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Abstract: We sought to assess pre-vaccination and post-vaccination seroprevalences of anti-SARS-
CoV-2 antibodies in Kuwait and to compare antibody levels between vaccine types. In phase 1
(pre-vaccination period, n = 19,363), blood samples were collected before the launch of COVID-19
vaccination in Kuwait between 1 September and 31 December 2020. Blood samples for phase 2
(post-vaccination period, n = 4973) were collected between 1 September and 30 November 2021.
We tested subjects for anti-SARS-CoV-2 antibodies using the DiaSorin LIAISON® SARS-CoV-2 IgM
and Trimeric S IgG tests. In the pre-vaccination period, the prevalence of SARS-CoV-2 IgM and
IgG was 14.50% (95% CI: 14.01-15.00) and 24.89% (95% CI: 24.29-25.50), respectively. The trend
of seropositivity increased with age and was higher for females and non-Kuwaiti participants
(p < 0.0001). Interestingly, seroprevalence was significantly higher for those who had received one
dose of BNT162b2 (95.21%) than those who had received one dose of ChAdOx1-nCov-19 (92.86%). In
addition, those who reported receiving two doses had higher seroprevalence, 96.25%, 95.86%, and
94.93% for ChA-dOx1-nCov-19/ AstraZeneca, mix-and-match, and BNT162b2 recipients, respectively.
After the second dose, median spike-specific responses showed no significant difference between
ChAdOx1-nCov-19 and BNT162b2. Furthermore, statistical analysis showed no significant difference
between median anti-trimeric S antibody levels of vaccinated individuals according to sex, age, or
nationality (p > 0.05). In contrast, a negative correlation between age and anti-trimeric S IgG titers of
BNT162b2-vaccinated subjects was observed (r = —0.062, p = 0.0009). Antibody levels decreased with
time after vaccination with both vaccines. Our findings indicate that seroprevalence was very low
during the pre-vaccination period (25%) in the general population and was greater than 95% in the
vaccinated population in Kuwait. Furthermore, ChAdOx1-nCov-19 and BNT162b2 are effective in
generating a similar humoral response.
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1. Introduction

Coronaviruses are positive-sense, single-stranded RNA viruses of the family that
are naturally present in a number of birds and mammals. The novel coronavirus (CoV)
that emerged from Wuhan of Hubei province in China has spread to several countries
worldwide, including Kuwait. It was found to be highly homologous to severe acute
respiratory syndrome coronavirus (SARS-CoV), which caused severe acute respiratory
syndrome (SARS) in thousands of people in 2003 [1]. The SARS-CoV-2, now associated
with the coronavirus disease 2019 (COVID-19) might also be transmitted from bats and
cause similar symptoms through a similar mechanism to that observed with SARS-CoV [2].
Since the initial epidemic of COVID-19 has evolved into a pandemic, there has been debate
about how to halt the rapid spread of this disease [3]. As of 28 October 2022, the COVID-19
pandemic caused by the SARS-CoV-2 virus had caused more than 626,337,158 cases and
6,566,610 deaths worldwide, and 12,830,378,906 vaccine doses had been administered
(https://covid19.who.int, accessed 28 October 2022). In Kuwait, from 3 January 2020 to
28 October 2022, there were 661,787 confirmed cases of COVID-19 with 2566 deaths, and a
total of 8,227,208 vaccine doses was administered (https://covid19.who.int/region/emro/
country/kw, accessed 28 October 2022).

The detection and profile of specific antibodies to SARS-CoV-2 can provide valuable
information for rapid screening of suspected cases, assist in diagnosis, and importantly,
evaluate the disease course even after recovery. Thus, understanding the protective capacity
and the duration of humoral immunity during SARS-CoV-2 infection or after vaccination is
critical for managing the pandemic and will also provide more evidence about the efficacy
of SARS-CoV-2 vaccines [4]. Additionally, identification of SARS-CoV-2 seroprevalence can
provide estimates of community transmission of viral infection and vaccine coverage that
can be used as additional surveillance tools as the pandemic progresses.

Several seroprevalence studies have been conducted throughout the world. According
to the global SARS-CoV-2 seroprevalence dashboard (https:/ /serotracker.com/, assessed
on 27 June 2022), a total of 3465 seroprevalence studies have been reported in 137 countries
and territories with 29,448,001 participants [5]. In Kuwait, an early survey conducted at
the beginning of the pandemic (between 18 April and 10 May 2020) estimated overall
seroprevalence (IgG or IgM) at 5.9%, indicating low percentages of seropositivity [6].

The two doses of COVID-9 SARS-CoV-2 vaccine are very effective in preventing
symptomatic SARS-CoV-2 infection, the incidence of which is somewhat declined six
months after full vaccination [7,8]. The rollout of COVID-19 vaccine in Kuwait began
on 24 December 2020, following high efficacy demonstrated in a randomized placebo-
controlled trial [4]. The two COVID-19 vaccines currently available in Kuwait are Pfizer-
BioNTech and AstraZeneca-Oxford have been licensed for all persons aged >12 years at
the time of the study. Analyses of antibody response to COVID-19 vaccine and robustness
of seroconversion have not yet been examined in Kuwait although data presented by
other investigators show distinct results [9-12]. Furthermore, the durability of protection,
especially with the emergence of variants of concern, is limited in time [10,13]. In addition,
the response to vaccination may vary depending on prior exposure to SARS-CoV-2 and
the genetic background of the population [5,12]. Thus, the prevalence of IgG antibodies
to SARS-CoV-2 in a population should reflect the prevalence of recovered and vaccinated
cases with likely effective sustained immunity. Moreover, seroprevalence estimates are
essential to describing the immune landscape of SARS-CoV-2 and to guiding public health
decisions [14].

To the best of our knowledge, this is the first study that has attempted to describe
pre-vaccine seroprevalence (1 September to 31 December 2020) and post-vaccine sero-
prevalence (1 September to 30 November 2021) in the general population of Kuwait with
75% vaccine coverage (https://ourworldindata.org/covid-vaccinations?country=KWT,
accessed 28 October 2022). Moreover, we quantified the post-vaccination humoral immune
response based on the types of vaccines deployed by the Ministry of Health in Kuwait.
Finally, we examined the humoral response over time. The results of this investigation
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are expected to assist decision makers at the Ministry of Health in developing policies to
control the epidemic and in making recommendations regarding the use of the fourth dose
of COVID-19 vaccine.

