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Abstract.

Relatively little is known about the seroprevalence of severe acute respiratory syndrome coronavirus 2

(SARS-CoV-2) IgG antibodies and COVID-19-related behaviors in the general population in Vietnam, where the first case
of COVID-19 was detected on January 22, 2020. We surveyed a group of 885 blood donors at community blood dona-
tion sessions in Ho Chi Minh City from August 27 to November 7, 2020. Blood was collected to test for SARS-CoV-2 IgG
antibodies using the plaque reduction neutralization test. We adjusted the seroprevalence by weight for ages 18 to 59
years old obtained from the 2019 population census. The weighted seroprevalence estimate for SARS-CoV-2 neutraliz-
ing IgG antibodies was 0.20% (95% CI, 0.05-0.81). Reports of usually or always using a mask in public places were
observed at high levels of 28.6% and 67.5%, respectively. The percentages of usually or always washing hands with
soap or disinfecting with hand sanitizer after touching items in public places were 48.0% and 37.6%, respectively.
Although our findings suggest undocumented exposure to the virus, the seroprevalence of SARS-CoV-2 IgG antibodies

among blood donors was low in this city.

INTRODUCTION

Vietnam was widely recognized as a country with success-
ful stories in responding to COVID-19." In this country, the
first case of COVID-19 was detected on January 22, 2020,
and the first community transmission was confirmed on
March 18, 2020.% At the time of writing in early March 2021,
there have been just 2,472 cumulative cases and 35 reported
deaths, representing 2.5 cases and 0.04 deaths per 100,000
people in Vietnam.* These case-notified data, however, are
unable to reflect the true extent of transmission of severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) in
the country. Despite the few serological studies in Vietnam,5-
no representatively obtained data on the SARS-CoV-2 sero-
prevalence among the general population exist.

The objective of our study was to determine the seroprev-
alence rate of anti-SARS-CoV-2 antibodies among blood
donors recruited from community blood donation sessions
in Ho Chi Minh City, Vietnam.

MATERIALS AND METHODS

Study design and participants. This cross-sectional
study with the target sample size of 900 voluntary blood
donors was conducted approximately 5 months after the
peak of the first epidemic wave in Ho Chi Minh City in March
2020. To obtain 80% power at a two-sided 5% significance
level for estimating a seroprevalence of 1.0% for an
assumed half-width 95% confidence limit of 1.0% and a
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design effect of two, the required sample size was 761, and
it was rounded to 900 to allow for declined interviews and
damage or loss of blood specimens.

We developed a sampling frame for this survey in Ho Chi
Minh City using the WHO generic protocol for COVID-19
seroprevalence.” Based on 28 locally acquired infections
identified in this city prior to recruitment initiation, we catego-
rized the city’s 24 administrative districts into three groups:
districts with three or more cases (two districts), districts with
two cases (four districts), and districts with zero to one case
(18 districts). These three groups accounted for 50%, 30%,
and 20% of the total cases, respectively. To cover areas
with at least 60% of the 24 districts with both the high
and low numbers of reported cases, we aimed to select 15
districts, which were chosen randomly from three district
groups (www.random.org/). This selection included one of
two districts with three or more locally acquired cases, three
of four districts with two cases, and 11 of 18 districts with
zero to one case (Figure 1). Each district from this study
targeted enrolment of 60 blood donors stratified by age
group (18-19, 20-29, 30-39, 40-49, and 50-59 years) and
gender based on the 2019 population census data of Ho Chi
Minh City.

Eligibility criteria for this study were voluntarily donating
blood at blood donation sessions in the community, age 18
to 59 years, living in Ho Chi Minh City for 3 months or more,
and willingness to provide informed consent. In these com-
munity blood donation sessions, we were able to recruit
donors from varied and diverse backgrounds and income,
including students, housewives, blue- and white-collar work-
ers, shippers, drivers, police officers, teachers, retailers,
waiters/waitresses, health-care workers, and so on. At each
blood donation session, participants were recruited consec-
utively until the targeted sample size of 60 individuals was
reached. We excluded from the analysis individuals who
refused to be interviewed for collecting study information.
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Ficure 1. Map showing the location of districts selected for the severe acute respiratory syndrome coronavirus 2 serosurvey, Ho Chi Minh City,
Vietnam, August through November 2020. The triangles represent the selected districts. This figure appears in color at www.ajtmh.org.

