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Abstract

Background: The Coronavirus disease-2019 (COVID-19) pandemic caused by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a significant
global health threat. In this study, we investigated the antibody response in five-time intervals following the COVISHEILD first, second, and booster doses vaccination in
previously infected and previously non-infected individuals.

Methods: The study was a cross-sectional prospective study that took place at the Bangladesh Institute of Tropical and Infectious Diseases (BITID), Fouzderhat,
Chittagong, in 46 individuals who received the COVISHEILD vaccine from February 2021 to January 2022. Blood samples were collected from vaccine recipients at five
different time points (Baseline: Day 0 before 1st vaccine dose, 3 weeks, 2 months (before 2nd dose), 6 months, and 1 year after a booster dose) to measure the levels of
S-RDB IgG antibodies using the EUROIMMUN Anti-S-Rose Disease Bioinfection assay test kits (Liibeck, Germany).

Results: The study reveals that individuals with prior SARS-CoV-2 infection showed a significant increase in antibody levels after receiving the first vaccine dose,
reaching 145.51 units at 3 weeks post-vaccination. This response remained stable at 117.6 units at 3 months and slightly declined to 103.26 units at 6 months, indicating
a sustained immune response. For previously non-infected individuals, vaccination induced a strong immune response, with antibody levels of 159.62 units at 3 weeks,
increasing to 150 units at 3 months, and then slightly declining to 87.84 units at 6 months. Despite the decline, antibody levels at 6 months and 1 year were notably higher
than the pre-vaccination baseline of 0 units, indicating the development of a durable immune response following vaccination. In the <40 years age group, individuals with
prior SARS-CoV-2 infection showed a substantial boost in antibody levels after receiving the first vaccine dose, reaching 198.61 units at 3 weeks post-vaccination. The
response remained stable at 122.22 units at 3 months and declined to 73.7 units at 6 months, followed by a rise to 263.85 units at 1 year.

Conclusion: Our findings highlight that tailoring vaccination approaches based on gender differences and considering vaccination in both previously and non-infected
individuals will aid in optimizing immune responses and combatting the COVID-19 epidemic effectively.
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Introduction

The Coronavirus disease-2019 (COVID-19) pandemic
caused by the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) is a significant global health threat. While many
individuals have recovered from mild to moderate respiratory
illnesses without specific treatment, elderly individuals with
underlying medical conditions such as chronic respiratory
disease, diabetes, hypertension, cardiovascular disease,
and cancer are more prone to develop severe illness [1]. The
COVID-19 pandemic has significantly impacted worldwide,
with over 623 million confirmed cases and 6.55 million deaths
reported [2,3]. When infected with SARS-CoV-2, the human
body produces antibodies targeting the virus spike protein
(S) and nucleoprotein (N). Various studies have examined the
decline in antibody levels after infection, with some indicating
a decrease within four months and others showing sustained
presence for up to nine months, albeit at lower levels [4].

The utilization of safe and efficacious vaccines is crucial
in preventing the transmission of infections within the
population. Vaccination plays a vital role in safeguarding
individuals and minimizing the likelihood of severe outcomes
in the event of an infection. However, an ongoing concern
lies in protecting vaccinated individuals and those who have
previously been infected from emerging viral variants, such as
the Omicron variant, which are increasingly prevalent among
the population [5,6].

Recent research on COVID-19 patients and vaccinated
individuals suggests that immunization and vaccination can
reduce the occurrence of SARS-CoV-2 infections [7,8]. In line
with the recommendations from the World Health Organization
(WHO), the government of Bangladesh procured and collected
several WHO-recommended COVID-19 vaccines to vaccinate its
population. One of the authorized vaccines for emergency use
in Bangladesh is COVISHIELD, which is based on the Oxford-
AstraZeneca formulation. The Bangladesh Institute of Tropical
and Infectious Diseases (BITID) initiated the COVISHIELD
vaccination program in February 2021, with the second dose
administered in April 2021, following a two-month interval. A
third dose was given one year after the second dose. In our study,
we investigated the antibody response in five-time intervals
following the COVISHEILD first, second, and booster doses
vaccination in previously SARS-CoV-2 infected and previously
non-infected individuals (so-called naive individuals).