2. Materials and Methods
2.1. Ethical Considerations

The study was approved by the permanent Committee for Coordination of Medical
and Health Research, Ministry of health, Kuwait (no. 1469/2020) and the study was
conducted in accordance with the ethical guidelines of the 1975 Declaration of Helsinki
as reflected in a priori approval by the institution’s human research committee. Oral or
written informed consent was obtained from all participants and parents of children under
15 years of age.

2.2. Study Design and Population

The study was designed as a cross-sectional survey in the general population and
surveys were conducted according to our sampling plan (two phases):

Phase 1: Remaining blood (whole blood or serum) samples taken upon physician
request (a convenience non-random collection), for any reason, at five general hospitals
across Kuwait between was our target population. The blood samples represented a
diverse range of patients (outpatient and inpatient) belonging to both genders and five age
groups. The blood samples (total n = 19,363) were collected before launching the COVID-19
vaccination in Kuwait from 1 September to 31 December 2020 (pre-vaccination period) and
provided demographic information and a blood donation. The estimated minimum sample
size was based on an expected 10% positive IgM/IgG with 95% CI and 2% desired precision
around the estimate and resulted in about 1000 participants per stratum per month. The
selection of blood samples from the existing samples was done using a weighted random
sampling method at each hospital.

Phase 2: Immune status in vaccinated subjects was evaluated. Blood specimens
(n = 4973) collected after the initiation of the COVID-19 vaccination campaign in Kuwait,
from 1 September 2021 to 30 November 2021, were assessed for the level of seroprevalence
of SARS-CoV-2 in order to assess the target population immunity and also to investigate
the antibody level according to demographic information. A stratified random sampling
method to select subjects was used. The strata were based on the vaccine status (first dose
only, two doses, or three doses) and type of vaccine (Pfizer or non-Pfizer). The three-dose
group was included as one group (due to small number of subjects) without dividing it
into two groups based on vaccine type. As such, using a total of five strata, subjects were
selected from each stratum using a weighted random sampling method.

2.3. Data Collection

During the first three months of the project, a designated technician at each hospital
collected a specific number of leftover blood samples each week according to our sampling
plan (stratified random sampling based on a weekly sampling frame of all samples received
during that week). The selected blood samples were stored and sent for antibody analysis
at the virology laboratory at the Faculty of Medicine (Kuwait University).

During the second months of the post-vaccination project, an assigned technician
at each hospital collected a specific number of remaining blood samples each week in
accordance with our sampling plan (stratified random sampling based on a weekly sam-
pling frame of all samples received during that week). Age, sex, and nationality data were
available with the samples. Selected blood samples were stored and sent for antibody
analysis to the Virology Laboratory of the Faculty of Medicine (Kuwait University).

2.4. Biological Sample Collection, Handling, Transport, and Testing

At least 1 mL of plasma/serum was collected from each patient. Blood samples
collected from the hospitals were centrifuged in the laboratory; the serum/plasma was
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stored at 4 °C until transported in a cold icebox to the Virology /FOM with the patient’s
demographics data. Plasma/serum samples were transferred to a newly labeled 1.8 mL
tube and then placed in a box at —20 °C until tested (up to 3 months). Two separate sheets
were created in Microsoft Excel. In the first sheet, all samples collected during phase 1 were
gathered (n = 19,363) and in the second sheet, samples collected during phase 2 (n = 4973).

2.5. Detection of SARS-CoV-2 Antibodies

We collected a baseline blood sample (2-3 mL) from all the study participants to test
for the presence of total SARS-CoV-2 antibodies. Combined detection of IgM and IgG is
used to assess the immune status of individuals exposed and infected with SARS-CoV-2. To
estimate the seroprevalence IgG against the SARS-CoV-2 infection before vaccination (Phase
1), plasma samples were tested using the automated Liaison SARS-CoV-2 on LIAISON®
XL (DiaSorin S.p.A, Saluggia, Ttaly). The DiaSorin LIAISON® SARS-CoV-2 IgM, was
used to detect IgM antibodies to SARS-CoV-2 with a specificity of 99.2% according to
the manufacturer’s assessment. The results were analyzed and interpreted according
to the manufacturer’s instructions. In addition, plasma samples were tested using the
LIAISON®SARS-CoV-2 Trimeric S IgG assay, a chemiluminescent immunoassay for the
quantitative determination of anti-trimeric spike-protein-specific IgG antibodies to SARS-
CoV-2 with clinical sensitivity of 98.7% and clinical specificity of 99.5%. The analyzer
automatically calculates the SARS-CoV-2 IgG antibody levels expressed as BAU/mL and
grades the results. Patient results should be interpreted as follows: BBAU/mL < 33.8 as a
negative, BAU/mL > 33.8 as a positive.

To estimate the level of S-protein-binding IgG in the vaccinated groups with and
without previous documented natural exposure (Phase 2), we used the LIAISON®SARS-
CoV-2 Trimeric S IgG assay. The test showed good correlation with the microneutralization
test and yielded a percent positive agreement (PPA) of 100% and a percent negative
agreement (NPA) of 96.9% based on the manufacturer’s evaluation.

2.6. Statistical Analysis

Continuous variables were reported as medians with interquartile ranges (IQR), while
categorical variables were reported as percentages. The relationship between the seropreva-
lence and potential characteristics (sex, age groups, home location by governorate, and
nationality) was assessed using 2 x 2 chi-square. Binomial exact 95% confidence intervals
(ClIs) were constructed around proportions. Continuous variables were compared using
Mann-Whitney and Kruskal-Wallis tests. Statistical analyses were performed using STATA
software version 15.1 (STAT Corp., College Station, TX, USA) and GraphPad PRISM version
6.0e (GraphPad Software, San Diego, CA, USA). All p-values were two-sided and a p-value
of less than 0.05 was used as a cut-off value for statistical significance.

3. Results
3.1. Seroprevalence in the General Population during the Pre-Vaccination Period Due to
Natural Infection

To better understand the level of exposure to the SARS-CoV-2 in Kuwait, we conducted
a cross-sectional study from 1 September 2020 to 31 December 2020 (pre-vaccination period).
A total of 19,453 serum samples was collected from the general population and analyzed
for SARS-CoV-2 IgM and IgG. The prevalence of SARS-CoV-2 IgM was 14.50% (95% CI:
14.01-15.00).

