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Abstract

Background Natural infection with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) or vaccination
triggers antibody production against key viral antigens. However, there is limited evidence on the levels of antibodies
produced in naturally infected individuals compared to those vaccinated in Ethiopia. Therefore, we aimed to detect
and compare SARS-CoV-2 antibodies produced by naturally infected and vaccinated individuals.

Materials and methods \We conducted a multicenter cross-sectional study among a total of 355 naturally infected
and 355 vaccinated individuals from November 2022 to April 2023 at 10 selected health facilities in Addis Ababa,
Ethiopia. We enrolled the participants consecutively upon their arrival at health facilities until the required sample size
was achieved. We used a structured questionnaire to collect data on the demographic and clinical characteristics of
the participants. We also collected 3-5 ml of blood samples from all participants and tested for anti-Spike (anti-S) and
anti-nucleocapsid (anti-N) antibodies using Cobas 6000. We utilized frequency, mean, or median to describe the data,
the Mann-Whitney U test to compare groups, and a generalized linear regression model to assess factors associated
with anti-S antibody concentration. We analyzed the data with SPSS version 26, and the level of significance was set at
P-value <0.05.

Results Of the naturally infected participants, 352 (99.5%) had anti-S antibodies and all (100%) had anti-N antibodies,
whereas among vaccinated participants, all (100%) had anti-S antibodies, while 323 (91.6%) had anti-N antibodies.
Anti-S antibodies produced by vaccinated individuals were significantly (P<0.001) higher than those produced as a
result of natural infection. Being young (P=0.004), having hypertension (P <0.001), and having diabetes (P <0.001)
were significantly associated with lower anti-S antibody levels, while being recently vaccinated and having a higher
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number of vaccine doses were significantly associated with higher anti-S antibody concentrations in vaccinated
participants. Having diabetes (P <0.001) were significantly associated with lower anti-S concentrations in participants

who were naturally infected.

Conclusion There is a high seropositivity rate in both naturally infected and vaccinated individuals. However,
vaccinated individuals had higher levels of SARS-CoV-2 antibodies than those who were naturally infected, which
highlights the significant contribution of vaccination in increasing the protection of COVID-19 in Ethiopia.

Keywords COVID-19, SARS-CoV-2, Vaccine, Virology, Immunology, anti-SARS-CoV-2, Seroprevalence

Background

SARS-CoV-2 is a novel coronavirus that causes a respi-
ratory disease called Coronavirus Disease 19 (COVID-
19) and transmits through droplets and aerosols [1].
Since the end of 2019, the cases of COVID-19 have been
detected in every country of the world. As of January 05,
2024, there have been more than 7 million COVID-19
deaths and over 700 million confirmed cases worldwide,
while Ethiopia has reported 7,574 deaths and 501,087
cases [2]. SARS-CoV-2 is an emerging virus that has the
possibility to re-emerge even after being controlled due
to factors that favor its re-emergence, such as environ-
mental aspects and viral behavior [3].

SARS-CoV-2 is a single-stranded, positive-sense, and
enveloped RNA virus [4, 5]. It consists of 15 to 16 non-
structural proteins and four structural proteins that
include spike (S), envelope (E), membrane (M), and
nucleocapsid (N) [4, 6]. Of the four structural proteins,
S and N proteins are the primary immunogens [7, 8].
The virus has the ability to infect any organ that has an
angiotensin-converting enzyme 2 (ACE2) receptor on
human cells [5]. The host ACE2 receptor is recognized by
the SARS-CoV-2 S on the surface of the virion envelope.
After recognition, the spike proteins attaches to ACE2
and fuses with its membrane [4]. Following infection, key
viral antigens including N and S proteins, are produced
and typically peak 14-25 days after the onset of symp-
toms [9].