Methods and Materials
Study design

The study was a cross-sectional prospective study. All
the study participants were categorized into two groups: (a)
previously non-infected with SARS-CoV-2 virus: No previous
COVID-19 history or negative COVID-19 RT-PCR whenever
tested, no anti-SARS-CoV-2 antibody (< 8 RU/ml) on the day
of first vaccination, and (b) previously infected: Has previous
COVID-19 history or positive COVID-19 RT-PCR whenever
tested and presence of anti-SARS-CoV-2 antibody = 8 RU/ml
on the day of first vaccination. Blood samples were collected

from vaccine recipients at five different time points (Baseline:
Day “0” before 1t vaccine dose, 3 weeks, 2 months (before 2
dose), 6 months, and 1 year after a booster dose) to measure
the levels of S-RDB IgG antibodies using the EUROIMMUN
Anti-SARS-CoV-2 IgG assay test Kkits (Liibeck, Germany).
All of the participants were given the COVISHEILD (ChAdOx1
nCoV-19 mRNA vaccine) vaccine (also known as the Oxford-
AstraZeneca vaccine) at least twice, with a minimum interval
of 2 months between doses. The vaccine was given as two
separate injections, each containing 0.3 mL of the diluted
vaccine, which were administered into the deltoid muscle of
one of the participant’s upper arms. The initial measurement
of antibody levels, or titer, was taken before the first dose
of the vaccine (considered as the baseline), and subsequent
measurements were taken at 3 weeks, 3 months, 6 months,
and 1 year from the day of receiving the 1% vaccine dose.

Study location and Sample Size

The study took place at the Bangladesh Institute of Tropical
and Infectious Diseases (BITID), Fouzderhat, Chittagong
among 46 individuals who received the COVISHEILD vaccine
from February 2021 to January 2022.

Sample selection criteria

The study targeted up to 100 individuals who received
the first dose of the COVISHEILD vaccine at the Bangladesh
Institute of Tropical and Infectious Diseases (BITID),
Fouzderhat, Chittagong from February 2021 to January 2022
covering both male and female patients of different ages.
However, participants who were committed to returning to the
hospital at five different periods during follow-up and hence
were included in the study. However, participants who did not
provide written consent were excluded.

Participant’s consent and ethical review

The participants in the study gave written consent after
being informed of the study’s purpose, and the research
adhered to the ethical standards set by the Declaration of
Helsinki. The study only included participants who provided
their signatures on a written informed consent form. The
participants were then asked to complete a questionnaire that
asked for their demographic information, symptoms, and any
additional information about comorbidities. The study ensured
that no information that could identify individual patients was
released or published. Furthermore, the BITID ethical review
committee approved the study’s procedures.

Immunological assay

The assay kit was an ELISA test utilizing a plate with wells
coated with recombinant Spike (S) protein antigen. The sample
testing was performed automatically by the EUROIMMUN
analyzer as per the manufacturer’s instructions. Briefly,
samples were first diluted 1:101 in the sample buffer provided
with the kit. 100 nl each of the calibrator, positive and negative
controls, or diluted patient samples were then transferred into
the individual microplate wells and incubated for 60 minutes
at (37+1) °C. Reagent wells were washed 3 times with 450 pl
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of working-strength wash buffer. 100 ul of enzyme conjugate
was added into each of the microplate wells and incubated
for 30 minutes at (37+1) °C. Reagent wells were washed again
3 times with 450 pl of working-strength wash buffer. 100ul
of substrate solution was added to each microplate well and
incubated for 30 minutes at room temperature (18 °C-25 °C).
Finally, 100 pl of stop solution was added into each of the
microplate wells and photometric measurement of the color
intensity was made at a wavelength of 450 nm and a reference
wavelength between 620 nm and 650 nm within 30 minutes of
adding the stop solution.

Result interpretation
. <8 RU/ml - negative
. > 8 RU/ml to <11 RU/ml - borderline
. =11 RU/ml - positive.

Statistical analysis

Data were reported as mean + standard deviation.
Differences between groups were tested with the independent
sample t-test. Categorical variables were reported as numbers
and percentages and compared between groups using the chi-
squared test. The difference in Antibody Responses between
repeated measures was tested with the paired sample t-test. A
p - value of 0.05 or less was considered statistically significant.
All analyses were conducted using Statistical Package for Social
Science) for Windows version 23 software.

