive control and two times
lower than that of the negative control, showing that
there was no increase regardless of COVID-19 status.
Only two vaccinated individuals, one with COVID-19
and one without infection exceeded the threshold value
of 0.9, indicating that they developed IgG antibodies
against the N protein. It should be noted that one of the
subjects suffered from COVID-19 on two separate
occasions while another reported a natural infection
with SARS-CoV-2, which may explain the anti-N IgG
levels being above the threshold. However, a third anti-
N IgG positive individual did not indicate that he
developed a previous infection, so his IgG levels
against the N protein may be due to a recent infection
that progressed without apparent symptoms (Figure 2).

3C-like proteinase (3CLpro)

Anti-3CLpro IgM had an average value of 0.08 and
0.10 in those vaccinated with COVID-19 and without
COVID-19, respectively (Figure 2). The mean
difference between them being 13 times less in the
COVID-19 vaccinated group, compared to that of the
positive control group; whereas in those vaccinated and
without COVID-19, it was less than 11 times. On the
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Figure 2. Values from anti-SARS-CoV-2 antibodies.
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Anti-receptor binding domain (RBD), anti-nuclear protein (NP) and anti-3C-like proteinase (3CLpro) IgM and IgG levels in patients who had
COVID-19 and who did not have COVID-19 before vaccination. The dotted line indicates the threshold value of the requirement. Kruskal-Wallis
analysis is presented as mean + SD. *p < 0.05, **p <0.01, ***p < 0.001, ****p <0.0001.

other hand, the values of IgG-Mpro, did not show a
significant difference between the sera of those
vaccinated with COVID-19 and the controls (p > 0.05)
as in the case of the sera from those who were
vaccinated and without COVID-19. It is worth
mentioning that five individuals exceeded the threshold
for anti-3CLpro IgG antibodies, of which three reported
having had COVID-19 at least once while the other two
did not indicate having suffered from the disease;
however, it is possible that their levels above the
threshold may be due to an asymptomatic type of
infection as observed for their anti-N IgG responses
(Figure 2).

Anti-RBD, anti-N, and anti-3CLpro responses with
different vaccines

After AstraZeneca, Pfizer or Sinovac vaccinations,
the subjects produced mean IgG anti-RBD antibody OD
values of 1.039, 1.34, and 0.68 respectively. In

comparison, the mean OD value obtained by the group
without COVID-19 (negative control group) was 0.24.
The mean value of anti-RBD IgG produced by the
AstraZeneca vaccine group was four times higher than
the value of the negative control group, while the
antibody titers of the Pfizer and Sinovac vaccine groups
were, respectively, five and three times higher than the
negative control group (Figure 3A). The three
vaccinated groups (AstraZeneca, Pfizer, and Sinovac)
had statistically significant differences compared to the
negative control group (p < 0.0001, p <0.0001 and p =
0.0032). The AstraZeneca, Pfizer, and Sinovac groups
did not show significant differences in anti-RBD IgG
antibody titers compared to the positive control group,
except for the Pfizer non-COVID-19 subgroup where
there was a difference from the positive control group
(» = 0.0027), resulting in 1.7 times higher the value of
antibodies in the Pfizer group. On the other hand,
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neither vaccine group showed significant differences
between individuals with or without COVID-19.

The groups of individuals with AstraZeneca, Pfizer,
and Sinovac vaccinations had a mean OD of anti-NP
IgG levels of 0.18, 0.12, and 0.24, respectively, being
similar to the mean OD of the negative control group of
0.33 (Figure 3B). All three groups had statistically

