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ARTICLE INFO ABSTRACT
Article history: Background: In 2020 Lao PDR had low reported COVID-19 cases but it was unclear whether this masked
Received 16 April 2021 silent transmission. A seroprevalence study was done August - September 2020 to determine SARS-CoV-2

Revised 24 May 2021
Accepted 6 June 2021
Available online 14 July 2021 Methods: Participants were from the general community (n=2433) or healthcare workers (n=666) in five

provinces and bat/wildlife contacts (n=74) were from Vientiane province. ELISAs detected anti- SARS-
CoV-2 Nucleoprotein (N; n=3173 tested) and Spike (S; n=1417 tested) antibodies. Double-positive samples
were checked by IgM/IgG rapid tests. Controls were confirmed COVID-19 cases (n=15) and pre-COVID-19
samples (n=265). Seroprevalence for the general community was weighted to account for complex survey
sample design, age and sex.

Findings: In pre-COVID-19 samples, 5-3%, [95% Cl=3-1-8.7%] were anti-N antibody single-positive and
1.1% [0-3-3-5%] were anti-S antibody single positive. None were double positive. Anti-N and anti-S anti-
bodies were detected in 5-2% [4-2-6-5%] and 2-1% [1-1-3.9%] of the general community, 2-0% [1-1-3-3%]
and 1-4% [0-5-3.7%] of healthcare workers and 20-3% [12-6-31-0%] and 6-8% [2-8-15-3%] of bat/wildlife
contacts. 0-1% [0-02-0-3%] were double positive for anti-N and anti-S antibodies (rapid test negative).

exposure.

Interpretation: We find no evidence for significant SARS-CoV-2 circulation in Lao PDR before September
2020. This likely results from early decisive measures taken by the government, social behavior, and low
population density. High anti-N [low anti-S seroprevalence in bat/wildlife contacts may indicate exposure
to cross-reactive animal coronaviruses with threat of emerging novel viruses.
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Research in context

Evidence before this study

We searched PubMed for research published up until 20th
May 2021, using the terms “SARS-CoV-2" or “COVID-19” and
“Laos” or “Lao People’s Democratic Republic”. We found no
previous SARS-CoV-2 seroprevalence studies from Lao PDR. In
2020, a time when many countries in the region and world-
wide were struggling with a huge burden of COVID-19 cases,
the Lao People’s Democratic Republic (PDR) stood out as a
country with low reported numbers of SARS-CoV-2 infec-
tions.

Added value of this study

In order to address whether or not there was an unseen
circulation of SARS-CoV-2 within the Lao PDR in 2020, we
carried out a seroprevalence study for anti-SARS-CoV-2 an-
tibodies. Within our study population, only two out of 3173
were seropositive for both anti-N and anti-S SARS-CoV-2 an-
tibodies. However, these participants were antibody rapid test
negative. These extremely low numbers confirm that there
was no widespread circulation of SARS-CoV-2 in Lao PDR.
Nevertheless, a high prevalence of anti-N antibodies, particu-
larly in individuals with close contact to bats (20-3%), coupled
with low anti-S antibody seroprevalence, may indicate expo-
sure to other alpha or beta coronaviruses within Lao PDR.

Implications of all the available evidence

Several factors may have contributed to the low number
of COVID-19 cases in Lao PDR. The early, decisive action by
the Government of Lao PDR is likely to have had a significant
impact. As such, a three-month long lock-down was imple-
mented on March 23, 2020, including shutting of schools and
entertainment venues. International flights have since been
greatly limited, and all international visitors must provide a
SARS-CoV-2 negative test result prior to entry and quaran-
tine for 14 days upon arrival. Societal and epidemiological
factors may also be important, including low population den-
sity. Nevertheless, Lao PDR remains vulnerable, with a large
number of susceptible individuals and a limited capacity for
care and treatment. This was underlined by an outbreak of
cases in mid-April 2021, believed to originate from illegal mi-
grants crossing the border from Thailand. Evidence for signif-
icant exposure of bat/wildlife contacts to coronaviruses re-
minds us that the threat of emergence of novel viral pan-
demics is always present in the region. In the short term, the
Government of Lao PDR needs to balance the strict control
of international visitors with a need to open up the coun-
try again, for example by considering large vaccination cam-
paigns, vaccine passports or by forming travel corridors with
other countries where the situation is similarly controlled. In
the longer term, as Lao PDR opens up to greater numbers of
visitors, a strategy is needed to increase sustainable surveil-
lance for COVID-19 and other infectious diseases and to in-
crease biosafety and appropriate personal protective mea-
sures among at-risk populations including wildlife contacts.

