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Abstract

A novel infectious respiratory disease was recognized in Wuhan (Hubei Province, China) in
December 2019. In February 2020, the disease was named “coronavirus disease 2019”
(COVID-19). COVID-19 became a pandemic in March 2020, and, since then, different coun-
tries have implemented a broad spectrum of policies. Thailand is considered to be among
the top countries in handling its first wave of the outbreak—12 January to 31 July 2020.
Here, we illustrate how Thailand tackled the COVID-19 outbreak, particularly the effects of
public health interventions on the epidemiological spread. This study shows how the avail-
able data from the outbreak can be analyzed and visualized to quantify the severity of the
outbreak, the effectiveness of the interventions, and the level of risk of allowed activities dur-
ing an easing of a “lockdown.” This study shows how a well-organized governmental appa-
ratus can overcome the havoc caused by a pandemic.

Introduction

A novel coronavirus disease is officially recognized in Wuhan, China, in December 2019 [1].
In February 2020, the disease is later named Coronavirus disease 2019 (COVID-19), which is
an emerging infectious disease caused by the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) [2]. After its first discovery, it had then swiftly spread globally. The World
Health Organization (WHO) declared the outbreak of a Public Health Emergency of
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International Concern on 30 January 2020, and a pandemic on 11 March 2020 [3]. The severity
of the outbreak across different countries varies significantly due to several factors, such as
timeliness and strength of state interventions, country healthcare readiness, and socioeco-
nomic considerations [4]. In this regard, Thailand has been widely praised for its handling of
the COVID-19 outbreak. In particular, it is ranked second for the Global COVID-19 Index
(GCI) and first in Asia as of 31 July 2020 [5]. The index is developed by PEMADU Associates,
in collaboration with the Ministry of Science and Innovations of Malaysia and the Sunway
Group. The WHO has also chosen Thailand and New Zealand to be featured in their upcom-
ing documentary as exemplary countries that have handled COVID-19 most successfully [6].

Since the initial report of cases in Wuhan city on 31 December 2019, the Ministry of Public
Health Thailand implemented measures for screening travellers from Wuhan city on 3 January
2020 at Suvarnabhumi Airport, Don Mueang, Phuket, and Chiang Mai airports by checking
their body temperature and respiratory symptoms. Enhanced surveillance at public and private
hospitals was also initiated. Thailand identified the first case on 12 January 2020 (officially
announced on 13 January 2020) [7, 8]. The case was a 61-year-old Chinese woman living in
Wuhan City, Hubei Province, China. On 5 January 2020, she developed fever with chills, sore
throat, and headache. On 8 January 2020, she took a direct flight to Bangkok from Wuhan
City. The febrile illness was detected on the same day by thermal surveillance at Suvarnabhumi
Airport, Bangkok, Thailand. She was transferred to the hospital for further investigations and
treatment. Clinical samples were tested positive for coronaviruses by reverse transcriptase-
polymerase chain reaction (RT-PCR) on 12 January 2020. The genomic sequencing analysis
confirmed that the patient was infected with the novel coronavirus (2019-nCoV) [9]. The
number of confirmed cases was still low throughout January and February 2020, during which
the confirmed cases were mostly from travellers who came from China or other countries [9].

In early March 2020, the number of confirmed cases from local transmission started to
increase rapidly. Several transmission clusters contributed to the increased number of con-
firmed cases in Thailand, the largest of which was at the entertainment venue and Thai boxing
stadium in Bangkok in early of March 2020 [9, 10].

In response to the escalating situation, on 12 March 2020, the Thai Government established
the Center for COVID-19 Situation Administration (CCSA) as a single command center to
ensure a coherent view of the situation and unambiguous communication to the public about
all related matters. (https://ddc.moph.go.th/viralpneumonia/eng/situation.php; https://ddc.
moph.go.th/viralpneumonia/im_commands.php).

On 18 March 2020, Thailand medical council declared a concerning statement and demon-
strated the first Thai statistical epidemiological model forecasting large outbreak scenarios and
their loads on the national healthcare capacity [9]. Since then, the Thai Government has offi-
cially implemented multiple disease-controlling and public health policies in response to the
COVID-19 situation in Thailand [9].

