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Abstract

Non-healthcare workers with a high potential for exposure to severe acute respiratory syn-
drome coronavirus type 2 (SARS-CoV-2) may contribute to the virus spreading. Data
among asymptomatic and high exposure risk populations is still scarce, in particular Chiang
Mai and Lamphun provinces, Thailand. We conducted a cross-sectional observational study
aiming to assess the prevalence of SARS-CoV-2 RNA positivity, anti-SARS-CoV-2 IgM/
IgG, and potential associated factors among asymptomatic/mild symptomatic individuals
with a high exposure risk in Chiang Mai and Lamphun provinces, during the second wave of
outbreak in Thailand (November 2020—January 2021). Socio-demographic data was col-
lected through an on-line questionnaire prior to collection of nasopharyngeal/throat swab
samples and blood samples tested for SARS-CoV-2 RNA (DaAn Gene, China) and anti-
SARS-CoV-2 IgM/IgG antibodies (commercial lateral flow immunoassays), respectively.
Univariable and multivariable logistic regression analysis were used to analyze associated
factors. None of 1,651 participants were found positive for SARS-CoV-2 RNA (0%, 95%
confidence intervals, Cl: 0-0.2). Fourteen were positive for anti-SARS-CoV-2 IgM/IgG anti-
bodies (0.9%, 95% CI: 0.5—-1.4), including 7 positives for IgM and 7 positives for IgG (0.4%,
95% CI: 0.2—-0.9). Being over 50 years old was independently associated with virus expo-
sure (OR: 5.8, 95% CI: 1.0-32.1%, p = 0.045). Despite high exposure risk, no current infec-
tion was found, and a very high proportion was still susceptible to SARS-CoV-2 infection
and would clearly benefit from vaccination. Continuing active surveillance, rolling out of vac-
cination and monitoring response to vaccine will help better control the COVID-19 spread.
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Introduction

The emergence of a new human coronavirus, severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), in late 2019 has sparked an explosive global pandemic of Coronavirus Disease
2019 (COVID-19) [1, 2]. Incubation period after virus acquisition was about 6.4 days [3].
Manifestations of COVID-19 vary from asymptomatic to fatal. The proportions of asymptom-
atic individuals ranged between 20-75% among COVID-19 cases according to different study
groups, countries and the mean age of studied population [4, 5]. Common clinical manifesta-
tions include fever, dry cough, dyspnea, myalgia and fatigue. Some cases may develop an acute
respiratory distress syndrome (ARDS), shock, and multiple organ failure leading to death [6,
7]. The mortality rate of COVID-19 in the most affected countries was about 0.5-9% [8]. The
majority of deaths occurred mostly in elderly people aged over 60 years old and people with
underlying diseases such as cardiovascular disease, diabetes mellitus, hypertension and malig-
nancy [9].

The disease rapidly spread in China and soon after in other countries, raising a major global
concern. It was then declared as a pandemic on March 11, 2020 [10] and has remained a prob-
lem since the first outbreak due to an uncontrolled spread in various countries and limited
access to effective vaccines. From the beginning of the outbreak to prior the present study
commenced (August 31, 2020), nearly 25 million cases worldwide were confirmed for SARS-
CoV-2 infection, and over 0.8 million deaths were reported by World Health Organization
(WHO) [11]. Thailand was among the first countries where report imported cases from China
in January 2020 [10, 12]. The initial outbreak occurred in March 2020, originating from box-
ing stadiums and drinking venues in the capital city [13], then spread to the whole country.
Until August 31, 2020, over 3,400 SARS-CoV-2 infected cases were reported with 58 deaths
throughout the country [14]. Chiang Mai and Lamphun provinces are located in the Northern
region of Thailand and they are characterized by a strong tourist industry and intense indus-
trial activities, respectively. Due to these activities, many visitors travel to these two provinces
with the risk of spreading further COVID-19 outbreak. During the time of conducting the
study, the second wave of COVID-19 outbreak has occurred. Some infected cases were identi-
fied among smugglers from Myanmar in Chiang Mai province which corresponded with the
small rising cases of COVID-19 in Myanmar. Therefore, the surveillance must be strengthened
in individuals who has a risk history.

Individuals with high-risk exposure to SARS-CoV-2 include people who traveled from an
outbreak area or worked in close contact with people or a crowd such as healthcare workers,
delivery men, customer service staff, garbage collectors, municipal waste collectors, etc. Even
asymptomatic or mild symptomatic, these individuals might serve as a reservoir and transmit
virus to susceptible people and may play a significant key role in viral spreading. Indeed,
asymptomatic people, i.e. healthcare workers and travelers from an outbreak area, have been
shown to transmit SARS-CoV-2 to others [15-17]. Thus, the strategies to control infection in
these groups had been considered. A priority identification of new COVID-19 cases is one of
strategies to control the virus spread/outbreak and remains a challenge. A proactive COVID-
19 test strategy can be effectively implemented in a real-life situation [18]. To identify individ-
uals with SARS-CoV-2 infection, real-time reverse transcriptase polymerase chain reaction
(rRT-PCR) is commonly used as a standard method for detecting SARS-CoV-2 RNA in speci-
mens. SARS-CoV-2 IgG/IgM antibody testing can be used as a part of screening tests to iden-
tify individuals who have been exposed to the virus [19].

Data on SARS-CoV-2 prevalence and seroprevalence in Thailand originated from infected
individuals (hospitalized and recovered COVID-19 patients), close contacts with recovered
COVID-19 patients and healthcare workers is available [20-23]. Data among asymptomatic/
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mild symptomatic and high exposure risk populations is still scarce, in particular Chiang Mai
and Lamphun provinces, Thailand. We used an outreach and contactless care service system
to assess the prevalence of SARS-CoV-2 RNA positivity in nasopharyngeal/throat specimens
and anti-SARS-CoV-2 IgM/IgG antibodies seroprevalence and the associated factors among
at-risk populations in Chiang Mai and Lamphun provinces, Thailand, around the second wave
of COVID-19 outbreak.