1. Introduction

In December 2019, severe acute respiratory syndrome coron-
avirus 2 (SARS-CoV-2; the causative agent of COVID-19) emerged in
Wuhan, China [1]. The virus spread worldwide and World Health
Organization (WHO) characterized the COVID-19 outbreak as a
pandemic on March 11*h, 2020. In the middle of May 2021, there
were more than 160, 000,000 confirmed cases recorded by the
WHO, including more than 3,400,000 deaths [2].
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Lao People’s Democratic Republic (PDR) is a land-locked, de-
veloping country of more than seven million people bordering
China, Myanmar, Thailand, Cambodia and Vietnam. The capacity
of the healthcare system in Lao PDR is limited, with only 17666
healthcare staff working at health facilities in 2016, equivalent
to 2.68/1000 inhabitants [3]. Furthermore, a large proportion of
the country has limited access to healthcare facilities and the di-
agnostic and surveillance capacity is low for many diseases. As
with other developing countries, a significant outbreak of COVID-
19 could have devastating consequences on the fragile healthcare
infrastructure. This concern, together with the close proximity to
China and relatively porous borders, led to the establishment of a
national task force committee on the 3" of February 2020, led by
the Deputy Prime-Minister and Minister for Finance and supported
by a Secretariat headed by the Vice Minister for Health. In the mid-
dle of March 2020, the task force implemented restrictions at the
country level such as school closure (until May 2020) and a lock-
down was implemented the 20 of March until the 3" of May.
Domestic flights were cancelled until May 15, and a restriction on
most international flights is ongoing [4].

From January 2020, testing for COVID-19, as recommended by
WHO guidelines, was conducted on nasopharyngeal and oropha-
ryngeal swabs using real-time reverse transcription polymerase
chain reaction (RT-PCR). This testing was done on suspected cases
- those with symptoms including fever and at least one of the fol-
lowing: cough, runny nose, sore throat, shortness of breath or dif-
ficulty to breath - and their contacts [5,6]. Travelers into and out
of Lao PDR are also tested by the same technique and a 14-day
quarantine is imposed on all arrivals.

As of the middle of 2021, almost 230,000 samples have been
tested. These include all new arrivals into the country, in addition
to symptomatic individuals who have close contact with people
coming from endemic countries or with confirmed cases. Although
the first case of COVID-19 in Lao PDR was confirmed early - on
March 24, 2020 - there were less than 60 SARS-CoV-2 positive con-
firmed cases in total and no recorded COVID-19-related deaths by
mid-April 2021, which increased rapidly to around 1800 cases and
2 deaths by mid-May [7]. Until mid-April, just over half of con-
firmed cases were imported (from Thailand, the United Kingdom,
Papua New Guinea, Japan, Russia, India and Malaysia) but subse-
quently, low-level community transmission became the main route
of infection. The low number of cases contrasts with those of sev-
eral southeast Asian countries such as Myanmar, Indonesia, Thai-
land and the Philippines, and is among the lowest proportionally
worldwide [8].

The low number of confirmed COVID-19 cases could largely be
due to the strict control measures set in place by the Lao Govern-
ment. Another reason could be the relatively low population den-
sity limiting the spread of the virus or the young age structure of
the population; 51% are under 24 years old and less than 7% over
60 [9]. This young population may allow mild or asymptomatic in-
fections (approximately 80% of COVID-19 cases) to go undetected
[10-12]. This is particularly relevant in the context of countries,
such as Lao PDR, where routine disease surveillance is challenging
[13].

Healthcare workers are a particular risk group who may come
into contact with COVID-19 patients. Importantly, the seropreva-
lence of anti-SARS-CoV-2 antibodies within the healthcare settings
can offer insight into the effectiveness of infection prevention and
control measures [14-18]. Another potential risk group for infec-
tion are individuals in close contact with wildlife including bats,
one of the natural reservoirs of coronaviruses, possibly including
SARS-CoV-2 or its progenitor [19,20]. The large diversity of bat
species in Lao PDR and the geographical closeness of the Hubei
province in China where SARS-CoV-2 was first detected suggest
that such viruses could naturally circulate in Lao PDR.
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Figure 1. Map of Lao PDR showing study locations.

In this context, the seroprevalence of antibodies against SARS-
CoV-2 is a crucial indicator of virus exposure and can guide pre-
vention measures. Recent studies have demonstrated an hetero-
geneous anti-SARS-CoV-2 seroprevalence depending on the loca-
tion [10,21-24] and serological studies can indicate the circulation
of SARS-CoV-2 in the absence of detection by routine surveillance
[25].

Thus, the aim of this study was to determine the seroprevalence
of anti-SARS-CoV-2 antibodies in the general population, health-
care workers, and individuals with close contact to bats/wildlife in
Lao PDR, late 2020.

2. Methods
2.1. Participants

Three cross-sectional seroprevalence surveys were conducted in
parallel from August to September 2020: a population-based sur-
vey and two sub-surveys focusing on two high-risk groups: health-
care workers and guano-collectors, wildlife traders and people in
close contacts with bats.

