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Abstract: In August 2022, Indonesia prioritized healthcare workers to receive the second booster
dose. We conducted a sequential serosurvey to understand the dynamics of the antibody titers.
The first serosurvey, which was conducted in June 2021, 1–6 months after Sinovac vaccination,
showed a median antibody level of 41.4 BAU/mL (interquartile range (IQR): 10–629.4 BAU/mL).
The second serosurvey was conducted one month (August 2021) after the first Moderna booster
vaccine and showed a median level of 4000 BAU/mL (IQR: 3081–4000 BAU/mL). The last serosurvey
was conducted a year (August 2022) after the booster and showed a median level of 4000 BAU/mL
(IQR: 4000–4000 BAU/mL). In this last survey, only 39 (11.9%) of healthcare workers had antibody
levels below the maximum level of 4000 BAU/mL. Thus, one year after the first booster dose, we
did not observe the waning of antibody levels. The average increase was perhaps because of natural
infection. Based on these considerations, we believe that a second booster dose was not necessary
for this category of subjects at that time. Because vaccine supply is often limited, priority could be
given to the general population or other high-risk patient groups with low antibody titers based on
serological tests.
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1. Introduction

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection is an
ongoing health problem worldwide, including in Indonesia [1]. The presence of anti-
SARS-CoV-2 antibodies postinfection or because of vaccination has been confirmed to
provide some protection against infection and against severe coronavirus 2019 (COVID-19)
disease [2]. Vaccination is therefore considered necessary and important to prevent infection.
However, current evidence is still lacking about how many boosters are necessary for
healthcare workers (HCWs) and the community at large. This is challenging to determine
because anti-SARS-CoV-2 antibody levels are affected by the type of vaccine received,
exposure to natural infection, time since last vaccination/exposure, and internal factors,
such as age and comorbidity [3,4].

HCWs were greatly affected during the first wave in 2020 and during the outbreak of
the SARS-CoV-2 Delta strain in July–September 2021. Our HCWs in this survey received
both doses of the Sinovac vaccine from January to June 2021. Sinovac was chosen as the
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vaccine for HCWs, because it was the most readily available vaccine in Indonesia at the
time. Next, they received the Moderna booster in July 2021. During the Omicron outbreak
in early 2022, many HCWs were also infected with COVID-19 but did not develop severe
illness. In July 2022, the Indonesian Ministry of Health decided to prioritize a second
mRNA vaccine for HCWs in Indonesia [5,6].

With the announced vaccine scheme and the periodic exposure to COVID-19 dur-
ing outbreaks, we questioned the level of the anti-receptor-binding domain (RBD) titers
among HCWs. Information about the level of anti-SARS-CoV-2-S-RBD antibodies can
assist in evaluating the need for additional vaccination [7]. Herein, we aimed to describe
the SARS-CoV-2-S-RBD antibody levels among HCWs in three consecutive serosurveys
conducted at different time points that can provide information for considering the need
for a second booster.

2. Materials and Methods

This research was conducted at Hasan Sadikin General Hospital, which is the top
provincial referral hospital for general illnesses as well as for COVID-19 in Bandung, West
Java, Indonesia.

2.1. Ethics Approval

This study was approved by the Health Research Ethics Committee of Hasan Sadikin
General Hospital (number: LB.02.01/X.6.5/117/2022).

2.2. Study Design

This study is a single-center, observational analysis study with three independent
cross-sectional designs using primary data obtained by examining levels of SARS-CoV-2
IgG S-RBD antibodies in hospital HCWs. The data comprised basic participant information
from interviews and results of the anti-SARS-CoV-2-S-RBD antibody levels. All participants
were vaccinated using Sinovac in January–June 2021. This study used a convenience
sampling method.

Our first serosurvey was conducted in July 2021, immediately before the third vaccine
dose or the first booster with the Moderna vaccine. The second serosurvey was conducted
in August 2021, one month after provision of the first Moderna booster vaccine. The third
serosurvey was conducted in August 2022, 12 months after the first Moderna booster,
immediately before the second Moderna booster that was scheduled by the Ministry
of Health.

2.3. Inclusion Criteria

Eligible participants were HCWs of Hasan Sadikin General Hospital that were en-
rolled by voluntary participation. All participants were vaccinated with both doses of
the inactivated virus vaccine (Sinovac) and one booster dose of mRNA-1273 (Moderna)
full dose. All hospital staff who followed these vaccination schemes and were willing to
participate in the study were included in the survey. There were no exclusion criteria for
participation. Subjects with comorbidities were also included in this survey.