The prevalence of SARS-CoV-2 IgG was 24.89% (95% CI: 24.29-25.50%). In univariate
models, higher prevalence of anti-S positivity was associated with sex, age, and nationality
of participants (all comparisons p < 0.0001). In fact, seroprevalence was significantly higher
in women (31.1%) than in men (28.4%) (p < 0.0001) (Table 1). Furthermore, after adjustment
for variables in the multivariate logistic regression model, participants in the 45-64 age
group were significantly more likely more likely to be seropositive than the reference group
(<15 years) (adjusted OR = 1.4, p < 0.0001). Interestingly, analysis by nationality showed that
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Kuwaiti participants had a significantly lower probability of being seropositive compared
with non-Kuwaiti citizens (Table 1).

Table 1. Seroprevalence estimates stratified by sex, age, and nationality in Kuwait from 1 September
2020 to 31 December 2020.

Seroprevalence (%)

Characteristics No. Participants (95% CI) p-Value Adjusted OR (95% CI) p-Value
Sex *
Male 2189 28.4 (27.4-29.5) <0.0001 1.00
Female 2769 31.1 (30.1-32.0) 1.3 (1.2-1.4) <0.0001
Age group (years) * <0.0001
<15 328 23.0 (20.9-25.3) 1.00
15-24 530 20.5 (19.0-22.1) 1.1 (1-1.3) 0.06
25-44 1736 26.0 (24.9-27.0) 1.2 (1.0-1.3) 0.02
45-64 1619 30.0 (28.4-30.8) 1.4 (1.2-1.6) <0.0001
>65 742 23.1 (21.7-24.6) 1.0 (0.9-1.2) 0.940
Nationality * <0.0001
Kuwaiti 2305 20.8% (20.0-21.6) 1.00
Non-Kuwaiti 2629 32.2% (31.2-33.2) 1.8 (1.7-1.9) <0.0001

* data are missing.

3.2. Seroprevalence in the General Population during the Post-Vaccination Period

Compared with seroprevalence in unvaccinated adults, seroprevalence was signifi-
cantly higher for those who received one dose of BNT162b2/Pfizer (95.21%) than for those
who received ChAdOx1-nCov-19/ AstraZeneca (92.86%) (Table 2). Seroprevalence was
higher among two-dose recipients at 96.25%, 95.86%, and 94.93% for ChAdOx1-nCov-
19/ AstraZeneca, AstraZeneca-Pfizer, and BNT162b2/Pfizer, respectively (Table 2).

Table 2. SARS-CoV-2 seroprevalence in general population in Kuwait during post-vaccination period,
1 September 2021 to 30 November 2021.

COVID-19 Vaccination Status

1 dose

BNT162b2 Pfizer -IgG positive, (%) (95% CI)
ChAdOx1-nCov-19 AstraZeneca-IgG positive, (%) (95% CI)

2 doses

BNT162b2 Pfizer -IgG positive, (%) (95% CI)
ChAdOx1-nCov-19 AstraZeneca-IgG positive, (%) (95% CI)
Mix-and-match AstraZeneca- Pfizer IgG positive, (%) (95% CI)
3 doses

IgG positive, (%) (95% CI)

General Population

95.21 (91.15-97.46)
92.86 (80.99-97.54)

94.93 (94.06-95.68)
96.25 (94.67-97.38)
95.86 (76.39-99.11)

94.67 (93.18-95.85)

3.3. Antibody Response to One, Two, and Three Doses of SARS-CoV-2 Vaccine in the General
Population of Kuwait

We then assessed the magnitude of the humoral response using the SARS-CoV-2
trimeric spike IgG assay. Median anti-trimeric S antibody concentrations were 944.5 BAU/mL
and 1540 BAU/mL after one dose of ChAdOx1-nCov-19/AstraZeneca and BNT162b2-
Pfizer, respectively. No significant difference was observed between AstraZeneca and
Pfizer vaccines (Figure 1A). After the second dose, the median spike-specific responses
showed no significant difference between the vaccines (Figure 1B).
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Figure 1. Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) anti-trimeric S antibody
response to COVID-19 vaccination in the general population. (A) Comparison of antibody responses
between ChAdOx1-nCoV-19/AstraZeneca and BioNTech162b2/Pfizer vaccines after two doses.
(B) Anti-trimeric S antibody levels in initially seronegative subjects after two doses of ChA-dOx1-
nCoV-19/ AstraZeneca, mix-and-match, and BioNTech162b2/Pfizer vaccines. Data are presented as
median and interquartile range for IgG antibody titers. Mann—-Whitney and Kruskal-Wallis tests
were used for comparisons.

No significant difference in titers by gender was observed in subjects who received two
doses of ChAdOx1-nCov-19/ AstraZeneca vaccine (median = 1535 vs. 1590 BAU/mL for
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males and females, respectively) (p = 0.535) (Figure 2A) and BNT162b2/Pfizer vaccine (1345
vs. 1575 BAU/mL for males and females, respectively) (p = 0.188) (Figure 2B). No correlation
was found between age and spike IgG levels in participants who received two doses of
ChAdOx1-nCov-19/AstraZeneca vaccine (r = —0.004, 95% CI: -0.07 to 0.07, p = 0.899)
(Figure 2C). In contrast, Spearman’s bivariate analysis showed a negative correlation
between age and anti-trimeric spike IgG titers in subjects vaccinated with BNT162b2-
Pfizer (r = —0.062, 95% CI: —0.100 to —0.025, p = 0.0009) (Figure 2D). No significant
difference in titers by ethnicity was observed in subjects receiving two doses of ChAdOx1-
nCov/19-AstraZeneca (median = 1390 vs. 1660 BAU/mL for Kuwaitis and non-Kuwaitis,
respectively) (p = 0.780) (Figure 2E), and BNT162b2/Pfizer vaccine (median = 1440 vs.
1525 BAU/mL for Kuwaitis and non-Kuwaitis, respectively) (p = 0.236) (Figure 2F).
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Figure 2. Antibody responses to SARS-CoV-2 S protein after two doses of ChAdOx1-nCoV-
19/ AstraZeneca and BioNTech162b2 /Pfizer vaccines. Antibody titers by gender after ChAdOx1-
nCoV-19/AstraZeneca (A) and BioN-Tech162b2/Pfizer (B) vaccines. Correlation of age and anti-
SARS-CoV-2 antibody levels according to age after ChAdOx1-nCoV-19/AstraZeneca (C) and
BioNTech162b2/Pfizer vaccine (D). Antibody titers according to ethnicity after ChAdOx1-nCoV-
19/ AstraZeneca (E) and BioNTech162b2/Pfizer vaccine (F). Data are presented as median and
interquartile range for IgG antibody. Spearman correlation, Mann—-Whitney and Kruskal-Wallis tests
were used.