On 3 May 2020, after a week of a low number of daily confirmed cases, the CCSA
announced that Thailand was entering the Easing period and started rolling out policies to
relax restrictions and interventions implemented earlier.

On 31 July 2020, when the global cumulative COVID-19 infected and death cases were
1,710,6007 and 668,910 respectively [11], Thailand exited the first wave of COVID-19 outbreak
gracefully with the cumulative COVID-19 infected, and death cases being 3,310 and 58, respec-
tively. This success was a collaborative effort of all healthcare-related personnel and all Thais.
On the same day, Thailand’s confirmed case was ranked 107 of 213 countries affected by
COVID-19 [12].

In this study, the course of COVID-19 outbreak in Thailand is to be described and studied
together with the timeline of the Thai Government’s disease-controlling and public health
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policies that are needed to prepare for the outbreak scenarios. The objectives of this study are
the following: i) to report about Thailand’s public health interventions and the epidemiological
dynamics of COVID-19 therein during the first wave of the epidemic, and ii) to gather lessons
learned from the first wave. In particular, our approach and results are reminiscent of those
reported in [1] for Wuhan, China. Still, the contexts of that article and ours are different as the
nature of the outbreak (started endogenously and exogenously respectively), interventions,
and enforcement in the various cities in two different countries. One of our significant find-
ings is the power of the effective reproduction number to forecast the future course of the epi-
demic, thereby underlying its importance as a monitoring index that the Government could
use to increase the intervention strength at the right time to mitigate the potential surging of
the epidemic. Given how well Thailand has handled the first wave, we hope that the learned
lessons are useful for other countries, the general public, and Thailand itself during the second
wave if it were to occur.

Materials and methods
Data sources

This study used the medical records of laboratory-confirmed COVID-19 patients in Thailand
from 12 January 2020 to 31 July 2020. These medical records were retrieved from the Depart-
ment of Disease Control of Thailand website on 14 June 2020 [13]. The retrieved data set com-
prises age, sex, nationality, date of confirmed COVID-19-positive, location of onset, isolation,
and quarantine history. All data were fully anonymized before we accessed them. The informa-
tion about public health policies and critical events in this study was extracted from the CCSA,
and Thai Government official reports.

Definition of the first-wave period

We defined the first wave of COVID-19 outbreak in Thailand as the period from 12 January
2020, when the first imported case was identified (officially confirmed on 13 January) to 31
July 2020, one month from the beginning of the 5th easing period (see the easing periods sec-
tion) and the point at which Thailand had no local infectious report for 67 consecutive days.

Classification of the five time periods

In reflecting the dynamics of the first wave COVID-19 epidemic and its relationship to corre-
sponding interventions in Thailand, the first-wave period was classified into five epidemic
stages (Fig 1): (A) Early; (B) Spreading; (C) Intervention I; (D) Intervention II; (E) Easing.
This classification was based on critical events as well as public health interventions and poli-
cies (Fig 2).

The Early stage (A) started from 12 January to 5 March 2020. The first imported and local
cases were identified on 12 January and 31 January 2020, respectively. On 1 March 2020, Thai-
land had the first patient who died from COVID-19. During this stage, the total number of
COVID-19 cases was below 100 cases, and there was no strong public health intervention.
However, Thais were quite active in wearing facial masks due to the PM2.5 crisis during that
time.

The Spreading stage (B) was from 6-14 March 2020. This stage was a short period but con-
tained two “super-spreading” events in Bangkok: at the Lumpini boxing stadium on 6 March
2020 and an entertainment venue in the Thong Lo area on 9 March 2020. These events con-
tributed to the outbreak in Thailand [10]. After this stage, the number of total COVID-19 con-
firmed cases was higher than 100 cases, and Thailand entered the critical period of infectious
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Fig 1. Epidemic curve across five stages during the COVID-19 outbreak in Thailand.
https://doi.org/10.1371/journal.pone.0246274.9001

disease. The critical period (from 15 March to 14 April 2020 in the case of Thailand) is defined
as a 30-day duration from the first time at which the number of total confirmed cases is higher
than 100 cases [14]. It is believed to be an extremely crucial moment in combating an epidemic
because actions during this period dictate if the outbreak will be in or out of control.

