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Abstract

The dynamics and protectiveness of the hybrid immune responses, especially in individuals who have
experienced severe COVID-19, remain to be fully understood. This study aims to identify the prevalence
and persistence of neutralising antibodies throughout time, and to investigate the longitudinal profile
of anti-SARS-CoV-2 IgG antibodies targeting the receptor binding domain (RBD) in patients recovering
from severe COVID-19. A total of 42 hospitalised COVID-19 survivors were enrolled from three
medical centres in Malaysia. Serial blood samples were collected at four time points post-discharge
(approximately 90, 180, 270 and 360 days). IgG titres were quantified using ELISA and neutralising
antibodies (NAbs). Statistical analyses were performed to explore antibody dynamics and correlations.
Among 42 participants, 24 completed all four visits. Mean antibody titre showed an initial decline after
the first visit, followed by a gradual increase over time, with the highest being at Visit 4 (360-390 days
post-discharge). The highest titre (266.7 + 30.9 BAU/mL) was observed in a recipient, 10 days after
receiving the fourth vaccination. All participants except one demonstrated protective NAbs at the
final visit. Higher BMI was significantly associated with disease severity (P = 0.006), while 1gG titres
were higher in individuals with more severe initial infections (Category 5). This study highlights the
persistence of antibody response with hybrid immunity, with the booster vaccinations contributing
to increased antibody titres. RBD-specific I1gG titres provide useful insights into their trends, while
the concurrent NAbs assessment is important for a comprehensive understanding of the protective
efficacy following hybrid immunity.

Keywords: COVID-19, Neutralising Antibodies, Immunoglobulin G (IgG), Hybrid Immunity, Antibody Persistence,

Booster Vaccination, ELISA

INTRODUCTION

The coronavirus disease 2019 (COVID-19)
was declared a global pandemic by the World
Health Organization (WHO) due to its significant
impact on public health, resulting in high morbidity
and mortality worldwide.*? As of December
7, 2025, over 778 million confirmed cases and
more than 7 million deaths had been reported
globally.? The virus spreads efficiently due to its
wide spectrum of clinical manifestations, ranging
from asymptomatic to severe pneumonia and
multiorgan failure.

To classify disease severity, WHO
guidelines have been widely adopted. Patients with
mild illness (Categories 1-3) typically experience
asymptomatic or upper respiratory symptoms,
whereas those in Categories 4 and 5 require
oxygen therapy or intensive care, including cases
of respiratory failure, septic shock, or multiorgan
dysfunction.* High-risk individuals, including
the elderly and those with comorbidities such
as cardiovascular disease, diabetes, cancer, and
immunosuppression, are more likely to develop
severe disease.’

To curb transmission and reduce
disease burden, initial control strategies included

movement control orders (MCOs), mask-wearing,
social distancing, and enhanced hygiene protocols.
The introduction of COVID-19 vaccines in February
2021 under Malaysia’s National Immunisation
Program marked a pivotal advancement in
preventive efforts.®

From an immunological perspective,
SARS-CoV-2 infection elicits a humoral immune
response marked by the production of virus-
specific antibodies. These antibodies typically
target the spike (S) protein, especially the
receptor-binding domain (RBD), which is crucial
for viral entry into host cells.”? Of the three major
immunoglobulin classes, IgA, 1gM, and 1gG, IgG
is the most stable and long-lasting. Its kinetics
typically show a peak between 16 and 30 days
post-infection and persist for months to years.**?

Notably, higher antibody titres have
been reported in individuals who experienced
severe disease compared to those with mild or
asymptomatic.>** However, with the advent of
COVID-19 vaccines and the widespread occurrence
of hybrid immunity (from both infection and
vaccination), antibody dynamics have become
more complex. In addition to binding antibodies
like 1gG, neutralising antibodies (NAbs) play a
vital role in protective immunity by preventing
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viral entry into host cells.® The surrogate virus
neutralisation test (sVNT) offers a practical way
to assess this function without the need for live
virus.®

Reinfections and breakthrough infections
continue to occur, often driven by emerging SARS-
CoV-2 variants capable of immune evasion.'’*?
Therefore, understanding the durability and
quality of post-infection and post-vaccination
antibody responses is critical. This study aims to
investigate the longitudinal dynamics of anti-SARS-
CoV-2 (RBD) IgG antibody levels in convalescent
individuals who had recovered from severe
COVID-19, and to explore associations between
antibody responses and demographic or clinical
characteristics, including vaccination status. The
findings will contribute to our understanding
of long-term protective immunity and may
inform vaccine booster strategies for high-risk
populations.