Figure 3. Characterization of anti-SARS-CoV-2 IgG
antibodies in vaccinated individuals.
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A: Anti- receptor binding domain (RBD) IgG levels in individuals
vaccinated with the AstraZeneca, Sinovac and Pfizer products who
developed COVID-19 and who did not have COVID-19 prior to
vaccination; the dotted line indicates the cut-off value for the antibody.
B: Anti-nuclear protein (NP) IgG levels in individuals who developed
COVID-19 prior to vaccination and who did not have COVID-19 and
who were vaccinated with the AstraZeneca, Sinovac, and Pfizer
products. C: Anti-RBD IgG levels in women and men who presented
COVID-19 prior to vaccination and who did not present COVID-19.
D: Anti-NP IgG levels in individuals of both genders with a diagnosis
of COVID-19 prior to vaccination and without a diagnosis of COVID-
19. Kruskal-Wallis analysis is presented as mean + SD. *p < 0.05, **p
<0.01, ***p <0.001, ****p < 0.0001.
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lower anti-NP IgG values than the positive control
group (mean 1.07). The average value of the
AstraZeneca vaccinated group was six times lower,
Pfizer vaccine group was nine times lower, and Sinovac
vaccine group four times lower than the value of the
positive group (p < 0.0001, p <0.0001, and p = 0.0032
respectively). It is important to mention that three
individuals had IgG-NP values higher than the
threshold (mean OD of 0.9), two of them reported
having had previous SARS-CoV-2 infections, which
may explain the high value for antibodies against the
NP protein. However, one of the individuals did not
report a previous infection, so the high value may be
due to an asymptomatic infection.

The analysis of IgM antibodies against the SARS-
CoV-2 RBD, N, and 3CLpro proteins did not show
different values between the recipients of either
AstraZeneca, Pfizer, or Sinovac vaccines. However,
significant differences were observed in contrast to the
positive control group. Regarding the levels of anti-
3CLpro IgG antibodies, there were no statistically
significant differences between the AstraZeneca, Pfizer
and Sinovac vaccinated groups, and the negative and
positive controls (Supplementary Figure 1).

Differentiating anti-RBD, anti-N and anti-3CLpro
antibody responses by gender

Regarding the anti-RBD IgG values in males and
females by gender at birth, it was found that the average
value in the female group with COVID-19 was 0.9 and
1.0 in the female group without COVID-19; while both
male groups had an average of 1.0. No significant
difference was observed between the genders (Figure
3C), which suggests that antibody production is not
affected by the gender of the vaccinated individuals.
The levels of both groups were statistically similar to
those produced by the positive control group (0.8),
which suggests that the level of IgG anti-RBD
antibodies produced by vaccination in both genders is
similar to the level of antibodies produced during
natural infection. The levels of IgM anti-RBD did not
show statistically significant differences between the
different groups (Supplementary Figure 2). When
analyzing the levels of IgG and IgM anti-NP in both
genders, a significant difference was observed with the
sera of the positive control group (p < 0.0001, p <0.05,
p < 0.01 respectively) (Figures 3D and Supplementary
Figure 2), which aligns with fact that this type of
antibody is raised in natural infection, and not by
vaccinations. It is important to mention that two
individuals who presented levels above the threshold
(0.9) had COVID-19, while one did not report a
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previous infection; so, his result may be due to an
infection without symptoms. There were no significant
differences in the levels of IgG anti-3CLpro between
the genders and the control groups, however the IgM
anti-3CLpro were statistically lower compared to the
positive control group (p < 0.01 and p < 0.0001,
respectively) (Supplementary Figure 2).

Discussion

Infections caused by the SARS-CoV-2 virus in the
last three years have caused the largest pandemic of the
century. The severity of the COVID-19 disease and the
lack of specific treatment led to great efforts worldwide
to contain the spread of the disease, including the
development of several vaccines against SARS-CoV-2
[11,28]. However, some of the vaccines such as Ad5-
nCoV approved in Mexico had not yet completed phase
III trials, and uncertainty among the population was
high about the efficacy and safety of the vaccines [29].
This motivated our group to carry out this work, with
the objective to determine the concentrations of blood
IgM and IgG responses against the RBD of the spike
glycoprotein, the N protein, and the 3CLpro protein in
teachers and students vaccinated with CanSinoBio,
AstraZeneca, Pfizer, and Sinovac vaccines.

