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Abstract

Measurement of anti—severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
immunoglobulin G (IgG) antibody levels provides evidence of prior infection or
vaccination. Persistent vaccine hesitancy underscores the importance of robust, evidence-
based data to inform policy decisions. The aim of this study was to compare anti-SARS-
CoV-2 IgG seropositivity among vaccinated individuals, unvaccinated individuals, and
coronavirus disease 2019 (COVID-19) survivors in the community during the pandemic.
In this cross-sectional study, 517 participants were enrolled, including 167 vaccinated
individuals, 97 COVID-19 survivors, and 253 unvaccinated individuals, selected through
multistage cluster sampling of 40 clusters. Anti-SARS-CoV-2 IgG seropositivity was
defined as =50 AU/mL. Multivariable logistic regression was performed to evaluate
associations between group type and seropositivity, adjusting for demographic factors,
COVID-19 symptoms, hypertension, and body mass index (BMI). Vaccinated individuals
demonstrated significantly higher odds of seropositivity compared with unvaccinated
participants (odds ratio (OR)=5.60; 95% confidence interval (CI): 2.36—13.27). Covariates
independently associated with seropositivity (p<0.05) included the presence of COVID-
19 symptoms, hypertension, and BMI. Vaccination was strongly associated with increased
anti-SARS-CoV-2 IgG seropositivity in the community, independent of clinical and
demographic factors. These findings support ongoing vaccination campaigns and
highlight the relevance of comorbidities and symptomatic history in shaping humoral
immune responses.
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Introduction

I n 2020, coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome

coronavirus 2 (SARS-CoV-2), was identified as a global pandemic [1,2]. As of January 2023, more
than 600 million people worldwide had confirmed SARS-CoV-2, with approximately 1% death
[3]. Indonesia reported approximately 4.2 million confirmed cases of COVID-19 by the end of
2021 [4]. The coverage of the second dose of COVID-19 vaccination in Indonesia had only reached
32.73% in 2021 [5], partly because many people (63.9%) were still hesitant to receive vaccine
against COVID-19 [6].

The introduction of SARS-CoV-2 into the body, either naturally or after administration of
the COVID-19 vaccine, produces immunoglobulin G (IgG) antibodies as part of the immune
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response. The level of IgG antibodies in the blood can be a parameter to determine whether a
person has been infected with COVID-19 and to determine the effectiveness of vaccination [7].
An earlier study indicated that the specificity and sensitivity values of IgG detection using
chemiluminescence immunoassay (CLIA) were 96.04% and 97.06%, respectively [8]. Studies
assessing the levels of IgG antibody against SARS-CoV-2 in the vaccine group have been carried
out in Turkey, the United States (US), Italy, the United Kingdom (UK), and Indonesia [9-14].
These studies showed that antibody production following vaccination was influenced by age,
interval since the second vaccine dose, smoking status, body mass index (BMI), ethnicity, and
hypertension [9-14].

Studies on unvaccinated individuals have been conducted, showing 44.5% positivity for anti-
SARS-CoV-2 IgG antibodies in Indonesia [15], 6.3% in Pakistan [16], and 23.2% in India [17].
However, most previous studies [7-18] were conducted in a single group or population, limiting
the understanding of how COVID-19 relates to specific environmental, social, or demographic
conditions. Previous reports demonstrated that anti-SARS-CoV-2 antibody responses were
associated with various factors, including circulating SARS-CoV-2 variants, ethnicity, poverty
levels, income level, insurance coverage, unemployment level, access to health services,
socioeconomic status, residential density, and race [13,19-22]. Further comparisons of antibody
levels among vaccinated individuals, COVID-19 survivors, and unvaccinated groups are needed
to provide evidence-based guidance for policymakers. Therefore, the aim of this study was to
address the evidence gap by comparing seropositivity of anti-SARS-CoV-2 IgG antibodies among
vaccinated individuals, unvaccinated individuals, and COVID-19 survivors, while controlling for
sociodemographic variables, history of COVID-19 symptoms, nutritional status, and
hypertension comorbidities.