Finally, comparison between anti-trimeric S antibody concentrations in samples after
the one dose (median = 1480 BAU/mL), two doses (median = 1460 BAU/mL), and three
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doses (median 1290 BAU/mL) showed no statistical difference between vaccines (p = 0.591)
(Figure 3).
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Figure 3. Antibody titers after one, two, and three doses of COVID-19 vaccine. Data are presented as
median and interquartile range for IgG antibody titers. Kruskal-Wallis test was used for comparisons.

In participants who received the full vaccination, anti-trimeric S antibody concentra-
tions one month after the second dose were highest with ChAdOx1-nCov-19/ AstraZeneca
(median = 1670 BAU/mL), followed by BNT162b2/Pfizer (median = 1350 BAU/mL). In
this study, after 3 months, median antibody titers decreased for both vaccines without
reaching significance (p > 0.05) (Figure 4). Indeed, after the second dose of SARS-CoV-2
vaccination, the median anti-S antibody titer at 4 months (median = 1475 BAU/mL) was
decreased compared with the titer at 3 months (median = 1700 BAU/mL) in those vacci-
nated with ChAdOx1-nCov-19/ AstraZeneca (Figure 4A). In addition, the median titer of
trimeric spike IgG in the Pfizer-vaccinated group was highest 3 months after vaccination
(median = 1690 BAU/mL) but began to decline after 4 months (median = 1465 BAU/mL)
(Figure 4B).
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Figure 4. Anti-trimeric S antibody levels according to time since the second dose of ChAdOx1-
nCoV-19/AstraZeneca (A) and BioNTech162b2/Pfizer vaccine (B). Data are presented as median and
interquartile range for IgG antibody titers.
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In boosted-vaccinated participants (received three doses of Pfizer vaccine), anti-
trimeric S antibody concentrations peaked at 3 months after the third dose and then
decreased (Figure 5). However, we did not analyze the antibody levels in participants
vaccinated with three doses of AstraZeneca vaccine because the number of participants
was very small (n = 6).
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Figure 5. Anti-trimeric S antibody titers according to time from third dose of BioNTech162b2/Pfizer
vaccine.

4. Discussion

Serum antibody testing is the most robust investigation for assessing prior expo-
sure to SARS-CoV-2 infection because it can detect both symptomatic and asymptomatic
cases [15,16]. Similar to our previous first-round survey from April to May 2020 [6], our
current study involved multiple governorates in Kuwait and estimated active infection
by assessing IgM and post-exposure infection using IgG antibodies. In the first round of
seroprevalence studies, the adjusted overall seroprevalence of SARS-CoV-2 (IgM/IgG) was
5.9% at the beginning of the pandemic [6]. In this study, IgM seroprevalence was 14.76%,
higher than previously reported in the first wave and similar to that reported in Iran (14%)
during the same period [17], highlighting an active circulation of SASR-CoV-2 during the
study period in Kuwait. In addition, the estimated prevalence of IgG in the pre-vaccination
period (25%) was remarkably higher than the first report [6]. This demonstrates an increase
in seropositivity in Kuwait with the progression of the pandemic. Our seroprevalence rates
are similar to those reported in neighboring countries such as Saudi Arabia (24.3%) [18],
Oman (22%) [19], and Iran (23.8%) [20]. This could be because in late 2020, rapid increases
in SARS-CoV-2 infection rates were observed in all age groups with the emergence of the
more transmissible Alpha variant. However, this prevalence was low compared to the
seroprevalence reported in Qatar (64.4%) between 21 June and 9 September 2020 [21], and
higher than that reported in unvaccinated individuals in Germany (1.3-2.8%) between July
and December 2020 [22]. Thus, the observed difference between countries was more likely
driven by the epidemic conditions and health regulations applied in each region [23].

In our study, seroprevalence was higher in females (31%) than males (28%). However,
conflicting data have been reported regarding gender and IgG responses to SARS-CoV-2
infection. Similar results have been observed in previous seroprevalence studies, which
reported higher seroprevalence in women than in men [24-26]. In contrast, other sero-
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logical surveys have shown no association between SARS-CoV-2 IgG prevalence and
gender [27-30].

Significant differences were found between age groups, mainly in the 45-64 age group
compared to the 15-24 age group. These results are consistent with other investigations that
have shown that adolescents and the elderly have lower seroprevalence rates than other
age groups [19,28,29,31]. In contrast, previous surveys have identified high seroprevalence
in younger age groups, which may be due to the continued operation of schools and
universities throughout the epidemic [32-35].

The rate of seropositivity was higher among non-Kuwaitis than among Kuwaitis. This
result is similar to other serological surveys conducted in Gulf Cooperation Council coun-
tries [19,21,28,36] and could be attributed to the confined work camps, housing conditions
with shared accommodation, and poor adherence to social distance to avoid SARS-CoV-2
infection [19,36]. No significant differences in humoral responses between individuals who
received ChAdOx1-nCoV-19/ AstraZeneca and BioNTech162b2/Pfizer after two doses of
vaccine were found, which appears to be consistent with previous studies [37,38]. Never-
theless, it appears that the ChA-dOx1-nCoV-19/ AstraZeneca vaccine may induce higher
levels of specific T cells, whereas mRNA vaccines may induce higher antibody titers [39,40].

To our knowledge, this is the first study to attempt to describe antibody seroprevalence
in the general population of Kuwait after deployment of the first, second, and third doses
of COVID-19 vaccines. Overall, we found a 95% prevalence of previously vaccinated
participants who developed IgG. These data are consistent with seroconversion rates
previously observed in published reports [37,41,42]. For both vaccines, we noted that IgG
titers decreased over time after vaccination. These results appear to be in agreement with
previous studies showing a continuous decrease in antibody titers over time, particularly
in susceptible individuals [43-48]. However, further evaluation of other immune-system
effector mechanisms, including non-neutralizing antibodies, T cells, and innate immunity
mechanisms, is needed to understand both the immune response after vaccination and
how to limit the severity of SARS-CoV-2, especially in vulnerable populations (elderly and
immunocompromised subjects), who often have inadequate antibody responses [49,50].

Our survey had several limitations. The study sample was not representative of the
general population, which may have resulted in selection bias, and it is likely that seropreva-
lence data during the pre-vaccination period are underestimated. This selection bias should
be clearly accounted for in future studies Another limitation is that we were not able to
evaluate antibody neutralization tests and cellular immunity, given our limited resources.

