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Abstract

Coronavirus disease 2019 (COVID-19) caused by severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) has led to a global pandemic, including Indonesia. However, there
are only limited data regarding the precise prevalence of the COVID-19 pandemic in Indone-
sia. Here, to estimate the magnitude of SARS-CoV-2 infection in East Java, Indonesia, we
investigated the prevalence of immunoglobulin G (IgG) antibodies. We enrolled 1,819 indi-
viduals from June to December 2020 and observed that the subjects’ overall prevalence of
IgG antibody to SARS-CoV-2 was 11.4% (207/1,819). The prevalence of anti-SARS-CoV-2
antibodies differed significantly between the job/occupation groups (P = 0.0001). A greater
prevalence of IgG was detected in laboratory technicians (who take samples from sus-
pected cases and deal with polymerase chain reaction [PCR] procedures, 22.2%) compared
to medical personnel who see and take direct care of patients with COVID-19 (e.g., physi-
cians and nurses, 6.0%), other staff in medical facilities (2.9%), general population (12.1%)
and non-COVID-19 patients (14.6%). The highest prevalence among age groups was in the
40-49-year-olds (14.8%), and the lowest prevalence was in the 20-29-year-olds (7.4%).
However, the younger population still showed a higher prevalence than generally reported,
suggesting greater exposure to the virus but less susceptibility to the disease. A geographi-
cal difference was also observed: a higher prevalence in Surabaya (13.1%) than in Jom-
bang (9.9%). In conclusion, the COVID-19 outbreak among asymptomatic populations was
characterized by a high prevalence of infection in East Java, Indonesia.

Introduction

Coronavirus disease 2019 (COVID-19) is a respiratory illness caused by the newly discovered
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). This novel virus was initially
identified in Wuhan, China in December 2019 and continues to plague the world [1]. Globally,
over 110 million positive cases with >2.5 million deaths had been reported to the World
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Health Organization (WHO) as of 1 March 2021 [2]. Indonesia ranks 18th worldwide in terms
of cumulative cases and 12th in terms of deaths. Although the first confirmed COVID-19 cases
in Indonesia were reported on 2 March 2020, a month later than its neighboring countries, the
nation’s morbidity and mortality figures have risen to become the worst among its Southeast
Asian counterparts. As of 1 March 2021, 1,341,314 individuals in Indonesia had been con-
firmed positive, with 85.9% recovery and 2.7% case-fatality rates (https://covid19.go.id/peta-
sebaran-covid19). Despite the implementation of large-scale social restrictions and "new nor-
mal" protocols in various parts of Indonesia, SARS-CoV-2 infection is steadily expanding.

Worldwide, the diagnosis of COVID-19 is based mainly on the detection of SARS-CoV-2
by real-time reverse transcription-polymerase chain reaction (RT-PCR) in a nasopharyngeal
swab [3]. In Indonesia however, the precise positive rate may not have been revealed by this
method, because nasopharyngeal swabs were not widely available across the country until
recently. In addition, SARS-CoV-2 infection has a broad disease spectrum with clinical mani-
festations ranging from asymptomatic to respiratory distress [4]. Asymptomatic and mildly
infected individuals may not be tested, and their infection statuses would thus remain
unknown, resulting a potentially underestimated magnitude of SARS-CoV-2 infection in the
population.

The majority of humans need to develop immunity against SARS-CoV-2 in order to sup-
press viral transmission. A seroepidemiological survey can be used to measure the proportion
of individuals who have already acquired SARS-CoV-2-specific antibodies — which might
protect them from subsequent infections. Seropositivity indirectly reflects the extent of SARS--
CoV-2 exposure in the population, and the seropositive status may include individuals with
subclinical infections. The infection rate could thus be more accurately estimated by a seroepi-
demiological survey, which would support crucial public health decisions during the COVID-
19 pandemic [5].

Seroprevalence was particularly found to vary geographically with higher rates of seroposi-
tivity in the denser urban areas compared to rural areas [6]. The epidemiological trend also
implicates SARS-CoV-2 spread among rural communities only later in the epidemic [7] which
would require sound anticipatory interventions.