Methods

Study design

This study employed a cross-sectional design that included three groups: vaccinated individuals,
unvaccinated individuals, and COVID-19 survivors. The study was conducted between November
2021 and March 2022 in Palembang, Indonesia. Data collection and blood specimen sampling
were performed on 517 participants selected through multistage random sampling from
designated clusters.

Sample criteria

Inclusion criteria for the vaccinated group were age =18 years, completion of two doses of the
COVID-19 vaccine, a minimum interval of four months between the last vaccination and sample
collection, and no history of confirmed COVID-19 infection. For the COVID-19 survivor group,
participants were required to be >18 years old, have at least a four-month interval between
COVID-19 diagnosis and sample collection, and not have received any COVID-19 vaccination. For
the unvaccinated group, inclusion criteria were age >18 years and no known history of COVID-19
vaccination or confirmed COVID-19 infection, as assessed by interview.

Sample size and sampling method

The minimum sample size for the vaccinated group was calculated assuming a 10% prevalence of
vaccinated individuals in the population, with 2% precision and a 95% confidence level. For the
COVID-19 survivor group, the minimum sample size was similarly estimated using a 10%
population prevalence, 2% precision, and a 95% confidence level. For the unvaccinated group, the
minimum required sample was calculated using the formula by Lameshow [23], based on an
estimated population variance of 15% and 2% precision.

Sampling was conducted using a multistage cluster design across 40 selected clusters. At the
time the study commenced, full COVID-19 vaccination coverage in the city was 46.89% [24].
Cluster sampling was carried out in five stages: (1) 40 clusters were randomly selected with
probability proportional to size using the Indonesian Ministry of Health application standard, C
Survey application; (2) the population of each selected cluster was enumerated by neighborhood;
(3) one neighborhood was randomly chosen within each cluster; (4) households were listed within
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each selected neighborhood; and (5) households were randomly sampled according to the
required sample size.

Study variables

The main independent variables consisted of vaccinated, unvaccinated, and COVID-19 survivor
groups. Control variables included age group, sex, occupation, history of COVID-19 symptoms,
hypertension status, supplement consumption, and BMI [25]. The respondents' characteristics
and COVID-19 history were identified using a questionnaire. Hypertension status was
determined through blood pressure measurement using a digital sphygmomanometer during the
study and a history of hypertension diagnosed by a doctor. BMI status was calculated based on
weight measurement using a digital scale and height measurement using a microtoise (Jiangsu
Suhong Medical Instruments, Jiangsu, China).

The dependent variable was serostatus, defined as seropositive when anti-SARS-CoV-2 IgG
antibody levels exceeded 50 AU/mL and seronegative when levels were below 50 AU/mL [26].
IgG examination was conducted using the SARS-CoV-2 IgG II Quant kit (Abbott, Illinois, USA)
based on the chemiluminescent microparticle immunoassay (CMIA) method with the Architect™
12000 analyzer (Abbott, Illinois, USA). This assay quantitatively measures IgG antibodies against
the SARS-CoV-2 spike receptor binding domain (S-RBD). A total of 75 uL of serum sample was
used, and anti-SARS-CoV-2 IgG antibody levels were measured in AU/mL units [23].

Statistical analysis

Seropositive anti-SARS-CoV-2 IgG antibodies were grouped into positive (=50 AU/mL) and
negative (<50 AU/mL). Multivariate analysis was performed by multiple logistic regression
analysis and data processing using SPSS software (IBM, New York, USA).

Results

Characteristics of respondents

A total of 517 participants were included in this study, comprising 167 vaccinated individuals, 97
COVID-19 survivors, and 253 unvaccinated individuals. The characteristics of the study
population are presented in Table 1. The majority of respondents were aged 50—59 years (27.1%),
female (776.8%), housewives (56.9%), had no history of COVID-19 symptoms (770.0%), were non-
hypertensive (60.3%), reported supplement consumption (77.8%), and were classified as obese I
(BMI: 25—29.9) (34.6%).