For the population-based survey and the healthcare work-
ers survey, five provinces were selected: Vientiane Capital,
two provinces in the North-Luang-Prabang, Oudomxay and two
provinces in the South -Savanakhet and Champassak (Figure 1).

2.2. Sample size calculation

The study was designed in March 2020, at a time when little
was known about the spread of the SARS-CoV-2 in Lao PDR and
neighboring countries.

In order to facilitate the recruitment of participants and to max-
imize the chances of obtaining a representative sample of the age
structure of the population, it was decided to use a cluster sam-
pling design in which all members of a selected household were
invited to participate. The study was carried out in three “regions”:
Vientiane Capital, the North and the South. The sample size was
calculated for each region. We considered a prevalence of 1% of
SARS-CoV-2-specific antibodies in the general population, with a
precision of 1% at a 95% confidence level. Assuming an overall de-
sign effect of two to account for the variance inflation due to cor-
relations among residents in the same household and anticipating
a 75% response rate, 900 participants were targeted in each region.
For the Northern and Southern regions, two provinces were se-
lected in each with a sample size of 450 participants per province.

For the high-risk groups, we aimed to recruit around 900
healthcare workers in the three regions and 100 bat/wildlife con-
tacts in Vientiane Province.

In order to establish the cut-off values and validate the anti-N
and anti-S ELISAs, 265 pre-COVID-19 samples were tested. These
samples were collected as part of a separate hospital-based seros-
tudy in the South of Lao PDR in 2018 (ethics approval number
NECHR018/2017). In addition, serum from 15 confirmed SARS-CoV-



S. Virachith, V. Pommelet, E. Calvez et al.

2 patients from Lao PDR, collected between four and nine weeks
after diagnosis and ten longitudinal samples from one patient (di-
agnosed in France and living in Lao PDR) were used after consent
was obtained.

2.3. Participant recruitment

Participants of the population-based survey were selected using
a multistage cluster sampling design to select households in the
five provinces. In each province, districts were randomly selected
and considered as strata. In each district, villages were then ran-
domly selected using probability-proportional-to-size (PPS) sam-
pling method using official lists of villages based on the popula-
tion data from the 2015 census [26]. A fixed number of households
were then randomly selected in each village and in each house-
hold; all inhabitants aged five and above were invited to partic-
ipate. If a designated village could not be reached due to obsta-
cles such as inaccessibility during the rainy season, the nearest vil-
lage accessible was selected as an alternative. In Vientiane Capital,
four districts were randomly selected, then nine villages were se-
lected using the PPS method and six households were randomly
selected. In the four other provinces, three districts were selected
per province; six villages and five households of each village were
selected (see sample size calculation).

In Vientiane Capital, the survey focusing on healthcare workers
was conducted in four central hospitals (three major public referral
hospitals and one major military hospital) and in two district hos-
pitals. In the four other provinces, only healthcare workers working
in the provincial hospitals were included. All staff assigned to ded-
icated COVID-19 teams were invited to participate -including clini-
cal and non-clinical staff (e.g administrative staff, drivers, cleaners
etc). In central and provincial hospitals, nurses, doctors and lab-
technicians working in emergency departments (ER), outpatient
departments (OPD), intensive care units (ICU), infectious disease
departments, inpatient departments (IPD) and paediatric depart-
ments were randomly selected maintaining the nurses to doctors
ratio in each department. In the two district hospitals, staff work-
ing in the OPD and ER were randomly selected.

Four villages in Feung District, Vientiane province, were visited
in September 2020. The villages were selected as they are locations
where the profession of bat guano collecting - for selling as fer-
tilizer - is common. Villagers who had contact with bats or other
wildlife were informed about the study by the head of their village
and invited to participate.

Surveyors visited households after informing local health au-
thorities and obtaining the authorisation from head of each vil-
lage. Healthcare workers were recruited in their working site. Af-
ter obtaining both oral and written informed consent, participants
answered a series of questions regarding their socio-demographic
characteristics, history of symptoms compatible with COVID-19
(e.g. fever, chills, respiratory symptoms, digestive symptoms, anos-
mia or agueusia), known contact with a confirmed or suspected
case of COVID-19 and knowledge and practices regarding COVID-
19 prevention measures. Specific questions were asked to health-
care workers about their risk of exposure and utilization of per-
sonal protective equipment (PPE). People in close contacts with
bats were asked specific questions about their exposure to bats.
The answers were recorded directly on tablets using Kobotoolbox®
and anonymized data were saved on a secure server at the Institut
Pasteur du Laos.