2.4. Operational Definition

We used the following operational definition. Physicians were all medical doctors
(MDs), mostly specialists but also included general practitioners working in the hospital.
All other HCW participants were nonphysician hospital staff. The COVID-19 wards were
areas that operated as isolation rooms assumed to have the highest risk of spreading
COVID-19. These were the general ward, intensive care unit, and emergency isolation
rooms specific for COVID-19 patients. History of close contact with confirmed cases
included face-to-face contact with probable cases or confirmed cases within a 1 m radius
and for 15 min or more, direct physical touch with probable or confirmed cases, or people
who provided direct care to probable or confirmed cases without using standard personal
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protective equipment. Last COVID-19 infection (i.e., having COVID-19 illness in between
surveys) was considered positive in patients who had a positive RT-PCR result or positive
rapid antigen result with at least three COVID-19 symptoms based on the interview [8].

2.5. Antibody Level Examination

Determination of anti-SARS-CoV-2-S-RBD antibodies utilized a point-of-care quan-
titative immunochromatographic assay (FastBioRBD™) made by Wondfo, Guangzhou
Biotech, China that was rebranded for distribution by PT Biofarma, Bandung, Indonesia
(Persero). This equipment has a value range between 1 and 200 arbitrary units (AU),
wherein 1 AU/mL is regarded as the minimal level for being seropositive. We later mul-
tiplied the result by 20 to obtain the standard WHO binding antibody unit (BAU) [9,10]
Therefore, 20 BAU/mL was the lower limit for seropositivity, while the maximum detection
limit was 4000 BAU/mL. A similar immunofluorescence assay test (Wondfo Finecare anti-
RBD) was utilized and tested in Qatar [11]. To validate the FastBioRBD™ test, 71 randomly
selected serum samples were tested using the GenScript cPass SARS-CoV-2 surrogate viral
neutralization test (SVNT) Kit (Genscript Biotech, Leiden, The Netherlands). Briefly, serum
samples as well as negative and positive controls were diluted 1:10 in a sample dilution
buffer, mixed 1:1 with an HRP-RBD working solution, and incubated at 37 ◦C for 30 min.
More information can be obtained in [12].

2.6. Data Analysis

The baseline characteristics of participants were factors that could influence the SARS-
CoV-2-S-RBD antibody levels, namely age, sex, occupation, comorbidity, last COVID-19
infection, work zone, history of close contact, and levels of SARS-CoV-2 IgG S-RBD. Data
on baseline characteristics were obtained based on information from the interview by using
a validated questionnaire. The anti-SARS-CoV-2-S-RBD antibody levels are described in
tables and figures. We analyzed baseline characteristics of participants and looked for
risk factors of having a low (less than 4000 BAU/mL) antibody response 12 months after
the third vaccination. Numerical data were tested for normality with the Kolmogorov–
Smirnov test. Categorial data were analyzed using the chi-square and Fisher’s exact tests if
unfulfilled. We used the Mann–Whitney test to conduct a bivariate analysis of numerical
data. Variables with p < 0.25 in the bivariate analysis were further tested using multivariate
logistic regression, with a significance value of p 0.05. We used SPSS software version
25 and Graphpad Prism software version 9.2.0 to conduct the analysis.

3. Results

For the first survey, we enrolled 570 persons on the first booster vaccination day. After
blood collection, these subjects directly received the first booster of Moderna (full dose).
One month after this first booster, we enrolled 355 persons in the second survey. One
year after the first booster, we enrolled and collected serum samples from 330 persons in
the third survey immediately before the second booster of Moderna (see Figure 1). One
hundred and forty-eight people participated in all surveys. Participants’ demographic and
clinical characteristics are summarized in Table 1.
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2-S-RBD antibodies 12 months after the third COVID-19 vaccine dose. The second Moderna booster 
was given right after the blood was sampled in the third survey. Note: Thin horizontal lines depict 
geometric mean, grey dots was participants with COVID-19 infection, and white dots was partici-
pants without COVID-19 infection, and * p value < 0.05, ** p value < 0.001. 