Data collection. A 7.5-mL blood specimen was collected
from donated blood bags for those who were eligible to donate
blood, or was collected from a vein for those who were deferred
from blood donation. Participants then completed a behavioral
interview [including demographic information, medical condi-
tions, travel history, COVID-19 knowledge and behaviors, signs
and symptoms they experienced in the previous 6 months, and
self-perception of risk of SARS-CoV-2 infection (Supplemental
Appendix S1)].

Blood specimens were tested for the presence of the neu-
tralizing IgG antibodies to SARS-CoV-2 using plaque reduc-
tion neutralization tests (PRNTs) (Supplemental Appendix
S1). Using the log,-dilution series, we initiated the PRNTs
with a 1:10 serum dilution. Serum dilutions causing a 50%
reduction in the number of plaque counts (PRNTso) were
considered as titers. We also selected and tested 46 pre-
pandemic sera of blood donors collected in 2017 to estab-
lish the specificity of the PRNT. Testing results were returned
to the participants via phone 3 months after enroliment.

Statistical analysis. Data obtained were subject to
descriptive analysis. Unlike a relatively equal gender distribu-
tion, age distribution differed between the blood donor study
sample and the population by age group (18-19, 20-29,
30-39, 40-49, and 50-59 years) in Ho Chi Minh City (Sup-
plemental Table S1). As a result, we weighted the overall
seroprevalence estimates of the neutralizing IgG antibod-
ies to SARS-CoV-2 with 95% Cls for ages 18 to 59 years
by using the census midyear 2019 population estimate for
18- to 59-year-old people for Ho Chi Minh City (Supple-
mental Appendix S1).

Ethical consideration. Our study was approved by the
institutional review board of the Pasteur Institute of Ho Chi
Minh City (reference no. 05/GCN-PAS). All participants pro-
vided written informed consent.

RESULTS

From August 27 to November 7, 2020, 928 blood donors
were screened for the study. Of these donors, 906 met inclu-
sion criteria for the study, 895 (98.8%) blood specimens were
collected, and 887 (97.9%) completed the interviews. In total,
885 of 906 participants (97.6%) who provided both behavioral
and serological data were included in our analysis. Among the
885 blood donors, four (0.5%) were deferred donors for stay-
ing up late the night before donation, being underweight, and
having a short donation interval (< 12 weeks).

For the 885 blood donors analyzed, the median age was
35 (interquartile range [IQR], 25-46) years, and 432 individu-
als (48.8%) were men. In all, 80.8% (705 of 872) completed
high school education or more, and 74.0% (654 of 884) were
employed or self-employed. The median monthly income of
the employed or self-employed participants was US$351
(range, US$20-4,392). In this sample, the median number of
household members was four people (IQR, 3-5). Fifty-six of
the 884 blood donors (6.3%) reported having had underlying
medical conditions (Table 1).

A small proportion of blood donors had traveled overseas
(0.5%, 4 of 883) or had returned from Da Nang, where the
first substantial community transmission of COVID-19 had
occurred during July and August 2020 (2.0%, 18 of 883),
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TaBLE 1
Samples characteristics, travel history, and risk behaviors related to
August 27 to November
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COVID-19 among blood donors in Ho Chi Minh City, Vietnam,
7,2020 (N = 885)