After completion of the questionnaire, 5mL of whole blood was
collected into dry collection tubes and allowed to clot. Serum was
separated by centrifugation and stored at 4°C for a maximum of
seven days until storage at -80°C.
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2.4. Antibody detection

SARS-CoV-2-specific anti-nucleocapsid (N) and anti-spike (S)
antibodies were detected by ELISA as previously described [27].
96-well plates (ThermoFisher MaxiSorp 439454) were coated with
1pg/mL of N or S recombinant proteins (Institut Pasteur, Paris) in
PBS (Sigma Aldrich, pH 7-4) and incubated overnight at 4°C. Plates
were washed three times with 300uL of PBS/Tween (0-1%). Sera
diluted 1:200 in PBS/Tween/milk (3%) were incubated in dupli-
cate in their respective wells for 75 minutes at 37°C. After washing
with PBS/Tween, the plates were incubated with HRP-labeled anti-
human Ig (SouthernBiotech 2010-05) at 1:4000 for 75 minutes at
37°C. After washing, 100uL of chromogenic substrate TMB (Sera
Care 5120-0047) was added and incubated for 10 minutes in the
dark at room temperature. Finally, 100uL of 1M H3PO,4 was added
and the absorbance determined at 450nm with the reference at
620nm.

IgM/IgG rapid tests (BioMedomics, Morrisville, USA) were done
according to manufacturer’s instructions. These tests are reported
by the manufacturer to have sensitivity and specificity of 100% and
approximately 99%, respectively.

2.5. Calculation of cut-off and testing algorithm

Due to the low expected seroprevalence in Lao PDR, cut-offs of
95% and 99% were calculated against anti-N and S antibodies, re-
spectively using our data from pre-COVID-19 samples. These cut-
offs were also confirmed to be appropriate for defining seropositive
results in the longitudinal serology from the French patient and,
furthermore, are in accordance with previous studies [27,28]. We
considered any samples that were positive in the ELISA for both
anti-N and anti-S to be SARS-CoV-2 previous infected if they were
also rapid test positive.

All samples were tested for anti-N antibodies. Due to reagent
limitations, anti-S antibodies were only tested in the following
samples; all anti-N antibody positive samples; all bat/wildlife con-
tacts; randomly selected 1061 samples from the general population
and 282 samples from the healthcare worker group.

2.6. Statistical analysis

Baseline characteristics of participants were described sepa-
rately for each group (general population, healthcare workers and
people in close contacts with bats/wildlife). The seroprevalence of
SARS-CoV-2-specific antibodies was first estimated as crude fre-
quencies of positive tests, by age and sex, as a proportion of the
total sample size for the general population. Prevalence in groups
and categories were compared using Fisher exact, Pearson chi
square or Kruskall-Wallis non-parametric test when appropriate.
For the community-based survey, anti-N and anti-S antibody sero-
prevalence were then weighted to account for the complex survey
sample design and for age and sex, using the 2015 population and
household census in Lao PDR. Seroprevalence data are expressed as
percentage and 95% confidence intervals (CI). All statistical analy-
ses were done with STATA software (version 14) or GraphPad Prism
8 (GraphPad Software, LLC). Given the different selection methods
of the three sub-populations, statistical comparison of seropreva-
lence between them was not indicated.

2.7. Ethics approval

The study protocol was approved by all participating insti-
tutes and by the Lao National Ethics Committee for Health
Research (NECHR) (Ref #052/2020). Oral and written informed
consent was obtained from people aged 15 years and older.
Parental consent was taken for children aged between 5 and
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Table 1
Characteristics of study participants
Pre-COVID-19 Community- Healthcare Bat/wildlife Total n (%)
n (%) based n workers n (%) contacts n (%)
(%)
Age
< 18 years 119 (44.9) 233 (9-6) - 5(6-8) 357 (10-4)
19-40 years 80 (30-2) 849 (34.9) 448 (67-3) 30 (40-5) 1407 (40.9)
41-60 years 49 (18:5) 1000 (40-1) 217 (32-6) 28 (37-8) 1294 (37-6)
> 60 years 17 (6-4) 351 (14-4) 1(0-1) 11 (14.9) 380 (11-1)
Sex
Female 129 (48.7) 1414 (58-1) 518 (77-8) 39 (52-7) 2100 (61-1)
Male 136 (51-3) 1019 (41.9) 148 (22-2) 35 (47-3) 1338 (38.9)
Province
Vientiane Capital - 746 (30-7) 410 (61-6) - 1156 (33:6)
Luangprabang - 465 (19-1) 47 (9:2) - 512 (14.9)
Oudomxay - 396 (16-3) 31 (46) - 427 (12-4)
Savanakhet - 412 (16-9) 106 (15-9) - 518 (15-1)
Champassak - 414 (17.0) 72 (10-8) - 486 (14-1)
Vientiane Province - - - 74 (100) 74 (2-2)
Saravan Province 265 - - - 265 (7-7)
Travel outside of Lao PDR since - 101 (4-1) 42 (6:3) 4 (5.4) 147 (4-3)
December 2019? -
Thailand - 87 (3-6) 29 (44) 3(41) 119 (3-5)
China/Vietnam/Korea - 11 (0.5) 12 (1.8) 1(14) 24 (0-7)
Total 265 2433 666 74