The median age of the participants was 38 (IQR: 32–50) years followed by 40 (IQR: 
33–52) and 41 (IQR: 34–52) in the first, second, and third surveys, respectively. There were 
more female than male participants with similar a proportion of physicians vs. nonphysi-
cians in all three surveys. Nonphysician participants were mostly administrative staff, 
nurses, laboratory staff, and others (midwives, nutritionists, radiographers, and security 
staff) with a proportion of 22.1%, 16.6%, 3.0%, and 11.2%, respectively, in the third survey. 
Most of the participants worked in the non-COVID wards, while about a third worked in 
the COVID-19 isolation wards (see Table 1). The distribution of antibody levels based on 
the time of examination is presented in the Figure 1 

In the first survey, the SARS-CoV-2-S-RBD antibody level median was 41.4 (range: 
0.2–2.049.6) BAU/mL. One hundred and eight (32.7%) participants showed negative re-
sults for the SARS-CoV-2-S-RBD antibody (<20 BAU/mL), and 175 (30.7%) participants did 
not reach the median value (<41.4 BAU/mL). No participant reached the maximum detec-
tion level of 4000 BAU/m (see Figure 1). From the interview, we found 127 (22.2%) partic-
ipants reported having a confirmed COVID-19 infection since the beginning of the pan-
demic (see Table 1). 

In the second survey, we observed a median value of 4000 (range: 840.4–4000) 
BAU/mL of anti-SARS-CoV-2-S-RBD antibodies. One hundred and fifty (42.3%) partici-
pants had antibody levels below the maximum detection level of 4000 BAU/mL. No par-
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Figure 1. Anti-SARS-CoV-2-S-RBD Antibody Levels Across Serosurveys. Sequential serosurvey of
SARS-CoV-2-S-RBD antibodies before the first Moderna booster, one month after the first Moderna
booster, and 12 months after first Moderna booster. Most HCWs had a very high level of SARS-
CoV-2-S-RBD antibodies 12 months after the third COVID-19 vaccine dose. The second Moderna
booster was given right after the blood was sampled in the third survey. Note: Thin horizontal lines
depict geometric mean, grey dots was participants with COVID-19 infection, and white dots was
participants without COVID-19 infection, and * p value < 0.05, ** p value < 0.001.

The median age of the participants was 38 (IQR: 32–50) years followed by 40 (IQR:
33–52) and 41 (IQR: 34–52) in the first, second, and third surveys, respectively. There were
more female than male participants with similar a proportion of physicians vs. nonphysi-
cians in all three surveys. Nonphysician participants were mostly administrative staff,
nurses, laboratory staff, and others (midwives, nutritionists, radiographers, and security
staff) with a proportion of 22.1%, 16.6%, 3.0%, and 11.2%, respectively, in the third survey.
Most of the participants worked in the non-COVID wards, while about a third worked in
the COVID-19 isolation wards (see Table 1). The distribution of antibody levels based on
the time of examination is presented in the Figure 1

In the first survey, the SARS-CoV-2-S-RBD antibody level median was 41.4 (range:
0.2–2.049.6) BAU/mL. One hundred and eight (32.7%) participants showed negative results
for the SARS-CoV-2-S-RBD antibody (<20 BAU/mL), and 175 (30.7%) participants did not
reach the median value (<41.4 BAU/mL). No participant reached the maximum detection
level of 4000 BAU/m (see Figure 1). From the interview, we found 127 (22.2%) participants
reported having a confirmed COVID-19 infection since the beginning of the pandemic
(see Table 1).
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Table 1. Baseline characteristics of participants in the first, second, and third surveys.

Variables First Survey
(n = 570)

Second
Survey

(n = 355)

Third
Survey

(n = 330)

Sex
Male, n (%) 215 (37.8) 120 (33.9) 112 (34.0)
Female, n (%) 355 (62.2) 235 (66.1) 218 (66.0)

Age category, median (IQR)
18–30 years, n (%) 88 (15.5) 55 (15.5) 39 (12)
31–40 years, n (%) 223 (39.1) 130(36.7) 122 (36.9)
41–50 years, n (%) 118 (20.7) 72 (20.3) 70 (21.2)
51–60 years, n (%) 108 (18.9) 69 (19.4) 79 (23.9)
>60 years, n (%) 33 (5.8) 29 (8.1) ** 20 (6.0) +

Occupation
Physician, n (%) 283 (49.6) * 208 (58.5) ** 155 (46.9) ˆ
Nonphysician, n (%) 287 (50.4) 147 (41.5) 175 (53.1)

Work zone, n (%)
In COVID-19 ward 147 (25.8) * 119 (33.5) 102 (30.9)
Not in COVID-19 ward 254 (44.5) 155 (43.7) ** 134 (40.6) +

Administrative work 169 (29.7) * 81 (22.8) 94 (28.5)
History of close contact
with confirmed case,
n (%)

210 (36.8) * 15 (4.2) ** 68 (20) +

Last COVID-19 infection
(having previous
COVID-19 infection in
between surveys), n (%)

127 (22.2) * 34 (9.5) ** 124 (37.5) +

Antibody level (median,
IQR) BAU/mL

41.4 *
(10–629.4)

4000
(3081–4000)

4000
(4000–4000)

Antibody level
classification
≥4000 BAU/mL 0 (0) 205 (57.7) ** 291 (88.1)
<4000 BAU/mL 570 (100) 150 (42.3) 39 (11.9)

Notes: n = frequency, % = percentage, ˆ p value < 0.05 in multivariate analysis in the third survey, * p value < 0.05
between the 1st and 2nd surveys, ** p value < 0.05 between the 2nd and 3rd surveys, and + p value < 0.05 between
the 3rd and 1st surveys.