METHODS

Study design, setting and participants
Study designs

This observational study aimed to evaluate
the longitudinal dynamics of IgG antibodies
targeting the SARS-CoV-2 receptor-binding
domain (RBD) in convalescent COVID-19 patients.
Specifically, it involved serial measurement of
antibody titres at multiple time points to assess
their levels, temporal changes, and neutralising
activity. The study also sought to explore potential
associations with sociodemographic and clinical
factors, including vaccination status.

Participants and setting

Eligible participants were adult (218
years) COVID-19 survivors who had experienced
severe disease (Category 4 or 5) and had been
hospitalised in 2021 at one of the following
centres: Hospital Sungai Buloh (HSB), Hospital Al-
Sultan Abdullah (HASA) or UiTM Private Specialist
Centre (UPSC). COVID-19 diagnosis was confirmed
via real-time reverse transcriptase polymerase
chain reaction (RT-PCR). The study was conducted
between 6 October 2021 and 3 August 2022,
during which the predominant circulating SARS-
CoV-2 variant was Delta (October to December

2021), followed by Omicron, which became
dominant from approximately February to August
2022.

Participants with post-COVID-19
infections were recruited during their follow-up
appointments for pulmonary function assessment
at the HASA Respiratory Clinic, within three months
after hospital discharge. Each participant was
followed for a period of one year. A5 mL venous
blood sample was collected at four pre-defined
time points, i.e. Visit 1 (baseline) at the time of
recruitment, which was 90-120 days, followed by
Visit 2 (180-210 days), Visit 3 (270-300 days), and
Visit 4 (360-390 days) post-admission, respectively.
Blood samples were obtained either during clinic
appointments or via home visits, depending on
participant convenience. All participants received
one to four doses of COVID-19 vaccine in addition
to natural immunity from prior infection. The first
two doses constituted the primary vaccination
series, while the third and fourth doses were
considered boosters. All participants received
homologous vaccines, i.e. CoronaVac for both
primary and booster doses, except for one
participant who received a heterologous regimen,
i.e. CoronaVac for the primary series followed by
BNT162b2 as the booster.

Sample size calculation

During the study period, approximately
500 post-severe COVID-19 patients were followed
up at the HUITM Respiratory Clinic. The sample size
was calculated using the single proportion formula
via the OpenEpi sample size calculator. Based on
a study conducted in China reporting an overall
positivity rate of 98.7% among severe cases, and
assuming a 95% confidence level with a 5% margin
of error, the minimum required sample size was
estimated to be 20 participants.

Data collection

A structured questionnaire was used to
collect the following demographic and clinical
data: Age, gender, and body mass index (BMlI),
Presence of chronic conditions (e.g., hypertension,
diabetes mellitus, Smoking status, and COVID-19
vaccination status. The reinfection status was
also included based on patients' commercial RTK
results (rapid test kit).

Journal of Pure and Applied Microbiology

www.microbiologyjournal.org



Muhaimin et al | J Pure Appl Microbiol. 2026. https://doi.org/10.22207/JPAM.20.2.15

Inclusion criteria
Participants (>18 years old) who
consented to be enrolled in the study.

Exclusion criteria

Participants were excluded if they had
COVID-19 severity Category 3 or below, more
than 3 months post COVID-19 infection discharge,
did not provide informed consent or defaulted
on follow-up or could not be contacted for
subsequent visits.

Quantitative assay of Anti-SARS-CoV-2 IgG against
RBD protein antibody titre using (ELISA) and
Neutralising antibody (Nabs) using sVNT

We performed the detection of anti-SARS-
CoV-2 IgG antibodies using a quantitative enzyme-

linked immunosorbent assay (ELISA) (Wantai
BioPharm, China) according to the manufacturer's
instructions. It measures IgG antibodies targeting
the receptor-binding domain (RBD) of SARS-CoV-2.
The results were expressed as mean antibody
titre and reported in Binding Antibody Units per
millilitre (BAU/mL).

In addition, neutralising antibody (NAbs)
activity was assessed using the SARS-CoV-2
Surrogate Virus Neutralisation Test (sVNT) Kit
(GenScript, USA), following the manufacturer’s
protocol. A cut-off value of >30% inhibition was
used to define a positive (protective) result,
with values <30% considered negative. These
laboratory tests were performed after each visit.