*

Missing country of travel for 4 participants

11 years, and assent from children aged between 12 and 14
years in addition to parental consent, before the survey [29].
Given the uncertainties concerning the duration of the detec-
tion of SARS-CoV-2 antibodies and the correlates of protection,
it was decided that individual results of the antibody testing
would not be given to participants to avoid misinterpretation. The
full study proposal can be found at https://www.pasteur.la/static/
COVID-19serostudyinLaoPDREnglishProposal.docx.

Role of the funding source The main funding was received from
Agence Francaise de Développement (AFD), with additional sup-
port from Institut Pasteur du Laos, Institute Pasteur, Paris and Lux-
embourg Ministry of Foreign and European Affairs (“PaReCIDS II”
grant).

The funders had no role in the study design, implementation or
interpretation.

3. Results
3.1. Characteristics of participants

A total of 3173 participants were recruited between the 12t of
August and the 25t of September 2020. This consisted of partici-
pants from the general population (n=2433; mean age 42.-6 years
(range 5-55) and healthcare workers (n=666; mean age 36-8 years
(range 20-65)) from two Northern, one Central and two South-
ern provinces (Table 1 and Figure 1). Seventy-four serum samples
were collected from bat/wildlife contacts; 12 bat guano collectors,
five wildlife animal vendors and 57 bat contacts, catchers, or bat
guano collectors’ families in Vientiane Province (mean age 43-5
years (range 17-86)).

1593 individuals were unavailable for the study due to reasons
such as “working” or “at school” and were therefore replaced by
other randomized participants from the same location. Only two
healthcare workers and six people from the community-based co-
hort refused to participate in the study due to fear of needles and
unwillingness to answer questions.

3.2. Anti-N and anti-S antibody serology

3.2.1. Calculation of cut-offs and assay validation

Cut-offs of 95% and 99% were set for defining anti-N and S an-
tibody seropositivity, using pre-COVID-19 samples taken from indi-
viduals in the South of Lao PDR in 2018. Thus, 14/265 (5-3% [3-1-
8.7%]) pre-COVID-19 samples were positive for anti-N antibodies.
Three pre-COVID-19 samples were positive for anti-S antibodies
(1-1% [0-3-3-5%]). No pre-COVID-19 samples were double-positive
for anti-N and anti-S antibodies and 3 double-negative samples
(1-1%) were anti-SARS-CoV-2 IgM positive (1-1%) and one IgG pos-
itive (0-4%) by rapid test. Longitudinal samples from the French
confirmed case with mild symptoms showed double-positive N
and S antibody seropositivity and were rapid test positive until
at least 21 weeks post diagnosis despite a decline in ELISA OD
(Figure 2). Samples from confirmed COVID-19 cases identified by
the national COVID-19 surveillance in Lao PDR (n=15) were all
double-positive for anti N- and S-antibodies and rapid test positive
(Figure 3 and Supplementary Figure 1).

3.3. Participant serology data

In the participant samples from 2020, anti-N antibodies were
detected in only 131/2433 (5-2% [4-2-6-5%]) of the general popula-
tion, 13/666 (2-0% [1-3-3-3%]) of the healthcare workers but 15/74
(20-3% [12-6-31-0%]) of the bat/wildlife contacts (Figure 3 and Sup-
plementary Figure 1).

Only 3/159 (1-9% [0-6-5-7%]) of the anti-N antibody positive
samples were positive by rapid test (one IgM single positive and
two IgM/IgG double positive). These samples were all anti-S an-
tibody negative and therefore they were not considered as true
“COVID-19 cases”.

Due to limited reagents, anti-S antibody ELISAs were done on a
smaller selection of participants (n=1417), including all anti-N an-
tibody positive participants and all bat/wildlife contacts plus a ran-
domly selected sample from the general population and healthcare
workers. Anti-S antibodies were detected in only 19/1061 (2-1%
[1-1-3-9%]) of the general population, 4/282 (1-4% [0-3-3-7%]) of the
healthcare workers and 5/74 (6-8% [2-8-15-3%]) of the bat/wildlife
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Figure 2. Longitudinal anti-N and anti-S antibody serology. Data represent mean of duplicate results from a COVID-19 positive individual (diagnosed in France, end of August
2020). 11 samples were obtained from the end of September 2020 until early February 2021.