In the second survey, we observed a median value of 4000 (range: 840.4–4000)
BAU/mL of anti-SARS-CoV-2-S-RBD antibodies. One hundred and fifty (42.3%) par-
ticipants had antibody levels below the maximum detection level of 4000 BAU/mL. No
participant showed negative anti-SARS-CoV-2-S-RBD antibody results (see Figure). Within
a one-month duration between the first and second surveys, 34 participants (9.5%) reported
having a confirmed COVID-19 illness (see Table 1).

In the third survey, we obtained a median SARS-CoV-2-S-RBD antibody level of
4000 (range: 144.8–4000) BAU/mL, while only 39 (11.8%) of participants had antibody
levels below the maximum detection level of 4000 BAU/mL (see Table 1). Similar to the
second survey, we found no participant having negative anti-SARS-CoV-2-S-RBD antibody
results (see Figure 1).

Within the duration of one year between the second and the third surveys, 124 (37.5%)
participants reported having a confirmed COVID-19 illness. The fewer reported infections
in the second survey was probably because of the shorter time interval between the first
and second surveys than between the second and third surveys.

A bivariate analysis test was performed on factors potentially related to antibody levels
in the last serosurvey. The bivariate analysis showed a trend that being a physician was asso-
ciated with lower SARS-CoV-2-S-RBD antibody levels. There were more physicians who had
antibody levels < 4000 BAU/mL) (15.4%) compared to non-physicians (8.5%; p value = 0.052)
(Supplementary Table S2). However, the multivariate analysis did not confirm this as an
independent factor (adjusted OR 0.512 (95% CI 0.258–1.015) (Supplementary Table S2).
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Seventy-one randomly selected serum samples underwent validation tests with Gen-
script C-Pass. FastBioRBD™ compared to C-Pass showed a correlation with an r-value of
0.780 (95% confidence interval: 0.678–0.862) (Supplementary Figure S1).

4. Discussion

We found high levels among HCWs in our hospital one year post booster vaccination.
Many researchers and clinicians believe that the antibody levels stimulated by the COVID-
19 vaccine may gradually decline over several months [3,4]. However, our observation
shows that they were maintained or even slightly increased.

Antibody levels were examined in participants about 6 months after being vaccinated
with both Sinovac vaccines and were shown to reach a marginal level. A substantial
proportion of participants still showed negative serology. This finding is consistent with
the performance of the Sinovac and Coronavac vaccines. A study in Turkey conducted
in March 2021 on the anti-RBD antibody levels 28 days post Sinovac vaccine showed that
99.4% had a seropositive result with a median of 154.78 BAU/mL, while only 32.4% of
the participants reached maximum antibody levels [13]. A more similar study to ours
conducted by Fonseca et al. in Brazil in September 2021 showed anti-S-RBD antibody levels
6 months after a complete dose of the Sinovac vaccine were modest, with a median of
66.7 BAU/mL, and 16 (2%) participants became seronegative [14]. Differences in these
findings can also be affected by the time interval between vaccination to the antibody
testing and the local COVID-19 transmission dynamics in each country/region [15].

The increase in antibody levels one month after receiving the first Moderna booster
was expected. Over half of the respondents showed a maximum readable level of RBD
antibodies in this survey. However, there were still a few subjects who showed only a
moderate increase in antibody response. Adding a booster of mRNA vaccine in subjects
who received the inactivated vaccine was shown to increase their antibody levels. A study
in Chile showed that the group of subjects who received two Sinovac vaccines and a booster
with the BNT162b2 RNA vaccine had higher antibody levels one month after the third
vaccination than the group that received two Sinovac vaccines and the third booster with
Sinovac [16]. Several studies have also shown the effect of the Moderna vaccine, which
demonstrated a higher antibody response than the BNT vaccine [17,18].