Many seroepidemiological surveys have examined seropositivity, focusing on households
[8-11] or specific groups of people, e.g., healthcare workers [12-14], blood donors [15, 16], or
dialysis patients [17, 18]. A large-scale seroepidemiological survey involving more diverse
groups of people among urban and rural communities is necessary to grasp the overall picture
of SARS-CoV-2 infection. We conducted the present study to evaluate the seroprevalences of
SARS-CoV-2 infection in East Java, Indonesia.

Materials and methods
Study participants

From June to December 2020, 1,819 individuals over the age of 16 (mean age: 38.6 + 14.9
years; 960 females [52.8%] and 859 males [47.2%]) were recruited from the cities of Surabaya
(urban, n = 846) and Jombang (rural, n = 973), East Java, Indonesia (Fig 1) in response to an
offer of free serological examinations on SARS-CoV-2. Free serological examinations were ini-
tially offered to 1,821 participants, of which 3 were excluded due to incomplete demographic
data. Almost all of the participants were asymptomatic when they provided their blood sam-
ples. We classified the participants into five groups according to their occupations: (1) medical
personnel who were providing direct care to patients with COVID-19; (2) laboratory techni-
cians who had taken nasopharyngeal swab samples and/or performed the PCR procedure for
the virus; (3) staff other than those in categories (1) and (2) in medical facilities; (4) general
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Fig 1. Geographic location of sample collection sites in this study. Map source: MapSVG.
https://doi.org/10.1371/journal.pone.0251234.9001

population; and (5) non-COVID-19 patients who had visited an outpatient clinic or had been
hospitalized for any reason but were without COVID-19 symptoms. We also classified the par-
ticipants into six age groups: 16-19, 20-29, 30-39, 40-49, 50-59, and >60 years. Twenty-
seven samples from the patients diagnosed with COVID-19 and hospitalized in Jombang were
designated as positive controls. The 27 patients were diagnosed by a polymerase chain reaction
(PCR) test and clinical manifestations, which revealed 25 moderate cases, one severe case, and
one critical-stage case according to the criteria of the Indonesian COVID-19 Treatment
Guidelines [19]. Although pre-existing serological examination results of the 27 patients were
available (as they were mandatory for COVID-19 patient hospitalization), we re-collected their
blood samples and also performed free serological testing according to our research protocol
to ensure reliable results.

The demographic and health characteristics of the study participants were obtained by an
interviewer-administered questionnaire (S1 File). The participants reported their own ethnici-
ties: Javanese (n = 1,611, 88.6%), Chinese (n = 92, 5.1%), and Madurese (n = 44, 2.4%)

(Table 1). The sample collection sites were in Surabaya (the capital city of the province of East
Java) with approx. 2,874,000 residents in 2020, and Jombang (located in the same province)
with an estimated 2020 population of 1,318,000 [20]. This study was approved by the Institu-
tional Ethics Committee of Kobe University Graduate School of Medicine, Kobe, Japan
(approval no. B200600) and the Ethics and Law Committee of Airlangga University Hospital,
Surabaya, Indonesia (Ethical approval no. 163/KEH/2020). Written informed consent was
obtained from all study participants prior to sample collection.
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Table 1. Demographic characteristics and IgG positivity of the cohort.

Characteristic

Sex, n (%):
Female
Male
Age groups, yrs, n (%):
16-19
20-29
30-39
40-49
50-59
>60
Occupation, n (%):
Medical personnel
Laboratory technician
Other staff in medical facility
General population
Non-COVID-19 patient
Sampling place, n (%):
Surabaya
Jombang
Ethnicity, n (%):
Java
Chinese
Madurese
Others

https://doi.org/10.1371/journal.pone.0251234.t001

Total IgG-positive IgG-negative P-value
n= 1,819 n =207 n=1,612
960 (52.8) 115 (12.0) 845 (88.0)
859 (47.2) 92 (10.7) 767 (89.3) 0.395
69 (3.8) 8 (11.6) 61 (88.4)
598 (32.9) 44 (7.4) 554 (92.6)
366 (20.1) 51(13.9) 315 (86.1)
271 (14.9) 40 (14.8) 231 (85.2)
345 (19.0) 42 (12.2) 303 (87.8)
170 (9.3) 22 (12.9) 148 (87.1) 0.008
167 (9.2) 10 (6.0) 157 (94.0)
18 (1.0) 4(22.2) 14 (77.8)
140 (7.7) 4(2.9) 136 (97.1)
1,159 (63.7) 140 (12.1) 1019 (87.9)
335(18.4) 49 (14.6) 286 (85.4) 0.0001
846 (46.5) 111 (13.1) 735 (86.9)
973 (53.5) 96 (9.9) 877 (90.1) 0.029
1,611 (88.6) 186 (11.5) 1,425 (88.5)
92 (5.1) 10 (10.9) 82 (89.1)
44 (2.4) 3(6.8) 41(93.2)
72 (3.9) 8 (11.1) 64 (88.9) 0.558