Characteristic Value
Demographic
Age, y; median (IQR); (n = 885) 35 (25-46)
Male gender, n (%); (n = 885) 432 (48.8)
Highest education attained, n (%); (n = 872)
Primary 45 (5.2)
Secondary 122 (14.0)
High school 267 (30.6)
College or university 438 (50.2)
Marital status, n (%); (n = 882)
Never married 370 (42.0)
Married 502 (56.9)
Divorced 10 (1.1)
Current labor force status, n (%); (n = 884)
Employed or self-employed 654 (74.0)
Unemployed 230 (26.0)
Average monthly income,* US$; median (range) (n = 618) 351 (20-4,392)
No. of household members, median (IQR); (n = 883) 4 (3-5)
No. of people sharing a bedroom, median (IQR); (n = 881) 2 (1-3)
Have underlying medical conditions,t n (%); (n = 884) 56 (6.3)
Travel history, n (%)
Traveled to other provinces in the previous 6 months (n = 883) 198 (22.4)
Traveled oversea in the previous 6 months (n = 883) 4 (0.5)
Traveled to the Da Nang outbreak region (n = 883)% 18 (2.0)
Behaviors related to COVID-19 infection
Visited a health facility in the previous 6 months, n (%) (n = 883) 313 (35.4)
Attended a gathering of = 10 people since the start of the outbreak, n (%) (n = 879) 411 (46.8)
Attended a gathering of = 10 people in the previous 30 days, n (%) (n = 878) 380 (43.3)
Used a mask in public places (n = 880) , n (%)
Always 593 (67.5)
Usually 252 (28.6)
Sometimes 32 (3.6)
Rarely 2(0.2)
Never 1(0.1)
Used a mask in the 5 days prior to enroliment, n (%)
Day 1 (n = 883) 708 (80.2)
Day 2 (n = 883) 718 (81.3)
Day 3 (n = 883) 715 (81.0)
Day 4 (n = 883) 721 (81.7)
Day 5 (n = 883) 842 (95.4)
Washed hands with soap and water or disinfected with hand sanitizer after touching items in public places, n (%); (n = 882)
Always 332 (37.6)
Usually 423 (48.0)
Sometimes 104 (11.8)
Rarely 13 (1.5)
Never 10 (1.1)
Average no. of people with whom participants had any contact at a physical distance of less 8 (4-15)
than 2 m (6 feet) on a daily basis, median (IQR); (n = 879)
Used public transport to work, n (%); (n = 882) 16 (1.8)
Had a household co-inhabitant with fever or an upper respiratory illness in the previous 6 105 (11.9)
months, n (%); (n = 885)
Self-perceived to be high risk of acquiring COVID-19, n (%); (n = 861) 57 (6.6)

IQR = interquartile range.
* Monthly income was obtained from participants who were employed or self-employed only.

T Participants were asked whether they had any underlying medical conditions associated with COVID-19, including chronic pulmonary diseases, cardiovascular diseases, high blood pressure,

diabetes, and other chronic disorders.

1 Approximately 1 month before study recruitment initiation, Vietnam faced its first substantial community transmission of severe acute respiratory syndrome coronavirus 2 occurring in Da Nang

during July and August 2020.

about 1 month before the start of our study. In addition,
more than one third (35.4%, 313 of 883) had visited a health
facility in the previous 6 months.

Of the 880 blood donors who reported mask use fre-
quency, 593 (67.5%) reported always wearing a mask and
252 (28.6%) reported usually wearing a mask. During the 5
days before being interviewed, the use of facemasks
dropped from 95.4% to 80.2%. In addition to mask use,
reports of usually or always washing hands with soap or dis-
infecting with hand sanitizer after touching items in public

places were 48.0% and 37.6% of participants, respectively.
The median daily number of people with whom participants
had any contact at a physical distance of less than 2 m
(6 feet) was eight people (IQR, 4-15). Of the 885 blood
donors, 105 (11.9%) reported their family members had
fever or an acute upper respiratory tract illness in the previ-
ous 6 months. A self-perception of being at high risk of
SARS-CoV-2 infection was 6.6% (57 of 861) (Table 1).
SARS-CoV-2 neutralizing IgG antibodies to SARS-CoV-2
were identified in two blood donors (0.23%; 95% ClI,
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TABLE 2