5. Conclusions

To our knowledge, there are, to date, no other published studies estimating the
seroprevalence of SARS-CoV-2 in a large group in 2021 in Kuwait. These serological survey
results indicate that seroprevalence was 25% during the pre-vaccination period and higher
than that reported during the initial phase of the pandemic (18 April-10 May 2020). The
increase in seroprevalence between May 2020 and December 2020 reflects the magnitude of
the second wave of the pandemic. Interestingly, more than 95% of the general population
generated an immune response to SARS-CoV-2 in Kuwait after vaccination. The antibody
response rate to vaccination is comforting, however further studies are needed to correlate
the antibody response with functional immunity, to estimate the duration of protection
from infection, and to determine the effect of the fourth dose of vaccine on the duration
of vaccine effectiveness, in particular with the ongoing emergence of variants of concern
variants of SARS-CoV-2.

Author Contributions: Conceptualization, W.A. (Wadha Alfouzan); methodology, R.D. and H.A.;
software, W.A. (Walid Alali) and H.A.; validation, W.A. (Walid Alali) and H.A.; formal analysis,
W.A. (Wadha Alfouzan); resources and data curation, A.A., W.A. (Wadha Alfouzan), T A.-F,, EA.-
G, S.A, MA, EA., AJ. and R.D.; writing—original draft preparation, W.A. (Walid Alali) and
H.A.; writing—review and editing, W.A. (Wadha Alfouzan) and H.A.; supervision and project



Vaccines 2023, 11, 336 11 of 13

administration, W.A. (Walid Alali) and H.A.; funding acquisition, W.A. (Walid Alali). All authors
have read and agreed to the published version of the manuscript.

Funding: This research was funded by KUWAIT FOUNDATION FOR THE ADVANCEMENT OF
SCIENCE, grant number CORONA PROP 136-PN20-13I-07. The funder of the study had no role in
study design, data collection, data analysis, data interpretation, or writing of the report.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the permanent Committee for Coordination of Medical and Health
Research, Ministry of health, Kuwait (no. 1469/2020).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: The corresponding author had full access to all the data in the study.
Acknowledgments: Authors acknowledge all contributors in this study.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Zhou, P; Yang, X.L.; Wang, X.G.; Hu, B.; Zhang, L.; Zhang, W.; Si, H.R,; Zhu, Y,; Li, B.; Huang, C.L.; et al. A pneumonia outbreak
associated with a new coronavirus of probable bat origin. Nature 2020, 579, 270-273. [CrossRef] [PubMed]

Zhou, P; Shi, Z.L. SARS-CoV-2 spillover events. Science 2021, 371, 120-122. [CrossRef] [PubMed]

Kwok, K.O,; Lai, F.; Wei, W.I.; Wong, S.Y.S.; Tang, ] W.T. Herd immunity—Estimating the level required to halt the COVID-19
epidemics in affected countries. J. Infect. 2020, 80, e32-e33. [CrossRef] [PubMed]

Altawalah, H. Antibody Responses to Natural SARS-CoV-2 Infection or after COVID-19 Vaccination. Vaccines 2021, 9, 910.
[CrossRef] [PubMed]

Arora, RK,; Joseph, A.; Van Wyk, J.; Rocco, S.; Atmaja, A.; May, E.; Yan, T.; Bobrovitz, N.; Chevrier, J.; Cheng, M.P,; et al.
SeroTracker: A global SARS-CoV-2 seroprevalence dashboard. Lancet Infect. Dis. 2021, 21, e75-€76. [CrossRef]

Altawalah, H.; Alfouzan, W.; Dhar, R.; Alali, W.; Bastaki, H.; Al-Fadalah, T.; Al-Ghimlas, F.; Rabaan, A.A.; Ezzikouri, S. Severe
acute respiratory syndrome coronavirus 2 seroprevalence survey among 10,256 workers in Kuwait. J. Clin. Virol. Plus 2021,
1,100017. [CrossRef]

Nasreen, S.; Chung, H.; He, S.; Brown, K.A.; Gubbay, ].B.; Buchan, S.A.; Fell, D.B.; Austin, PC.; Schwartz, K.L,;
Sundaram, M.E; et al. Effectiveness of COVID-19 vaccines against symptomatic SARS-CoV-2 infection and severe out-
comes with variants of concern in Ontario. Nat. Microbiol. 2022, 7, 379-385. [CrossRef]

Feikin, D.R.; Higdon, M.M.; Abu-Raddad, L.J.; Andrews, N.; Araos, R.; Goldberg, Y.; Groome, M.].; Huppert, A.; O'Brien,
K.L.; Smith, P.G.; et al. Duration of effectiveness of vaccines against SARS-CoV-2 infection and COVID-19 disease: Results of a
systematic review and meta-regression. Lancet 2022, 399, 924-944. [CrossRef]

Favresse, ].; Bayart, ].L.; Mullier, E; Elsen, M.; Eucher, C.; Van Eeckhoudt, S.; Roy, T.; Wieers, G.; Laurent, C.; Dogné, ] M.; et al.
Antibody titres decline 3-month post-vaccination with BNT162b2. Emerg. Microbes Infect. 2021, 10, 1495-1498. [CrossRef]
Jalkanen, P; Kolehmainen, P.; Hakkinen, H.K.; Huttunen, M.; Tahtinen, P.A.; Lundberg, R.; Maljanen, S.; Reinholm, A.; Tauriainen,
S.; Pakkanen, S.H.; et al. COVID-19 mRNA vaccine induced antibody responses against three SARS-CoV-2 variants. Nat. Commun.
2021, 12, 3991. [CrossRef]

Ebinger, J.E.; Fert-Bober, J.; Printsev, I.; Wu, M.; Sun, N.; Prostko, ]J.C.; Frias, E.C.; Stewart, ].L.; Van Eyk, J.E.; Braun, ].G.; et al.
Antibody responses to the BNT162b2 mRNA vaccine in individuals previously infected with SARS-CoV-2. Nat. Med. 2021, 27,
981-984. [CrossRef]

Lombardi, A.; Consonni, D.; Oggioni, M.; Bono, P,; Renteria, S.U.; Piatti, A.; Pesatori, A.C.; Castaldi, S.; Muscatello, A.; Riboldi, L.;
et al. SARS-CoV-2 anti-spike antibody titres after vaccination with BNT162b2 in naive and previously infected individuals. J.
Infect. Public Health 2021, 14, 1120-1122. [CrossRef]