Sample collection

Blood samples were collected at two communities and one medical research center in Surabaya
and one private hospital in Jombang. The inclusion criteria were workers (medical personnel,
laboratory technician and other staff) and non-COVID-19 patients in medical facilities as well
as general population in the community. The exclusion criterion was persons less than 16
years old. Five ml of peripheral blood was collected from each participant and then transported
to the Institute of Tropical Disease, Airlangga University. The samples were left at room tem-
perature for 30 min to allow clotting, then centrifuged at 1,300 relative centrifugal force (RCF)
for 10 min in a swinging bucket rotor. The serum was then separated and transferred into two
individual tubes, and frozen at —80°C until further use.

Qualitative detection of immunoglobulin G (IgG) antibody to SARS-CoV-2

IgG antibodies for SARS-CoV-2 in each serum sample were analyzed by the antigen colloidal gold
of the 2019-nCoV IgG detection kit (Nanjing Vazyme Medical Technology, Nanjing, China). The
manufacturer-reported value of the kit’s sensitivity is 91.54%, and its specificity is 97.02%.

Statistical analysis

The statistical analysis was performed by the chi-squared test for categorical variables using SPSS
Statistics 17.0 (Advanced Analytics, Tokyo). Results were considered significant at P<0.05.
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Results
Prevalence of anti-SARS-CoV-2 antibodies

The overall prevalence of anti-SARS-CoV-2-IgG was 11.4% (207/1,819). Table 1 provides the
prevalence data of anti-SARS-CoV-2-IgG in the different demographic settings. The compari-
son of prevalence by sampling location revealed that the prevalence of anti-SARS-CoV-2-IgG
was significantly higher in Surabaya (13.1%; 111/846) compared to Jombang (9.9%; 96/973)
(P =0.029). It should be noted that there was also a significant difference in the prevalence of
anti-SARS-CoV-2 antibodies among the occupation groups (P = 0.0001). The occupation
group with the highest prevalence was the laboratory technicians (22.2%) followed by the non-
COVID-19 patients (14.6%), general population (12.1%), medical personnel (6.0%), and other
medical staff (2.9%).

The prevalence of anti-SARS-CoV-2 antibodies also differed significantly among the age
groups (P = 0.008). The of 40-49 age group had the highest prevalence (14.8%), and the 20-29
age group showed the lowest prevalence (7.4%). There were no significant differences in anti-
SARS-CoV-2 antibodies in terms of sex or ethnicity.

Gender distribution of positive IgG antibodies stratified by age group

A total of 207 individuals tested positive for IgG antibodies, of which 115 were female

(Table 1). The distributions of positive IgG antibodies in the females in the age groups 16-19,
20-29 and 50-59 years were much higher than those in the males, although the differences
were not significant (Fig 2).

Prevalence of anti-SARS-CoV-2 antibodies in the control group

Sera from patients with COVID-19 in the hospital were used as positive controls and showed
the IgG antibody positive rate of 92.6% (25/27).

Discussion

The COVID-19 pandemic caused by SARS-CoV-2 is ongoing in Indonesia as in many other
countries as of March 2021. The numbers of reported laboratory-confirmed cases of SARS--
CoV-2 infection have been gradually decreasing, although Indonesia continues to have the
worst in Southeast Asia. The results of our present seroepidemiological study focusing on the
seroprevalence of SARS-CoV-2 IgG antibodies in an asymptomatic population revealed signif-
icant differences in the prevalence of IgG antibodies by occupational category, age group, and
sample collection sites. Almost all sites on Java Island including our sample collection sites
Surabaya and Jombang have presented clusters where many people gather such as schools,
dormitories, markets, etc. Our study cohort was considered to be from pandemic areas and to
be representative of a subclinical condition.