Subject Recruitment (n=62)

Excluded (n=20)

e _,| Category 3 of infection (n=1)
Exceeding 120 days post-hospital discharge (n=4)
Not consented (n=15)

Visit 1 (n=42)
90 — 120 days after hospital discharge
6 October — 10 November 2021

| Withdrawal from the study (n=9)
Working commitments, unreachable (n=9)

Visit 2 (n=33)
180 — 210 days after hospital discharge
16 January — 9 February 2022

s

| Withdrawal from the study (n=4)
Working commitments, unreachable (n=4)

Visit 3 (n=29)
270 — 310 days after hospital discharge
19 March — 5 April 2022

\\

| Withdrawal from the study (n=5)
Working commitments, unreachable (n=5)

Visit 4 (n=24)
360 — 390 days after hospital discharge
8 July — 3 August 2022

Figure 1. Summary of the subjects’ enrolment for the study
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Table 1. Baseline demographic and clinical data of participants in this study

Total Category P-value
n=42 4 % 5 %
(n=22) (n=20)

Age (years)
Mean £ SD 49+12.03 48.1+14.6 - 49.7+8.3 - 0.166°
<40 11 8 36.4 3 15.0
>40 31 14 63.6 17 85.0
Gender
Male 26 15 57.7 11 42.3 0.527°
Female 16 7 41.2 9 52.9
BMI
Mean £ SD 319+15 304+6.7 - 33.41+4.7 - 0.006°
Underweight & Normal 7 7 31.8 0 0
Overweight & Obese 35 15 68.2 20 100
Chronic illness
Hypertension 8 4 18.2 4 20.0 1.000°
Diabetes mellitus 7 3 13.6 4 20.0 1.000°
Smoking status
Yes 1 0 0 1 5.0 0.476°
No 41 22 100 19 95.0
Vaccination status
1 1 1 4.5 - - Not tested
2 23 10 45.5 13 65.0
3 15 10 455 5 25.0
4 3 1 4.5 2 10.0
Reinfection
Yes 4 4 18.2 0 0 0.233°
No - 18 81.8 20 100

BMI: body mass index (<18.5: underweight, 18.5-24.9: normal, 25.0-29.9: overweight, >30.0: obese).

a: Pearson’s Chi-Square; b: Fisher’s Exact Test

Statistical analysis

Statistical analysis was assumed
significant if P-values were below 0.05. All analyses
were conducted using SPSS Statistics software
version 29 (IBM SPSS Inc.) and GraphPad Prism
(version 8.4.2, GraphPad Software, San Diego,
CA, USA) was used to draw the graphs and scatter
plots. The participants’ clinical characteristics were
summarised using descriptive analysis. Categorical
variables were reported as frequencies and
percentages.

Ethics approval and consent to participate

The study was conducted in compliance
with the tenets of the Helsinki Declaration and
approved by the Research Ethics Committee (REC)

of Universiti Teknologi MARA (Reference No.
REC/08/2021 FB/49). Written informed consent
was obtained from all participants prior to their
involvement.

RESULTS

A total of 62 participants were
approached and initially screened for recruitment.
However, 20 individuals were excluded on the
day of recruitment for the following reasons: one
participant had a Category 3 COVID-19 infection,
four participants had been discharged for more
than 4 months, and 15 declined to provide
informed consent. This resulted in 42 participants
being officially enrolled in the study, all of whom
provided baseline blood samples.
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During follow-up, nine participants
withdrew before the first follow-up (Visit 2),
primarily due to work commitments, reducing the
cohort to 33 participants. Four more participants
withdrew before the third visit, leaving 29
participants. Five additional participants withdrew
before the final visit, resulting in 24 participants
who completed the full 12-month blood sampling
schedule. In total, 18 participants withdrew over
the course of the study, nine before the second
collection, 4 before the third, and 5 before the
final (Figure 1).