Results

In individuals with prior SARS-CoV-2 infection (Figure
1A), the immune response to vaccination displayed a notable
increase in antibody levels after receiving the first vaccine
dose, reaching 145.51 units at 3 weeks post-vaccination. This
response remained relatively stable at 117.6 units at 3 months
and only slightly declined to 103.26 units at 6 months, yet
remained significantly higher than the baseline level of 26.87
units. The antibody level further increased to 224.04 units
at 1-year post-vaccination, indicating a sustained immune
response in previously infected individuals. For previously
non-infected individuals (Figure 1B), vaccination induced
a strong immune response, with antibody levels of 159.62
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units at 3 weeks, which increased to 150 units at 3 months,
and then slightly declined to 87.84 units at 6 months. Despite
the decline, the antibody levels at 6 months and 1 year were
notably higher than the pre-vaccination baseline of 0 units,
indicating the development of a durable immune response
following vaccination Table 1.

In the male group, individuals with prior SARS-CoV-2
infection displayed an initial antibody level of 28.57 units
before vaccination, which significantly increased to 148.73
units at 3 weeks post-vaccination (Figure 2A). The response
remained stable at 119.2 units at 3 months and declined
slightly to 109.39 units at 6 months, followed by an increase to
237.41 units at 1 year. Males without prior infection exhibited
an antibody response to vaccination, with antibody levels of

Table 1: Demographic Characteristics of study participants.

Age (years) (mean + SD) 42 +5.89
Gender, n (%)
Male 29 (63%)
Female 17 (37%)
Clinical Groups, n (%)
Previously infected 20 (43%)
Non-infected, No antibody 26 (47%)
Symptoms (Previously infected group) n, (%)
Fever 15 (75%)
Cough 10 (50%)
Shortness of breath 5(25%)
Sore throat 11 (55%
Fatigue 3 (15%)
Vomiting 4 (20%)
Headache 7 (35%)
Anosmia 8 (40%)
Loss of taste 11 (55%)
Age groups (years)
<40 7 (15%)
4010 < 60 25 (54%)
260 14 (31%)
B Group B:
No COVID-19, No anti-SARS-CoV-2 IgG antibody
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Figure 1: Overall trend of IgG response in previously infected (group A) and non-infected individuals (group B).
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166.12 units at 3 weeks, which decreased to 117.21 units at 3
months, and then slightly declined further to 93.48 units at
6 months, followed by a rise to 258.1 units at 1 year. Among
females, those with prior infection had an initial antibody level
of 20.08 units before vaccination, reaching 132.65 units at 3
weeks, and subsequently increasing to 147.57 units at 3 months
(Figure 2B). The levels then declined to 84.18 units at 6 months
and rose again to 192.46 units at 1 year. Females without prior
infection displayed an antibody response to vaccination, with
antibody levels of 147.56 units at 3 weeks, slightly decreasing
to 117.18 units at 3 months, and remaining stable at 116.84 units
at 6 months, followed by an increase to 273.06 units at 1 year.

In the < 40 years age group, individuals with prior SARS-
CoV-2 infection showed a substantial boost in antibody levels
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after receiving the first vaccine dose, reaching 198.61 units at
3 weeks post-vaccination. This response remained steady at
156.38 units at 3 months and only slightly declined to 155.53
units at 6 months, still significantly higher than the baseline.
The antibody level further increased to 230.68 units 1 year after
the booster dose, indicating a lasting immune response. In
contrast, previously non-infected individuals in this age group
exhibited a strong response to vaccination, with antibody levels
of 160 units at 3 weeks, increasing to 179.73 units at 3 months
and 201.28 units at 1 year but overall antibody response was
comparatively lower than the previously infected individuals
(Figure 3A). For the 40 to <60 years age group, previously
infected individuals displayed an initial antibody level of
19.28 units before vaccination, which significantly increased
to 135.41 units at 3 weeks post-vaccination. The response
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Figure 2: Antibody response of Males (A) and Females (B) in previously infected and Non-infected individuals.
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Figure 3: Antibody response of different age groups: <40 years (A), 40 to < 60 years (B) and = 60 years (C) in previously infected and No COVID-19, No anti-SARS-CoV-2 IgG

antibody.
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remained stable at 122.22 units at 3 months and declined to
73.7 units at 6 months, followed by a rise to 263.85 units at 1
year. Previously non-infected individuals in this age category
exhibited an impressive response to vaccination, with antibody
levels of 165.9 units at 3 weeks, increasing to 167.04 units at
3 months, and further rising to 277.74 units at 1 year (Figure
3B) but overall antibody response was slightly higher than
the previously infected individual. For participants aged = 60
years, those with prior infection started with an antibody level
of 21.32 units before vaccination, peaking at 126.97 units at 3
weeks, and subsequently declining to 87.93 units at 3 months.
The levels remained relatively stable at 91.6 units at 6 months
and 181.18 units at 1 year. Previously non-infected individuals
in this age group exhibited a notable response to vaccination,
with antibody levels of 142.71 units at 3 weeks, decreasing
slightly to 117.18 units at 3 months, and then stabilizing at
116.84 units at 6 months and 258.81 units at 1 year (Figure
3C). Overall antibody response was slightly higher than the
previously infected individual.