Materials and methods
Study population and data collection

People living in Chiang Mai and Lamphun provinces, Thailand, were recruited between
November 2020 and January 2021. The populations were targeted at individuals with risk
exposure to SARS-CoV-2 infection presenting no or mild symptoms and had a difficulty to
access the COVID-19 testing. Mild symptoms were defined as the presence of at least one of
the following: fever least or chills, cough, shortness of breath or difficulty breathing, fatigue,
muscle or body aches, headache, new loss of taste or smell, sore throat, congestion or runny
nose, nausea or vomiting, diarrhea, and no need of hospitalization [24]. The at-risk popula-
tions in this study included individuals who were at-risk to expose to SARS-CoV-2 infection,
which may relate to their behaviors, household being, or occupations. These population
include migrant workers, delivery men, customer service staff, public-facing workers, munici-
pal waste collectors and others. Healthcare workers who were already supported for COVID-
19 testing by the government were excluded. This study was a part of a healthcare service that
we have provided to the community with free-of-charge to control the COVID-19 outbreak.
In addition, participants were however informed (either documental or orally) and provided
their consent via a written form or an online application before registration for sample collec-
tion. Data were collected using an on-line or paper questionnaires with five sections covering
socio-demographic characteristics, health information, history of travel, medical history, and
symptoms related COVID-19. This study was approved by the Ethic Committee of the Faculty
of Associated Medical Sciences, Chiang Mai University (AMSEC-63EX-017). The need for the
minor’s consent was waived by the Ethics Committee.

Clinical specimens

Nasopharyngeal/throat swab samples and blood samples were collected from participants
through an outreach and contactless care service system. All specimens were strictly collected
by well-trained health care personnel according to biosafety standard precautions. Nasopha-
ryngeal/throat swabs were transferred into viral transport media for SARS-CoV-2 RNA test-
ing. Ethylenediaminetetraacetic acid (EDTA) blood samples were collected for SARS-CoV-2
IgM/IgG antibodies testing. All samples were transported under 2-4°C condition to the labo-
ratory of the faculty of Associated Medical Sciences, Chiang Mai University—Institut de
Recherche pour le Développement (AMS CMU-IRD) collaboration for further processes
within a few hours. All clinical specimen samples were processed in biosafety level-2 enhanced
(BSL-2 enhanced) facilities with full personal protective equipment.

Detection of SARS-CoV-2 RNA using real-time RT-PCR

The nasopharyngeal/throat swab samples were processed for RNA extraction using QIAamp
Viral RNA Mini Kit (QIAGEN, Germany) or Nucleic Acid Extraction Kit (Zybio, China),
according to the manufacturer’s recommendations. SARS-CoV-2 RNA was detected by real
time RT-PCR assay using a commercial test kit targeting at ORFIab and N Genes and together
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with human endogenous gene served as internal control (DaAn GENE Co., Ltd.) which were
operated on the automated abCyclerQ instrument (ATI Biotech, Singapore). This study, the
sample was considered as positive if the cycle threshold (Ct) values <40, according to the man-
ufacture’s recommendation. The positive sample was further confirmed with in-house
COVID-19 test kits targeting RNA-dependent RNA polymerase (RdRp) and N genes using the
protocol available from the Department of Medical Sciences of Thailand and the WHO.

Detection of anti-SARS-CoV-2 antibodies using immunochromatography
assay

Blood samples of participants were collected in the EDTA tube and then were centrifuged to
obtain plasma. Initial serological testing was performed using rapid tests, COVID-19 IgG/IgM
Device (Prestige, UK; 100% sensitivity for IgG and 85% for IgM; 98.0% specificity for IgG and
96.0% for IgM) or 2019-nCoV Ab Test INNOVITA, China; 87.3% sensitivity and 100% and
specificity). The positive samples were confirmed by SARS-CoV-2 Rapid Antibody Test (SD
BIOSENSOR, Korea; 92.59% sensitivity and 98.65% specificity) and 2019-nCoV IgG/IgM
Rapid Test Cassette (ACRO, U.S.A, 96.9% sensitivity and 98.2% specificity). Sensitivity and
specificity are described in the product package insert. Antibodies results were considered
according to the customized algorithm. Briefly, negative on the screening test (either Prestige
or INNOVITA) was reported as negative. Positive on the screening test was confirmed with
other test kits (SD BIOSENSOR and ACRO). Samples were considered as negative if con-
firmed test kits revealed negative results.

Statistical analysis

The sample size of the study population was calculated based on previous reports data during
the first outbreak of COVID-19 in Thailand. We estimated that 1% of populations were
infected with SARS-CoV-2, with 0.5% acceptable error, 95% confidence level. The sample at
least 1,521 samples were recruited into the study. Values for categorical data were presented as
percentages and values for continuous variables were presented as median with interquartile
range (IQR). Continuous variables were dichotomized using common cut-off values. The pro-
portions of individuals positive for SARS-CoV-2 RNA or SARS-CoV-2 IgM/IgG antibodies
were presented as percentage, along with 95% confidence intervals (CI). Univariable analysis
was performed using logistic regression to identify factors potentially associated with an expo-
sure to SARS-CoV-2, i.e. anti-SARS-CoV-2 IgM/IgG antibodies positive. Variables with a p-
value lower than 0.250 in the univariable analysis were further entered into a multivariable
analysis, and a backward elimination procedure was used to identify factors independently
associated with SARS-CoV-2 IgM/IgG antibodies positivity. Data was analyzed using STATA
14.1 software (StataCorp, College Station, TX, USA). Statistically significant was considered if
p-values less than or equal to 0.05.

Results
Characteristics of study population

A total of 1,651 participants from at-risk populations were recruited. Their characteristics are
presented in Tables 1 and 2. The median age was 35 years old (IQR: 28-44), ranging from 17-
85 years old. The ratio between females and males was 1.1. Eight women were pregnant. About
72% had resided in Chiang Mai province and 26% in Lamphun province. Almost two-third of
participants were Thai and one-third were Burmese. In terms of education, participants who
“Never attended school” represented the highest proportion (31.6%). There were a variety of
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Table 1. Baseline socio-demographic characteristics of study population.