Demographic and clinical characteristics
were analysed. Out of 42 participants, there
were 22 (52.4%) with Category 4 COVID-19 and
20 (47.6%) with Category 5 COVID-19. Among
those in Category 4, 15 (57.7%) were male,
and 7 (42.3%) were female. Among Category 5
participants, 11 (55.0%) were male and 9 (45.0%)
were female. For age, the mean age in Category
4 was 48.1 years, with 36.4% aged 40 years or
below. In Category 5, the mean age was 49.7 years,
with only 15% aged 40 years or below. The mean
BMI was 30.4 in Category 4 and 33.4 in Category
5. In Category 4, 31.8% were underweight or
normal, and 68.2% were overweight or obese.
There is a significant difference in BMI category
between Category 4 and Category 5 of COVID-19
infection (p = 0.006), where all participants in
Category 5 were overweight or obese (100%).
Hypertension was reported in four participants

from each group (18.2% in Category 4, 20.0%
in Category 5). Diabetes mellitus was reported
in three participants in Category 4 (13.6%)
and 4 in Category 5 (20.0%). In Category 4, 11
participants (50%) had received 1 or 2 doses, and
11 (50%) had received 3 or 4 doses. In Category
5, 13 participants (65%) had received one or two
doses, and seven (35%) had received three or four
doses. For smoking status, none of the Category 4
participants were smokers, while one participant
(5%) in Category 5 was a smoker. Four participants
had reinfection throughout the study follow-up,
but these differences were not significant (Table
1).

Of 42 participants, 24 (57.1%) were
completers and 18 (42.9%) were non-completers
(participants who defaulted from the study at any
visit). Among the completers, 14 (58.3%) were
male, and 10 (41.7%) were female, as compared
to 12 (22.2%) male and six (33.3%) female
among non-completers. The mean age + SD of
the completers was 46.54 + 11.24 years, with
70.8% aged >40 years, while the non-completers
had a mean age of 51.94 + 12.40 years, with
77.8% aged >40 years. The mean BMI £ SD was
32.72 £ 5.49 among completers and 30.21 £ 6.27
among non-completers. Among completers,
three (12.5%) participants were underweight or
normal weight, while 21 (87.5%) were overweight
or obese. Similarly, among non-completers,
only three (16.7%) were underweight or normal

300
g 250
=
>
o.E
2 E 200+
-3}
(O]
o 150
100 T T T T
Visit 1 Visit 2 Visit 3 Visit 4
Visit

Figure 2. The IgG mean + SD antibody titre against COVID-19 for all subjects at respective visits representing different

time points in Visit 1 to Visit 4
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weight and 15 (83.3%) were overweight or
obese. Unlike the comparison across COVID-19
infection categories (Table 1), the BMI distribution
between completers and non-completers was
not statistically significant (P = 1.000). Among
completers, eight (33.3%) reported hypertension
and 6 (25.0%) reported diabetes mellitus, whereas
among non-completers, five (27.7%) and 4 (22.2%)
reported hypertension and diabetes mellitus,

A 300

250+

200

Antibody Level
(BAU/mL)

150
100+
50+
0 T T T
Visit 1 Visit 2 Visit 3
Visit
C 300
250 =
200+
[
)
= E
>h =
=) 150
o <«
Sm
E ~
<
100
50+
o L] I 1 L]
Visit 1 Visit 2 Visit 3 Visit 4
Visit

respectively. Only 1 completer (4.2%) reported
being a smoker, while none of the non-completers
were smokers. Regarding vaccination status,
among completers 8 (33.3%), 13 (54.2%), and 3
(12.5%) participants had received two, three, and
four doses, respectively. In contrast, among non-
completers, the majority (15 participants, 83.3%)
had received two doses, followed by 2 (11.1%)
who had received three doses, and 1 (5.6%) who

B 300~

250+

200+

Antibody Level
(BAU/mL)

150

100+

50~

0 T T T T
Visit 1 Visit 2 Visit 3 Visit 4
Visit

D 300

250

200+

°

g —_
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> £

-] 150
o g
2m
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<
100+
50
0 L] 1 ] 1
Visit 1 Visit 2 Visit 3 Visit 4
Visit

Figure 3. The anti-SARS-CoV-2 spike 1gG mean * SD antibody titre against COVID-19 for recipients of one (A), two
(B), three (C) and four (D) vaccination doses at different time points following the hospital discharge
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Table 2. Baseline demographics between completers and non-completers in this study