The overall positive rate of IgG antibodies against SARS-CoV-2 in this study was 11.4%,
suggesting a higher positivity among this asymptomatic population compared to 8.3% in an
asymptomatic population in Brazil [21] and 1.2% of asymptomatic outpatients in Germany
[22]. However, higher prevalences have been reported in asymptomatic populations, e.g.,
Veracruz (Southeastern Mexico) at 21.3% [23] and Japan at 17.9% [24].

On the other hand, among the patients with COVID-19 in this study (the control group),
the positive rate of IgG antibodies was 92.6% (25/27). The two patients with non-reactive IgG
results were at the earlier stage of illness according to their report of the onset of illness. It is
likely that these patients still lacked the IgG antibodies, since it usually appears within 14 days
after infection.
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Fig 2. Age distribution of IgG-positive cases stratified by sex: East Java, Indonesia (n = 207 cases).
https://doi.org/10.1371/journal.pone.0251234.9002

The seroprevalence of IgG antibodies against SARS-CoV-2 varies according to different
populations [25], and medical personnel, elderly people, and those with underlying health con-
ditions are at high risk [26]. In our cohort, the prevalence of IgG antibodies was highest in the
laboratory technician (22.2%), suggesting that those who take the samples from suspected
cases or who deal with the samples for PCR testing are at higher risk than physicians and
nurses who directly see or care for patients with COVID-19. These findings are consistent
with a study conducted in India [25]. However, data that concern the higher risk of infection
in laboratory technicians as a separate category from other medical staff are still rare. Nasopha-
ryngeal swab sampling itself is considered an aerosol-generating procedure which may pose
higher SARS-CoV-2 infective risk towards the laboratory technicians who collected large
quantities of swabs daily. The use of personal protective equipment (PPE) by medical staff
including laboratory technicians is mandatory in Indonesia, and we could thus expect that lab-
oratory technicians would be equally at high risk of SARS-CoV-2 infection. However, our
analyses demonstrated that the infection risk among medical personnel who see and take
direct care of COVID-19 patients and the administrative staff at medical facilities was much
lower than those of the other occupational groups in this study. Similar studies focusing on
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medical personnel from other countries/areas reported rates as low as 0% in Japan [27] and
Malaysia [28] and as high as 13.7% in New York City [12]. Although the use of PPE is an effec-
tive method to avoid infectious diseases [27, 28], there are multiple factors that predispose any
given individual to infection. One possibility that may involve the present finding in laboratory
technicians is viral transmission outside of the medical facilities, e.g., in living areas. Several
studies have reported a high proportion of community-acquired SARS-CoV-2 infections
among healthcare workers [29] as well as traceable positive contacts within their households
sharing identical RNA sequences [30, 31].

A geographic difference in the prevalence of IgG antibodies was observed in this study, i.e.,
a higher prevalence in Surabaya compared to Jombang. This finding is again directly propor-
tional to the higher COVID-19 incidence of 612 cases per 100,000 (https://lawancovid-19.
surabaya.go.id/) in Surabaya compared to 142 cases per 100,000 in Jombang at the end of our
study period. These data suggest a transmission pattern from the provincial capital to sur-
rounding areas as described [32].

Our results also demonstrated that COVID-19 infection was widely present in all age
groups, although among the age groups, the positive rate of IgG antibodies in the participants
>30 years old was significantly higher than that in the younger population, similar to
another report [9]. However, the young participants in our study showed a higher prevalence
than generally reported, suggesting greater exposure to the virus but less susceptibility to
the disease [11]. With regard to sex, we observed no significant difference between the males
and females, as in another study [18]. The same is true of the three ethnic groups examined
herein.

In conclusion, the COVID-19 outbreak among asymptomatic populations in East Java,
Indonesia were characterized by a high prevalence of infection. Laboratory technicians were at
the highest risk. A mass vaccination program was begun in January 2021 in Indonesia as in
some other countries, and it is crucial to conduct continuous seroloepidemiological surveys to
understand the infection dynamics and the achievement of herd immunity.

Supporting information

S1 File. Survey questionnaires (Indonesian version and English version).
(PDF)

Author Contributions
Conceptualization: Takako Utsumi, Yasuko Mori.

Data curation: Ni Luh Ayu Megasari, Takako Utsumi, Laura Navika Yamani, Emily Guna-
wan, Koichi Furukawa.