Table 1. Characteristics of total sample (n=517)

Variables Total sample
Frequency Percentage
Groups
Unvaccinated 253 48.9
COVID-19 survivor 97 18.8
Vaccinated 167 32.3
Age (year)
18—29 69 13.3
30-39 100 19.3
40—49 115 22.2
50-59 140 27.1
>60 93 18.0
Sex
Female 397 76.8
Male 120 23.2
Occupation
Others 74 14.3
Housewife 294 56.9
Private employees 55 10.6
Trader/laborer 46 8.9
Civil servants 31 6.0
Healthcare workers 17 3.3
Experienced symptoms of COVID-19
No 362 70.0
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=

=

= Variables Total sample

g Frequency Percentage

g Yes 155 30.0

@) Hypertension

i = No 312 60.3

)

< Yes 205 39.7

e Supplement consumption
No 115 22.2
Yes 402 77.8

Nutritional status (BMI)

Underweight: <18.5 38 7.4
Normal: 18.5—-22.9 124 24.0
Overweight: 23—24.9 92 17.8
Obese I: 25—29.9 179 34.6
Obese II: 230 84 16.2

Prevalence of anti-SARS-CoV-2 IgG seropositivity

The prevalence of anti-SARS-CoV-2 IgG seropositivity observed in this study is presented in
Table 2. Seropositivity was detected in 95.2% of vaccinated individuals, 93.8% of COVID-19
survivors, and 83.0% of unvaccinated individuals. Among the control variables, the highest
prevalence was observed in participants aged 18—29 years (92.8%), women (91.6%), health
workers (94.1%), those with a history of COVID-19 symptoms (95.5%), individuals with
hypertension (92.2%), participants not consuming supplements (89.6%), and those classified as
obese class II (94.1%).

Table 2. Distribution of anti-SARS-CoV-2 IgG antibody seropositive

Variables Total sample  Negative antibodies  Positive antibodies
(<50 AU/mL) (=50 AU/mL)
n n % n %

Main independent variable
Population Groups

Unvaccinated 253 43 17.0 210 83.0
COVID-19 survivors 97 6 6.2 91 93.8
Vaccinated 167 8 4.8 159 95.2
Control variables
Age (years)
18—29 69 5 7.2 64 92. 8
30-39 100 13 13.0 87 87.0
40—49 115 14 12.2 101 87.8
50—-59 140 14 10.0 126 90
>60 93 11 11.8 82 88.2
Sex
Female 397 33 8.3 364 917
Male 120 24 20.0 96 80.0
Occupation
Others 74 13 17.6 61 82.4
Housewife 204 23 7.8 271 92.2
Private employees 55 9 16.4 46 83.6
Trader/laborer 46 6 13.0 40 87.0
Civil servants 31 5 16.1 26 83.9
Healthcare workers 17 1 5.9 16 94.1
Experienced symptoms of COVID-19
No 362 50 13.8 312 86.2
Yes 155 7 4.5 148 95.5
Hypertension
No 312 41 13.1 271 86.9
Yes 205 16 7.8 189 92.2
Supplement consumption
No 115 12 10.4 103 89.6
Yes 402 45 11.2 357 88.8
Nutritional status (BMI)
Underweight: <18.5 38 8 21.1 30 78.9
Normal: 18.5—22.9 124 20 16.1 104 83.9
Overweight: 23—24.9 92 6 6.5 86 93.5
Obese I: 25—-29.9 179 18 10.1 161 89.9
Obese II: =30 84 5 6.0 79 94.0
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Factors associated with anti-SARS-CoV-2 IgG seropositivity

Factors associated with anti-SARS-CoV-2 IgG seropositivity are presented in Table 3. The
percentage of seropositivity in the survivor group was not significantly different compared with
the unvaccinated group. Control variables associated with anti-SARS-CoV-2 IgG antibody
seropositivity were the presence of COVID-19 symptoms (odds ratio (OR): 5.38; 95% confidence
interval (CI): 1.83—15.79), hypertension (OR: 2.27; 95%CI: 1.07—4.81), and BMI overweight (OR:
4.49; 95%CI: 1.26—15.95), obese II (OR: 3.95; 95%CI: 1.02—15.26).