Andrews, N.; Stowe, ].; Kirsebom, F; Toffa, S.; Rickeard, T.; Gallagher, E.; Gower, C.; Kall, M.; Groves, N.; O’Connell, A.M.; et al.
COVID-19 Vaccine Effectiveness against the Omicron (B.1.1.529) Variant. N. Engl. |. Med. 2022, 386, 1532-1546. [CrossRef]
Stringhini, S.; Zaballa, M.E.; Pullen, N.; Perez-Saez, J.; de Mestral, C.; Loizeau, A.].; Lamour, J.; Pennacchio, F.; Wisniak, A.;
Dumont, R.; et al. Seroprevalence of anti-SARS-CoV-2 antibodies 6 months into the vaccination campaign in Geneva, Switzerland,
1 June to 7 July 2021. Eurosurveillance 2021, 26, 2100830. [CrossRef]

Jiang, C.; Wang, Y,; Hu, M.; Wen, L.; Wen, C.; Wang, Y.; Zhu, W.; Tai, S.; Jiang, Z.; Xiao, K,; et al. Antibody seroconversion in
asymptomatic and symptomatic patients infected with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). Clin.
Transl. Immunol. 2020, 9, €1182. [CrossRef]

Long, Q.X.; Tang, X.J.; Shi, Q.L.; Li, Q.; Deng, H.].; Yuan, J.; Hu, ].L.; Xu, W.; Zhang, Y.; Lv, EJ.; et al. Clinical and immunological
assessment of asymptomatic SARS-CoV-2 infections. Nat. Med. 2020, 26, 1200-1204. [CrossRef]

Heydarifard, Z.; Zadheidar, S.; Yavarian, J.; Kalantari, S.; Nejati, A.; Mokhtari-Azad, T.; Shafiei-Jandaghi, N.Z. SARS-CoV-2
Seroprevalence in People Referred to Private Medical Laboratories in Different Districts of Tehran, Iran from May 2020 to April
2021. Virol. Sin. 2021, 36, 1236-1240. [CrossRef]


http://doi.org/10.1038/s41586-020-2012-7
http://www.ncbi.nlm.nih.gov/pubmed/32015507
http://doi.org/10.1126/science.abf6097
http://www.ncbi.nlm.nih.gov/pubmed/33414206
http://doi.org/10.1016/j.jinf.2020.03.027
http://www.ncbi.nlm.nih.gov/pubmed/32209383
http://doi.org/10.3390/vaccines9080910
http://www.ncbi.nlm.nih.gov/pubmed/34452035
http://doi.org/10.1016/S1473-3099(20)30631-9
http://doi.org/10.1016/j.jcvp.2021.100017
http://doi.org/10.1038/s41564-021-01053-0
http://doi.org/10.1016/S0140-6736(22)00152-0
http://doi.org/10.1080/22221751.2021.1953403
http://doi.org/10.1038/s41467-021-24285-4
http://doi.org/10.1038/s41591-021-01325-6
http://doi.org/10.1016/j.jiph.2021.07.005
http://doi.org/10.1056/NEJMoa2119451
http://doi.org/10.2807/1560-7917.ES.2021.26.43.2100830
http://doi.org/10.1002/cti2.1182
http://doi.org/10.1038/s41591-020-0965-6
http://doi.org/10.1007/s12250-021-00446-z

Vaccines 2023, 11, 336 12 of 13

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Almaghrabi, R.S.; Alsagheir, O.1; Alquaiz, R.M.; Alhekail, O.Z.; Abaalkhail, A.M.; Alduaij, A.A.; Algwaiz, G.F,; Alkaff, M.A;
Althawadi, S.I. Seroprevalence of SARS-CoV-2 antibodies in healthcare workers at a tertiary care hospital in Riyadh, Saudi Arabia.
IJID Reg. 2022, 2, 51-54. [CrossRef]

Al-Abri, S.S.; Al-Wahaibi, A.; Al-Kindi, H.; Kurup, PJ.; Al-Magbali, A.; Al-Mayahi, Z.; Al-Tobi, M.H.; Al-Katheri, S.H.; Albusaidi,
S.; Al-Sukaiti, M.H.; et al. Seroprevalence of SARS-CoV-2 antibodies in the general population of Oman: Results from four
successive nationwide sero-epidemiological surveys. Int. J. Infect. Dis. 2021, 112, 269-277. [CrossRef]

Zamani, M.; Poustchi, H.; Mohammadi, Z.; Dalvand, S.; Sharafkhah, M.; Motevalian, S.A.; Eslami, S.; Emami, A.; Somi, M.H.;
Yazdani-Charati, J.; et al. Seroprevalence of SARS-CoV-2 antibody among urban Iranian population: Findings from the second
large population-based cross-sectional study. BMC Public Health 2022, 22, 1031. [CrossRef]

Jeremijenko, A.; Chemaitelly, H.; Ayoub, H.H.; Alishaq, M.; Abou-Samra, A.B.; Al Ajmi, J.A.A.A.; Al Ansari, N.A.A.; Al Kanaani,
Z.; Al Khal, A.; Al Kuwari, E.; et al. Herd Immunity against Severe Acute Respiratory Syndrome Coronavirus 2 Infection in 10
Communities, Qatar. Emerg. Infect. Dis. 2021, 27, 1343-1352. [CrossRef] [PubMed]

Gornyk, D.; Harries, M.; Glockner, S.; Strengert, M.; Kerrinnes, T.; Heise, ].K.; Maaf3, H.; Ortmann, J.; Kessel, B.; Kemmling, Y.; et al.
SARS-CoV-2 Seroprevalence in Germany. Dtsch. Arzteblatt Int. 2021, 118, 824-831. [CrossRef] [PubMed]

Poustchi, H.; Darvishian, M.; Mohammadi, Z.; Shayanrad, A.; Delavari, A.; Bahadorimonfared, A.; Eslami, S.; Javanmard, S.H.;
Shakiba, E.; Somi, M.H.; et al. SARS-CoV-2 antibody seroprevalence in the general population and high-risk occupational groups
across 18 cities in Iran: A population-based cross-sectional study. Lancet Infect. Dis. 2021, 21, 473-481. [CrossRef] [PubMed]
Adam, M.H.; Mohamoud, ].H.; Mohamood, A.S.; Mohamed, A.A.; Garba, B.; Dirie, N.I. Seroprevalence of Anti-SARS-CoV-2
Antibodies in Benadir Region, Somalia. Vaccines 2022, 10, 220. [CrossRef]