Completers Non-completers P-value
(n=24) % (n=18) %

Age (years)
Mean £ SD 46.54 +£11.24 - 51.94 +12.40 - 0.731°
<40 7 29.2 4 22.2
>40 17 70.8 14 77.8
Gender
Male 14 58.3 12 66.7 0.819°
Female 10 41.7 6 333
BMI
Mean £ SD 32.72 +5.486 12.5 30.21 £ 6.268 - 1.000°
Underweight & Normal 3 3 16.7
Overweight & Obese 21 87.5 15 83.3
Chronic illness
Hypertension 8 333 5 27.7 0.962°
Diabetes mellitus 6 25.0 4 22.2 1.000°
Smoking status
Yes 1 4.2 0 - 1.000°
No 23 96.8 18 100
Vaccination status
1 dose - - 1 5.6 Not tested
2 doses 8 333 15 83.3
3 doses 13 54.2 2 11.1
4 doses 3 12.5 - -
Reinfection
Yes 4 16.7 0 - 0.122°
No 20 83.3 18 100

BMI: body mass index (<18.5: underweight, 18.5-24.9: normal, 25.0-29.9: overweight, >30.0: obese).

a: Pearson’s Chi-Square; b: Fisher’s Exact Test

had received one dose; no four-dose recipients
were observed. All four reinfection cases (16.7%)
reported in this study occurred among completers
(Table 2).

During Visit 1, four participants (4/42)
(9.5%) had received only one dose, and 38
participants (90.5%) had received two doses.
During Visit 2, one participant (1/33) (3.0%) had
one dose, 23 participants (23/33) (69.7%) had
two doses, and nine participants (9/33) (27.3%)
had three doses. During Visit 3, one participant
(1/29) (3.4%) had one dose, 11 participants
(11/29) (37.9%) had two doses, and 17 (17/29)
participants (58.6%) had three doses. During the
final visit, three participants (3/24) (12.5%) had
four doses, 13 (13/24) participants (54.2%) had
three doses, and 8 participants (8/24) (33.3%) had
two doses. The mean timing between vaccination

and the blood collection during Visit 1 was shorter
for the one-dose recipients at 29.5 + 23.81 days
as compared to two-dose recipients (44.76 +
20.97). During Visit 2, three-dose recipients had
a lower mean time interval at 25.33 + 16.02
days, in comparison to those receiving two
doses of vaccination at 124.70 + 22.68 days. We
observed the same trend during Visit 3, where the
participants who received three doses of vaccines
had a lower mean time between immunisation
and visit (69.29 + 32.02 days versus 191.0 +
15.56 days). Lastly, at Visit 4, the lowest mean
time between vaccination and visit was reported
for the four-dose recipients, at 20.67 + 22.03
days. These changes reflect the progression of
booster dose uptake over the course of the study
(Table 3).
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Table 3. Vaccine doses per participant in each visit

Visit 1
(90-120 days)

Visit 2
(180-210 days)

Visit 3
(270-310 days)

Visit 4
(360-390 days)

Participant n 42
Doses of

vaccinations n (%)

1 - 4 (9.5%)
2 - 38 (90.5%)
3 - N/A

4 - N/A

Mean days between - -
the most recent

vaccination and the

blood sampling

(Mean % SD)

1 - 29.50 £ 23.81
2 - 44,76 £ 20.97
3 - N/A

4 - N/A
COVID-19 Reinfection n (%) N/A

33 29 24
1(3.0%) 1(3.4%) N/A
23 (69.7%) 11 (37.9%) 8 (33.3%)
9 (27.3%) 17 (58.6%) 13 (54.2%)
N/A N/A 3(12.5%)
138 209 N/A
124.70 £22.68  191.0+£15.56  298.80 + 14.68
2533+ 16.02 69.29+32.02  175.00%37.19
N/A N/A 20.67 +22.03
2 (6.1%) 3(10.7%) 4(16.7%)

N/A: Not available

Quantitative assay of Anti-SARS-CoV-2 IgG against
spike protein antibody titre

The overall mean antibody titre showed
a fluctuating pattern, decreasing from Visit 1 to
Visit 2, then steadily increasing through Visit 3
and peaking at Visit 4. The highest mean antibody
titre (192.5 + 56.05 BAU/mL) was recorded at Visit
4, where three participants had received their
fourth dose an average of 21 days prior. Among
two-dose recipients, titres decreased at Visit 2 but
rose again in subsequent visits. The highest mean
antibody titre in this group was at Visit 1 (172.1
+ 20.5 BAU/mL), while the lowest was at Visit 2
(152.9 £ 17.01 BAU/mL). Three-dose recipients
showed a continuous rise in antibody levels from
Visit 2 to Visit 4, peaking at 190.2 + 45.78 BAU/
mL in the final visit. Notably, four-dose recipients,
though comprising only three individuals at Visit 4,
exhibited the highest antibody titres (266.7 £ 30.9
BAU/mL) of all groups and time points (Figure 2).