Table 2
N-protein seroprevalence and associated variables

Cohort Community-based Healthcare workers
Sample S-ELISA Crude Weighted’ OR Sample S-ELISA Crude OR
tested, n  positive,n seroprevalence seroprevalence %, tested, n  positive,n seroprevalence
%,95%CI 95%CI %,95%CI
Total 1061 19 1.8 (1.1-2.8) 2.1 (1.1-3.9) 282 4 14 (0.5-3.7)
Age
< 18 years 95 0 0 - -
19-40 years 382 6 1.6 (0.7-3.4) 1.9 (0.7-4.7) - 181 3 1.7 (0-5-5.0) NA
41-60 years 435 8 1.8 (0.9-3-6) 1.5 (0.7-3.4) 1.5 (0-5-4.3)* 101 1 1.0 (0-1-6-8)
> 60 years 149 5 3.4 (1.4-7-8) 4.5 (1-8-10-8) 2.7 (0-8-9-1)* 0 0
Sex
Female 601 10 1.7 (0.9-3.0) 1.5 (0.7-3.3) - 209 4 1.9 (0.7-5.0) NA
Male 460 9 2.0 (1.0-3.7) 2.6 (1-2-5.9) 2 (0-5-2.9) 73 0
Travel history
Yes 32 0 - - NA 17 1 5.9 (0-8-33-6) -
No 1029 19 1.8 (1.1-2-8) 22 (1.2-4.0) 265 3 1 (0-4-25) 02 (0:02-1.9)
Province
Vientiane Capital 318 3 0 (0-3-2-9) 3(0-3-5-6) - 176 2 1-1 (0-3-4.5) NA
Luangprabang 196 4 0(0-7-5-2) 4 (0-6-8-7) 1 (0-5-9.7) 23 1 4.3 (0-6-26-2)
Oudomxay 170 4 3 (0-9-6-0) 9 (0-6-6-0) 5(0-5-11-2) 12 0
Savanakhet 181 4 2 (0-8-5-6) 7 (0-8-8-8) 3(0-5-10-5) 31 0
Champassak 180 4 2 (0-8-5-6) 0(1.0-8-8) 3(0-5-10-5) 40 1 2.5 (0-3-16-2)

Vientiane Province -

Weighted by age, sex and complex sample design
OR was calculated after creating new age-groups (< 40; 41-60; >60)

>

contacts. Only two out of all 2020 participant samples (2/3173;
0-1%) were double-positive for both anti-N and anti-S antibod-
ies (Figure 4). These two samples were from the general popula-
tion and were negative by anti-SARS-CoV-2 IgM/IgG rapid test and
therefore also considered unlikely to be true “COVID-19 cases”.

Only one of the anti-S antibody positive samples from the 2020
participants was rapid test positive (IgG). This participant was a
bat/wildlife contact (anti-N antibody negative) aged 74 years. He
had worked previously as a guano collector in caves. Two mem-
bers of his family tested negative for anti-N and anti-S antibodies
although his daughter had travelled to Thailand five months previ-
ously.

Within the general population, anti-N antibody positive status
increased with age from 4.2% before 18 years to 9-3% above 60
years (p<0-0001, using score test for trend of odds). No other pa-
rameters were associated with anti-N or S antibody status in any
cohort (Tables 2 and 3 and Supplementary Table 1).

4. Discussion

In this study, performed in Lao PDR from August until Septem-
ber 2020, the seroprevalence of anti-SARS-CoV-2 antibodies in the

general population and healthcare workers was extremely low.
These data likely reflect the low incidence of COVID-19 within the
country and are in agreement with the few confirmed cases in
2020 and low reported rates of hospitalisation of patients with
respiratory illnesses in Lao PDR [7]. Low seroprevalence in the
general population in Lao PDR, 2020 is similar to studies from
other countries in southeast Asia where COVID-19 cases were low
[30] and in contrast to high incidence countries [31]. Healthcare
workers are particularly at risk of infection and our data show-
ing low seroprevalence are again in agreement with studies from
countries with low reported COVID-19 cases [32-34], and in con-
trast to higher seroprevalence in countries with higher incidence
of confirmed COVID-19 cases, including in East Asia [35].

Why has Lao PDR remained largely free of COVID-19, in con-
trast to many other countries? The answer is likely a combination
of several factors. Firstly, the Government of Lao PDR implemented
a robust control of visitors from outside the country, starting in
March 2020. This included greatly restricting the number of com-
mercial flights, and the requirement of all visitors to have proof of
a negative SARS-CoV-2 RT-PCR test within the previous 72 hours,
a negative test upon arrival, and to undertake a 14-day quarantine
upon arrival. Even before such measures, Lao PDR had a relatively
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Figure 3. a. Anti-N antibodies b. Anti-S antibodies. Data show average of duplicate OD values for each sample. The dotted line represents the OD of 95% cut-off for anti-N
antibodies and 99% cut-off for anti-S antibodies, established from the pre-COVID-19 samples. The solid lines represent the median OD.

small number of international arrivals and, additionally, the land
border point-of-entries are mostly connected to low-density areas
of neighbouring countries. In addition, the rapid and decisive re-
sponse of the Government of Lao PDR and other countries in the
Lower Mekong region perhaps reflects a greater preparedness for
pandemic outbreaks, born out of experience with SARS-CoV-1 in
2002-2003 and several avian influenza outbreaks in recent years
[36,37].