Vaccination against SARS-CoV-2 also stimulates the
immune system to produce antibodies against the virus.
Antibodies produced after the COVID-19 vaccination
are very crucial in producing herd immunity [10-12].
Currently available SARS-CoV-2 vaccines work by intro-
ducing the whole virus, a small piece of the virus (spike
protein), or a spike protein transcript into the body. Fol-
lowing vaccination, antibodies are synthesized that iden-
tify and bind to the virus, preventing it from penetrating
and infecting human cells [11, 12]. Although disease
severity can be reduced following vaccination, break-
through infections (infection despite receiving the entire
recommended vaccination schedule) can occur and may
lead to death [13].

Previous studies show that infected individuals can
develop antibodies within 7 days after the onset of

symptoms [14], and that these antibodies persist for
about a year. Another study from the Democratic Repub-
lic of Congo showed that 70.5% of naturally infected
people had substantial antibodies for up to 6 months
[11], while a study from China demonstrated that 91.9%
of COVID-19 patients retained detectable antibodies for
10-11 months [15]. In addition, Gudina et al. [16] found
a high seroprevalence (63.7%) of SARS-CoV-2 antibodies
in Addis Ababa. Moreover, a study reported by Ward et
al. [17] indicates that individuals with comorbidities such
as diabetes, stroke, renal, liver, lung, or neurological dis-
orders, cancer, and depression exhibited lower levels of
antibody production.

According to a study reported from Greece among
BNT162b2 vaccinated healthcare workers, the preva-
lence of SARS-CoV-2 anti-S is 99.7%, and anti-N is 3.7%
[18]. Karachaliou et al. [19]. have also reported that 96.5%
of fully vaccinated individuals are seropositive for anti-S.
However, antibody levels developed by vaccination were
found to decrease over time [20]. A study conducted in
Ethiopia on healthcare workers revealed, 64.7% of those
who had never been exposed to the disease before and
87.5% of those who had a prior infection have detectable
anti-RBD antibodies after 8 and 12 weeks of vaccination
[21].

Although previous studies from different settings have
indicated antibody development following natural infec-
tion or vaccination as shown above, there is limited
information on the level or concentration of antibodies
produced. In addition, data regarding the direct compari-
son of antibody levels produced by vaccinated individu-
als versus those naturally infected are also limited. Thus,
we aimed to detect and compare SARS-CoV-2 antibody
levels produced by naturally infected individuals to those
who received the COVID-19 vaccine in Addis Ababa,
Ethiopia.

Materials and methods

Study setting and design

We conducted a multicenter cross-sectional study at
10 selected healthcare facilities (HCF) in Addis Ababa,
Ethiopia, from November 2022 to April 2023, to enroll
participants for both the naturally infected and vacci-
nated groups. The selected HCF were those mandated
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to administer the vaccine in the city. Addis Ababa is the
capital city of Ethiopia, where a 50% COVID-19 positiv-
ity rate was reported nationwide on a daily basis at the
height of the pandemic [22].

Inclusion and exclusion criteria

For the naturally infected group, we included individuals
who were older than 18 years, reported a history of previ-
ous SARS-CoV-2 infection and had not received a SARS-
CoV-2 vaccine. Of the five types of vaccines approved
and administered in Ethiopia [23], we included in the
vaccinated group those who had received Janssen, Astra-
Zeneca, Pfizer, or Covishield, and had obtained a vaccine
certificate following vaccination. We also included in the
Vaccinated group individuals who reported no history of
previous SARS-CoV-2 infection. Participants who were
vaccinated and had not been infected naturally would
not have anti-N, since neither the mRNA vaccine nor
the non-replicating viral vector vaccine would induce
anti-N. Therefore, to confirm that vaccinated individu-
als had not been previously infected, anti-N testing was
conducted among participants who self-reported no his-
tory of natural infection. Individuals who had received
the Sinopharm vaccine were excluded from the study,
as it contains an inactivated form of the SARS-CoV-2
virus, which could be positive for both spike protein
and nucleocapsid protein, thus making it difficult to dif-
ferentiate this group from naturally infected individuals
because of anti-N positivity.