The results revealed a decreasing trend
in IgG mean antibody titre in a one-dose recipient
from Visit 1 to Visit 3, with the lowest titre
recorded at Visit 3 (158.8 BAU/mL). For two-dose
recipients, the mean antibody titre declined at Visit

2 compared to Visit 1 but subsequently increased
through to Visit 4. The highest mean antibody titre
for the two-dose group was observed at Visit 1
(172.1 £ 20.5 BAU/mL), while the lowest occurred
at Visit 2 (152.9 + 17.01 BAU/mL). Among three-
dose recipients, a progressively increasing IgG
mean antibody titre was recorded from Visit 2 to
Visit 4, peaking at 190.2 + 45.78 BAU/mL during
the final visit. The four-dose group, which included
only three subjects measured at Visit 4, showed
the highest overall IgG titre (266.7 £ 30.9 BAU/mL)
compared to all other dose groups and time points
(Figure 3).

Figure 4 shows the individual trajectories
of IgG antibody titres across the four visits. Among
participants who completed all visits, indicated by
the black coloured trajectories, the antibody levels
generally fluctuated between Visit 1 and Visit 3,
with several individuals showing an increase by
Visit 4. Although some participants maintained
relatively stable titres over time, noticeable inter-
individual variability was observed. Participants
who did not complete all visits (red trajectories)
exhibited similar fluctuations during the earlier
visits. However, their antibody trajectories could
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only be followed up to the point of dropout,
limiting comparison with completers at later time
points. Overall, the figure highlights variability in
IgG antibody responses over time among the study
participants (Figure 4).

We conducted the neutralising antibody
(NAbs) testing on all 24 subjects during visit 4.

300+

250+

200+

150

IgG Antibody Titre
(BAU/mL)

100+

50

The results showed protective inhibition rates in
all subjects except Subject 3 (two-dose recipient).
A cut-off value of >30% inhibition was used to
define a positive (protective) result, with values
<30% considered negative (Figure 5). Subject
3 recorded a negative inhibition rate and also
showed a progressive decline in anti-SARS-CoV-2

Visit

Figure 4. The individual IgG antibody titre against COVID-19 for all subjects at respective visits representing different
time points in Visit 1 to Visit 4 (RED: non-completers; BLACK: completers)
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Figure 5. The NAbs presence determination using the
SVNT kit

RBD IgG titres across all four visits, with the lowest
level recorded at Visit 4 (79.60 BAU/mL). Among
those with protective responses, inhibition rates
ranged from 93.57%-95.68%, with a mean of 95.02
+ 0.859.

DISCUSSION

This study involved the follow-up of 42
previously hospitalised COVID-19 patients who had
received varying doses of vaccination at different
intervals following recovery. However, by the end of
the one-year follow-up period, only 24 participants
completed all scheduled visits due to exclusion
and attrition factors. Attrition is a common
challenge in longitudinal studies, particularly
those requiring repeated blood sampling or
extended commitments from participants. Loss
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to follow-up can introduce selection bias and
reduce statistical power, potentially leading to
underestimation of prevalence or weakening
of observed associations.?’ Nevertheless, our
findings showed an increasing trend in antibody
titre post-vaccination, which is consistent with
the one reported by Haq et al.?! Importantly,
well-conducted longitudinal studies with smaller
sample sizes can still yield valid and meaningful
insights, particularly when data collection is
rigorous and participants are well-characterised.?
Despite the reduced cohort size, our data started
to show an increase in antibody trends, reflecting
the long-term dynamics of IgG and neutralising
antibody responses after vaccination and natural
infection.

Although our finding for male gender
was not significant, the higher proportion of
male participants aligns with earlier reports
suggesting that men are more likely to experience
severe or critical COVID-19 outcomes.?*?* This
trend may be attributed to a combination of
biological, psychosocial, and behavioural factors.
Biologically, men exhibit higher expression of
ACE2 receptors and possess relatively weaker
immune responses than women, possibly due to
the immunomodulatory advantage conferred by
the second X chromosome in females. Behavioural
factors such as greater occupational exposure,
higher tobacco and alcohol use, and reduced
healthcare-seeking behaviour may further
contribute to increased severity among males.?>?

