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INTRODUCTION

Abstract

Objective: To assess the magnitude of active and recovering COVID-19 patients among
at-risk communities and to identify the factors associated with positive serology.
Methods: Four hundred and eighty-three close contacts of COVID-19 patients resid-
ing in Ho Chi Minh City, Vietnam, during the fourth wave of the COVID-19 epidemic
(September and October 2021) were included. Five weeks after exposure to a COVID-19
patient, they underwent a serology test using the BIOSYNEX COVID-19 BSS kit.
Results: The median age of participants was 37 years. A total of 34.6% individuals pre-
sented at least one clinical symptom between the time of contact with the COVID-19
patient and inclusion in study. A total of 1.7% unvaccinated individuals tested positive
for SARS-CoV-2 using real-time PCR, and 9.5% had evidence of recent infection (posi-
tive PCR and/or IgM). A further 26.7% unvaccinated individuals presented evidence of a
past infection (positive IgG only). Socio-demographic characteristics, vaccination status
and clinical symptoms were not associated with a positive IgM test.

Conclusion: This is the first serosurvey conducted during the fourth wave of the epi-
demic in Vietnam. It revealed a seropositivity rate higher than in previous studies and
confirmed the hyperendemicity of SARS-CoV-2. Testing using rapid serological tests
proved to be a reliable, easy-to-use method and enabled a rapid estimation of the burden
of COVID-19.
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Although there are vaccines available to prevent the dis-
ease, the epidemic is ongoing and continues to be a global

Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-
CoV-2), first detected in Wuhan city in the Hubei province
of China in December 2019, led to the coronavirus disease
19 (COVID-19) epidemic [1]. Nearly two years after its ap-
pearance, the COVID-19 has now spread to 215 countries
and territories worldwide, with more than 268 million con-
firmed cases and five million deaths recorded [2].

public health concern [3,4]. It is putting significant pressure
on healthcare systems, even in developed countries [3,4].
Overcrowding, close contact in enclosed spaces and poor
sanitation are known factors that increase the transmission
of SARS-CoV-2 [5]. Itis, therefore, not surprising that densely
populated cities in low- and middle-income countries such
as Vietnam are at the heart of the COVID-19 pandemic.
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Cramped living conditions allow the virus to spread rapidly
with a high risk of community transmission [5,6].

Vietnam reported the first two cases in the country on
23 January 2020 [7]. Since then, Vietnam has experienced
four waves of the epidemic, with the number of cases in-
creasing in later waves (Table S1). Prior to April 2021,
Vietnam was one of the few countries worldwide that had
been less affected by the COVID-19 pandemic. As the re-
sult of proactive disease prevention measures, the number of
confirmed cases was small and most of them were in people
entering the country [8,9]. However, on 27 April 2021, after
more than a year since the first case was recorded, Vietnam
entered the fourth wave of the epidemic. During the ongo-
ing wave, 1,224,110 confirmed cases and 25,055 deaths were
recorded (as of 30 November 2021), representing 99.6% and
99.9% of total cases and deaths in the country, respectively
[2]. However, Vietnam still lacks published specialised re-
search on COVID-19 [10].

Mass testing, contact tracing and quarantine of positive
cases and close contact persons are currently key methods
to prevent transmission and suppress outbreaks in Vietnam
[8,9]. In addition, the Vietnamese Ministry of Health has of-
ficially announced a ‘5K’ message (in Vietnamese), referring
to Khdu trang (facemask), Khit khudn (disinfection), Khodng
cdch (distance), Khong tu tdp (no gathering), Khai bdo y té
(health declaration), to help citizens acclimatise to living
safely with the COVID-19 pandemic under ‘new normal’
conditions (https://covid19.gov.vn/). However, these non-
specific measures remain a serious challenge for densely
populated cities.