Formal analysis: Takako Utsumi, Emily Gunawan.

Investigation: Ni Luh Ayu Megasari.

Methodology: Laura Navika Yamani, Juniastuti, Koichi Furukawa, Mitsuhiro Nishimura.
Resources: Juniastuti.

Supervision: Maria Inge Lusida, Yasuko Mori.

Writing - original draft: Ni Luh Ayu Megasari, Takako Utsumi.

Writing - review & editing: Ni Luh Ayu Megasari, Takako Utsumi, Emily Gunawan.

PLOS ONE | https://doi.org/10.1371/journal.pone.0251234 May 6, 2021 7/9


https://lawancovid-19.surabaya.go.id/
https://lawancovid-19.surabaya.go.id/
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0251234.s001
https://doi.org/10.1371/journal.pone.0251234

PLOS ONE

SARS-CoV-2 seroepidemiology in Indonesia

References

1.

10.

1.

12

13.

14.

15.

16.

17.

18.

19.

Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, et al. China Novel Coronavirus Investigating and
Research Team. A Novel Coronavirus from Patients with Pneumonia in China, 2019. N Engl J Med.
2020; 382(8): 727—738. https://doi.org/10.1056/NEJM0a2001017 PMID: 31978945

World Health Organization. WHO Coronavirus (COVID-19) Dashboard. Geneva: World Health Organi-
zation; 2021 [cited 2021 March 1]. Available from: https://covid19.who.int/

Tahamtan A, Ardebili A. Real-time RT-PCR in COVID-19 detection: issues affecting the results. Expert
Rev Mol Diagn. 2020; 20(5): 453—454. https://doi.org/10.1080/14737159.2020.1757437 PMID:
32297805

Rodriguez-Morales AJ, Cardona-Ospina JA, Gutiérrez-Ocampo E, Villamizar-Pefia R, Holguin-Rivera
Y, Escalera-Antezana JP, et al. Clinical, laboratory and imaging features of COVID-19: A systematic
review and meta-analysis. Travel Med Infect Dis. 2020; 34: 101623. https://doi.org/10.1016/j.tmaid.
2020.101623 PMID: 32179124

World Health Organization. Population-based age-stratified seroepidemiological investigation protocol
for COVID-19 virus infection. Geneva: World Health Organization; 2020 March 17 [cited 2021 March
1]. Available from: https://apps.who.int/iris/handle/10665/331656

Mohanan M, Malani A, Krishnan K, Acharya A. Prevalence of SARS-CoV-2 in Karnataka, India. JAMA.
2021; 325(10): 1001-1003. https://doi.org/10.1001/jama.2021.0332 PMID: 33538774

Murhekar MV, Bhatnagar T, Selvaraju S, Saravanakumar V, Thangaraj JWV, Shah N, et al. SARS-
CoV-2 antibody seroprevalence in India, August-September, 2020: findings from the second nationwide
household serosurvey. Lancet Glob Health. 2021; 9(3): e257—e266. https://doi.org/10.1016/S2214-
109X(20)30544-1 PMID: 33515512

Stringhini S, Wisniak A, Piumatti G, Azman AS, Lauer SA, Baysson H, et al. Seroprevalence of anti-
SARS-CoV-2 IgG antibodies in Geneva, Switzerland (SEROCoV-POP): a population-based study. Lan-
cet. 2020; 396(10247): 313-319. https://doi.org/10.1016/S0140-6736(20)31304-0 PMID: 32534626

Pollan M, Pérez-Gomez B, Pastor-Barriuso R, Oteo J, Hernan MA, Pérez-Olmeda M, et al. Prevalence
of SARS-CoV-2 in Spain (ENE-COVID): a nationwide, population-based seroepidemiological study.
Lancet. 2020; 396(10250): 535-544. https://doi.org/10.1016/S0140-6736(20)31483-5 PMID: 32645347

Poustchi H, Darvishian M, Mohammadi Z, Shayanrad A, Delavari A, Bahadorimonfared A, et al. SARS-
CoV-2 antibody seroprevalence in the general population and high-risk occupational groups across 18
cities in Iran: a population-based cross-sectional study. Lancet Infect Dis. 2020: S1473-3099(20)
30858-6. https://doi.org/10.1016/S1473-3099(20)30858-6 PMID: 33338441

Stefanelli P, Bella A, Fedele G, Pancheri S, Leone P, Vacca P, et al. Prevalence of SARS-CoV-2 IgG
antibodies in an area of northeastern Italy with a high incidence of COVID-19 cases: a population-based
study. Clin Microbiol Infect. 2020: S1198-743X(20)30709-6.