Sample size and sampling technique

A total of 355 vaccinated individuals and 355 naturally
infected individuals were required based on a sample-
size calculation using a double population proportion,
including a 95% confidence level, 80% power, and true
population proportions of seropositivity of 45.9% for
the vaccinated group [24] and 63.7% for the naturally
infected group [16]. We allocated sample size to each of
the 10 HCFs proportionally based on daily patient flow,
and utilized a simple random sampling technique. Eli-
gible participants were consecutively enrolled upon their
arrival at the selected HCF for outpatient care, until the
required sample size was achieved.

Data and sample collection

Data and sample collectors in each HCF were trained on
how to conduct interviews to collect socio-demographic
and clinical information, as well as blood samples. We
obtained written informed consent from each participant
after providing thorough information on the objective,
procedure, and benefits of the study before sample and
data collection. We used a structured questionnaire that
was customized from a literature review to collect infor-
mation on sociodemographic and clinical variables. We
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tested the standardized questionnaire on 40 study partic-
ipants (20 vaccinated and 20 naturally infected) for valid-
ity and reliability. We also extracted data on vaccination
status such as vaccination date, vaccine type, and num-
ber of doses administered from vaccination certificate.
A trained laboratory technologist collected 3-5 ml blood
samples into serum separator test tubes from a total of
355 individuals who had never been vaccinated but had a
history of COVID-19 infection, and 355 individuals who
were vaccinated for COVID-19. The collected blood sam-
ples were labeled with a unique identification number,
similar to the interview identification number. All col-
lected samples were transported in triple packaging and
sent to the National Clinical Chemistry Reference Labo-
ratory (NCCRL) of Ethiopian Public Health Institution
(EPHI) for laboratory testing. The NCCRL is a nationally
accredited referral laboratory that has fulfilled the crite-
ria of International Standard ISO 15,189 to report quality
results.

Laboratory test

We tested the samples using the Cobas 6000 automated
system (Roche Diagnostics GmbH in Mannheim, Ger-
many). This machine is approved to detect antibodies
produced against SARS-CoV-2, and has 99.91% specific-
ity and 98.8% sensitivity for the anti-S and 99.69% speci-
ficity and 97% sensitivity for the anti-N. Cobas 6000 uses
the electrochemiluminescence immunoassay (ECLIA)
principle to detect the presence of SARS-CoV-2 antibod-
ies in human serum [25, 26].

The quantitative anti-S test was used to detect and mea-
sure the concentration of antibodies produced in both
vaccinated and naturally infected individuals. Titers>0.8
U/ml were considered as positive, whereas samples with
concentrations<0.8 U/ml as negative [25]. For the anti-N
test, a cutoff index (COI) value below 1.0 was regarded
as nonreactive/negative, while COI=1.0 was reported as
reactive/positive, according to the manufacturer result
interpretation [26]. The anti-N test is a qualitative test;
therefore, we used it only to confirm the presence of a
previous natural infection.

Definitions

Natural infection Individuals who developed antibodies
as a result of being infected by SARS-CoV-2 but did not
take the vaccine.

Vaccinated individuals An individual who has received
a single or combination of Pfizer, AstraZeneca, Cov-
ishield, and Janssen vaccines.

Asymptomatic Individuals who are positive for the
anti-nucleocapsid test but reported not being previously
infected by the virus.
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Mild Individuals who experienced only mild indications
of COVID-19, such as fever, cough, sore throat, malaise,
headache, muscle pain, nausea, vomiting, diarrhea, loss of
taste and loss of smell.

Moderate patients who experienced evidence of lower
respiratory disease during clinical assessment with a low
level of shortness of breath.