An association between low population density and reduced
COVID-19 incidence has been shown in some studies but not oth-

ers [38-40]. Thus, even though the population is not evenly dis-
tributed throughout the country, the low population density in Lao
PDR -approximately 32 people per km? [41] - may have played
some role in limiting the spread of COVID-19 to date. In addition,
as younger people are more likely to be asymptomatic, the young
age structure of the population may have reduced the number of
symptomatic cases and disease-associated mortality [12]. The lack
of a mass-transit system could be another factor.

We cannot discount that some cultural or societal factors played
a role. Physical contact may be lower in Lao PDR, for example,
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Figure 4. Relationship between anti-N and anti-S antibody amounts. Points show mean OD of individual samples from the general population, healthcare workers, and
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Table 3
S-protein seroprevalence and associated variables

Cohort Community-based Healthcare workers
Sample N-ELISA Crude seropreva- Weighted' OR Sample N-ELISA Crude OR
size, n positive, n lence%,95%CI seroprevalence %, size, n positive, n seropreva-
95%CI lence%,95%CI
Total 2433 131 5.4 (4-5-6-3) 5.2 (4-2-6.5) 666 13 1.9 (1.1-3.3)
Age
< 18 years 233 9 3.9 (2.0-7-3) 4.2 (2-0-8-4) - -
19-40 years 849 31 3.6 (2-6-5-1) 3.6 (2-4-5-4) 0-9 (0-4-2.0) 448 10 22 (1.2-4-1) NA
41-60 years 1 60 6-0 (4.7-7-6) 6-6 (5-0-8:6) 1.6 (0-8-3.2) 217 3 1.4 (0-4-4.2)
> 60 years 351 31 8-8 (6-2-12.3) 9.3 (6-4-13-4) 24 (1-1-5-2)* 1 0 -
Sex
Female 1414 69 4.9 (3.9-6-1) 4.6 (3-4-6-2) - 518 8 1.5 (0-8-3.1) 22(0-7-6.9)
Male 1019 62 6-1 (4-8-7-3) 5.8 (4-2-7.9) 1.2 (0.9-1-8) 148 5 3.4 (1.4-7-9)
Travel history
No 2332 128 5.4 (4-6-6-4) 5.5 (4-4-6.9) - 624 13 2.1 (1.2-3:6) NA
Yes 101 3 3.0 (0-9-8-8) 1.2 (0:3-4.2) 0-5 (0-2-1.7) 42 0 -
Province
Vientiane Capital 746 36 4.8 (3-5-6-6) 4.9 (3.3-7-2) - 410 10 24 (1.3-4.5) NA
Luangprabang 465 25 5.4 (3-6-7-8) 62 (3:7-10-2) 1-1 (0-6-1.9) 47 0 -
Oudomxay 396 21 5.3 (3-5-8.0) 5.5 (3-2-9:2) 1-1 (0-6-1.9) 31 0 -
Savanakhet 412 27 6-6 (4-5-9-3) 5.7 (3-4-9-4) 1-1 (0-6-1.9) 106 2 2-8 (0-7-10-5)
Champassak 414 22 5.3 (3:5-7.9) 4.8 (2.9-8.0) 1.4 (0-8-2.3) 72 1 09 (0-1-6-4)

Vientiane Province -

weighted by age, sex and complex survey design
p>0.0001 score test for trend of odds

*

shaking hands is not common and hand-holding in public is rare,
while wearing of face-masks is often practiced. Lastly, it has been
speculated that climate may have some role in the spread of SAR-
CoV-2, with spread being limited in warmer and more humid envi-
ronments [10]. However, this is unlikely to have made a significant
impact in Lao PDR, given the high rates of infection in countries
with similar climates.