Our findings showed a significant
correlation between BMI and the severity of
disease, indicated by the category of infection
(P =0.006). Higher BMI was reported to increase
the risk of severe COVID-19 outcomes, which
include intensive care unit (ICU) admission,
the requirement of mechanical ventilation
and death.?””?® The severe outcomes observed
in this group may be partly explained by the
overexpression of ACE2 receptors in individuals
with obesity, enabling increased infectivity by the
virus.” The elevated rate of viral entry then triggers
the overstimulation of inflammatory mediators,
thereby inducing chronic low-grade inflammation
and possible manifestation of acute respiratory
distress syndrome (ARDS).%*3! Despite this, obesity
is not directly correlated with the antibody titre,
with several studies suggesting that this condition

negatively impacts the persistence of vaccine-
induced immunity.3**

Reinfections, confirmed through antigen-
based rapid test kits (Ag-RTK), were observed in
four participants during the study period. Although
reinfection can serve as a natural booster,
enhancing antibody production, this effect was not
consistent across our cohort. Patients reinfected
with the Delta variant showed variable antibody
responses, whereas those who were infected
with the Omicron variant have been associated
with higher reinfection rates but possibly lower
immunogenicity.>**¢ As in other studies, the
reinfections observed in this study did not result
in severe outcomes, highlighting the potent
protection afforded by hybrid immunity.*” It was
assumed that these reinfections occurred possibly
due to the Omicron variant, due to its domination
during the timing of reinfection, although there
was no evidence to support this.

Our findings demonstrated the
persistence of anti-SARS-CoV-2 IgG antibodies up
to 390 days post-infection and post-vaccination,
reaffirming the relevance of serological assays in
monitoring convalescent-phase immunity. Long-
lasting seropositivity has been previously reported
for other coronaviruses, including MERS-CoV,
with 1gG detectable for up to four years.*®* Among
participants who received two vaccine doses, the
data analysis demonstrated a negative correlation
between antibody titre and time since vaccination,
indicating a gradual decline in IgG levels over time.
This observation is consistent with global studies
reporting waning antibody levels following the
primary series of vaccination.?***% Conversely,
participants who received a third (booster) dose
exhibited more stable and higher antibody titres
over time. This trend supports findings from studies
in Japan, which demonstrated prolonged antibody
persistence following booster vaccination.®®*! It
is plausible that some participants sampled early
post-booster had not yet reached peak antibody
levels, while those sampled later were already in
the plateau phase of antibody persistence.

The severity of the initial infection also
appeared to influence antibody levels. Participants
with Category 5 infection, representing the most
critical cases, recorded a higher mean antibody
titre compared to those with Category 4. This
finding is consistent with prior studies showing

Journal of Pure and Applied Microbiology

11

www.microbiologyjournal.org



Muhaimin et al | J Pure Appl Microbiol. 2026. https://doi.org/10.22207/JPAM.20.2.15

that patients with severe disease tend to develop
stronger and longer-lasting antibody responses,
possibly due to higher viral loads and more
pronounced immune activation during acute
illness.*>** Moreover, individual variability in
immune fitness may explain differing levels of
antibody production among patients with similar
disease categories.**®

Neutralising antibodies (NAbs), which
play a critical role in blocking viral entry into host
cells, were assessed in this study using a surrogate
virus neutralisation test (sVNT). The sVNT-based
assay serves as a rapid and effective tool for
anti-SARS-CoV-2 NAbs detection without the
requirement of high-level biosafety facilities for
conventional cell-based neutralisation tests.'®%
The high specificity and sensitivity of the platform
in correlation with the traditional assay augment
its robustness to be implemented in assessing the
NAbs presence, which reflects the protective level
following hybrid immunity.*®#° These antibodies
were detectable in nearly all participants, except
for one, who recorded the lowest IgG titre at the
final visit (79.60 BAU/mL). Factors which may affect
the production of this antibody include prolonged
interval, coupled with the use of an inactivated
virus vaccine, and co-morbidities which are known
to impair immune responses.>*>?