At the time of vaccination of teachers in Mexico
with the Ad5-nCoV (CanSinoBio) vaccine, phase I and
II studies had been carried out and the phase III study
was under intermediate analysis; therefore, the efficacy
of the vaccine was unclear and caused uncertainty in the
population [29,30]. The first part of this study focused
on analyzing the differences in plasma IgG antibody
levels of teachers before and four weeks after
immunization with the CanSinoBio vaccine
considering their history of prior COVID-19 disease
and age. It was observed that the increase in IgG anti-
RBD antibodies was only statistically significant in
individuals who suffered from COVID-19 prior to
vaccination and in the age group between 40 and 49
years. In phase I1I clinical trials, the Ad5-nCoV vaccine
showed an overall efficacy of 68.83% in all
symptomatic COVID-19 infections 14 days after
vaccination, and 65.28% 28 days after vaccination [30];
which suggests that the peak of efficacy is obtained
between two and four weeks and then gradually
decreases [31]. Likewise, it has been observed in other
studies that individuals with a previous SARS-CoV-2
infection in combination with vaccination can increase
the amount of neutralizing antibodies compared to
those who did not have a previous infection, indicating
that with a history of previous infection there is an
increase in the production of antibodies [32—34] which
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agrees with the results obtained in this study. Teachers
aged between 40-49 years had the highest levels of
antibodies. This is consistent with the epidemiological
data, where it was shown that people in this age range
had higher levels of infection by SARS-CoV-2 [35]. In
addition, Guzman et al., observed that the highest
production of anti-S1 IgG antibodies is associated with
age groups of > 41 years [36].

On the other hand, when comparing all the
individuals immunized with any vaccine, we observed
that the levels of anti-RBD IgG antibodies did not have
significant differences between the groups with and
without previous SARS-CoV-2 infection and the group
of convalescent positive controls of COVID-19. This
result differs from other works where it has been
observed that after a second exposure to the pathogen,
a phenomenon of accelerated antibody production
occurs because people who had a previous natural
infection followed by artificial immunization present
greater antibody production [37]. However, all the
vaccines studied are designed to generate antibodies
against the viral spike (S) glycoprotein where the RBD
is located [7,8]; the latter being, together with the N-
terminal domain (NTD), the main antigens of the
SARS-CoV-2 virus that exhibit neutralizing capacity
[5], which is consistent with the large amount of anti-
RBD IgG obtained in all groups.

In the case of IgG anti-NP and IgM anti-3CLpro
antibodies, a significantly higher level was observed in
the COVID-19 positive group compared to the groups
vaccinated with and without pre-immunization
infection. This can be explained as vaccination with
BNT162b2, Ad5-nCOV, mRNA-1273, and ChAdOX1-
nCoV triggers an immune response with the production
of memory B cells and production of anti-spike
antibodies [38]. However, a natural infection induces
both a cellular and humoral response with the
production of various specific antibodies against the
different viral proteins, mainly surface proteins such as
nspl, nsp3, and nsp14; but also, others such as 3CLpro,
E, and nucleocapsid (N) proteins [38].

When individuals were divided into groups by the
type of vaccine received (AstraZeneca, Pfizer, and
Sinovac) and subdivided by prior infection and not
infected prior to vaccination, no significant differences
in anti-RBD antibody production were observed
between the groups. This may indicate that in the
groups of different vaccines, antibody immunity does
not change radically when the disease is previously
presented naturally and when only the vaccine is
received. Similarly, it can be inferred that the levels of
anti-RBD IgG antibodies produced by the different
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vaccines are comparable to the levels produced by
natural infection [37]. In contrast, the positive control
group had significantly higher anti-NP production
compared to the groups vaccinated with and without
prior COVID-19. This result aligns with the fact that the
vaccines analyzed in this study do not induce the
production of anti-NP antibodies. However, these
antibodies are usually produced during natural
infections by SARS-CoV-2 since it is the most
abundant protein in virions and is a highly
immunogenic antigen. In addition, it is also the
determinant of virulence and pathogenesis [39]. On the
other hand, the concentration of anti-RBD, anti-NP, and
anti-3CLpro IgM antibodies was significantly higher in
the positive control group compared to the different
vaccine groups. This is explained by the fact that the
positive group had had a recent infection at the time of
sampling, so IgM levels were elevated.

The levels of anti-RBD, anti-N, and anti-3CLpro
antibodies were not significantly different between
males and females, which suggests that antibody
production is not affected by the gender of the
vaccinated individuals. This coincides with the work of
Cervantes-Luévano et al., where they report similar
antibody titers in all vaccinated men and women [33].
However, other studies report contrary results where
higher levels of IgG anti-S antibodies are observed in
men than in women, attributing it to the influence of
hormones [36]. On the contrary, in other studies there
is typically a greater immune response in women when
compared to men [40]. However, some studies show
that despite the fact that susceptibility to infection is
almost the same between males and females, the levels
of angiotensin-converting enzyme 2 (ACE2) receptor
are higher in men, so SARS-CoV-2 is more successful
in infecting cells through binding to its cognate
receptor, possibly producing greater severity and
fatality [40].