The third survey was conducted in August 2022, a year after the last booster of the
Moderna vaccine and after the Omicron outbreak in early 2022. In this survey, we found
an even higher anti-RBD antibody level among hospital staff, and there were no signs of
decreasing antibody levels. The increased antibody level between the second and third
surveys was most probably due to continuous COVID-19 exposure. The high antibody
level found in our study was similar to the national serosurvey conducted in Indonesia.
The Indonesian serosurvey was conducted in October–November 2021 and July 2022.
These surveys also revealed an increasing antibody level in general communities across
Indonesia [19,20]. A similar study in Italy conducted from January to November 2021 also
showed similar results where anti-SARS-CoV-2-RBD antibody levels increased months
after receiving a booster vaccine [21].

Our study showed that participants who experienced a COVID-19 infection had higher
anti-SARS-CoV-2-RBD antibody levels. This is especially shown in the first serosurvey
after the Sinovac vaccine. This phenomenon is not new as many studies have shown this
observation [22,23]. However, in our study, we can see that the effect is less prominent
among subject who has been exposed to the mRNA vaccine. We hypothesize that the
highest antibody level at the third serosurvey is a cumulation of vaccination and natural
transmission, which was still highly prevalent in the year 2022.

We did not find specific factors that increase the likelihood of having low (<4000 BAU)
antibody levels. There is a trend that being a physician was related to lower antibody levels.
This finding can be explained in that perhaps physicians had a more structured working
scheme and fewer social gatherings. Several other reports have consistently shown that in
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developing countries, infections were mostly due to casual contact rather than the working
environment [24].

Our study extensively used the quantitative immunochromatographic assay that was
easy-to-use and affordable. The test uses a cassette-based dry reagent with a small portable
reader that can be utilized in a point-of-care setting. Compared to other tests, this test has
good validity. Our validation test of 71 samples with Genescript C-Pass showed a good
correlation result. Previously, a validation test incorporating 150 subjects in Qatar showed
a very good correlation with GenScript C-Pas SVNT as the reference test with an R-value of
0.70 (95% CI: 0.60–0.80) [11]. Because anti-SARS-CoV-2-RBD antibody levels can determine
the level of protection [25], we can integrate serosurveys within a vaccination program to
accurately evaluate its achievements and forecast the need for an additional booster.

Our study has some limitations. We enrolled the persons invited to the survey based
on their willingness to be tested. Thus, the number of samples, especially for the second and
third surveys, may not represent the whole hospital staff population. However, within our
observation, we believe we represented the entire range of types of workers and exposure
levels. An additional analysis we conducted on the 148 participants, who followed the
serosurvey consistently, showed a similar pattern (Supplementary Figure S2). Information
about previous COVID-19 infections was collected through interviews or self-reporting.
This method may not be the most accurate given that there might be information bias
as self-reporting may lead to a lower prevalence than registered reports [19,20]. Lastly,
our method of determining anti-SARS-CoV-2-RBD antibodies used a method, which has
a maximum detection limit of 4000 BAU/mL; therefore, we could not measure antibody
levels beyond this figure. This limitation may have decreased the analysis sensitivity of
the factors related to lower antibody levels. However, it will not affect our definition of
high antibody levels as we have learned that 2360 BAU already corresponds to the 90%
COVID-19 protection level [25], while this level is already beyond this limit.

5. Conclusions

Most HCWs did not show decreased antibody levels approximately one year after
the booster. This was most likely because of the high transmission of SARS-CoV-2 and
the omicron variant outbreak in early 2022. Most HCWs had very high levels of the
SARS-CoV-2-S-RBD antibody 12 months after the third COVID-19 vaccine dose. Based
on this result, we should reconsider whether a fourth vaccine dose was necessary for all.
According to a recommendation from the Strategic Advisory Group of Experts (SAGE)
World Health Organization (WHO) [26], additional boosters beyond the first booster are no
longer routinely recommended for the medium priority-use group. For a more efficient
use and appropriate distribution of the vaccine, taking due account of the epidemiology
background and the evolution of the virus, we suggest incorporating antibody testing and
only providing the booster vaccine to those with low levels of anti-RBD antibodies.
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of Having Low (less than 4000 BAU/mL) Antibody Response 12 Months after the 3rd Vaccination;
Table S2: Multivariate Analysis Risk Factor of Having Low (less than 4000 BAU/mL) Antibody
Response 12 Months after the 3rd Vaccination; Figure S1: Surrogate Virus Neutralization Test (SVNT)
Correlation with Anti-RBD FastBioRBD™ in Participants after 12 Months of the Third Vaccination;
Figure S2: SARS-CoV-2-S-RBD Antibody Levels Across Serosurveys among 148 HCWs.