Early detection of people infected with SARS-CoV-2 is
an important measure to control the spread of the virus.
Currently, the gold standard diagnosis of SARS-CoV-2 in-
fection is real-time reverse transcriptase PCR performed
on nasopharyngeal samples. However, this technique is ex-
pensive and not always feasible in situations where facilities
are lacking. Additionally, diagnoses may be under-reported
due to false-negative results [11,12] for several reasons, in-
cluding sensibility and specificity of diagnostic kits, storage
conditions of respiratory samples, presence of interfering
substances, testing carried out outside the diagnostic win-
dow, use of non-adequately validated assays, insufficient
or inadequate materials and practical working conditions
in the laboratory [13]. Furthermore, COVID-19 symp-
toms lack specificity, and mild and asymptomatic cases of
COVID-19 may go undocumented. Serological testing offers
an essential complementary diagnosis in individuals at high
risk of infection due to long-term exposure when RT-PCR
test is negative or not performed. Serological tests that iden-
tify past infection can be also used to estimate cumulative
incidence [14]. Therefore, antibody-based seroprevalence
studies are required to estimate population-level exposure to
SARS-CoV-2 [15]. In addition, serology rapid test is also an
easy method to perform in low- or middle-income countries,
right in the community, simple technique, and short time for
results [16]. Population-level serological data are essential for
understanding the prevalence of subclinical infections and

the population's herd immunity to SARS-CoV-2 [17,18]. The
proportion of the infected population or recovered from
COVID-19 would be an important measure to inform poli-
cies at community level, including when and how social dis-
tancing can be eased, and prioritising vaccines [19]. Personal
serology testing could allow low-risk individuals to return
to work, school or university, depending on the potential
immune protection produced by a measurable antibody re-
sponse [20,21].

In Vietnam, some studies on the seroprevalence of SARS-
CoV-2 antibodies were conducted, but they were realised
during the three previous waves of the epidemic with rel-
atively few COVID-19 cases in the country [17,18,22-24].
Hence, the sero-prevalence was less than 0.5%. However, in
the 4th wave of the epidemic, the number of cases accounted
for most of the cumulated cases since the outbreak onset.
Therefore, the determination of the exposure rate to SARS-
CoV-2 needs to be re-evaluated to determine the extent of
the epidemic's impact on the community.

Here, we investigate the seroprevalence of SARS-CoV-2
among people in close contact with COVID-19 patients in
Ho Chi Minh City (HCMC)—the highest-density region
in Vietnam. The objectives of this study were to assess the
magnitude of active and recovering COVID-19 cases among
at-risk communities and to identify the epidemiological
characteristics and factors associated with positive serology.

MATERIALS AND METHODS
Study setting and site selection

Vietnam is a developing country situated in Southeast Asia,
with a population of over 98 million living in 63 provinces.
Each province is further divided into districts, communes
and villages. Each village has an average population between
500 and 2000 [17]. In line with the administrative division,
the healthcare system is divided into central hospitals, pro-
vincial hospitals, district hospitals and medical centres, as
well as primary medical centres within the communes. The
Ministry of Health directly manages the provincial health
departments and central hospitals. The provincial health de-
partment manages the hospitals and medical centres within
that province.

This cross-sectional study was conducted in Ho Chi
Minh City (HCMC), which is where most cases have ap-
peared in Vietnam since the beginning of the epidemic, es-
pecially during the fourth wave of COVID-19 which began
on 27 April 2021 (Table S1, Figure S1).

HCMC, formerly known as Saigon, is the largest city
in the south of Vietnam (Figure S1). With over 8.9 million
inhabitants living within the city itself and over 21 million
within its metropolitan area of 20,612 km?, HCMC is one of
the world's most polluted cities and is the second most pol-
luted city in Southeast Asia, just behind Jakarta, Indonesia.

HCMC is a municipality on the same level as Vietnam's
provinces, which is subdivided into 22 district-level
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sub-divisions, including one city (Thu Duc), 16 urban, and
five rural districts. The city's healthcare system is relatively
well-developed with a chain of about 100 government-
owned hospitals and medical centres and dozens of private
clinics. HCMC is also where the first case of COVID-19 was
recorded in Vietnam [7].

Study population

Inclusion criteria: Close contacts of COVID-19 patients re-
siding in HCMC during the fourth wave of the COVID-19
epidemic (Table S1) were eligible to participate in our study.
A “close contact’ of a COVID-19 case is defined as some-
one who has been in contact with a person who has been
diagnosed as positive with SARS-CoV-2 by real-time PCR,
within a distance of two metres for at least 15 min, or some-
one who has been in the same room as such a person for at
least 2 h during the contagious period (48 h before the onset
of symptoms or diagnosis) (https://covid19.gov.vn/) [17].
During the three previous waves of the epidemic, all pa-
tients, regardless of their clinical presentation, were treated
in hospital. An epidemiological study was also carried out
to trace all close contacts of the patient and these individ-
uals were quarantined in medical facilities [8]. During this
fourth outbreak, all medical facilities in HCMC were over-
whelmed, so patients who were positive for SARS-CoV-2 but
who were asymptomatic or presented with mild symptoms
were treated at home. Close contacts of the patient were also
quarantined and monitored in their homes for 14 days and
were recommended to strictly follow the 5K’ message pub-
licised by the Ministry of Health, including wearing a mask.
The sample size was calculated with Za = 1.96 for a 95%
confidence interval, a predicted acceptable margin of error
of d = 0.04, and a 25.0% estimated seroprevalence rate. The
minimum sample size needed for the study was 450 persons.