The type of vaccine administered also
influenced antibody responses. Heterologous
COVID-19 vaccination regimens, such as combining
an inactivated vaccine like CoronaVac with an
MRNA vaccine booster (e.g., BNT162b2), have
been shown to elicit a stronger and broader
immune response than homologous regimens.>*®
In our study, however, nearly all of the 24
participants received homologous vaccinations
consisting entirely of CoronaVac, with only one
participant receiving a heterologous regimen
(CoronaVac followed by BNT162b2). Despite this,
we observed a consistent trend of increasing I1gG
antibody titres following each booster dose over a
one-year follow-up period, highlighting that even
homologous regimens may provide sustained
immune protection, particularly when multiple
booster doses are administered. When comparing
types of vaccinations, the inactivated vaccine was
reported to induce a less robust humoral immune
response than the other strategies due to the non-
replicative nature of the attenuated pathogens,

which limits the magnitude and duration.>”5®
In addition, the presentation of a wide array of
antigens on the attenuated viral surface triggers a
broad-spectrum antibody response or polyclonal
antibody production, not mainly targeting the
spike. This reduces the production of neutralising
anti-spike antibodies, which is being assessed
as the indication of protection and neutralising
capacity in this study.>>%° With the low number
of participants, this study is unable to assess the
correlation between the type of vaccination and
the dynamics and longevity of the anti-SARS-CoV-2
antibody titres.

Although 266.7 + 30.9 BAU/mL was the
highest titre measured in our cohort, this value is
still lower than antibody levels typically reported
or expected elsewhere. For instance, Lau et al.
and Nanda et al. reported median titres exceeding
1,000 BAU/mL and 285 BAU/mL following mRNA-
based and viral vector platforms, respectively.®%6! In
another study, SinoVac or inactivated virus-based
vaccine recipients recorded a median IgG titre of
214.°° BAU/mL at week 16 following vaccinations.5
Despite this relatively low mean antibody titre
in our cohort, nearly all participants except
one demonstrated the presence of neutralising
antibodies (NAbs), suggesting functional immune
protection. This finding underscores that IgG titres
alone, particularly those targeting only the RBD,
may not fully reflect the protective immunity
against SARS-CoV-2. Previous research has shown
that neutralising and protective antibodies can also
target other spike protein domains, such as the
N-terminal domain (NTD), and even non-spike viral
antigens.”®*® Hence, the inclusion of additional
antigenic targets in antibody assessments may
provide a more accurate picture of immune
protection, beyond the measured RBD-specific
1gG levels.

This study had several limitations. First,
we lacked a control group comprising individuals
with purely vaccine-induced or natural infection-
induced immunity, which limited our ability to
isolate the effects of each exposure type. Second,
the lack of comprehensive data on the exact
vaccine types and dates for each participant
hindered detailed vaccine-specific analysis.
Third, the interval between vaccination and
antibody measurement varied considerably among
participants, which may have influenced the
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observed antibody titres, as antibody levels decline
over time following COVID-19 vaccination.®*®?

Next, our small sample size and focus
on patients attending follow-up at a respiratory
clinic reduce the generalisability of the findings to
the broader population. Additionally, the variable
timing of blood sample collection post-vaccination
or infection may have introduced heterogeneity in
observed antibody levels. While this study focused
on assessing the longitudinal antibody dynamics
following hybrid immunity, the small number of
participants receiving heterologous vaccinations
limits our ability to draw accurate conclusions on
the effectiveness of heterologous vaccinations,
despite supportive clinical evidence in various
studies.

Nonetheless, this study provides valuable
insights into the durability and variability of
humoral immune responses following hybrid
immunity in a real-world clinical cohort. The hybrid
immunity, conferred through both infection and
vaccination, appeared to result in more sustained
IgG and NAbs responses. However, responses
varied depending on age, sex, comorbidities,
timing of vaccination, and vaccine type.

Future research should include larger and
more diverse cohorts to better understand the long-
term durability and breadth of hybrid immunity,
especially against emerging SARS-CoV-2 variants.
Investigating the therapeutic potential of hybrid-
induced antibodies and their role in post-COVID-19
recovery syndromes would further enhance our
understanding of protective immunity. Such
findings may inform future vaccination policies,
optimise the timing and composition of booster
programmes, and contribute to more effective
pandemic preparedness and response strategies.

CONCLUSION

This study highlights the important role
of booster doses in extending the longevity of
the antibody produced through hybrid immunity,
primarily obtained through infection and primary
vaccinations. However, relying solely on anti-RBD
levels may not accurately reflect overall immunity,
as neutralising antibodies, which may target other
antigenic determinants, act as the key indicators
of protection against infection and severe disease.
In light of this, as supported by several studies,

heterologous vaccination, especially with an
mMRNA booster in addition to the primary doses of
inactivated vaccines, is recommended for a more
durable and longer-lasting immunity.
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