Author Contributions: Conceptualization, A.H.M., M.R.T., M.H.D., H.D., E.S., A.R.I., B.A., A.Y.S.
and R.W.; data curation, A.H.M., M.R.T., M.H.D., H.D., E.S., A.R.I. and R.W.; investigation, A.H.M.,
M.R.T., M.H.D., H.D., E.S., A.R.I., B.A. and R.W.; formal analysis, E.S.; supervising laboratory work,
H.D.; writing—original draft preparation, A.H.M., R.W. and A.Y.S.; writing—review and editing,
A.H.M., M.R.T., A.R.I., B.A., A.Y.S. and R.W.; validation, supervision, M.R.T., A.R.I., A.Y.S. and R.W.;
authorization, A.Y.S. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

https://www.mdpi.com/article/10.3390/vaccines11081300/s1
https://www.mdpi.com/article/10.3390/vaccines11081300/s1


Vaccines 2023, 11, 1300 8 of 9

Institutional Review Board Statement: The Ethical Research Committee of Hasan Sadikin General
Hospital approved this study (number: LB.02.01/X.6.5/117/2022).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data used to support the findings of this study are included in
the article.

Acknowledgments: We are grateful for the support from Wondfo, Guangzhou Biotech, China and
PT Biofarma Indonesia (Persero) for providing the FastBioRBD™ fluorescent immunoassay reader
and the rapid test reagents for our study. Thank you to the National Research and Innovation Agency,
Republic of Indonesia (BRIN) for providing initial operational support for conducting the study. We
thank the director of Hasan Sadikin General Hospital for allowing this study to be conducted and
the staff of the hospital who participated in this study. We thank the Dean of the Medical Faculty of
Padjadjaran University who provided the laboratory facilities for sample management and testing.

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

References
1. World Health Organization. Novel Coronavirus (COVID-19) Situation. 25 February 2022. Available online: https://covid19.who.

int/ (accessed on 25 February 2022).
2. 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] [PubMed]
3. Shrotri, M.; Navaratnam, A.M.D.; Nguyen, V.; Byrne, T.; Geismar, C.; Fragaszy; 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]
4. Zeng, G.; Wu, Q.; Pan, H.; Li, M.; Yang, J.; Wang, L.; Wu, Z.; Jiang, D.; Deng, X.; Chu, K.; et al. Immunogenicity and safety

of a third dose of CoronaVac, and immune persistence of a two-dose schedule, in healthy adults: Interim results from two
single-centre, double-blind, randomised, placebo-controlled phase 2 clinical trials. Lancet Infect. Dis. 2021, 22, 483–495. [CrossRef]
[PubMed]

5. Minister of Health. Decree of the Minister of Health of the Republic of Indonesia. Technical Instructions for the Implementation of
Vaccination in the Context of Combating the 2019 Corona Virus Disease (COVID-19) Pandemic; 2022. Database: Management of Public
Information on the Supreme Audit Board. Available online: https://peraturan.bpk.go.id/Home/Details/169665/permenkes-no-10
-tahun-2021 (accessed on 20 February 2022).

6. Ministry of Health of the Republic of Indonesia. Circular Letter Number Hk.02.02/C/3615/2022 Concerning the 2nd Booster
Dose of COVID-19 Vaccination for Health Human Resources. Ministry of Health of the Republic of Indonesia. 28 July 2022. Available
online: https://www.kemkes.go.id/downloads/resources/download/lain/Surat-Edaran-Vaksinasi-COVID_19-Dosis-Booster-2.
pdf (accessed on 30 July 2022).

7. Lo Sasso, B.; Giglio, R.V.; Vidali, M.; Scazzone, C.; Bivona, G.; Gambino, C.M.; Ciaccio, A.M.; Agnello, L.; Ciaccio, M. Evaluation
of Anti-SARS-CoV-2 S-RBD IgG Antibodies after COVID-19 mRNA BNT162b2 Vaccine. Diagnostics 2021, 11, 1135. [CrossRef]
[PubMed]

8. Burhan, E.; Agus, D.; Nasution, S.; Eka, G.; Ceva, W.; Adityo, S.; Firdaus, I.; Santoso, A.; Juzar, D.A.; Arif, S.K.; et al. (Eds.)
Guidelines for Managing COVID-19, 4th ed.; Organizations 5 Associations: Jakarta, Indonesia, 2022; p. 6.

9. Infantino, M.; Pieri, M.; Nuccetelli, M.; Grossi, V.; Lari, B.; Tomassetti, F.; Calugi, G.; Pancani, S.; Benucci, M.; Casprini, P.; et al. The
WHO International Standard for COVID-19 serological tests: Towards harmonization of anti-spike assays. Int. Immunopharmacol.
2021, 100, 108095. [CrossRef] [PubMed]

10. Guangzhou Wondfo Biotech Co. (China, Guangzhou). Result Report on Finecare 2019-nCoV RBD Antibody Test; Guangzhou Wondfo
Biotech Co.: Guangzhou, China, 2019.