Rapid antigen, serology testing and
data collection

During the quarantine period, participants underwent a
rapid diagnostic test (RDT) BIOSYNEX COVID-19 Ag BSS
performed by medical doctors, according to the manufac-
turer's recommendations. The BIOSYNEX COVID-19 Ag
BSS test is a qualitative membrane-based immunoassay that
uses highly sensitive monoclonal antibodies to detect the nu-
cleocapsid protein of SARS-CoV-2 in nasopharyngeal swab.
The sensibility and specificity of this test are 87.2% [66.3%—
97.4%] and 99.9% [99.4%-100%], respectively [25].

Five weeks after individuals came into contact with
a COVID-19 patient (time needed to detect anti-SARS-
CoV-2 antibodies, when present [26]), a SARS-CoV-2 se-
rology test was performed by medical doctors using the
BIOSYNEX COVID-19 BSS (IgG/IgM)  (Biosynex, Illkirch-
Graffenstaden, France), targeting the receptor-binding do-
main (RBD) of the spike surface protein of SARS-CoV-2 [16].

This assay was performed following the instructions of the
respective manufacturers, with 10 pl of finger-prick whole
blood, and read after ten10 min. The sensibility and specific-
ity of this test are 97.4% [86.2%-99.9%] and 99.3% [96.2%—
99.9%], respectively [27].

Interviews were conducted with each study participant to
collect information about age, gender, chronic conditions,
vaccination against COVID-19, and symptoms.

Analysis

STATA software version 16.0 (Copyright 1985-2015
StataCorp LLC, http://www.stata.com) was used for statisti-
cal analysis. Descriptive statistics were calculated and pre-
sented as numbers and percentages for qualitative variables,
and medians and interquartiles for quantitative variables.
Unadjusted associations between IgM seropositive tests
using multiple factors, including sociodemographic char-
acteristics (gender, <16 years), vaccination status against
COVID-19, and clinical symptoms between time of contact
with the COVID-19 patient and the serology test, were ana-
lysed by univariable analysis. Multivariate analysis was car-
ried out using a logistical regression model. This was used
to estimate the adjusted odds ratios of factors regarding the
seropositive test. The results were presented by odds ratio
(OR) with a 95% confidence interval (95% CI). Results with a
p value <0.05 were considered to be statistically significant.

RESULTS

Socio-demographic characteristics of the
studied population

Of the 500 people who were invited to participate, nine re-
fused to participate and the serology test results were invalid
for eight participants. Ultimately, 483 participants were in-
cluded in our study; 253 (52.4%) male participants and 230
(47.6%) female participants. The median age of participants
was 37 years (range = 3-78 years). A total of 48 (9.9%) were
children under the age of 16. Hypertension was the most fre-
quent comorbidity (45/483, 9.3%), followed by chronic car-
diac diseases (28/483, 5.8%) and chronic respiratory diseases
(24/483, 5.0%). At the time of testing, 63 individuals (13.0%)
had been vaccinated against COVID-19, with at least one
dose at least 14 days before inclusion (Table 1).

Clinical features of participants

A total of 167 (34.6%) presented at least one clinical symp-
tom between the time of contact with the COVID-19 patient
and inclusion in the study. A cough was the most frequent
symptom (104/483, 21.5%). In addition, anosmia, ageusia
and fever were reported in 99 participants (20.5%), 82 par-
ticipants (17.0%) and 93 (19.3%) participants, respectively.
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TABLE 1 Socio-demographic characteristic of the studied

population
Characteristics N=483 %
Gender
Male 253 52.4
Female 230 47.6
Age
Median 37
Interquartile 25-48
Rang 3-78
Children (<16 years)
Yes 48 9.9
No 435 90.1
Chronic conditions
Hypertension 45 9.3
Chronic cardiac diseases 28 5.8
Chronic respiratory diseases 24 5.0
Diabetes 12 2.5
Cancer 1 0.2
Immunodepression 1 0.2