Table 3. Comparison of anti-SARS-CoV-2 IgG antibody seropositivity of unvaccinated, COVID-
19 survivors, and vaccinated groups

Variables Total Positive antibody  Odds 95% confidence p-value
(=50 AU/mL) ratio interval
n n %

Main independent variable
Population Groups

Unvaccinated 253 210 83.0 Ref
COVID-19 survivors 97 91 93.8 1.54 0.49—4.92 0.461
Vaccinated 167 159 95.2 5.60 2.36-13.27 <0.001"
Control variables

Age Ref
18—29 69 64 92.8 0.43 0.13—-1.46 0.177
30-39 100 87 87.0 0.33 0.09-1.15 0.081
40—49 115 101 87.8 0.39 0.12—-1.33 0.132
50-59 140 126 90 0.40 0.11-1.43 0.157
>60 93 82 88.2

Sex Ref
Female 397 364 917 0.57 0.23—1.40 0.235
Male 120 96 80.0

Occupation Ref
Others 74 61 82.4 0.43 0.04—4.80 0.489
Housewife 204 271  092.2 2.35 0.21-26.87 0.492
Private employees 55 46  83.6 0.81 0.77—-8.50 0.860
Trader/laborer 46 40 87.0 1.96 0.22-17.61 0.548
Civil servants 31 26 83.9 0.78 0.08-8.20 0.839
Healthcare workers 17 16 94.1

Experienced COVID-19 Ref

symptoms
No 362 312 86.2 0.19 0.06-0.55 0.002"
Yes 155 148 95.5

Hypertension Ref
No 312 271 86.9
Yes 205 189 92.2 2.27 1.07—4.81 0.032"

Supplement consumption
No 115 103 89.6 Ref
Yes 402 357 88.8 0.60 0.28-1.31 0.202

Nutritional status (BMI)
Underweight: <18.5 38 30 78.9 Ref
Normal: 18.5-22.9 124 104 83.9 1.48 0.81-6.50 0.118
Overweight: 23—24.9 92 86 093.5 4.49 1.02-15.22 0.046"
Obese I: 25—-29.9 179 161 89.9 2.29 0.49—4.92 0.461
Obese II: =30 84 79 94.0 3.95 2.36-13.27 0.000"

“Statistically significant at p<0.05

Discussion
The results showed that the specificity of serum IgG antibodies against SARS-CoV-2 was 96.04%,
while the sensitivity was 97.06% [8]. Previous studies on antibody levels among vaccinated
groups conducted in several countries demonstrated that vaccines could induce the production
of anti-SARS-CoV-2 IgG antibodies [9-14]. Increases in S-RBD SARS-CoV-2 antibodies after
vaccination occur because viral particles in the vaccine trigger both humoral and cellular immune
responses. Different types of vaccines are also associated with variations in antibody titers.

The present study revealed that seropositivity for anti-SARS-CoV-2 IgG antibodies in the
unvaccinated group was 83.0%. This indicates that many people in the Palembang City
community experienced asymptomatic COVID-19 infections. A total of 54.16% of individuals who
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tested positive for SARS-CoV-2 antibodies did not exhibit clinical symptoms of COVID-19,
indicating a high proportion of asymptomatic infections within the population. The
seroprevalence of anti-SARS-CoV-2 antibodies in the community was substantially higher than
the case numbers reported through the national surveillance system, highlighting potential
underdetection and limitations in the surveillance system's capacity to capture the true burden of
infection accurately [27]. This prevalence was also higher than the national figure of Indonesia.