Table 1 Sociodemographic characteristics and chronic disease
distribution among participants

Variable Category Naturally in- Vaccinated
fected group group
n (%) (n=355)  n (%) (n=355)
Sex Male 154 (43.4) 154 (43.4)
Female 201 (56.6) 201 (56.6)
Age 18-29 66 (18.6) 66 (18.6)
30-39 82 (23.1) 82(23.1)
40-49 107 (30.1) 107 (30.1)
50-59 58(16.3) 58(16.3)
60-69 38(8.7) 38(8.7)
>70 11 (3.1) 113.7)
Presence of previ- Yes 355(100)
ous SARS-CoV-2
infection
No* - 355(100)
Severity of Mild 166 (46.8) -
infection
Moderate 174 (49)
Severe 15(4.2) -
Vaccination status Vaccinated - 355 (100)
Not Vaccinated 355 (100) -
Vaccine dose First dose - 154 (43.4)
taken
Second dose - 131 (36.9)
Third dose - 70(19.7)
Duration since <3 months - 48(13.5)
vaccination
3-6 months - 64 (18)
6-9 months - 66 (18.6)
9-12 months - 28(7.9)
> 12 months - 149 (42)
Hypertension Present 52 (14.6) 64 (18)
Absent 303 (85.4) 291 (82)
Diabetes Present 49 (13.8) 54(15.2)
Absent 306 (86.2) 301 (84.8)
Asthma Present 12 (34) 6(1.7)
Absent 343 (96.6) 349 (98.3)
Kidney disease Present 14 (3.9) 20 (5.6)
Absent 341 (96.1) 335 (94.4)
Liver disease Present 9(2.5) 154.2)
Absent 346 (97.5) 340 (95.8)
Thyroid disease Present 17 (4.8) 21(5.9)
Absent 338(95.2) 334 (94.1)

*self-responded negative for SARS-CoV-2 infection
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Severe Individuals who were admitted to the hospital for
COVID-19 disease and experienced symptoms such as
difficulty breathing (dyspnea) and hypoxia.

Data quality control and statistical analysis

We performed data quality checks throughout the data-
gathering procedure to obtain quality and reliable data.
To ensure data safety, laboratory tests were performed
using unique identification labels on the samples. Full
data access is restricted to the principal investigator. We
double-entered the data into a pre-prepared Microsoft
Excel database to assure data quality. We cleaned the data
for errors and cross-checked both the softcopy and hard
copy data before proceeding with the main data analysis.
We used a statistical package for social science (SPSS)
version 26 to analyze the data. We used Mann-Whitney U
test to compare the concentration of the anti-S antibody
median difference between the vaccinated and naturally
infected groups. We also used generalized linear regres-
sion models to assess the factors associated with anti-S
antibody concentration in both groups. We utilized log-
likelihood ratio statistics to evaluate model fitness and
interpreted the level and direction of association by the
regression coefficient (), with a 95% confidence interval.
Level of significance was set at a Pvalue<0.05.

Results

Sociodemographic characteristics and chronic disease
distribution among participants

A total of 710 participants were included in this study,
comprising 355 naturally infected and 355 vaccinated
individuals. Among the naturally infected participants,
the majority (56.6%) were female. The median age of
the naturally infected participants was 40 years, with
an interquartile range (IQR) of 32-50 years. The most
frequently reported comorbidities were hypertension
(14.6%) and diabetes mellitus (13.8%) [Table: 1].

In the vaccinated group, 60.2% were female, and the
median age was 50 years, with an IQR of 40-61 years.
The median duration after vaccination was 10 months,
with an IQR of 6-16 months. The most common comor-
bidities in the vaccinated group were hypertension
(18%) and diabetes mellitus (15.2%) [Table: 1]. Individu-
als included in the vaccinated group reported no prior
SARS-CoV-2 infection; however, laboratory investigation
confirmed that 323 (91.6%) of them tested positive for
the anti-N test.