Baseline characteristics Total Female Male
N |median (IQR) orn (%) | N | median (IQR)orn (%) N |median (IQR) or n (%)
1. Socio-demographic characteristics
Age (years old) 1,651 | 35 (28-44) 852 | 35(28-44) 791 | 35 (27-43)
Sex 1,651
Female 852 (51.7)
Male 791 (48.0)
Non-binary 5(0.3)
Missing 3
Pregnant 820 |8(1) 820 | 8 (1)
Residence 1,601 826 767
Chiang Mai 1,161 (72.5) 591 (71.6) 564 (73.5)
Lamphun 417 (26.1) 222 (26.9) 193 (25.2)
Others 23 (1.4) 13 (1.6) 10 (1.3)
Country of birth 1,647 851 788
Thailand 1,070 (65.0) 564 (66.3) 500 (63.5)
Myanmar 554 (33.6) 277 (32.5) 275 (34.9)
Others 23 (1.4) 10 (1.2) 13 (1.6)
Education 1,648 850 790
Above high school 498 (30.2) 285 (33.5) 210 (26.6)
High school 259 (15.7) 125 (14.7) 133 (16.8)
Primary school 210 (12.7) 99 (11.6) 109 (13.8)
Secondary school 161 (9.8) 72 (8.5) 88 (11.1)
Never attended school 520 (31.6) 269 (31.7) 250 (31.7)
Occupation 1,651 852 791
General laborer/Freelance 496 (30.0) 231 (27.1) 261 (33.0)
Customer service representative 406 (24.6) 264 (31.0) 139 (17.6)
Employees of companies/private organization 235 (14.2) 114 (13.4) 121 (15.3)
Cleaning staff/Housekeeper 77 (4.7) 60 (7.0) 17 (2.1)
Public transport driver 50 (3.0) 12 (1.4) 38 (4.8)
Trading/merchant 38 (2.3) 21(2.5) 17 (2.1)
Others® 349 (21.2) 150 (17.6) 198 (25.0)
Currently work status®
In a place with colleagues 1,561 | 1,470 (94.2) 812 | 765 (94.2) 742 | 698 (94.1)
In contact with customers 1,562 | 912 (58.4) 813 | 523 (64.3) 741 | 383 (51.7)
Remotely 1,550 | 79 (5.1) 805 | 37 (4.6) 737 | 40 (5.4)
Outdoors 1,553 | 914 (58.9) 806 | 445 (55.2) 739 | 466 (63.1)
Self-employed 1,534 | 453 (29.5) 797 | 241 (30.2) 729 | 210 (28.8)
Household income has significantly decreased due to the COVID-19 1,643 | 1180 (71.8) 850 | 651 (76.6) 785 | 524 (66.8)

crisis

Note:

*including students, good/food delivery driver, farmers, municipal worker, civil servants, security guard, medical personnel, unemployed, self-employed/personal

business, state enterprise employee, tour guide, university staff, and other.

PParticipant can answer more than 1 category; N, Number of participants; IQR, Interquartile range; BMI, Body Mass Index.

https://doi.org/10.1371/journal.pone.0263127.1001
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Table 2. Baseline characteristics related to health and risk-exposure of study population.

Baseline characteristics Total Female Male
N median (IQR) orn | N | median IQR)orn | N | median (IQR) or n
(%) (%) (%)

1. Health information

Weight (kg) 1,644 | 60 (52-68) 847 | 55 (50-63) 789 | 63 (56-73)

Body Mass Index (kg/m2) 1,637 | 22.9 (20.5-25.8) 844 | 22.9 (20.5-26.0) 785 | 22.9 (20.6-25.6)

BMI classification 1,637 844 785
Under weight (<18.5) 128 (7.8) 66 (7.8) 61(7.8)
Normal weight (18.5-24.9) 1,018 (62.2) 517 (61.3) 496 (63.2)
Overweight (25.0-29.9) 360 (22.0) 192 (22.7) 166 (21.1)
Obesity (>30) 131 (8.0) 69 (8.2) 62 (7.9)

2. Recent travel

Traveled by plane or by bus within the last 2 weeks 1,649 | 49 (3.0) 850 | 31 (3.7) 791 | 18 (2.3)

3. History of medical conditions

History of medical conditions 1,642 | 197 (6.8) 847 | 88 (10.4) 787 | 107 (13.6)

History of medical conditions classification*
High blood pressure/ cardiovascular disease/ treatment for a heart-related | 1,646 | 146 (8.9) 849 | 67 (7.9) 789 | 78 (9.9)

condition
Diabetes 1,649 | 48 (2.9) 851 |20 (2.4) 790 | 28 (3.5)
Ever had cancer 1,651 | 8 (0.5) 852 |3(0.4) 791 | 5(0.6)
Respiratory disease 1,650 | 8 (0.5) 852 | 5(0.6) 790 | 3(0.4)
Chronic kidney disease on dialysis 1,651 | 4 (0.2) 852 |1(0.1) 791 | 3(0.4)
Chronic liver disease 1,650 | 19 (1.2) 852 | 6(0.7) 790 | 13 (1.7)
HIV Infection 1,651 | 10 (0.6) 852 12(0.2) 791 | 7 (0.9)
Immunosuppressive therapy 1,649 | 14 (0.9) 851 | 6(0.7) 790 | 8 (1.0)

4. Symptoms

Symptoms within the last few days 1,646 | 358 (21.8) 848 | 179 (21.1) 790 | 177 (22.4)