Silva, A.V.EG.; Menezes, D.; Moreira, ER.R.; Torres, O.A.; Fonseca, P.L.C.; Moreira, R.G.; Alves, H.]J.; Alves, V.R.; Amaral, TM.R,;
Coelho, A.N; et al. Seroprevalence, Prevalence, and Genomic Surveillance: Monitoring the Initial Phases of the SARS-CoV-2
Pandemic in Betim, Brazil. Front. Microbiol. 2022, 13, 799713. [CrossRef]

Prakash, O.; Solanki, B.; Sheth, J.; Makwana, G.; Kadam, M.; Vyas, S.; Shukla, A.; Pethani, J.; Tiwari, H. SARS-CoV2 IgG antibody:
Seroprevalence among health care workers. Clin. Epidemiol. Glob. Health 2021, 11, 100766. [CrossRef]

Pollan, M.; Pérez-Goémez, B.; Pastor-Barriuso, R.; Oteo, J.; Hernan, M.A.; Pérez-Olmeda, M.; Sanmartin, J.L.; Fernandez-
Garcia, A.; Cruz, I.; de Larrea, N.F,; et al. Prevalence of SARS-CoV-2 in Spain (ENE-COVID): A nationwide, population-based
seroepidemiological study. Lancet 2020, 396, 535-544. [CrossRef]

Alsuwaidi, A.R.; Al Hosani, FI.; Al Memari, S.; Narchi, H.; Abdel Wareth, L.; Kamal, H.; Al Ketbi, M.; Al Baloushi, D.; Elfateh, A.;
Khudair, A.; et al. Seroprevalence of COVID-19 infection in the Emirate of Abu Dhabi, United Arab Emirates: A population-based
cross-sectional study. Int. J. Epidemiol. 2021, 50, 1077-1090. [CrossRef]

Chen, X.; Chen, Z.; Azman, A.S.; Deng, X.; Sun, R.; Zhao, Z.; Zheng, N.; Chen, X.; Lu, W.; Zhuang, T; et al. Serological evidence of
human infection with SARS-CoV-2: A systematic review and meta-analysis. Lancet Glob. Health 2021, 9, e598—e609. [CrossRef]
Rostami, A.; Sepidarkish, M.; Leeflang, M.M.G.; Riahi, S.M.; Shiadeh, M.N.; Esfandyari, S.; Mokdad, A.H.; Hotez, P].; Gasser,
R.B. SARS-CoV-2 seroprevalence worldwide: A systematic review and meta-analysis. Clin. Microbiol. Infect. 2021, 27, 331-340.
[CrossRef]

Hallal, P.C; Hartwig, EP; Horta, B.L.; Silveira, M.E; Struchiner, C.J.; Vidaletti, L.P.; Neumann, N.A; Pellanda, L.C.; Dellagostin,
O.A.; Burattini, M.N.; et al. SARS-CoV-2 antibody prevalence in Brazil: Results from two successive nationwide serological
household surveys. Lancet Glob. Health 2020, 8, €1390-€1398. [CrossRef]

Gonzélez, E; Vielot, N.A.; Sciaudone, M.; Toval-Ruiz, C.; Premkumar, L.; Gutierrez, L.; Cuadra, E.C.; Munguia, N.; Blandén,
P; de Silva, A.M,; et al. Seroepidemiology of SARS-CoV-2 infections in an urban population-based cohort in Leén, Nicaragua.
Epidemiol. Infect. 2021, 149, e247. [CrossRef]

Percivalle, E.; Cambie, G.; Cassaniti, I.; Nepita, E.V.; Maserati, R.; Ferrari, A.; Di Martino, R.; Isernia, P.; Mojoli, F; Bruno, R.; et al.
SARS-CoV-2 specific neutralising antibodies in blood donors from the Lodi Red Zone in Lombardy;, Italy, as at 06 April 2020.
Eurosurveillance 2020, 25, 2001031. [CrossRef]

Silva, A.AM.D.; Lima-Neto, L.G.; Azevedo, CM.PE.S.; Costa, LM.M.D.; Bragan¢a, M.L.B.M.; Filho, A.K.D.B.; Wittlin, B.B,;
Souza, B.F,; Oliveira, B.L.C.A.; Carvalho, C.A.; et al. Population-based seroprevalence of SARS-CoV-2 and the herd immunity
threshold in Maranhao. Rev. Saude Publica 2020, 54, 131. [CrossRef]

Canto-Osorio, E; Stern, D.; Pérez-Ferrer, C.; Arias-de la Garza, E.; Danon, L.; Barrientos-Gutiérrez, T.; Lajous, M. Seroprevalencia
de SARS-CoV-2 en nifios y adolescentes mexicanos en edad escolar. Salud Puiblica México 2021, 63, 803-806. [CrossRef]

Alali, W.Q.; Bastaki, H.; Longenecker, ].C.; Aljunid, S.M.; AlSeaidan, M.; Chehadeh, W.; Vainio, H. Seroprevalence of SARS-CoV-2
in migrant workers in Kuwait. J. Travel Med. 2021, 28, taaa223. [CrossRef]

Shields, A.M.; Faustini, S.E.; Hill, H.].; Al-Taei, S.; Tanner, C.; Ashford, F.; Workman, S.; Moreira, F.; Verma, N.; Wagg, H.; et al.
Increased Seroprevalence and Improved Antibody Responses Following Third Primary SARS-CoV-2 Immunisation: An Update
From the COV-AD Study. Front. Immunol. 2022, 13, 912571. [CrossRef]

Rose, R.; Neumann, F; Grobe, O.; Lorentz, T.; Fickenscher, H.; Krumbholz, A. Humoral immune response after different
SARS-CoV-2 vaccination regimens. BMC Med. 2022, 20, 31. [CrossRef]

Heinz, EX; Stiasny, K. Distinguishing features of current COVID-19 vaccines: Knowns and unknowns of antigen presentation
and modes of action. NPJ Vaccines 2021, 6, 104. [CrossRef]