Unweighted and weighted seroprevalence rates of the severe acute respiratory syndrome coronavirus 2 neutralizing IgG antibodies among
blood donors by age group in Ho Chi Minh City, Vietnam, August 27 to November 7, 2020

Confirmed cases with neutralizing

Unweighted seroprevalence Weighted seroprevalence

Age group, y No. of participants IgG antibodies, n rate, % (95% Cl) rate, (95% Cl)

18-19 79 0 0.00 (0.00-4.64) 0.00 (n/a)
20-29 245 1 0.41 (0.08-2.28) 0.41 (0.06-2.9)
30-39 227 1 0.44 (0.08-2.45) 0.44 (0.06-3.1)
40-49 191 0 0.00 (0.00-1.97) 0.00 (n/a)
50-59 143 0 0.00 (0.00-2.62) 0.00 (n/a)

Total 885 2 0.23 (0.06-0.82) 0.20 (0.05-0.81)

n/a = not applicable.

0.06-0.82), whereas none of 46 pre-pandemic stored sera
tested positive for anti-SARS-CoV-2 antibodies using
PRNT50 (100% specificity; 95% Cl, 92.3-100%). After being
adjusted for ages 18 to 59 years of the midyear population
census estimate for the 18- to 59-year-old population for Ho
Chi Minh City, the weighted seroprevalence rate was 0.20%
(95% Cl, 0.05-0.81) (Table 2).

One participant had a PRNTs titer of 1:80 and another had a
PRNTso titer of 1:10. There was no epidemiological link
between these cases. Both participants reported they had not
traveled to known outbreak areas, and they had not had any
known contact with any person returning from such an area
and any suspected COVID-19 cases. They further reported that
about 1 to 2 months before blood donation, they had experi-
enced an episode of suspected iliness characterized by cough
and sore throat in one case, and fever and fatigue in the other.

DISCUSSION

The low seroprevalence rate of anti-SARS-CoV-2 antibod-
ies observed in Ho Chi Minh City is comparable to the esti-
mates reported among communities in outbreak areas in
Hanoi, Quang Nam, and Da Nang (0.20%).% This low sero-
prevalence was consistent with the low positivity rate for
respiratory specimens by polymerase chain reaction, which
was estimated to be 0.016% (13 of 80,395) for the survey
period in this city. Low seroprevalence rates were described
previously in other countries pursuing a zero to low COVID-19
transmission policy, such as 0.05% among hospital patients
in Taiwan® and 0.07% among outpatients in South Korea.®

Early in the pandemic, Vietnam closed borders with China,
suspended international flights, conducted aggressive test-
ing, isolated cases, conducted contact tracing, enacted
mass quarantine of close contacts, and rapidly imposed a
national lockdown.'®'" Since mid-March 2020, this country
mandated wearing masks in public places and promoted
handwashing practices. Mask use was reported at levels of
90% in early August 2020 following reports of the outbreak
in Da Nang.'? The early and aggressive response, adaptive
preventive behaviors in the community, and the warm and
wet climate of local settings could have helped to limit the
wide spread of SARS-CoV-2 in Ho Chi Minh City.'"3 The
low seroprevalence rate suggests that Vietnam’s strategies
during the first wave of the epidemic was effective compared
with many countries in other parts of the world.

With 0.20% of the blood donor population having the neu-
tralizing IgG antibodies to SARS-CoV-2, the scale of the
COVID-19 epidemic in Ho Chi Minh City, a city of approxi-
mately 9 million people, is likely to be greater than the case
notification we observed of 166 reported cases by the end of