Moscola J, Sembajwe G, Jarrett M, Farber B, Chang T, McGinn T, et al. Prevalence of SARS-CoV-2
Antibodies in Health Care Personnel in the New York City Area. JAMA. 2020; 324(9): 893—-895. https://
doi.org/10.1001/jama.2020.14765 PMID: 32780804

Sotgiu G, Barassi A, Miozzo M, Saderi L, Piana A, Orfeo N, et al. SARS-CoV-2 specific serological pat-
tern in healthcare workers of an ltalian COVID-19 forefront hospital. BMC Pulm Med. 2020; 20(1): 203.
https://doi.org/10.1186/s12890-020-01237-0 PMID: 32727446

Schmidt SB, Gruter L, Boltzmann M, Rollnik JD. Prevalence of serum IgG antibodies against SARS-
CoV-2 among clinic staff. PLoS One. 2020; 15(6): €0235417. https://doi.org/10.1371/journal.pone.
0235417 PMID: 32584894

Slot E, Hogema BM, Reusken CBEM, Reimerink JH, Molier M, Karregat JHM, et al. Low SARS-CoV-2
seroprevalence in blood donors in the early COVID-19 epidemic in the Netherlands. Nat Commun.
2020; 11(1): 5744. https://doi.org/10.1038/s41467-020-19481-7 PMID: 33184284

Uyoga S, Adetifa IMO, Karanja HK, Nyagwange J, Tuju J, Wanjiku P, et al. Seroprevalence of anti-
SARS-CoV-2 IgG antibodies in Kenyan blood donors. Science. 2021; 371(6524): 79-82. https://doi.org/
10.1126/science.abe1916 PMID: 33177105

Anand S, Montez-Rath M, Han J, Bozeman J, Kerschmann R, Beyer P, et al. Prevalence of SARS-
CoV-2 antibodies in a large nationwide sample of patients on dialysis in the USA: a cross-sectional
study. Lancet. 2020; 396(10259): 1335—-44.

Lai CC, Wang JH, Hsueh PR. Population-based seroprevalence surveys of anti-SARS-CoV-2 antibody:
An up-to-date review. Int J Infect Dis. 2020; 101: 314-322. https://doi.org/10.1016/j.ijid.2020.10.011
PMID: 33045429

Perhimpunan Dokter Paru Indonesia (PDPI), Perhimpunan Dokter Spesialis Kardiovaskular Indonesia
(PERKI), Perhimpunan Dokter Spesialis Penyakit Dalam Indonesia (PAPDI), Perhimpunan Dokter
Anestesiologi dan Terapi Intensif Indonesia (PERDATIN), Ikatan Dokter Anak Indonesia (IDAI).

PLOS ONE | https://doi.org/10.1371/journal.pone.0251234 May 6, 2021 8/9


https://doi.org/10.1056/NEJMoa2001017
http://www.ncbi.nlm.nih.gov/pubmed/31978945
https://covid19.who.int/
https://doi.org/10.1080/14737159.2020.1757437
http://www.ncbi.nlm.nih.gov/pubmed/32297805
https://doi.org/10.1016/j.tmaid.2020.101623
https://doi.org/10.1016/j.tmaid.2020.101623
http://www.ncbi.nlm.nih.gov/pubmed/32179124
https://apps.who.int/iris/handle/10665/331656
https://doi.org/10.1001/jama.2021.0332
http://www.ncbi.nlm.nih.gov/pubmed/33538774
https://doi.org/10.1016/S2214-109X%2820%2930544-1
https://doi.org/10.1016/S2214-109X%2820%2930544-1
http://www.ncbi.nlm.nih.gov/pubmed/33515512
https://doi.org/10.1016/S0140-6736%2820%2931304-0
http://www.ncbi.nlm.nih.gov/pubmed/32534626
https://doi.org/10.1016/S0140-6736%2820%2931483-5
http://www.ncbi.nlm.nih.gov/pubmed/32645347
https://doi.org/10.1016/S1473-3099%2820%2930858-6
http://www.ncbi.nlm.nih.gov/pubmed/33338441
https://doi.org/10.1001/jama.2020.14765
https://doi.org/10.1001/jama.2020.14765
http://www.ncbi.nlm.nih.gov/pubmed/32780804
https://doi.org/10.1186/s12890-020-01237-0
http://www.ncbi.nlm.nih.gov/pubmed/32727446
https://doi.org/10.1371/journal.pone.0235417
https://doi.org/10.1371/journal.pone.0235417
http://www.ncbi.nlm.nih.gov/pubmed/32584894
https://doi.org/10.1038/s41467-020-19481-7
http://www.ncbi.nlm.nih.gov/pubmed/33184284
https://doi.org/10.1126/science.abe1916
https://doi.org/10.1126/science.abe1916
http://www.ncbi.nlm.nih.gov/pubmed/33177105
https://doi.org/10.1016/j.ijid.2020.10.011
http://www.ncbi.nlm.nih.gov/pubmed/33045429
https://doi.org/10.1371/journal.pone.0251234