Symptoms classification*
Runny 1,650 | 172 (10.4) 851 | 76 (8.9) 791 | 94 (11.9)
Sore throat 1,651 | 108 (6.5) 852 | 63 (7.4) 791 | 45 (5.7)
Fatigue 1,649 | 94 (5.7) 851 | 49 (5.7) 790 | 45 (5.7)
Mouth or throat currently dry 1,650 | 82 (5.0) 851 | 47 (5.5) 791 | 35 (4.4)
Out of breath 1,649 | 44 (2.7) 850 | 27 (3.2) 791 |17 (2.2)
Coughed 1,651 | 72 (4.4) 852 | 38 (4.5) 791 | 34 (4.3)
Experienced a loss of taste or smell 1,650 | 21 (1.3) 852 | 13 (1.5) 790 | 8 (1.0)
Diarrhea 1,651 | 25 (1.5) 852 | 15 (1.8) 791 | 10 (1.3)
Confused 1,650 | 40 (2.4) 85119 (2.2) 791 | 21 (2.7)
Sneezed 1,651 | 81 (4.9) 852 | 42 (4.9) 791 | 39 (4.9)
Fever 1,651 | 38 (2.3) 852 | 18 (2.1) 791 | 20 (2.5)
Difficulties to eat or drink 1,651 | 5(0.3) 852 12(0.2) 791 | 3(0.4)

Note:

*Participant can answer more than 1 category, therefore the sum of the percentages may exceed 100%; N: Number of participants; IQR: Interquartile range; BMI: Body

Mass Index.

https:/doi.org/10.1371/journal.pone.0263127.t002

occupations, i.e. general laborer/freelance, customer service representative and employees of
companies/private organizations which represented at 30.0%, 24.6% and 14.2%, respectively.
About 94% had worked in a place with colleagues and 58% worked in contact with customers.
More than a half (62.2%) had Body Mass Index (BMI) in the normal range (18.5-24.9 kg/mz)
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Table 3. Prevalences of SARS-CoV-2 RNA and anti-SARS-CoV-2 positivity.

COVID-19 test results (N = 1,651) n % Positive (95% CI)
SARS-CoV-2 RNA positive 0 0(0-0.2)
SARS-CoV-2 IgM or IgG antibodies positive 14 0.9 (0.5-1.4)

» SARS-CoV-2 IgM antibody positive 7 0.4 (0.2-0.9)
» SARS-CoV-2 IgG antibody positive 7 0.4 (0.2-0.9)

https://doi.org/10.1371/journal.pone.0263127.t1003

with a median of BMI at 22.9 kg/m?* and one-third had BMI above 25 kg/m?. During the study
period, only 3% of participants had traveled within the last two weeks before registration. Fur-
thermore, 197 (6.8%) participants had a history of medical conditions including high blood
pressure/cardiovascular disease and diabetes. 21.8% (358/1,646) reported mild symptoms
related to COVID-19, including runny nose (10.4%), sore throat (6.5%) and fatigue (5.7%)
(Table 2).

Prevalence of SARS-CoV-2 RNA and anti-SARS-CoV-2 positivity

None of the 1,651 participants were found positive for SARS-CoV-2 RNA in nasopharyngeal/
throat swab samples (0%, 95% CI: 0-0.2%) (Table 3). Fourteen (0.9%, 95% CI: 0.5-1.4%) par-
ticipants were positive for anti-SARS-CoV-2 antibodies, including 7 positives for IgM and 7
positives for IgG (0.4%, 95% CI: 0.2-0.9) (Table 3).

Factors associated with SARS-CoV-2 antibody positivity

Univariable and multivariable analysis of anti-SARS-CoV-2 IgM or IgG antibodies positivity
are described in Table 4. The only variable associated with SARS-CoV-2 antibody positivity
was the age. The rate of anti-SARS-CoV-2 antibody positivity was higher in the older groups,
as compared to the youngest group (p = 0.046). Multivariable analysis revealed that having age
>50 years old remained independently associated with anti-SAR-CoV-2 antibodies positivity
(OR: 5.8, 95% CI: 1.0-32.1%, p = 0.045) after adjusting with variable “Having symptoms
reated-COVID-19 within the last few days” and “Occupations” (Table 4).

Discussion

During November 2020-January 2021, we found no active SARS-CoV-2 infection among at-
risk populations living in Chiang Mai and Lamphun provinces, and a seroprevalence of anti-
SARS-CoV-2 IgM/IgG antibodies of 0.9%. Age over 50 years old was the only factor indepen-
dently associated with exposure to the virus. Information of prevalence and seroprevalence are
scarce among these at-risk asymptomatic/mild symptomatic individuals in Thailand. To our
knowledge, this is a first report of prevalence and seroprevalence in at-risk populations in
Northern region of Thailand during the early phase of COVID-19 endemic from November
2020-January 2021. The extremely low prevalence of SARS-CoV-2 infection in this population
reflects the small outbreak (cumulative number of infected cases was about 3,400, August 31,
2020) in the country before this study commenced [14]. The low seroprevalence of anti-
SARS-CoV-2 IgM/IgG antibodies indicates that few individuals were exposed to virus and
thus a large number of individuals in these provinces were susceptible to SARS-CoV-2 infec-
tion. However, a short time frame between the symptom onset and antibody testing may lead
to undetectable antibody results [25, 26]. However, a study conducted among hospitalized
patients in Siriraj hospital, Bangkok province reported a SARS-CoV-2 prevalence of 7.5% dur-
ing the February-April 2020 outbreak [20]. In addition, anti-SARS-CoV-2 IgM seroprevalence
among asymptomatic staff working in community hospitals throughout the country and
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Table 4. Factors associated with isolated anti-SARS-CoV-2 antibodies.