2020 (Supplemental Figure S1). Our interview with the two
undocumented blood donors having antibodies against
SARS-CoV-2 revealed they had experienced subclinical or
mild symptoms 1 to 2 months prior to blood donation. Taken
together, there has been a potential risk for community trans-
mission of SARS-CoV-2 in Ho Chi Minh City. In May 2021, a
church was the center of a COVID-19 outbreak caused by the
delta variant in Ho Chi Minh City. As a result, the number of
COVID-19 cases and deaths spiked in this city. As of Septem-
ber 29, 2021, this outbreak has resulted in more than 376,600
cases and 14,600 COVID-19-related deaths.'* Before this
outbreak, the city’s testing policy focused solely on testing
international travelers, close contacts of a confirmed COVID-
19 case, and suspected cases living in active outbreak areas.
Therefore, there is a need for an extension of symptomatic
testing in Ho Chi Minh City. Symptomatic testing along with
efficient contact tracing has shown the potential to reduce the
risk of community transmission of SARS-CoV-2.15:16

This study has several major limitations. First, we only
recruited adult blood donors in one city, so the findings cannot
be generalized widely. Second, the healthier status of the blood
donor population than the general population may lead to
underestimating the true extent of a seroprevalence rate of anti-
SARS-CoV-2 antibodies in the community.'” Third, an inability
to recruit all occupations with various risks of COVID-19 and
assess participants’ access to personal protect equipment in
our sample may result in potential biases in estimating the
seroprevalence reported. Fourth, because neutralizing anti-
bodies peak 31 to 35 days after symptom onset and wane
overtime, '8 the use of the PRNT as a measure of seropositivity
is less likely to detect declining antibody levels because it is
more specific but less sensitive. Although PRNT is a gold stan-
dard for detecting neutralizing antibody response, this time-
consuming technique requires a certain set of skills from staff
performing experiments with the live virus in a biosafety level 3
laboratory.'® Future serological studies using binding assays
rather than PRNTSs are thus highly warranted.2°

In conclusion, our finding highlights the importance of
serosurveys of blood donors in monitoring the transmission
pattern and epidemiological trends of SARS-CoV-2 trans-
mission. Evidence of an undocumented exposure to SARS-
CoV-2 suggests additional enhancement of the active and
passive surveillance systems, and a continued commitment
of rapid response in case of a reoccurrence of COVID-19
outbreaks in this city.

Received March 2, 2021. Accepted for publication January 5, 2022.
Published online January 26, 2022.

Note: Supplemental appendix appears at www.ajtmh.org.


http://.../lookup/suppl/doi:XXX/YYYY.ZZZZ/-/DCSupplemental
http://www.ajtmh.org

SARS-COV-2 ANTIBODIES IN BLOOD DONORS IN VIETNAM 895

Acknowledgments: We thank the following colleagues for their contri-
bution and support: Tran Thi Hong Kim, Dang Thanh Giang, Nguyen
Thi Ngoc Thao, Le Thi Lien, Tran Quang Phu, Le Thai Anh Huan,
Pham Quoc Huy, Ngo Van Dinh, Nguyen Thi Huyen, Ha Thi Bich
Ngoc, Nguyen Thi Thu Ha, Truong Cong Hieu, Nguyen Thi Hong
Chau, and Nguyen Thanh Long at the Pasteur Institute of Ho Chi Minh
City; and Tran Truong Son, Tran Thi Nhu To, Le Bao Hoai Tram, and
Nguyen Thi Ngoc Bich at the Blood Donation Center of Ho Chi Minh
City. We also thank to our data collectors: Bui Xuan Thanh, Duong
Van Thon, Le Quang Thu, Nguyen Trung Can, Thong Thien Sang, Tran
Van Nhi, and Nguyen Vu Nhat Thanh; and Le Anh Ngoc at Ho Chi
Minh City University of Medicine and Pharmacy. Last, we thank
Nguyen Huong Que Hiep Dang at the University of Sydney for lan-
guage proofreading and editing prior to manuscript submission.

Financial support: This work was supported by Vietham’s Ministry of
Science and Technology (grant no. DPTDLCN.32/20). The American
Society of Tropical Medicine and Hygiene has waived the Open
Access fee for this article due to the ongoing COVID-19 pandemic
and has assisted with publication expenses.

Disclaimer: The findings and conclusions in this publication are those
of the authors and do not necessarily represent the official position
of the government of Vietnam, the Ministry of Health, and the Pasteur
Institute of Ho Chi Minh City.