These findings are consistent with a systematic review and meta-analysis conducted on the
general population from January 2020 to April 2022 in multiple countries, which showed that
nearly two-thirds of the global population were positive for SARS-CoV-2 [22]. Previous studies
have also shown that the existing health infrastructure in Indonesia remains inadequate to handle
the sudden and simultaneous increase in COVID-19 cases. This includes the limited capacity of
health infrastructure to manage medical waste, which may serve as a transmission source [15].
People must also play an active role in promotive and preventive efforts to avoid contracting
COVID-19. In Indonesia, 44.32% of study respondents do not comply with the recommended
COVID-19 prevention behavior [28]. Several variables are significantly related to the prevention
behavior of COVID-19 transmission in Indonesia, namely work, sex, knowledge, individual
attitudes, and education [28,29].

These findings underscore the importance of both individual prevention behaviors and
population-level immunity in reducing the burden of COVID-19. The present study revealed that
vaccination was significantly associated with anti-SARS-CoV-2 IgG seropositivity, even afetr
controlling for age, history of COVID-19 symptoms, hypertension, and BMI. Vaccinated
individuals were 5.4 times more likely to be seropositive compared with unvaccinated individuals
after adjusment for these variables. In contrast, antibody levels in the COVID-19 survivor group
were not significantly different from those in the unvaccinated group, suggesting that prior
infection alone may not confer sufficient or sustained humoral immunity.

Our results also showed that a history of COVID-19 symptoms was significantly related to
the anti-SARS-CoV-2 IgG antibody seropositive. Previous research has demonstrated that IgG
antibody levels remain detectable in most individuals for up to six months after symptom onset
[30], with antibody titer positively correlated with post-infection period [16]. While an immune
response can be generated even after mild infection, asymptomatic cases tend to have lower levels
of antibodies [31]. Furthermore, this study identified hypertension as a factor significantly
associated with the anti-SARS-CoV-2 IgG antibodies, consistent with earlier findings showing a
correlation between hypertension and antibody levels[14].

The results show a meaningful association between seropositivity and nutritional status
(BMI). This is in line with other studies reporting that anti-SARS-CoV-2 IgG antibody titers are
lower in individuals with obesity compared to those with normal BMI [32,33]. These findings can
serve as a basis for policymakers in formulating policy. However, this study has several
limitations, including the absence of independent variables such as socioeconomic status and
education. Previous reports have stated that economic status and education are related to COVID-
19 prevention behavior [28,29].

Conclusion

This study demonstrated that the highest proportion of anti-SARS-CoV-2 IgG seropositivity was
observed in the vaccinated group, after adjustment for demographic and health-related
covariates. Seropositivity was independently associated with the presence of COVID-19
symptoms, hypertension, and BMI. Limitations include the cross-sectional design, reliance on a
single blood sample, self-reported infection history, lack of access to national COVID-19 database,
and the absence of information on vaccine dosing intervals. Despite these constraints, this study
is the first to directly compare seropositivity across vaccinated, unvaccinated, and COVID-19
survivor groups in the community, providing important evidence to support vaccination policy.

Ethics approval

All respondents have read, fully approved, and signed the informed consent. Ethical approval was
received from the Ethics Committee at Sriwijaya University. Ethical clearance from Sriwijaya
University is Number 186/2021.

Page 6 of 8



=)
o
o=
=
]
Qo
]
5
(=
E
=
=}
Q
=
o
<
90]

Retnaningsih et al. Narra ] 2025; 5 (3): 2890 - http://doi.org/10.52225/narra.vsi3.2890

Acknowledgments

The author is grateful to the Governor of South Sumatra Province.

Competing interests

The author declares that there is no conflict of interest in the writing of this study, and the content
has no relationship with the study funder.

Funding

Research Funding from the South Sumatra Government and Publication funding from the
Research and Development Agency of South Sumatra Province.

Underlying data

Derived data supporting the findings of this study are available from the corresponding author
on request.

Declaration of artificial intelligence use

We hereby confirm that no artificial intelligence (AI) tools or methodologies were utilized at any
stage of this study, including during data collection, analysis, visualization, or manuscript
preparation. All work presented in this study was conducted manually by the authors without the
assistance of Al-based tools or systems.