Characteristics Category Anti-SARS-CoV-2 positive /Number of Univariable Multivariable
tested (%) OR (95% CI) | p-value aOR (95% CI) |p-value
Age <30 2/609 (0.33) 1.00
31-40 5/491 (1.02) 3.12 (0.60- 0.175 | 2.74 (0.53- 0.232
16.16) 14.25)
41-50 3/333 (0.90) 2.76 (0.46— 0.268 | 2.41 (0.40- 0.338
16.60) 14.60)
>50 4/218 (1.83) 5.67 (1.03- 0.046 | 5.78 (1.04- 0.045
31.19) 32.10)
Sex Female 8/852 (0.94) 1.00
Male 5/791 (0.63) 0.67 (0.22- 0.486
2.06)
Residence Chiang Mai 10/1,161 (0.86) 1.00
Lamphun 2/417 (0.48) 0.55 (0.12— 0.448
2.54)
Other provinces 1/23 (4.35) 5.23 (0.64- 0.122
42.66)
Country of birth Thailand 10/1,070 (0.93) 1.30 (0.40- 0.661
4.15)
Myanmar 4/554 (0.72) 1.00
Other countries 0/23 (0.00) N/A
Education Above high school/ High 71757 (0.92) 1.00
school
Primary school/ Secondary 4/371 (1.08) 1.17 (0.34- 0.806
school 4.01)
Never attended school 3/520 (0.58) 0.62 (0.16- 0.492
2.42)
Occupations* Less contact with people 5/290 (1.72) 1.00
Moderate contact with people | 6/826 (0.73) 0.42 (0.13- 0.151 |0.43(0.13- 0.173
1.38) 1.44)
Most contact with people 3/535 (0.56) 0.32 (0.08- 0.122 | 0.31(0.07- 0.117
1.35) 1.34)
Work in a place with colleagues | No 1/91 (1.10) 1.00
Yes 13/1,470 (0.88) 0.80 (0.10- 0.833
6.21)
Work in contact with No 6/650 (0.92) 1.00
customers Yes 8/912 (0.88) 0.95 (0.33- 0.924
2.75)
Traveled within the last 2 weeks | No 13/1,600 (0.81) 1.00
Yes 1/49 (2.04) 2.54 (0.33- 0.373
19.83)
Symptoms within the last few | No 13/1,288 (1.01) 1.00
days Yes 1/358 (0.28) 0.27 (0.04- 0.214 | 0.30 (0.04- 0.243
2.11) 2.29)

Note: OR: Odds ratio; aOR: Adjusted odds ratio; CI: Confidence interval.

*Occupation with less contact with people includes Cleaning staff/Housekeeper, Farmers, Unemployed, and other; Occupation with moderate contact with people

includes Employees of companies/private organization, Students, Municipal worker, Civil servants, Self-employed/Personal business, General laborer/Freelance,

Lecturer / Staff University, State enterprise employee, and Security guard; Occupation with most contact with people includes Customer service representative, Public

transport driver, Trading/merchant, Good/food delivery driver, and Tour guide.

https://doi.org/10.1371/journal.pone.0263127.t004
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having close contact with infected patients during the outbreak was found 0.8-5.5% and IgG
seroprevalence was 0.0-5.0% [21-23]. These IgM or IgG seroprevalence tend to be slightly
higher than our results which mat reflect the higher exposure risk of health care workers in
contact of COVID-19 patients. Analysis of factors associated with SARS-CoV-2 seropositivity
revealed that being over 50 years old was independently and significantly associated with expo-
sure to the virus. Our finding was consistent with the higher seropositivity rate reported in a
group of individuals older than 65 years old in China [27]. Several hypotheses may explain this
age effect: 1) elderly people may be more susceptible than younger people to any infection due
to comorbid conditions or less active immune system, 2) they may be exposed to coronaviruses
due to a higher number of hospital visits or number of family contacts, and 3) elderly people
may be less concerned by the COVID-19 and don’t use personal protection as necessary [28].

Our study shows that, during the period of study, the virus was not circulating much in
Chiang Mai and Lamphun provinces, Thailand. Indeed, the prevalence of positive antibodies
among people with potential risk exposure to SARS-CoV-2 was very low. We believe that at
that time people were scared and followed the strict preventive measure guidelines including
wearing a mask, washing hands often and maintaining social distance to avoid SARS-CoV-2
infection. This compliance has contributed to successfully control COVID-19 spread during
that period [29]. Nevertheless, since June 2021 the number of SARS-CoV-2 infected people
has steadily increased in Thailand with over 18,000 cases/day, as data on July 31, 2021 [30].
Similarly, the situation of covid-19 pandemic worldwide has not improved. According to the
recent statistics of the World Health Organization (WHO), 31 July 2021, the cumulative num-
ber of cases reported globally is nearly 194 million. It is necessary to continue an active sur-
veillance of new COVID-19 cases and verify exposure to the virus to better control the
outbreak and identify the population in urgent need for vaccination. Other preventive mea-
sures such as following strictly the COVID-19 preventive measures “DMHTT”—Distancing,
Mask wearing, Hand washing, Testing, Thai Chana contact tracing apps- exercises and con-
sumption of healthy food which can be benefits to enhance host immunity [31], would be reg-
ularly applied.

Our study had some limitations. First, we used a variety of rapid test kits to determine
anti-SARS-CoV-2 IgM/IgG antibodies due to the difficulty to access the test kits during the
first outbreak. Of note, the determination of anti-SARS-CoV-2 seroprevalence using immu-
nochromatography assay may result in some false positive and false negative results. How-
ever, these kits had been approved by the Thai Food and Drug Administration (Thai FDA) to
be used in routine since they are easy to use and can provide rapid results. Due to their low
cost, they are suitable for large-scale studies. The sensitivity of testing also depends on time
onset of disease, amount of blood-circulating antibodies. Second, we may have missed a few
cases since SARS-CoV-2 RNA was not detectable in some infected individuals during their
window period of infection or when the number of virus is very low in individuals at pre-
symptomatic/asymptomatic phase resulting a false-negative. False-negative SARS-CoV-2
RNA detection may also occur due to other factors including pre-analytical factors (specimen
collection and transportation) and inaccurate diagnostic test. It may account for a lower sen-
sitivity. However, these problems can be avoided/prevented by strictly following the SARS-
CoV-2 identification guidelines, reviewing the FDA tests evaluations, and using a combina-
tion of epidemiologic evidence and testing [32, 33]. Third, this is a cross-sectional observa-
tional study. A long-term study is needed to determine the value of both SARS-CoV-2
markers in the estimation of infection rate in the future. Finally, the number of people aged
over 50 years old was relatively small as compared to other age groups which may have over-
estimated the seropositivity rate.