Authors’ addresses: Hanh Hong Ho Nguyen, Training Center, Pasteur
Institute of Ho Chi Minh City, Ho Chi Minh City, Vietnam, School of
Medicine, Vietnam National University, Ho Chi Minh City, Vietnam, and
Viet-Anh Department, Hospital for Tropical Diseases, Ho Chi Minh
City, Vietnam, E-mail: honghanh.nguyenho@gmail.com. Quan Hoang
Nguyen, Manh Huy Dao, Hieu Trung Nguyen, Anh Hoang Nguyen, Dao
Thi Nhu Hoang, Loan Kim Hoang, Thang Minh Cao, and Loan Thi Kim
Huynh, Microbiology and Immunology Department, Pasteur Institute of
Ho Chi Minh City, Ho Chi Minh City, Vietnam, E-mails: hoangquan.
khtn@gmail.com, daohuymanh@gmail.com, nguyentrunghieu204@
yahoo.com, nguyen_hoang_anh84@yahoo.com, hoangnhudao74@
gmail.com, loanhk2002@yahoo.com, tminhcao@gmail.com, and
loanphuch64@gmail.com. Dung Thi Thuy Truong, Tu Ngoc Le, Thinh
Viet Nguyen, and Quang Chan Luong, Department for Disease
Control and Prevention, Pasteur Institute of Ho Chi Minh City, Ho Chi
Minh City, Vietnam, E-mails: truongthuydung1805@gmail.com,
lengoctu1105@gmail.com, vietthinh90@gmail.com, and Icq33new@
gmail.com. Tham Thi Tran, Blood Donation Centre of Ho Chi Minh
City, Ho Chi Minh City, Vietnam, E-mail: tham.ctd@gmail.com. Lan
Trong Phan and Thuong Vu Nguyen, Pasteur Institute of Ho Chi Minh
City, Ho Chi Minh City, Vietnam, E-mails: phantronglan@gmail.com
and nguyenthuong@yahoo.com. Quang Duy Pham, Training Center,
Pasteur Institute of Ho Chi Minh City, Ho Chi Minh City, Vietnam,
Planning Division, Pasteur Institute of Ho Chi Minh City, Ho Chi Minh
City, Vietnam, E-mail: duyquang.pham@gmail.com.

This is an open-access article distributed under the terms of the
Creative Commons Attribution (CC-BY) License, which permits unre-
stricted use, distribution, and reproduction in any medium, provided
the original author and source are credited.

REFERENCES

1. Fitzgerald DA, Wong GWK, 2020. COVID-19: a tale of two pan-
demics across the Asia Pacific region. Paediatr Respir Rev
35: 75-80.

2. Phan LT, Nguyen TV, Luong QC, Nguyen TV, Nguyen HT, Le
HQ, Nguyen TT, Cao TM, Pham QD, 2020. Importation and
human-to-human transmission of a novel coronavirus in Viet-
nam. N Engl J Med 382: 872-874.

3. Chau NVWV et al., 2021. Superspreading event of SARS-CoV-2
infection at a bar, Ho Chi Minh City, Vietnam. Emerg Infect
Dis 27: 310-314.

4. Vietnam Ministry of Health, 2021. Vietnam COVID-19 Updates.
Available at: https://ncov.moh.gov.vn/. Accessed March 2, 2021.

5. Chau NVV et al., 2021. Absence of SARS-CoV-2 antibodies in
health care workers of a tertiary referral hospital for COVID-19
in southern Vietnam. J Infect 82: e36—-e37.

6. Hasan T et al., 2021. Sero-prevalence of SARS-CoV-2 antibod-
ies in high-risk populations in Vietham. Int J Environ Res Pub-
lic Health 18: 6353.

7. World Health Organization, 2020. Population-Based Age-
Stratified ~Seroepidemiological Investigation Protocol for
Coronavirus 2019 (COVID-19) Infection. Available at: https://
apps.who.int/iris/handle/10665/332188. Accessed August 1,
2020.