PLOS ONE

SARS-CoV-2 seroepidemiology in Indonesia

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Pedoman Tatalaksana COVID-19 Edisi 3. 2020 December [cited 2021 March 1]. Available from: https://
www.papdi.or.id/pdfs/983/Buku%20Pedoman%20Tatalaksana%20COVID-19%2050P%20Edisi%
203%202020.pdf

BPS Provinsi Jawa Timur (Statistics Jawa Timur). Provinsi Jawa Timur Dalam Angka 2021. 2021 Feb-
ruary 26 [cited 2021 March 1]. Available from: https://jatim.bps.go.id/publication/2021/02/26/
78c43a895e7{8ea378ffafc4/provinsi-jawa-timur-dalam-angka-2021.html

Borges LP, Martins AF, de Melo MS, de Oliveira MGB, Neto JMR, Désea MB, et al. Seroprevalence of
SARS-CoV-2 IgM and IgG antibodies in an asymptomatic population in Sergipe, Brazil. Rev Panam
Salud Publica. 2020; 44: e108. https://doi.org/10.26633/RPSP.2020.108 PMID: 33042199

Herrmann BL. Die Pravalenz von SARS-CoV-2-IgG-AK liegt bei 1,2%: Screening bei asymptoma-
tischen ambulanten Patienten [The prevalence rate of anti-SARS-CoV-2-1gG is 1.2%—Screening in
asymptomatic outpatients in Germany (Northrhine-Westfalia)]l. MMW Fortschr Med. 2020; 162(14): 44—
46. https://doi.org/10.1007/s15006-020-0750-y PMID: 32780376

Remes-Troche JM, Ramos-De-la-Medina A, Manriquez-Reyes M, Maldonado LM, Solis-Gonzalez MA,
Flores KGH, et al. Prevalence of SARS-CoV-2 IgG antibodies in a population from Veracruz (South-
eastern Mexico). medRxiv. 2020. https://doi.org/10.1101/2020.10.19.20215558

Mizumoto K, Kagaya K, Zarebski A, Chowell G. Estimating the asymptomatic proportion of coronavirus
disease 2019 (COVID-19) cases on board the Diamond Princess cruise ship, Yokohama, Japan, 2020.
Euro Surveill. 2020; 25(10): 2000180. https://doi.org/10.2807/1560-7917.ES.2020.25.10.2000180
PMID: 32183930

Goenka M, Afzalpurkar S, Goenka U, Das SS, Mukherjee M, Jajodia S, et al. Seroprevalence of
COVID-19 Amongst Health Care Workers in a Tertiary Care Hospital of a Metropolitan City from India. J
Assoc Physicians India. 2020; 68(11): 14-19. PMID: 33187030

Sanche S, Lin YT, Xu C, Romero-Severson E, Hengartner N, Ke R. High Contagiousness and Rapid
Spread of Severe Acute Respiratory Syndrome Coronavirus 2. Emerg Infect Dis. 2020; 26(7): 1470—
1477. https://doi.org/10.3201/eid2607.200282 PMID: 32255761