11. Shurrab, F.M.; Younes, N.; Al-Sadeq, D.W.; Liu, N.; Qotba, H.; Laith, J.; Abu-Raddad, L.J.; Nasrallah, G.K. Performance evaluation
of novel fluorescent-based lateral flow immunoassay (LFIA) for rapid detection and quantification of total anti-SARS-CoV-2
S-RBD binding antibodies in infected individu. Int. J. Infect. Dis. 2022, 118, 132–137. [CrossRef] [PubMed]

12. GenScript. cPass SARS-CoV-2 Neutralization Antibody Detection Kit Instruction for Use; Nanjing GenScript Diagnostics Technology
Co., Ltd.: Nanjing, China, 2022.

13. Dinc, H.O.; Saltoglu, N.; Can, G.; Balkan, I.I.; Budak, B.; Ozbey, D.; Caglar, B.; Karaali, R.; Mete, B.; Tuyji Tok, Y.; et al. Inactive
SARS-CoV-2 vaccine generates high antibody responses in healthcare workers with and without prior infection. Vaccine 2022, 40,
52–58. [CrossRef] [PubMed]

14. Fonseca, M.H.G.; de Souza, T.F.G.; de Carvalho Araújo, F.M.; de Andrade, L.O.M. Dynamics of antibody response to CoronaVac
vaccine. J. Med. Virol. 2022, 94, 2139–2148. [CrossRef] [PubMed]

15. Zimmermann, P.; Curtis, N. Factors That Influence the Immune Response to Vaccination. Cli. Microbiol. Rev. 2019, 32, e00084-18.
[CrossRef] [PubMed]

https://covid19.who.int/
https://covid19.who.int/
https://doi.org/10.1038/s41577-021-00578-z
https://www.ncbi.nlm.nih.gov/pubmed/34211186
https://doi.org/10.1016/S0140-6736(21)01642-1
https://www.ncbi.nlm.nih.gov/pubmed/34274038
https://doi.org/10.1016/S1473-3099(21)00681-2
https://www.ncbi.nlm.nih.gov/pubmed/34890537
https://peraturan.bpk.go.id/Home/Details/169665/permenkes-no-10-tahun-2021
https://peraturan.bpk.go.id/Home/Details/169665/permenkes-no-10-tahun-2021
https://www.kemkes.go.id/downloads/resources/download/lain/Surat-Edaran-Vaksinasi-COVID_19-Dosis-Booster-2.pdf
https://www.kemkes.go.id/downloads/resources/download/lain/Surat-Edaran-Vaksinasi-COVID_19-Dosis-Booster-2.pdf
https://doi.org/10.3390/diagnostics11071135
https://www.ncbi.nlm.nih.gov/pubmed/34206567
https://doi.org/10.1016/j.intimp.2021.108095
https://www.ncbi.nlm.nih.gov/pubmed/34619529
https://doi.org/10.1016/j.ijid.2022.02.052
https://www.ncbi.nlm.nih.gov/pubmed/35231609
https://doi.org/10.1016/j.vaccine.2021.11.051
https://www.ncbi.nlm.nih.gov/pubmed/34839992
https://doi.org/10.1002/jmv.27604
https://www.ncbi.nlm.nih.gov/pubmed/35060174
https://doi.org/10.1128/CMR.00084-18
https://www.ncbi.nlm.nih.gov/pubmed/30867162


Vaccines 2023, 11, 1300 9 of 9

16. Vargas, L.; Valdivieso, N.; Tempio, F.; Simon, V.; Sauma, D.; Valenzuela, L.; Beltrán, C.; Castillo-Delgado, L.; Contreras-Benavides,
X.; Acevedo, M.L.; et al. Serological study of CoronaVac vaccine and booster doses in Chile: Immunogenicity and persistence of
anti-SARS-CoV-2 spike antibodies. BMC Med. 2022, 20, 216. [CrossRef] [PubMed]

17. Steensels, D.; Pierlet, N.; Penders, J.; Mesotten, D.; Heylen, L. Comparison of SARS-CoV-2 antibody response following vaccination
with BNT162b2 and mRNA-1273. JAMA 2021, 326, 1533–1535. [CrossRef] [PubMed]

18. Collier, A.Y.; Yu, J.; McMahan, K.; Liu, J.; Chandrashekar, A.; Maron, J.S.; Atyeo, C.; Martinez, D.R.; Ansel, J.L.; Aguayo, R.; et al.
Differential kinetics of immune responses elicited by COVID-19 vaccines. N. Engl. J. Med. 2021, 385, 2010–2012. [CrossRef]
[PubMed]

19. Indonesian Health Ministry. National Survey Serology Results. 18 March 2022. Available online: https://covid19.go.id/artikel/
2022/03/18/hasil-survei-serologi-COVID-19-di-indonesia-november-desember-2021 (accessed on 24 January 2023).