Distribution of COVID-19 vaccine types administered

Figure 1 depicts the distribution of vaccine type received
by vaccinated participants. Overall, Janssen was the most
administered vaccine, either as part of a homologous
schedule or a heterologous booster regimen. Of the par-
ticipants who received the Janssen vaccine, 118 (71.5)
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Fig. 1 Distribution of study participants in the vaccinated group according to the types of vaccines administered
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Fig. 2 (a) The proportion of naturally infected participants- who were seropositive for anti-S antibodies. (b) The proportion of naturally infected partici-
pants who were seropositive for anti-N antibodies produced. (c) The proportion of vaccinated participants who were seropositive for anti-S antibodies.
(d) The proportion of vaccinated participants who were seropositive for anti-N antibodies

received a Janssen homologous schedule, while 47 (28.5%)
received heterologous booster schedules: Pfizer+Janssen
(25 participants, 53.2%), AstraZeneca+Janssen (21 par-
ticipants, 44.68%), and Covishield+Janssen (1 partici-
pant, 2.12%) [Fig. 1].

Detection of antibody production

Of the total of 355 naturally infected participants, 352
(99.5%) had anti-S, while all (100%) produced anti-N
(Fig. 2a, b). Of the total of 355 vaccinated participants,
all (100%) were developed anti-S antibodies, while 323
(91.6%) developed anti-N antibodies (Fig. 2c, d).
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Positive=those participants who show a positive result
of anti-S antibody. Negative=participants who were neg-
ative for anti-S antibody. Reactive=those participants
who were reactive (positive) for the anti-N antibody test.
Non-reactive=participants who were non-reactive (neg-
ative) for the anti-N antibody test.

Comparison of anti-S concentration median between
vaccinated and naturally infected participants

We used the Mann-Whitney Test U test to assess the
median difference on anti-S concentration in vaccinated
and naturally infected groups. The median anti-S con-
centration in vaccinated individuals was 6971 U/ml with
an IQR of 3379 U/ml-13,448 U/ml, while in naturally
infected individuals it was 2365 U/ml with an IQR of 866
U/ml-5682 U/ml. This median difference was statistically
significant (P<0.001) [Fig. 3].

Factors associated with antibody concentration in
vaccinated participants

We assessed the association between independent vari-
ables and anti-S antibody concentration separately using
generalized linear regression models. As age increases,
the concentration of anti-S significantly increases
(B=30.4, 95% CI (27.3, 146.3); P=0.004) (Table 2). Hyper-
tensive (p =-6191.6, 95% CI (-8381.8, -4001.5); P<0.001)
and diabetic (B = -4581.2, 95% CI (-6867.9, -2294.5);
P<0.001) patients had significantly lower concentrations
of anti-S antibodies compared to those who did not have
hypertension and diabetics [Table 2]. Participants who
received only one dose (p = -7692.5, 95% CI (-10268.8,
-5116.2); P<0.001) or two doses (p = -6032.9, 95% CI
(-8678.9, -3386.9); P<0.001) (Table 2) of the vaccine were
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showed significantly lower concentrations of anti-S anti-
body compared to those who received a third (booster)
dose [Fig. 4].

Durations of less than or equal to 3 months
(B=13570.3, 95% CI (10855.6, 16284.9); P<0.001), 3-6
months ($=7315.3, 95% CI (4870.7, 9759.9); P<0.001),
and 6-9 months (B=5551.2, 95% CI (3132.7, 7969.8);
P<0.001) [Table 2] since vaccinated had significantly
higher levels of anti-S antibodies compared to those who
vaccinated before 12 months [Fig. 5].

Factors associated with COVID-19 antibody concentration
in naturally infected participants

Individuals who had moderate (p = -3625, 95% CI (5411,
-1838); P=<0.001) and mild COVID 19 symptoms (f =
-6663, 95% CI (-8458, -4868); P=<0.001) had signifi-
cantly lower concentrations of anti S antibodies than
those had severe symptoms. Moreover, individuals with
pre-existing diabetes (p = -1443, 95% CI (-2657.7, -228.9);
P=0.020) had significantly lower anti-S antibody con-
centrations than those without pre-existing diabetes
[Table 3].