PLOS ONE | https://doi.org/10.1371/journal.pone.0263127  February 2, 2022 9/12


https://doi.org/10.1371/journal.pone.0263127

PLOS ONE

SARS-CoV-2 prevalences in Northern Thailand

Conclusion

This study provides data of prevalence and seroprevalence of SARS-CoV-2 infection in Chiang
Mai and Lamphun provinces, Thailand, from November 2020-January 2021. The prevalence
and seroprevalence were very low in these two provinces and showed a very high proportion
of people were susceptible to SARS-CoV-2 infection. Individuals above 50 years old may have
been more exposed to the virus. Our results indicate that vaccination against SARS-CoV-2 is
urgently needed and implemented into the population, particularly in elderly people. Since
SARS-CoV-2 infection remains currently a major global health concern, continuing an active
surveillance for a new COVID-19 case outbreak and monitoring the immune responses are
needed to better control outbreaks.

Supporting information

S1 Table.
(XLS)

Acknowledgments

The authors gratefully acknowledge all participants and the local teams that conducted the
fieldwork. We are thankful to all members of the COVID test outreach team: Sudjai Pawichai
(Sample collection), Yada Aronthippaitoon (Laboratory), Wassana Pilonpongsathorn, Praew-
phan Palitta, Patcharida Insee (Administration), Ponchanog Matu (Director of AMS Clinical
Service Center), Sanuphong Chailoet, Theeravit Ponsuntikul, Wasan Wongwai, Chanadda
Khaosaard, Sarawoot Prawin (Information technology), Laddawal Kanthamek, Nirattiya Jai-
sieng, Duanglada Putjaika (Data management, progress report), Kanchana Than-in-at (Infor-
mation technology and data oversight), for helping and facilitating the process of collecting
specimens and data.

Author Contributions

Conceptualization: Nicole Ngo-Giang-Huong, Sayamon Hongjaisee, Sakorn Pornprasert,
Woottichai Khamduang.

Data curation: Siriluk Takalay, Porntip Phoseng.
Formal analysis: Siriluk Takalay, Nicole Ngo-Giang-Huong, Woottichai Khamduang.
Funding acquisition: Sayamon Hongjaisee, Sakorn Pornprasert, Woottichai Khamduang.

Investigation: Siriluk Takalay, Wanlee Kongnim, Paporn Mongkolwat, Porntip Phoseng,
Nantawan Wangsaeng.

Methodology: Siriluk Takalay, Wanlee Kongnim, Paporn Mongkolwat, Porntip Phoseng,
Nantawan Wangsaeng.

Project administration: Nicole Ngo-Giang-Huong, Sakorn Pornprasert, Woottichai
Khamduang.

Resources: Bordin Butr-Indr, Khajornsak Tragoolpua, Gonzague Jourdain, Sakorn
Pornprasert.

Supervision: Nicole Ngo-Giang-Huong, Gonzague Jourdain, Sakorn Pornprasert, Woottichai
Khamduang.

PLOS ONE | https://doi.org/10.1371/journal.pone.0263127  February 2, 2022 10/12


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0263127.s001
https://doi.org/10.1371/journal.pone.0263127

PLOS ONE

SARS-CoV-2 prevalences in Northern Thailand

Validation: Siriluk Takalay, Nicole Ngo-Giang-Huong, Wanlee Kongnim, Paporn Mongkol-

wat, Porntip Phoseng, Nantawan Wangsaeng, Sayamon Hongjaisee, Bordin Butr-Indr,
Khajornsak Tragoolpua, Gonzague Jourdain, Sakorn Pornprasert, Woottichai Khamduang.

Writing - original draft: Siriluk Takalay, Nicole Ngo-Giang-Huong, Woottichai Khamduang.

Writing - review & editing: Siriluk Takalay, Nicole Ngo-Giang-Huong, Wanlee Kongnim,

Paporn Mongkolwat, Porntip Phoseng, Nantawan Wangsaeng, Sayamon Hongjaisee, Bor-
din Butr-Indr, Khajornsak Tragoolpua, Gonzague Jourdain, Sakorn Pornprasert, Wootti-
chai Khamduang.

References

1.

10.

11.

12

13.

14.

15.

16.

17.

Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, et al. A Novel Coronavirus from Patients with Pneumo-
nia in China, 2019. N Engl J Med. 2020; 382(8):727-33. https://doi.org/10.1056/NEJM0a2001017
PMID: 31978945.

World Health Organization. Naming the coronavirus disease (COVID-19) and the virus that causes it.
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/technical-guidance/naming-the-
coronavirus-disease-(covid-2019)-and-the-virus-that-causes-it.

Elias C, Sekri A, Leblanc P, Cucherat M, Vanhems P. The incubation period of COVID-19: A meta-anal-
ysis. Int J Infect Dis. 2021; 104:708—10. https://doi.org/10.1016/j.ijid.2021.01.069 PMID: 33548553.

Oran DP, Topol EJ. Prevalence of Asymptomatic SARS-CoV-2 Infection: A Narrative Review. Ann
Intern Med. 2020; 173(5):362-7. https://doi.org/10.7326/M20-3012 PMID: 32491919.

Yanes-Lane M, Winters N, Fregonese F, Bastos M, Perlman-Arrow S, Campbell JR, et al. Proportion of
asymptomatic infection among COVID-19 positive persons and their transmission potential: A system-
atic review and meta-analysis. PLoS One. 2020; 15(11):e0241536. https://doi.org/10.1371/journal.
pone.0241536 PMID: 33141862.

Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, et al. Clinical Characteristics of Coronavirus Disease
2019 in China. N Engl J Med. 2020; 382(18):1708—20. https://doi.org/10.1056/NEJM0a2002032 PMID:
32109013.

Sun P, Qie S, Liu Z, Ren J, Li K, Xi J. Clinical characteristics of hospitalized patients with SARS-CoV-2
infection: A single arm meta-analysis. J Med Virol. 2020; 92(6):612-7. https://doi.org/10.1002/jmv.
25735 PMID: 32108351.