How to cite

Retnaningsih E, Nuryanto N, Oktarina R, et al. Comparison of anti-SARS-CoV-2 IgG
seropositivity among vaccinated, unvaccinated, and COVID-19 survivor individuals: A cross-
sectional study in Palembang, Indonesia. Narra J 2025; 5 (3): €2890 - http://doi.org/10.52225/
narra.vsi3.2890.

References

1.

10.

11.

Luo Y, Lv H, Zhao S, et al. Age-related seroprevalence trajectories of seasonal coronaviruses in children including
neonates in Guangzhou, China. Int J Infect Dis 2023;127:26-32.

Cucinotta D, Vanelli M. WHO Declares COVID-19 a Pandemic. Acta Biomed 2020;91(1):157-160.

World Health Organization. WHO COVID-19 dashboard. 2023. Available from:
https://data.who.int/dashboards/covid19/cases?n=c. Accessed: 02 February 2024

World Health Organization. WHO Indonesian Situation. 2024. Available from:
https://data.who.int/dashboards/covid19/cases?n=c. Accessed: 14 July 2024

Kementrian Kesehatan Repuplik Indonesia. Vaksinasi COVID-19 Nasional. Available from:
https://data.who.int/dashboards/covid19/cases?n=c. Accessed: 14 July 2024

Simanjorang C, Pangandaheng N, Tinungki Y, Medea GP. Determinantes de la indecisidén ante la vacuna contra el
SARS-CoV-2 en una zona rural de una isla fronteriza entre Indonesia y Filipinas: Estudio de métodos mixtos [The
determinants of SARS-CoV-2 vaccine hesitancy in a rural area of an Indonesia-Philippines border island: A mixed-
method study]. Enferm Clin 2022;32(6):376-384.

Qi H, Liu B, Wang X, Zhang L. The humoral response and antibodies against SARS-CoV-2 infection. Nat Immunol
2022;23(7):1008-1020.

Hu F, Shang X, Chen M, Zhang C. Joint detection of serum IgM/IgG antibody is an important key to clinical diagnosis
of SARS-CoV-2 infection. Can J Infect Dis Med Microbiol 2020;17(9):1020843.

Azak E, Karadenizli A, Uzuner H, et a/. Comparison of an inactivated Covid19 vaccine-induced antibody response with
concurrent natural Covid19 infection. Int J Infect Dis 2021;113:58-64.

Earle KA, Ambrosino DM, Fiore-Gartland A, et a/. Evidence for antibody as a protective correlate for COVID-19 vaccines.
Vaccine 2021;39(32):4423-4428.

Ruggiero A, Piubelli C, Calciano L, et a/. SARS-CoV-2 vaccination elicits unconventional IgM specific responses in naive
and previously COVID-19-infected individuals. EBioMedicine 2022;77:103888.

Page 7 of 8


http://doi.org/10.52225/narra.v5i3.2890
http://doi.org/10.52225/narra.v5i3.2890
https://data.who.int/dashboards/covid19/cases?n=c

=)
o
o
=
]
Qo
o=
5
(e}
=
=
o
O
£
o
<
N

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

Retnaningsih et al. Narra ] 2025; 5 (3): 2890 - http://doi.org/10.52225/narra.vsi3.2890

Tut G, Lancaster T, Sylla P, et a/. Antibody and cellular immune responses following dual COVID-19 vaccination within
infection-naive residents of long-term care facilities: An observational cohort study. Lancet Healthy Longev
2022;3(7):e461-e469.

Jolliffe DA, Faustini SE, Holt H, et a/ Determinants of antibody responses to SARS-CoV-2 vaccines: Population-based
longitudinal study (COVIDENCE UK). Vaccines 2022;10(10):1601.

Soegiarto G, Wulandari L, Purnomosari D, et a/. Hypertension is associated with antibody response and breakthrough
infection in health care workers following vaccination with inactivated SARS-CoV-2. Vaccine 2022;40(30):4046-4056.