Discussion

Data comparing levels of antibodies produced following
natural SARS-CoV-2 infection to vaccine-induced anti-
bodies are lacking. To the best knowledge of the authors,
there is no evidence on direct comparisons between anti-
body produced due to vaccination to natural infections in
Ethiopia. This study aimed to detect and compare SARS-
CoV-2 antibodies produced in naturally infected and vac-
cinated individuals in Addis Ababa, Ethiopia. We found
that 99.5% and 100% of naturally infected participants
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0 !

I
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Fig. 3 Median difference of anti-S antibody concentration between vaccinated and naturally infected participants
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Table 2 Factors associated with the concentration of anti-S in vaccinated individuals
Variables Frequency Un adjusted model Adjusted model
n(%) (n=355)  B(C1,95%) p-value B(Cl,95%) p-value
Age 454 (-23.5-114.3) 0.197 304 (27.3-146.3) 0.004
Sex Female 216 (60.2) ref ref
Male 139 (39.8) 557.5(-1478.05-2593.1) 0591 -34.8(-1678.930-1609.4) 0.967
Hypertension Absent 291 (82) ref ref
Present 64 (18) -7227.9(-9701.9- (-4754.1)) <0.001 -6191.6(-8381.8-(-4001.5)) <0.001
Diabetes Absent 301 (84.8) ref ref
Present 54(15.2) -7573.3 (-10226.5- (-4920.1)) <0.001  -4581.2 (-6867.9- (-2294.5)) < 0.001
Kidney disease Absent 335 (94.8) ref ref
Present 20 (5.6) -3272.5(-7569.9-1024.8) 0.136  -853.4(-4508.19-2801.3) 0.647
Thyroid disease Absent 334 (94.1) ref ref
Present 21 (5.9) -3365.5 (-7564.2-833.1) 0116 -1811.3(-5143.1-1520.5) 0.287
Duration since vaccination > 12 months 149 (42) ref ref
9-12 months 28 (7.9) 2244 (-2914.9-3363.6) 0.889 22076 (-1161.4-5576.8) 0.199
6-9 months 66 (18.6) 1125.2 (2398.8-6809.4) <0.001 5551.2(3132.7-7969.8) <0.001
3-6 months 64 (18) 4734.8 (2468.3-7001.3) <0.001 73153 (4870.7-9759.9) <0.001
<3 months 48 (13.5) 11921.3 (9435.7-14406.9) <0.001 13570.3(10855.6-16284.9)  <0.001
Dose of Vaccine Three doses(booster) 70 (19.7) ref ref
Two doses 131 (36.9) -5334.4 (-7562.1- (-684.03) <0.001 -6032.9(-8678.9- (-3386.9) <0.001
Single doses 154 (43.4) -6032.9(-10268.8- (-3106.7) <0.001 -76925(-10268.8-(-5116.2) <0.001
ref: Reference variable
30000
— 25000 -
8
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=
% 15000 —
=
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é 5000 —
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Fig. 4 Descriptive analysis of the relationship between vaccine doses and anti-S antibody concentration

were produced anti-S and anti-N antibodies respectively.
Among vaccinated participants, 100% produced anti-S
antibodies, and 91.6% produced anti-N antibodies. Nev-
ertheless, the concentration of anti-S antibodies pro-
duced by vaccinated individuals were significantly greater
than that of naturally infected individuals.

In the naturally infected group, the prevalence of anti-
S antibodies was found to be 99.5%. This finding is con-
sistent with the study conducted by Briggs et al. [27],
which reported a 95% seroprevalence in the unvaccinated

population. Moreover, our findings are similar to the
study reported by Yan et al. [15], which showed a 91.9%
prevalence of anti-S antibodies.