Johns Hopkins University CRC. Mortality Analyses. https://coronavirus.jhu.edu/data/mortality.

Wang W, Tang J, Wei F. Updated understanding of the outbreak of 2019 novel coronavirus (2019-
nCoV) in Wuhan, China. J Med Virol. 2020; 92(4):441-7. https://doi.org/10.1002/jmv.25689 PMID:
31994742

World Health Organization. WHO timeline—COVID-19. https://www.who.int/news/item/27-04-2020-
who-timeline—covid-19.

World Health Organization. Coronavirus disease (COVID-2019) situation reports-weekly epidemiologi-
cal update—31 August 2020. https://www.who.int/emergencies/diseases/novel-coronavirus-2019/
situation-reports/.

Okada P, Buathong R, Phuygun S, Thanadachakul T, Parnmen S, Wongboot W, et al. Early transmis-
sion patterns of coronavirus disease 2019 (COVID-19) in travellers from Wuhan to Thailand, January
2020. Euro Surveill. 2020; 25(8). https://doi.org/10.2807/1560-7917.ES.2020.25.8.2000097 PMID:
32127124.

World Health Organization. COVID-19—WHO Thailand Situation Reports-22. https://www.who.int/
thailand/emergencies/novel-coronavirus-2019/situation-reports.

World Health Organization. COVID-19—WHO Thailand Situation Reports-100. https://www.who.int/
thailand/emergencies/novel-coronavirus-2019/situation-reports.

Arons MM, Hatfield KM, Reddy SC, Kimball A, James A, Jacobs JR, et al. Presymptomatic SARS-CoV-
2 Infections and Transmission in a Skilled Nursing Facility. N Engl J Med. 2020; 382(22):2081-90.
https://doi.org/10.1056/NEJM0a2008457 PMID: 32329971.

Bai Y, YaoL, Wei T, Tian F, Jin D-Y, Chen L, et al. Presumed Asymptomatic Carrier Transmission of
COVID-19. JAMA. 2020; 323(14):1406—7. https://doi.org/10.1001/jama.2020.2565 PMID: 32083643

Furukawa NW, Brooks JT, Sobel J. Evidence Supporting Transmission of Severe Acute Respiratory
Syndrome Coronavirus 2 While Presymptomatic or Asymptomatic. Emerg Infect Dis. 2020; 26(7).
https://doi.org/10.3201/eid2607.201595 PMID: 32364890.

PLOS ONE | https://doi.org/10.1371/journal.pone.0263127  February 2, 2022 11/12


https://doi.org/10.1056/NEJMoa2001017
http://www.ncbi.nlm.nih.gov/pubmed/31978945
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/technical-guidance/naming-the-coronavirus-disease-(covid-2019)-and-the-virus-that-causes-it
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/technical-guidance/naming-the-coronavirus-disease-(covid-2019)-and-the-virus-that-causes-it
https://doi.org/10.1016/j.ijid.2021.01.069
http://www.ncbi.nlm.nih.gov/pubmed/33548553
https://doi.org/10.7326/M20-3012
http://www.ncbi.nlm.nih.gov/pubmed/32491919
https://doi.org/10.1371/journal.pone.0241536
https://doi.org/10.1371/journal.pone.0241536
http://www.ncbi.nlm.nih.gov/pubmed/33141862
https://doi.org/10.1056/NEJMoa2002032
http://www.ncbi.nlm.nih.gov/pubmed/32109013
https://doi.org/10.1002/jmv.25735
https://doi.org/10.1002/jmv.25735
http://www.ncbi.nlm.nih.gov/pubmed/32108351
https://coronavirus.jhu.edu/data/mortality
https://doi.org/10.1002/jmv.25689
http://www.ncbi.nlm.nih.gov/pubmed/31994742
https://www.who.int/news/item/27-04-2020-who-timeline---covid-19
https://www.who.int/news/item/27-04-2020-who-timeline---covid-19
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports/
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports/
https://doi.org/10.2807/1560-7917.ES.2020.25.8.2000097
http://www.ncbi.nlm.nih.gov/pubmed/32127124
https://www.who.int/thailand/emergencies/novel-coronavirus-2019/situation-reports
https://www.who.int/thailand/emergencies/novel-coronavirus-2019/situation-reports
https://www.who.int/thailand/emergencies/novel-coronavirus-2019/situation-reports
https://www.who.int/thailand/emergencies/novel-coronavirus-2019/situation-reports
https://doi.org/10.1056/NEJMoa2008457
http://www.ncbi.nlm.nih.gov/pubmed/32329971
https://doi.org/10.1001/jama.2020.2565
http://www.ncbi.nlm.nih.gov/pubmed/32083643
https://doi.org/10.3201/eid2607.201595
http://www.ncbi.nlm.nih.gov/pubmed/32364890
https://doi.org/10.1371/journal.pone.0263127

PLOS ONE

SARS-CoV-2 prevalences in Northern Thailand

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Wang CJ, Ng CY, Brook RH. Response to COVID-19 in Taiwan: Big Data Analytics, New Technology,
and Proactive Testing. JAMA. 2020; 323(14):1341-2. https://doi.org/10.1001/jama.2020.3151 PMID:
32125371

World Health Organization. Laboratory testing for 2019 novel coronavirus (2019-nCoV) in suspected
human cases. https://www.who.int/publications/i/item/10665-331501.

Sirijatuphat R, Suputtamongkol Y, Angkasekwinai N, Horthongkham N, Chayakulkeeree M, Ratta-
naumpawan P, et al. Epidemiology, clinical characteristics, and treatment outcomes of patients with
COVID-19 at Thailand’s university-based referral hospital. BMC Infect Dis. 2021; 21(1):382. https://doi.
org/10.1186/s12879-021-06081-z PMID: 33902480.