N and S proteins from SARS-CoV-2 have been shown to be
highly immunogenic, with anti-S antibodies being more specific
[28,42-44]. In our study, pre-COVID-19 controls from 2018 had
anti-N and anti-S antibody seroprevalence of 5-3% and 1-1%, re-
spectively, with none seropositive for both although three (1.1%)

were positive by rapid test. Seroprevalence studies in France ob-
served similar pre-COVID-19 levels of anti-SARS-CoV-2 [42,44],
likely representing cross-reaction with non-SARS-CoV-2 coron-
aviruses. In the 2020 study participants, we found that there were
only 159/3173 (5-0%) seropositive for anti-N antibodies and only
28/1417 (2-0%) were seropositive for anti-S antibodies. Only two
participants (0-1%) were double-seropositive for anti-S and -N anti-
bodies. These participants were negative by IgM/IgG rapid test and
likely represent false positives as the prevalence was similar to the
pre-COVID-19 controls. Some of the “single-positives” may reflect
true cross-reactivity with other unknown or seasonal alpha- and
beta- coronaviruses such as HKU1, NL63, 0C43 and 229E [23,44].
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Notably, it is thought that most pre-existing cross-reactive anti-
bodies do not confer protection against SARS-CoV-2 [43]. Although
a prior infection with SARS-CoV-1, the causative agent of SARS,
may confer cross-reactivity to SARS-CoV-2 due to neutralizing ac-
tivity of antibodies against the highly homologous Receptor Bind-
ing Domain [43,44], such instances are probably insignificant in
Lao PDR [45]. It is nevertheless possible that exposure to other
coronaviruses occurs in Lao PDR given the frequent trade in bush
meat and low biosafety awareness [46]. Indeed, it has been shown
that bats and rodents from Lao PDR and bordering countries can
be infected with a diverse array of alpha- and beta- coronaviruses
including SARS-CoV-2-like viruses [47-51]. The participants in our
study who had frequent contact with bats or other wildlife had
high anti-N antibody seroprevalence. Also, one bat/wildlife contact
whose daughter had been to Thailand five months previously was
anti-S antibody positive, anti-N antibody negative and rapid test
(IgG) positive. This could be due to exposure to coronaviruses from
wildlife although we have no control group from the same loca-
tion, and anti-S antibodies are thought to be less cross-reactive
than anti-N antibodies. Neutralisation assays were not performed
on these samples and it remains possible that there was a lo-
calized COVID-19 outbreak in this population. Therefore, in addi-
tion to coronavirus detection and typing among the bats and other
wildlife populations, these particular populations deserve further
studies.

Anti-SARS-CoV-2 antibodies in mild cases are thought to be lost
rapidly - up to 20% of such cases in neighbouring Thailand were
shown to be seronegative within two weeks after onset of symp-
toms [52]. It is therefore possible that some of the participants in
the current study were infected with SARS-CoV-2 and did not se-
roconvert or had lost antibodies by the time of the study. How-
ever, similar to other studies [28,44], longitudinal samples from
one patient who was infected in late August 2020 and presented
only mild symptoms were seropositive for anti-N antibody until
at least week 21 after diagnosis and longer for anti-S antibodies.
Furthermore, the participant recruitment was done in August and
September, 2020- only 4-5 months after the first COVID-19 case
was identified in Lao PDR. Therefore, we believe that the majority
of COVID-19 infected individuals would still have detectable anti-
SARS-CoV-2 antibodies.

The main limitation of this study was that only five of the 18
Lao provinces were purposively selected. However, these provinces
were selected due to a perceived high risk of SARS-CoV-2 introduc-
tion (international flight arrivals into Luang Prabang and Vientiane
Capital, large numbers of Chinese migrant workers in Oudomxay,
and migrant workers returning to Lao PDR from Thailand in Cham-
passack and Savannakhet). Nevertheless, it is possible that we
missed areas where SARS-CoV-2 virus entered e.g. from neigh-
bouring countries in the North. Therefore, our data should not
be extrapolated nationwide. Other limitations included the non-
representative nature of the age structure of the sampled popu-
lation, although we controlled for this by weighting the results ac-
cording to the Lao census data. Lastly, clarification regarding the
cross-reactive nature of the few anti-N and anti-S antibodies de-
tected in participants and pre-COVID-19 samples could be deter-
mined by neutralisation assays, which were not available to us at
the time of the study. Despite these caveats, we believe that it is
highly unlikely that the results would change in any meaningful
way given the sample size and the three different tests used.

In summary, our data indicate that Lao PDR remained largely
free of COVID-19, at least until late 2020. The Government of Lao
PDR should be commended on the swift and decisive action taken
to reduce the risk of SARS-CoV-2 introduction into the country.
Nevertheless, Lao PDR remains at risk of virus introduction, either
from neighboring countries or further afield. The borders cannot
remain closed indefinitely and therefore other measures need to
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be strengthened such as active surveillance, vaccination of at-risk
groups and vaccination status checks at points of entry. This was
underlined by the importation of COVID-19 from Thailand follow-
ing illegal entrants, resulting in an increase in cases in May 2021.
With the rapid development and opening up of the country, such
as the imminent launch of the high-speed rail system connecting
China, Lao PDR and Thailand, this is as pertinent as ever. Lastly, the
high seroprevalence of anti-N antibodies in bat/wildlife contacts in
Lao PDR is a stark reminder that the threat of emergence of future
pandemics is real and that steps need to be taken to mitigate and
prepare for them.
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