20. Indonesian Health Ministry. Third National Serology Survey. September 2022. Available online: https://www.youtube.com/
watch?v=cgESZbe9rC0 (accessed on 24 January 2023).

21. Lo Sasso, B.; Agnello, L.; Giglio, R.V.; Gambino, C.M.; Ciaccio, A.M.; Vidali, M.; Ciaccio, M. Longitudinal analysis of anti-SARS-
CoV-2 S-RBD IgG antibodies before and after the third dose of the BNT162b2 vaccine. Sci. Rep. 2022, 12, 8679. [CrossRef]
[PubMed]

22. Chakraborty, C.; Sharma, A.R.; Bhattacharya, M.; Lee, S.S. A Detailed Overview of Immune Escape, Antibody Escape, Partial
Vaccine Escape of SARS-CoV-2 and Their Emerging Variants with Escape Mutations. Front. Immunol. 2022, 9, 801522. [CrossRef]
[PubMed]

23. Cromer, D.; Steain, M.; Reynaldi, A.; Schlub, T.E.; Wheatley, A.K.; Juno, J.A.; Kent, S.J.; Triccas, J.A.; Khoury, D.S.; Davenport, M.P.
Neutralizing antibody titers as predictors of protection against SARS-CoV-2 variants and the impact of boosting: A meta-analysis.
Lancet Microbe. 2022, 3, e52–e61. [CrossRef] [PubMed]

24. Yu, H.J.; Hu, Y.F.; Liu, X.X.; Yao, X.Q.; Wang, Q.F.; Liu, L.P.; Yang, D.; Li, D.J.; Wang, P.G.; He, Q.Q. Household infection: The
predominant risk factor for close contacts of patients with COVID-19. Travel Med. Infect. Dis. 2020, 36, 101809. [CrossRef]
[PubMed]

25. Feng, S.; Phillips, D.J.; White, T.; Sayal, H.; Aley, P.K.; Bibi, S.; Dold, C.; Fuskova, M.; Gilbert, S.C.; Hirsch, I.; et al. Correlates of
protection against symptomatic and asymptomatic SARS-CoV-2 infection. Nat. Med. 2021, 27, 2032–2040. [CrossRef] [PubMed]

26. World Health Organization. Weekly Epidemiological Report. 2 June 2023. Available online: https://www.who.int/publications/
i/item/who-wer9822-239-256 (accessed on 5 July 2023).

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.

https://doi.org/10.1186/s12916-022-02406-0
https://www.ncbi.nlm.nih.gov/pubmed/35676738
https://doi.org/10.1001/jama.2021.15125
https://www.ncbi.nlm.nih.gov/pubmed/34459863
https://doi.org/10.1056/NEJMc2115596
https://www.ncbi.nlm.nih.gov/pubmed/34648703
https://covid19.go.id/artikel/2022/03/18/hasil-survei-serologi-COVID-19-di-indonesia-november-desember-2021
https://covid19.go.id/artikel/2022/03/18/hasil-survei-serologi-COVID-19-di-indonesia-november-desember-2021
https://www.youtube.com/watch?v=cgESZbe9rC0
https://www.youtube.com/watch?v=cgESZbe9rC0
https://doi.org/10.1038/s41598-022-12750-z
https://www.ncbi.nlm.nih.gov/pubmed/35606426
https://doi.org/10.3389/fimmu.2022.801522
https://www.ncbi.nlm.nih.gov/pubmed/35222380
https://doi.org/10.1016/S2666-5247(21)00267-6
https://www.ncbi.nlm.nih.gov/pubmed/34806056
https://doi.org/10.1016/j.tmaid.2020.101809
https://www.ncbi.nlm.nih.gov/pubmed/32592904
https://doi.org/10.1038/s41591-021-01540-1
https://www.ncbi.nlm.nih.gov/pubmed/34588689
https://www.who.int/publications/i/item/who-wer9822-239-256
https://www.who.int/publications/i/item/who-wer9822-239-256

	Introduction 
	Materials and Methods 
	Ethics Approval 
	Study Design 
	Inclusion Criteria 
	Operational Definition 
	Antibody Level Examination 
	Data Analysis 

	Results 
	Discussion 
	Conclusions 
	References