Vaccination against COVID-19 at least 14 days before the serology test

Yes 63 13.0
No 420 87.0
TABLE 2 Clinical symptoms

Clinical symptoms N=483 %
At least one symptom 167 34.6
Fever 93 19.3
Cough 104 21.5
Expectoration 36 7.5
Rhinitis 60 12.4
Sore throat 54 11.2
Anosmia 99 20.5
Ageusia 82 17.0
Dyspnoea 39 8.1
Myalgia 38 7.9
Arthralgia 14 2.9
Nausea/vomiting 24 5.0
Diarrhoea 50 10.4
Fatigue 72 14.9

Fifty individuals (10.4%) reported diarrhoea and 24 (5.0%)

reported nausea or vomiting (Table 2).

Results of SARS-CoV-2 antigen and serology test

During quarantine, all close contact persons were tested
for SARS-CoV-2 by a rapid antigen test. Eight (1.7%) were

positive, and confirmed as having SARS-CoV-2 infection by
real-time PCR, carried out by the HCMC Centre for Disease
Control.

Five weeks after contact with the COVID-19 patient,
206 close contact persons had a positive serology test for [gM
and/or IgG; hence the seroprevalence of SARS-CoV-2 was
42.6%. Specifically, 51 (10.5%) were positive by IgM (with or
without IgG), of whom five reported having been vaccinated
and seven were positive by PCR (Table 3). Hence, 46 (9.5%)
individuals had evidence of a recent infection without vac-
cination. In addition, 155 persons were positive for IgG only,
of whom 26 were vaccinated and one was positive by PCR.
Hence 129 (26.7%) individuals had evidence of a past infec-
tion without vaccination.

Factors associated with a positive IgM SARS-
CoV-2 serology test

In univariate and multivariate analysis, socio-demographic
characteristics, vaccination status and clinical symp-
toms were not associated with a positive IgM serology test
(Table 4).

DISCUSSION

Currently, in Vietnam, all COVID-19 patients are anony-
mously recorded by the Ministry of Health, after being
confirmed with SARS-CoV-2 infection using real-time poly-
merase chain reaction (RT-PCR) methods. Viral testing is
recommended for symptomatic patients or individuals with
a suspected history of exposure or living in an endemic area.
However, the clinical manifestations of COVID-19 vary
widely, from asymptomatic to severe illness and death. The
rate of people who are asymptomatic reported in a meta-
analysis ranges from 4 to 41%, depending on studied popu-
lation size [28]. Asymptomatic patients are likely to remain
undetected and they can be a source of silent transmission
within the community, making it difficult to control the dis-
ease. Despite the capacity of viral transmission being 42%
lower among asymptomatic versus symptomatic patients,
asymptomatic and subclinical symptomatic patients are a
significant concern in the controls of current COVID-19
pandemic [28]. In our study, we did not see a relation between
seropositivity and the presence or absence of symptoms.

TABLE 3 Results of serology test

Results N=483 %

IgM and/or IgG positive 206> 426
IgM positive and IgG negative 33 6.8
IgM negative and IgG positive 1557 32.1
IgM positive and IgG positive 18° 37
IgM negative and IgG negative 277% 57.3

Note: Superscripts indicate number of persons vaccinated against COVID-19.
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TABLE 4 Factors associated with positive IgM serology test for SARS-CoV-2
Univariate analysis Multivariate analysis
N=206
Factors n (%) OR [95%CI] p-value Adjusted OR [95%CI] p-value
Gender
Female 24 (10.4) Reference 0.93 Reference 0.95
Male 27 (10.7) 1.03 [0.57-1.83] 1.01 [0.57-1.82]
Children
No 46 (10.6) 0.98 [0.37-2.61] 0.97 0.88 [0.33-2.39] 0.81
Yes 5(10.4)
Vaccination against COVID-19 at least 14 days before the serology test
No 46 (11.0) 0.70 [0.27-1.84] 0.47 0.66 [0.25-1.77] 0.41
Yes 5(7.9)
Clinical symptoms between time of contact with COVID-19 patient and serology test
No 35 (11.1) 0.85 [0.46-1.59] 0.61 0.81 [0.43-0.53] 0.52
Yes 16 (9.6)