Ariawan |, Jusril H, Farid MN, et a/. SARS-CoV-2 Antibody seroprevalence in Jakarta, Indonesia. Kesmas 2022;17(3):169-
174

Ahmad AM, Shahzad K, Masood M, et a/. COVID-19 seroprevalence in Pakistan: A cross-sectional study. BMJ Open
2022;12(4):e055381.

Murhekar MV, Bhatnagar T, Thangaraj JWV, et a/. SARS-CoV-2 seroprevalence among the general population and
healthcare workers in India, December 2020-January 2021. Int J Infect Dis 2021;108:145-155.

UCLA, Department of Epidemiology. Rapid survey course. Available from:
https://www.ph.ucla.edu/epi/rapidsurveys/RScourse/RSrapidsurveys.html. Accessed: 18 Agust 2003

Hawkins D. Social Determinants of COVID-19 in Massachusetts, United States: An Ecological Study. J Prev Med Public
Health 2020;53(4):220-227.

Bergeri I, Whelan MG, Ware H, et a/. Global SARS-CoV-2 seroprevalence from January 2020 to April 2022: A systematic
review and meta-analysis of standardized population-based studies. PLoS Med 2022;19(11):e1004107.

Kopel J, Perisetti A, Roghani A, et al/ Racial and gender-based differences in COVID-19. Front Public Health
2020;8(7):418.

Vahidy FS, Nicolas JC, Meeks JR, et a/. Racial and ethnic disparities in SARS-CoV-2 pandemic: Analysis of a COVID-19
observational registry for a diverse US metropolitan population. BMJ Open 2020;10(8):e039849.

Levu PS, Lemeshow S. Sampling of Populations: Methods and Applications. 4th ed. New Jersey: John Wiley & Sons;
1997.

Dinas Kesehatan Provinsi Sumatera Selatan. Penanganan COVID-19 Sumsel. 2020. Available from:
https://dinkes.sumselprov.go.id.

Abbott. Abbott SARS-CoV-2 IgG Il Quant Assay. 2020. Available from:
https.//www.corelaboratory.abbott/int/en/offerings/segments/infectious-disease/sars-cov-2.html.

Accessed: 10 July 2023

World Health Organization Western Pacific Region. The asia-pacific perspective: Redefining obesity and its treatment.
Australia: Health Communications; 2000.

Wahyono TY, Mahkota R, Nurcandra F, et a/ Seroepidemiological investigation of SARS-CoV-2 infection and risk
factors in Indonesia before mass COVID-19 vaccination. Narra J 2025;5(1):e1957.

Ekowati R, Nuryanto N, Reni O, et a/. The effect knowledge and attitude towards COVID-19 transmission prevention
practice in South Sumatera Province, Indonesia. Maced ] Med Sci 2020;8(1)198-202.

Lestari PW, Agestika L, Dewi GK. Predisposing, enabling, and reinforcing factors of COVID-19 prevention behavior in
Indonesia: A Mixed-methods Study. J Prev Med Public Health 2023;56(1):21-30.

Figueiredo-Campos P, Blankenhaus B, Mota C, et a/ Seroprevalence of anti-SARS-CoV-2 antibodies in COVID-19
patients and healthy volunteers up to 6 months post disease onset. Eur J Immunol 2020;50(12):2025-2040.

Shirin T, Bhuiyan TR, Charles RC, et al. Antibody responses after COVID-19 infection in patients who are mildly
symptomatic or asymptomatic in Bangladesh. Int J Infect Dis 2020;101:220-225.

Piec |, Cook L, Dervisevic S, et al. Age and vitamin D affect the magnitude of the antibody response to the first dose of
the SARS-CoV-2 BNT162b2 vaccine. Curr Res Transl Med 2022;70(3):103344.

Uysal EB, Gumds S, Bektore B, Bozkurt H, Gozalan A. Evaluation of antibody response after COVID-19 vaccination of
healthcare workers. J Med Virol 2022;94(3):1060-1066.

Page 8 of 8