Existing evidence indicates that COVID-19 vaccines
can generate antibodies that are important for devel-
oping herd immunity [11, 12]. A study conducted by Li
et al. [28] showed that 100% of vaccinated individuals
were seropositive for anti-S antibody. These findings are
in agreement with the present study findings in which
all vaccinated participants tested positive for anti-S
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Fig. 5 Descriptive analysis of the relationship between duration since vaccination and anti-S antibody concentration
<3 M=Median of anti-S less than or equal to three months since vaccinated, 3-6 M=Median of anti-S (3.1-6) months since vaccinated, 6-9 M=Median
of anti-S (6.1-9) months since vaccinated, 9-12 M=Median of anti-S (9.1-12) months since vaccinated, > 12 M=Median of anti-S greater than 12 months

since vaccinated

Table 3 Factors associated with the concentration of anti-S in naturally infected individuals based on a simple generalized linear

regression model

Variables Frequency Un adjusted model Adjusted model
n (%) (n=355) B(C1,95%) p-value B(Cl1,95%) p-value
Age 355(100%) -23.3 (-55-8.6) 0.153 -5.7 (-35.5-24.05) 0.706
Sex Female 216 (60.2) ref ref
Male 139(39.8) -123.8(-953.8-706.2) 0.770 182.4(-531.1-896.01) 0616
Hypertension Absent 303 (85.4) ref ref
Present 52(14.6) -2628.2(-3759- (-1497)) <0.001 -11724(-2377.3-32.5) 0.057
Diabetes Absent 306 (86.2) ref ref
Present 49 (13.8) -2751.9 (-3909 - (-1594)) <0.001 -1443(-2657.7- (-228.9)) 0.020
Level of infection Severe 15(4.2) ref ref
Moderate 174 (49) -3647(-5480.5- (-1813.7)) <0.001 -3625(-5411- (-1838)) <0.001
Mild 166 (46.8) -6851(-8688.4-(-5014.6)) <0.001 -6663 (-8458-(-4868)) <0.001

antibodies. This suggests that the vaccine has success-
fully stimulated the immune systems of vaccinated indi-
viduals in the production of antibodies against the virus.
The antibodies produced in response to the vaccination
can assist in safeguarding against future infections by
identifying and neutralizing the virus [11, 12]. In con-
trast to our finding, a study reported from India shows
lower (66.7%) seropositivity rate among vaccinated adults
[29]. This difference is probably due to the participants
included in our study have received different types and
doses of the vaccine.

The present study results showed that over 90% of
the vaccinated participants were seropositive for anti-
N antibodies. Similar findings have been reported in
another study [18]. Since the vaccines received by the
study participants in this study target only spike protein,
individuals who tested positive for anti-N antibodies
may have hybrid immunity, which comprises of immu-
nity induced by the vaccine and natural infection [19,
25]. However, since there is no conclusive evidence on
when the antibodies generated by vaccines are depleted,
we were unable to identify a method for distinguishing
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hybrid immunity from immunity following natural infec-
tion. In addition, all vaccinated individuals in this study
who tested positive for anti-N antibodies reported that
they had not experienced any noticeable signs or symp-
toms of SARS-CoV-2 infection in the past. This suggests
that these individuals are likely asymptomatic carriers of
the virus, which is consistent with the WHO’s report in
which approximately 80% of SARS-CoV-2 infections are
either asymptomatic or mild [30]. Moreover, vaccination
does not guarantee complete protection against trans-
mission, thus breakthrough infections are possible [13,
31]. Since the symptoms of breakthrough infections are
often mild and moderate [13, 32], individuals may not be
aware that they have been infected with the virus, and
thus not seek healthcare.