Nagano T, Arii J, Nishimura M, Yoshida N, lida K, Nishimura Y, et al. Diligent Medical Activities of a Pub-
licly Designated Medical Institution for Infectious Diseases Pave the Way for Overcoming COVID-19: A
Positive Message to People Working at the Cutting Edge. Clin Infect Dis. 2021; 72(4): 723-724. https://
doi.org/10.1093/cid/ciaa694 PMID: 32474577

Woon YL, Lee YL, Chong YM, Ayub NA, Krishnabahawan SL, Lau JFW, et al. Serology surveillance of
anti-SARS-CoV-2 antibodies among asymptomatic healthcare workers in Malaysian healthcare facili-
ties designated for COVID-19 care. Research Square. 2020. https://doi.org/10.21203/rs.3.rs-37132/v1

Al Maskari Z, Al Blushi A, Khamis F, Al Tai A, Al Salmi |, Al Harthi H, et al. Characteristics of healthcare
workers infected with COVID-19: A cross-sectional observational study. Int J Infect Dis. 2021; 102: 32—
36. https://doi.org/10.1016/j.ijid.2020.10.009 PMID: 33039607

Celebi G, Piskin N, Celik Beklevi¢c A, Altunay Y, Salci Keles A, Tuz MA, et al. Specific risk factors for
SARS-CoV-2 transmission among health care workers in a university hospital. Am J Infect Control.
2020; 48(10): 1225—-1230. https://doi.org/10.1016/j.ajic.2020.07.039 PMID: 32771498

Safdar N, Moreno GK, Braun KM, Friedrich TC, O’'Connor DH. Using Virus Sequencing to Determine
Source of SARS-CoV-2 Transmission for Healthcare Worker. Emerg Infect Dis. 2020; 26(10): 2489—
2491. https://doi.org/10.3201/eid2610.202322 PMID: 32758345

Liu L. Emerging study on the transmission of the Novel Coronavirus (COVID-19) from urban perspec-
tive: Evidence from China. Cities. 2020; 103: 102759. https://doi.org/10.1016/j.cities.2020.102759
PMID: 32501355

PLOS ONE | https://doi.org/10.1371/journal.pone.0251234 May 6, 2021 9/9


https://www.papdi.or.id/pdfs/983/Buku%20Pedoman%20Tatalaksana%20COVID-19%205OP%20Edisi%203%202020.pdf
https://www.papdi.or.id/pdfs/983/Buku%20Pedoman%20Tatalaksana%20COVID-19%205OP%20Edisi%203%202020.pdf
https://www.papdi.or.id/pdfs/983/Buku%20Pedoman%20Tatalaksana%20COVID-19%205OP%20Edisi%203%202020.pdf
https://jatim.bps.go.id/publication/2021/02/26/78c43a895e7f8ea378ffafc4/provinsi-jawa-timur-dalam-angka-2021.html
https://jatim.bps.go.id/publication/2021/02/26/78c43a895e7f8ea378ffafc4/provinsi-jawa-timur-dalam-angka-2021.html
https://doi.org/10.26633/RPSP.2020.108
http://www.ncbi.nlm.nih.gov/pubmed/33042199
https://doi.org/10.1007/s15006-020-0750-y
http://www.ncbi.nlm.nih.gov/pubmed/32780376
https://doi.org/10.1101/2020.10.19.20215558
https://doi.org/10.2807/1560-7917.ES.2020.25.10.2000180
http://www.ncbi.nlm.nih.gov/pubmed/32183930
http://www.ncbi.nlm.nih.gov/pubmed/33187030
https://doi.org/10.3201/eid2607.200282
http://www.ncbi.nlm.nih.gov/pubmed/32255761
https://doi.org/10.1093/cid/ciaa694
https://doi.org/10.1093/cid/ciaa694
http://www.ncbi.nlm.nih.gov/pubmed/32474577
https://doi.org/10.21203/rs.3.rs-37132/v1
https://doi.org/10.1016/j.ijid.2020.10.009
http://www.ncbi.nlm.nih.gov/pubmed/33039607
https://doi.org/10.1016/j.ajic.2020.07.039
http://www.ncbi.nlm.nih.gov/pubmed/32771498
https://doi.org/10.3201/eid2610.202322
http://www.ncbi.nlm.nih.gov/pubmed/32758345
https://doi.org/10.1016/j.cities.2020.102759
http://www.ncbi.nlm.nih.gov/pubmed/32501355
https://doi.org/10.1371/journal.pone.0251234