Chirathaworn C, Sripramote M, Chalongviriyalert P, Jirajariyavej S, Kiatpanabhikul P, Saiyarin J, et al.
SARS-CoV-2 RNA shedding in recovered COVID-19 cases and the presence of antibodies against
SARS-CoV-2 in recovered COVID-19 cases and close contacts, Thailand, April-June 2020. PLoS One.
2020; 15(10):e0236905. https://doi.org/10.1371/journal.pone.0236905 PMID: 33119712

Nopsopon T, Pongpirul K, Chotirosniramit K, Jakaew W, Kaewwijit C, Kanchana S, et al. Seropreva-
lence of hospital staff in a province with zero COVID-19 cases. PLoS One. 2021; 16(4):e0238088.
https://doi.org/10.1371/journal.pone.0238088 PMID: 33793556.

Nopsopon T, Pongpirul K, Chotirosniramit K, Hiransuthikul N. COVID-19 seroprevalence among hospi-
tal staff and preprocedural patients in Thai community hospitals: a cross-sectional study. BMJ Open.
2021; 11(10):e046676. https://doi.org/10.1136/bmjopen-2020-046676 PMID: 34716155

Centers for Disease Control and prevention. Symptoms of COVID-19. https://www.cdc.gov/
coronavirus/2019-ncov/symptoms-testing/symptoms.html.

Sethuraman N, Jeremiah SS, Ryo A. Interpreting Diagnostic Tests for SARS-CoV-2. JAMA. 2020;
323(22):2249-51. https://doi.org/10.1001/jama.2020.8259 PMID: 32374370.

Younes N, Al-Sadeq DW, AL-Jighefee H, Younes S, Al-Jamal O, Daas Hl, et al. Challenges in Labora-
tory Diagnosis of the Novel Coronavirus SARS-CoV-2. Viruses. 2020; 12(6):582. https://doi.org/10.
3390/v12060582 PMID: 32466458

Xu X, Sun J, Nie S, LiH, Kong Y, Liang M, et al. Seroprevalence of immunoglobulin M and G antibodies
against SARS-CoV-2 in China. Nat Med. 2020; 26(8):1193-5. https://doi.org/10.1038/s41591-020-
0949-6 PMID: 32504052.

Romero Starke K, Petereit-Haack G, Schubert M, Kdmpf D, Schliebner A, Hegewald J, et al. The Age-
Related Risk of Severe Outcomes Due to COVID-19 Infection: A Rapid Review, Meta-Analysis, and
Meta-Regression. Int J Environ Res Public Health. 2020; 17(16). https://doi.org/10.3390/
ijerph17165974 PMID: 32824596.

Thailand Ministry of Public Health. Corona Virus Disease (COVID-19): Recommendations for Self-Pro-
tection. https://ddc.moph.go.th/viralpneumonia/eng/introduction.php.

Thailand Ministry of Public Health. Corona Virus Disease (COVID-19) Thailand Situation. https://ddc.
moph.go.th/viralpneumonia/eng/index.php.

Rishi P, Thakur K, Vij S, Rishi L, Singh A, Kaur IP, et al. Diet, Gut Microbiota and COVID-19. Indian J
Microbiol. 2020; 60(4):1-10. https://doi.org/10.1007/s12088-020-00908-0 PMID: 33012868.

Woloshin S, Patel N, Kesselheim AS. False Negative Tests for SARS-CoV-2 Infection—Challenges
and Implications. N Engl J Med. 2020; 383(6):e38. https://doi.org/10.1056/NEJMp2015897 PMID:
32502334.

Lippi G, Simundic AM, Plebani M. Potential preanalytical and analytical vulnerabilities in the laboratory
diagnosis of coronavirus disease 2019 (COVID-19). Clin Chem Lab Med. 2020; 58(7):1070-6. https://
doi.org/10.1515/cclm-2020-0285 PMID: 32172228.

PLOS ONE | https://doi.org/10.1371/journal.pone.0263127  February 2, 2022 12/12


https://doi.org/10.1001/jama.2020.3151
http://www.ncbi.nlm.nih.gov/pubmed/32125371
https://www.who.int/publications/i/item/10665-331501
https://doi.org/10.1186/s12879-021-06081-z
https://doi.org/10.1186/s12879-021-06081-z
http://www.ncbi.nlm.nih.gov/pubmed/33902480
https://doi.org/10.1371/journal.pone.0236905
http://www.ncbi.nlm.nih.gov/pubmed/33119712
https://doi.org/10.1371/journal.pone.0238088
http://www.ncbi.nlm.nih.gov/pubmed/33793556
https://doi.org/10.1136/bmjopen-2020-046676
http://www.ncbi.nlm.nih.gov/pubmed/34716155
https://www.cdc.gov/coronavirus/2019-ncov/symptoms-testing/symptoms.html
https://www.cdc.gov/coronavirus/2019-ncov/symptoms-testing/symptoms.html
https://doi.org/10.1001/jama.2020.8259
http://www.ncbi.nlm.nih.gov/pubmed/32374370
https://doi.org/10.3390/v12060582
https://doi.org/10.3390/v12060582
http://www.ncbi.nlm.nih.gov/pubmed/32466458
https://doi.org/10.1038/s41591-020-0949-6
https://doi.org/10.1038/s41591-020-0949-6
http://www.ncbi.nlm.nih.gov/pubmed/32504052
https://doi.org/10.3390/ijerph17165974
https://doi.org/10.3390/ijerph17165974
http://www.ncbi.nlm.nih.gov/pubmed/32824596
https://ddc.moph.go.th/viralpneumonia/eng/introduction.php
https://ddc.moph.go.th/viralpneumonia/eng/index.php
https://ddc.moph.go.th/viralpneumonia/eng/index.php
https://doi.org/10.1007/s12088-020-00908-0
http://www.ncbi.nlm.nih.gov/pubmed/33012868
https://doi.org/10.1056/NEJMp2015897
http://www.ncbi.nlm.nih.gov/pubmed/32502334
https://doi.org/10.1515/cclm-2020-0285
https://doi.org/10.1515/cclm-2020-0285
http://www.ncbi.nlm.nih.gov/pubmed/32172228
https://doi.org/10.1371/journal.pone.0263127