Limitations of this study include the small number
of study participants and the lack of data on cellular
immunity. Our findings with samples from university
students and teachers from the city of Chihuahua can
help to give an overview of the immunity produced after
vaccination in students and teachers, helping improve
vaccination strategies. This project was conducted at a
public university in the state of Chihuahua,
encompassing various stages of sample collection due
to logistical constraints inherent in the government's
vaccine  distribution  efforts. The Ad5-nCoV
CanSinoBio vaccine was exclusively administered to
teaching and administrative staff of schools during
April and May 2021, whereas students received
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vaccination from July to March 2022. As per directives
from the Mexican Public Education Secretariat, schools
across Mexico were encouraged to resume in-person
activities for basic education nationwide starting
January 2022. Notwithstanding, the successful
resumption of face-to-face activities can be attributed to
the Mexican Government's vaccine campaign and the
diverse range of vaccines administered to both teachers
and students, which is evident in the low infection rate
reported.

Conclusions

This study highlights the need for robust
surveillance of humoral responses against SARS-CoV-
2 in university populations, particularly in the context
of vaccine administration. By establishing a novel
platform for monitoring humoral responses within our
university community in Chihuahua, Mexico, we have
contributed valuable insights into the serological status
of vaccinated teachers and students.

Our findings reveal notable disparities in IgG levels
between pre-vaccination and post-vaccination serum
samples, particularly among those inoculated with the
CanSino vaccine. However, asymptomatic individuals
did not exhibit significant changes in antibody levels
post-vaccination, suggesting potential nuances in
immune response dynamics. Furthermore, comparative
analysis of vaccinated groups revealed no significant
differences in anti-RBD IgG antibody titers, except for
a Pfizer subgroup where increased antibody levels were
observed. Importantly, previous COVID-19 infection
did not significantly influence antibody responses
among vaccine recipients.

These results elucidate the current landscape as
face-to-face activities resume amidst ongoing
vaccination efforts. Moving forward, continued
monitoring of humoral responses will be pivotal in
gauging vaccine efficacy and informing public health
strategies within our university community and beyond.
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Annex — Supplementary Iltems

Supplementary Figure 1. Characterization of anti-SARS-CoV-2 antibodies in vaccinated individuals.
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A: Anti-3C-like proteinase (3CLpro) IgG levels in individuals vaccinated with AstraZeneca, Sinovac and Pfizer products
who developed COVID-19 and who did not have COVID-19 prior to vaccination. The dotted line indicates the cut-off
value for the antibody; B: Anti-3CLpro protein IgM levels in individuals who developed COVID-19 prior to vaccination
and who did not have COVID-19 and who were vaccinated with AstraZeneca, Sinovac, and Pfizer products; C: Anti-
receptor binding domain (RBD) IgM levels in groups with AstraZeneca, Sinovac and Pfizer vaccinations with COVID-19
prior to vaccination and who did not report COVID-19; D: Anti-nuclear protein (NP) IgM levels in groups with
AstraZeneca, Sinovac and Pfizer vaccinations with a diagnosis of COVID-19 prior to vaccination and without a diagnosis
of COVID-19. Kruskal-Wallis analysis is presented as mean + SD. *p < 0.05, **p < 0.01, ***p <0.001, ****p <0.0001.



Chavarria-Bencomo et al. — Antibodies against SARS-CoV-2 induced by vaccines J Infect Dev Ctries 2024; 18(9.1):S135-S146.

Supplementary Figure 2. Characterization of anti-SARS-CoV-2 IgM and IgG antibodies in different genders.
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A: Anti- receptor binding domain (RBD) IgM levels among females and males who developed COVID-19 and who did not
have COVID-19 prior to vaccination; the dotted line indicates the cut-off value for the antibody; B: Anti-nuclear protein (NP)
IgM levels by gender who developed COVID-19 prior to vaccination and who did not have COVID-19; C: Anti-3C-like
proteinase (3CLpro) IgG levels in women and men who presented COVID-19 prior to vaccination and who did not present
COVID-19; D: Anti-Mpro IgM levels in individuals of both genders with a diagnosis of COVID-19 prior to vaccination and
without a diagnosis of COVID-19. Kruskal-Wallis analysis is presented as mean + SD. *p < 0.05, **p < 0.01, ***p < 0.001,
****p <0.0001.
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