Lewis, D. Mix-and-match COVID vaccines: The case is growing, but questions remain. Nature 2021, 595, 344-345. [CrossRef]


http://doi.org/10.1016/j.ijregi.2021.11.009
http://doi.org/10.1016/j.ijid.2021.09.062
http://doi.org/10.1186/s12889-022-13464-7
http://doi.org/10.3201/eid2705.204365
http://www.ncbi.nlm.nih.gov/pubmed/33900174
http://doi.org/10.3238/arztebl.m2021.0364
http://www.ncbi.nlm.nih.gov/pubmed/35191825
http://doi.org/10.1016/S1473-3099(20)30858-6
http://www.ncbi.nlm.nih.gov/pubmed/33338441
http://doi.org/10.3390/vaccines10020220
http://doi.org/10.3389/fmicb.2022.799713
http://doi.org/10.1016/j.cegh.2021.100766
http://doi.org/10.1016/S0140-6736(20)31483-5
http://doi.org/10.1093/ije/dyab077
http://doi.org/10.1016/S2214-109X(21)00026-7
http://doi.org/10.1016/j.cmi.2020.10.020
http://doi.org/10.1016/S2214-109X(20)30387-9
http://doi.org/10.1017/S0950268821002144
http://doi.org/10.2807/1560-7917.ES.2020.25.24.2001031
http://doi.org/10.11606/s1518-8787.2020054003278
http://doi.org/10.21149/12847
http://doi.org/10.1093/jtm/taaa223
http://doi.org/10.3389/fimmu.2022.912571
http://doi.org/10.1186/s12916-021-02231-x
http://doi.org/10.1038/s41541-021-00369-6
http://doi.org/10.1038/d41586-021-01805-2

Vaccines 2023, 11, 336 13 of 13

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Hamaya, T.; Hatakeyama, S.; Yoneyama, T.; Tobisawa, Y.; Kodama, H.; Fujita, T.; Murakami, R.; Fyjita, N.; Okamoto, T.; Yamamoto,
H.; et al. Seroprevalence of SARS-CoV-2 spike IgG antibodies after the second BNT162b2 mRNA vaccine in Japanese kidney
transplant recipients. Sci. Rep. 2022, 12, 5876. [CrossRef] [PubMed]

Madhi, S.A.; Kwatra, G.; Myers, ].E.; Jassat, W.; Dhar, N.; Mukendi, C.K.; Nana, A J.; Blumberg, L.; Welch, R.; Ngorima-Mabhena,
N.; et al. Population Immunity and COVID-19 Severity with Omicron Variant in South Africa. N. Engl. ]. Med. 2022, 386,
1314-1326. [CrossRef] [PubMed]

Sendi, P.,; Thierstein, M.; Widmer, N.; Babongo Bosombo, F; Biichi, A.E.; Giintensperger, D.; Blum, M.R.; Baldan, R.; Tinguely, C.;
Gahl, B; et al. Serosurveillance after a COVID-19 vaccine campaign in a Swiss police cohort. Immun. Inflamm. Dis. 2022, 10, e640.
[CrossRef]

Levin, E.G.; Lustig, Y.; Cohen, C.; Fluss, R.; Indenbaum, V.; Amit, S.; Doolman, R.; Asraf, K.; Mendelson, E.; Ziv, A.; et al. Waning
Immune Humoral Response to BNT162b2 COVID-19 Vaccine over 6 Months. N. Engl. |. Med. 2021, 385, e84. [CrossRef] [PubMed]
Shrotri, M.; Navaratnam, A.M.D.; Nguyen, V.; Byrne, T.; Geismar, C.; Fragaszy, E.; Beale, S.; Fong, W.L.E.; Patel, P; Kovar, J.; et al.
Spike-antibody waning after second dose of BNT162b2 or ChAdOx1. Lancet 2021, 398, 385-387. [CrossRef] [PubMed]
Choudhary, H.R,; Parai, D.; Dash, G.C.; Kshatri, ].S.; Mishra, N.; Choudhary, P.K,; Pattnaik, D.; Panigrahi, K.; Behera, S.; Sahoo,
N.R.; et al. Persistence of Antibodies Against Spike Glycoprotein of SARS-CoV-2 in Healthcare Workers Post Double Dose of
BBV-152 and AZD1222 Vaccines. Front. Med. 2021, 8, 778129. [CrossRef]

Parai, D.; Choudhary, H.R.; Dash, G.C.; Behera, S.; Mishra, N.; Pattnaik, D.; Raghav, S.K.; Mishra, S.K.; Sahoo, S.K.; Swain, A;
et al. Dynamicity and persistence of severe acute respiratory syndrome coronavirus-2 antibody response after double dose and
the third dose with BBV-152 and AZD1222 vaccines: A prospective, longitudinal cohort study. Front. Microbiol. 2022, 13, 942659.
[CrossRef]

Lee, N.; Jeong, S.; Lee, S.K.; Cho, E.J.; Hyun, J.; Park, M.].; Song, W.; Kim, H.S. Quantitative Analysis of Anti-N and Anti-S
Antibody Titers of SARS-CoV-2 Infection after the Third Dose of COVID-19 Vaccination. Vaccines 2022, 10, 1143. [CrossRef]
Paramithiotis, E.; Sugden, S.; Papp, E.; Bonhomme, M.; Chermak, T.; Crawford, S.Y.; Demetriades, S.Z.; Galdos, G.; Lambert,
B.L.; Mattison, J.; et al. Cellular Immunity Is Critical for Assessing COVID-19 Vaccine Effectiveness in Immunocompromised
Individuals. Front. Immunol. 2022, 13, 880784. [CrossRef]

Sadarangani, M.; Marchant, A.; Kollmann, T.R. Immunological mechanisms of vaccine-induced protection against COVID-19 in
humans. Nat. Rev. Immunol. 2021, 21, 475-484. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1038/s41598-022-09897-0
http://www.ncbi.nlm.nih.gov/pubmed/35393481
http://doi.org/10.1056/NEJMoa2119658
http://www.ncbi.nlm.nih.gov/pubmed/35196424
http://doi.org/10.1002/iid3.640
http://doi.org/10.1056/NEJMoa2114583
http://www.ncbi.nlm.nih.gov/pubmed/34614326
http://doi.org/10.1016/S0140-6736(21)01642-1
http://www.ncbi.nlm.nih.gov/pubmed/34274038
http://doi.org/10.3389/fmed.2021.778129
http://doi.org/10.3389/fmicb.2022.942659
http://doi.org/10.3390/vaccines10071143
http://doi.org/10.3389/fimmu.2022.880784
http://doi.org/10.1038/s41577-021-00578-z

	Introduction 
	Materials and Methods 
	Ethical Considerations 
	Study Design and Population 
	Data Collection 
	Biological Sample Collection, Handling, Transport, and Testing 
	Detection of SARS-CoV-2 Antibodies 
	Statistical Analysis 

	Results 
	Seroprevalence in the General Population during the Pre-Vaccination Period Due to Natural Infection 
	Seroprevalence in the General Population during the Post-Vaccination Period 
	Antibody Response to One, Two, and Three Doses of SARS-CoV-2 Vaccine in the General Population of Kuwait 

	Discussion 
	Conclusions 
	References