Discussion

The research study provides valuable insights into the
immune responses to SARS-CoV-2 infection and vaccination,
taking gender and age groups into account. Our findings reveal
that both prior infection and vaccination play crucial roles in
eliciting strong and long-lasting immune responses in both
males and females. Notably, previously infected individuals
from both genders exhibited an initial immune response that
was further enhanced by vaccination, resulting in sustained
levels of antibodies over the one-year follow-up period. This
underscores the importance of vaccinating individuals with
a history of infection to bolster their immune response and
ensure lasting protection against future infections.

The humoral immune response against SARS-CoV-2 in
individuals with a previous history of SARS-CoV-2 infection
and non-infected participants has been discussed in several
studies [9-12]. Moreover, the antibody response of different
COVID-19 vaccines was assessed in males, females, and
different age groups [13-16].

Moreover, we observed some variation in immune responses
between males and females, with females generally showing
higher initial antibody levels before vaccination. However, both
genders demonstrated comparable antibody levels at various
post-vaccination time points, indicating consistent efficacy
of vaccination in inducing protective immunity across sexes.
Additionally, the dynamics of immune responses displayed
fluctuations over time, possibly influenced by factors such as
age, overall health, or genetic differences.

The results of this study underscore the significance of
vaccination as a vital tool in generating protective immunity for
both genders, irrespective of previous infection status [17-19].
Tailoring vaccination strategies to consider gender differences
may be beneficial in optimizing vaccine-induced immune
responses, especially in previously non-infected individuals.

These findings contribute to our understanding of the immune
response to SARS-CoV-2 infection and vaccination, providing
valuable insights for informing public health policies and
vaccination campaigns aimed at mitigating the impact of
COVID-19 in diverse populations [20-23].

Furthermore, the research study sheds light on the immune
response following SARS-CoV-2 infection and vaccination
across various age groups. Overall, our findings highlight the
importance of both prior infection and vaccination in developing
an enduring immune response. Among individuals with prior
infection, there was a strong initial immune response, which
was further augmented by vaccination, resulting in sustained
antibody levels over time. Similarly, individuals without
previous infection also demonstrated substantial immune
responses following vaccination, emphasizing the importance
of vaccination in establishing protective immunity, especially
in those without prior exposure to the virus [24,25].

Interestingly, the immune response exhibited some
differences across age groups, with the younger cohort (<
40 years) generally displaying a more vigorous response
compared to the older age groups (40 to < 60 years and =
60 years). However, it is crucial to note that even in older
individuals, vaccination induced significant immune responses,
emphasizing the need to vaccinate across all age groups to
achieve comprehensive protection against COVID-19.

The protection provided by COVID-19 vaccines against
infection significantly decreased between 5 to 8 months after
receiving the initial vaccination [26,27]. Booster shots for
vaccines have been shown to effectively restore protection
against infection and are generally considered safe for use in
the community [28-30].

Our study had certain limitations as it focused on observing
patients from a single center during hospitalization, which
may not fully capture the overall nationwide situation of the
COVID-19 pandemic. Additionally, the study had a relatively
small sample size. However, it is important to note that our
study highlighted a significant finding: the levels of antibodies
exhibited a consistent decrease after six months, regardless of
gender or age group. This decline was notably reversed with
the administration of a booster dose. Our results emphasize
the necessity for regular booster doses to sustain a strong and
protective antibody level.

Conclusion

Our research provides valuable insights into the immune
response to SARS-CoV-2 infection and vaccination, considering
both gender and age factors. The results underscore the
importance of vaccination as a key strategy in developing
protective immunity for diverse populations. Tailoring
vaccination approaches based on gender differences and
considering vaccination in both previously infected and non-
infected individuals will aid in optimizing immune responses
and combatting the COVID-19 pandemic effectively. Moreover,
a booster dose of the COVID-19 vaccine enhances the antibody

respomnse.
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