8. Ho HL, Wang FY, Lee HR, Huang YL, Lai CL, Jen WC, Hsieh
SL, Chou TY, 2020. Seroprevalence of COVID-19 in Taiwan
revealed by testing anti-SARS-CoV-2 serological antibodies
on 14,765 hospital patients. Lancet Reg Health West Pac 3:
100041.

9. Noh JY et al., 2020. Seroprevalence of anti-SARS-CoV-2 antibod-
ies among outpatients in southwestern Seoul, Korea. J Korean
Med Sci 35: €311.

10. Pham QT et al., 2021. The first 100 days of SARS-CoV-2 con-
trol in Vietnam. Clin Infect Dis 72: e334-e342.

11. Nguyen TV et al.,, 2021. In the interest of public safety: rapid
response to the COVID-19 epidemic in Vietnam. BMJ Glob
Health 6: e004100.

12. Pham QD et al., 2021. Estimating and mitigating the risk of
COVID-19 epidemic rebound associated with reopening of
international borders in Vietham: a modelling study. Lancet
Glob Health 9: €916-€924.

13. Khoi DN, Trong Quan N, Thi Thao Nhi P, Nguyen VT, 2021.
Impact of climate change on precipitation extremes over Ho
Chi Minh City, Vietnam. Water 13: 120.

14. Vietnam Ministry of Health, 2021. Vietnam COVID-19 Updates.
Available at: https://covid19.gov.vn/. Accessed September
29, 2021.

15. Kucharski AJ, Klepac P, Conlan AJK, Kissler SM, Tang ML,
Fry H, Gog JR, Edmunds WJ, 2020. Effectiveness of isola-
tion, testing, contact tracing, and physical distancing on
reducing transmission of SARS-CoV-2 in different settings: a
mathematical modelling study. Lancet Infect Dis 20: 1151-
1160.

16. Aleta A et al., 2020. Modelling the impact of testing, contact
tracing and household quarantine on second waves of
COVID-19. Nat Hum Behav 4: 964-971.

17. Clapham H et al., 2020. Seroepidemiologic study designs for
determining SARS-COV-2 transmission and immunity. Emerg
Infect Dis 26: 1978-1986.

18. Lee WT et al., 2021. Neutralizing antibody responses in
COQOVID-19 convalescent sera. J Infect Dis 223: 47-55.

19. Mohit E, Rostami Z, Vahidi H, 2021. A comparative review of
immunoassays for COVID-19 detection. Expert Rev Clin
Immunol 17: 573-599.

20. Geurts van Kessel CH et al., 2020. An evaluation of COVID-19
serological assays informs future diagnostics and exposure
assessment. Nat Commun 11: 3436.


mailto:honghanh.nguyenho@gmail.com
mailto:hoangquan.khtn@gmail.com
mailto:hoangquan.khtn@gmail.com
mailto:daohuymanh@gmail.com
mailto:nguyentrunghieu204@yahoo.com
mailto:nguyentrunghieu204@yahoo.com
mailto:nguyen_hoang_anh84@yahoo.com
mailto:hoangnhudao74@gmail.com
mailto:hoangnhudao74@gmail.com
mailto:loanhk2002@yahoo.com
mailto:tminhcao@gmail.com
mailto:loanphuch64@gmail.com
mailto:truongthuydung1805@gmail.com
mailto:lengoctu1105@gmail.com
mailto:vietthinh90@gmail.com
mailto:lcq33new@gmail.com
mailto:lcq33new@gmail.com
mailto:tham.ctd@gmail.com
mailto:phantronglan@gmail.com
mailto:nguyenthuong@yahoo.com
mailto:duyquang.pham@gmail.com
https://creativecommons.org/licenses/by/4.0/
https://ncov.moh.gov.vn/
https://apps.who.int/iris/handle/10665/332188
https://apps.who.int/iris/handle/10665/332188
https://covid19.gov.vn/

	TF1
	TF2
	TF3
	TF4
	TF5