Indeed, the infectiousness of SARS-CoV-2 depends on the
viral load, not on the carrier's symptoms [29]. The false-
negative rate of the RT-PCR test is another challenge for the
definitive diagnosis and screening of COVID-19 patients
[11,12]. Therefore, non-pharmaceutical preventive measures
and vaccination against COVID-19 need to be stepped up
by the public. Laboratory testing methods also need to be
refined to improve sensitivity, specificity and reduce cost
of use. Serology may be a better way of estimating the bur-
den of SARS-CoV-2 infection and assessing the impact of
the epidemic, thereby allowing preventive measures to be
taken for the community. Seroprevalence screening is useful
to gain insight into the dynamics of SARS-CoV-2 antibody
responses during and after viral transmission. If it is per-
formed regularly, health authorities and policymakers can
glean information on seroprevalence rates at any given stage
of an outbreak [30]. Contrary to IgM, which is indicative of
recent infection, the IgG antibody persists for a long time
after virus clearance [31]. Hence, serological monitoring is
beneficial when it comes to providing relevant epidemiologi-
cal data and estimating the cumulative rate of SARS-CoV-2
infection or exposure rate in the population [30-33].

Our study demonstrates high rates of antibodies against
SARS-CoV-2 (42.6%) in close contacts of COVID-19 pa-
tients, with 9.5% of people presenting evidence of a recent in-
fection without vaccination, and 26.7% presenting evidence
of a past infection. The prevalence of SARS-CoV-2 IgM in
the surveyed population did not depend on age, sex, clinical
symptoms of the patient, or vaccination status, suggesting
that all types of individuals were potentially at risk of con-
tamination. SARS-CoV-2 seroprevalence has been shown
to depend on the geographical area and the circulation of
the virus in the community. In a study by Chau et al., con-
ducted on 148 Vietnamese children and 100 adults during
the pre-pandemic phrase of COVID-19, no cases were found
to be positive for SARS-CoV-2 antibodies [34]. In August
2020 (during the second phase of the epidemic in Vietnam),
408 healthcare workers at the Hospital for Tropical Diseases

in HCMC were enrolled in a serosurvey, including 97 staff
who provided direct clinical care to COVID-19 patients and
34 staff whose work involved processing respiratory sam-
ples from COVID-19 patients. Their immune status against
SARS-CoV-2 was evaluated using the Elecsys Anti-SARS-
CoV-2 assay, but no cases were identified [18]. In another
study conducted during the second phase of epidemic and
including 2,954 high-risk individuals living in communities
where cases of COVID-19 had been reported, 27 household
contacts and 53 close contacts were identified. IgG antibod-
ies to SARS-CoV-2 were detected in 0.2%, 18.5% and 1.9%
cases, respectively [17].

Since April 2020, SARS-CoV-2 serosurveys have been re-
ported from many countries affected by COVID-19 [31-41].
In a recent meta-analysis that included 47 articles covering
399,265 persons from 23 countries, SARS-CoV-2 seropreva-
lence in the general population varied from 0.4% to 22.1%,
with a pooled estimate of 3.4% [30]. This study found that
seroprevalence was significantly associated with geographic
latitudes and/or climate, income levels, and human develop-
ment indices, but not with an increasing trend in the num-
ber of confirmed cases and deaths [30]. Indeed, the actual
number of cases may be higher than the recorded number of
cases, as there are patients who go undiagnosed because they
are asymptomatic or have mild symptoms.

Our study has some limitations. It was conducted
among high-density communities in a COVID-19 hyper-
endemic region in Vietnam with a modest sample size
and cannot be extrapolated to the entire population of
Vietnam. Our results showed that the SARS-CoV-2 IgM
rate in the population surveyed was not associated with
socio-demographic characteristics, vaccination status and
clinical symptoms. However, SARS-CoV-2 seroprevalence
could be dependent on geographic areas and the circula-
tion of virus in the community which was not evaluated
in this monocentric survey [30]. Moreover, SARS-CoV-2
IgM usually appears 5-7 days after onset of symptoms or
time of and persists for 5-7 weeks; IgG production is from
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day 10-14 and persists for several weeks [42]. In our study,
the serology test was conducted 5 weeks after individuals
came into contact with a COVID-19 patient and the nega-
tive results may be due to testing carried out outside of the
diagnostic window. However, this is the first serosurvey
conducted during the fourth wave of the epidemic in the
country. It showed a higher seropositivity rate than previ-
ous studies in the country [17,18,34]. The very high rate of
antibodies against SARS-CoV-2 confirms the hyperende-
micity of the virus in this area of Vietnam. Testing with
rapid serological tests proved to be a reliable and easy-to-
use method and made it possible to rapidly estimate the
burden of SARS-CoV-2 infection.
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