In this study, the concentration of anti-S antibody was
about three-fold higher in vaccinated individuals than in
naturally infected individuals. These results suggest that
the vaccinated population has generated more antibodies
than those who are only naturally infected, or the higher
antibody amongst the vaccinated participants may be due
to the repeated exposure with natural infection. Studies
comparing antibody levels acquired from natural infec-
tion versus vaccination have shown controversial results,
indicating either similar or higher concentrations from
vaccination [33, 34]. Our finding is consistent with previ-
ous study results, in which antibody production is higher
in vaccinated individuals compared to those naturally
infected [11, 18, 29, 35]. In contrast, a previous studies
have reported higher antibody levels in individuals who
were naturally infected with SARS-CoV-2 compared to
those who were vaccinated [21, 36, 37]. This disagree-
ment between the results of previous studies and the
present study’s results might be due to the fact that dif-
ferent vaccine types were used in this study, as the combi-
nation of different vaccine types (heterologous boosters)
could increase the level of antibody production [38, 39].

In this study, older age in vaccinated individuals sig-
nificantly increased the concentration of anti-S anti-
bodies. This result aligns with previous findings, which
observed higher antibody production in older individu-
als compared to younger ones [40]. In contrast, some
earlier studies reported a negative association between
young age and SARS-CoV-2 antibody concentration [20].
The discrepancy between the current study and previous
studies may be due to the fact that the majority of par-
ticipants in this study who received more than two doses
were older.

Previous study [20, 28] have reported similar findings
to the present study, showing that the concentration of
anti-S antibodies significantly decreases with the increas-
ing number of months post-vaccination. This finding
strongly supports the fact that produced humoral immu-
nity or antibody gradually declines/decay over time [20].
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The extent of declining humoral immunity might vary
depending on several factors, such as type of vaccine,
age, and underlying medical conditions. Therefore, the
gradual decline of vaccine-produced antibodies observed
in the present study could be attributed to one or more
of these factors. This highlights the importance of regu-
lar monitoring of seroprevalence of vaccine induced anti-
body and considering booster doses to provide continued
protection against COVID-19.

We also assessed whether the number of vaccine doses
or booster vaccinations impacted antibody concentra-
tion. We found that participants who received only one
or two doses of the vaccine had significantly lower con-
centrations of anti-S antibodies as compared to those
who received the third dose. This suggests that a booster
dose of the vaccine is necessary to maintain high anti-
body levels. This finding is supported by a previous study
reported from Catalonia, which found that the second
dose of the vaccine produced more antibodies than the
first dose alone [19]. Therefore, administering a booster
dose of the vaccine is a wise strategy to provide high anti-
body level.

In this study, the presence of diabetes in naturally
infected individuals was negatively associated with anti-
S antibody concentration. This finding is consistent with
previous studies findings, which suggested that patients
with diabetes produced low levels of SARS-CoV-2 anti-
bodies [41, 42]. In contrast, another study reported that
anti-S antibodies produced by diabetic patients are com-
parable to those produced by non-diabetic patients [43].
The possible reason for the discrepancy could be that
diabetic patients may have other complications or be on
other medications that can negatively affect the immune
system. For instance, the use of corticosteroids could
contribute to a reduced antibody response [44].

Limitation of the study

Since both natural infection and hybrid immunity result
in positive anti-S and anti-N responses, one limitation of
this study was the inability to distinguish hybrid immu-
nity, as there are currently no available criteria to identify
it. We also did not conduct statistical tests to compare
the antibody levels produced by the vaccine alone with
those produced from natural infection because of our
sample size for the solely vaccine-induced group was
small (n=32), which makes it difficult to compare with
the larger sample size of natural infection (n=355).

Conclusion and recommendation

Our study shows a high seropositivity rate in both natu-
rally infected and vaccinated individuals. The vaccinated
individuals had a higher concentration of SARS-CoV-2
antibody than that of naturally infected. However, the
majority of vaccinated individuals had repeated exposure
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to natural infection. We recommend using a sufficient
sample size to compare antibodies generated purely from
vaccination with those from natural infection. Our study
also demonstrates that the concentration of antibodies
increases with the number of vaccine doses, underscor-
ing the importance of a series of vaccinations and booster
vaccinations in order to achieve high antibody level.
Moreover, we found that antibody levels tend to decline
over time after vaccination, which indicates the require-
ment of booster dose.
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