The Intervention I stage (C), and Intervention II stage (D) were the stages that all Thais put
the people’s lives in front of everything. Several public health intervention policies were imple-
mented, and most people cooperated. The Intervention I stage started at the same time at the
beginning of the critical period and lasted until 2 April 2020. During this period, local and gov-
ernmental authorities focused on reducing and preventing all social-gathering activities. The
Lumpini boxing stadium and the entertainment venue in Thong Lo were closed down on 15
March 2020. The Songkran festival (Thai New Year)—a long holiday (similar to Christmas) in
which numerous people return home to reunite with their parents and loved ones—was

Boxing Stadium (Lumpini) Super Spreading (6 Mar)
Event Night Club (Thon Lo) Super Spreading (9 Mar)
Massive Migration Out of Bangkok (22 Mar)
Bangkok Shutdown (22 Mar)
No Alcohol Sale (12 Apr)
Nation:Wide Curfew (3 Apr — 15 Jun)

Banned allinternational fiights (6 Apr — 30 Jun)

(29 Feb)
Declared the Emergency Decree (26 Mar)

Easing Policies (3 May)

Mar)

Critical Period (15 Mar — 14 Apr)

11

Fig 2. Timeline of key events and public health interventions across the five stages of the COVID-19 epidemic in
Thailand.

https://doi.org/10.1371/journal.pone.0246274.g002
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canceled on 16 March 2020. Several public venues were closed down on 18 March 2020.
Finally, on 22 March 2020, the Bangkok mayor shut down the city, resulting in the suspension
of many jobs. Unfortunately, the leaked news of the shutdown led to a massive migration of
workforces in Bangkok back to their hometown just before the actual shutdown. This was the
key event that caused the outbreak to spread countrywide. Therefore, the Intervention II stage,
from 3 April to 2 May 2020, involved additional policies to control the route of transmission.
A nationwide curfew was implemented on 2 April 2020, and the Civil Aviation Authority of
Thailand (CAAT) banned all international flights to Thailand starting from 6 April 2020. A
mandatory state quarantine was established on 3 April 2020, for everyone traveling to Thai-
land. Alcohol sales were prohibited from 12 April 2020, throughout the Intervention II period
[10].

At the end of the critical period, public health intervention policies that local and Govern-
ment executed during the Intervention I and Intervention II stages were successful: the num-
ber of daily confirmed cases in Thailand returned to the same level before the critical period.
Therefore, Thailand entered the Easing stage (E) from 3 May to 31 July 2020. In this stage,
restrictions correlated to the lower infectious risk were lifted and observed for 14 days before
proceeding to the next level, which eased the policies with higher contagious risk. In addition,
we compared the trade-off of the two different COVID-19 handling approaches on health and
economics by selecting two neighbours in Scandinavian, Sweden, Denmark, and Thailand as
subjects of our analysis. Sweden has been one of the countries that adopt the herd immunity
strategy. In contrast, Denmark and Thailand have used lockdown and social distancing mea-
sures to limit local cases.

Outcomes

The number of daily confirmed cases is the total new laboratory-confirmed cases on a particu-
lar day. It is interesting to note that the Government initially used a stringent criterion for the
case to be confirmed, requiring each individual to be approved by the two assigned national
laboratories. Later, on 22 March 2020, the criterion was changed, and a new case was con-
firmed using just one national laboratory result, instead of two [15].

Statistical analysis and data visualization

Unless specified otherwise, all the data clean up, transformation, and calculation were done
using R and Python languages. The epidemic curves were generated by Tableau software.
Tables and Annotations on Figures were done using Apple Keynote and Microsoft Excel.

We follow the general statistical framework by Cori et. al. [16] to estimate the effective
reproduction number at day ¢ (R,) and its credible band of all epidemic stages [16]. Under this
framework, the number of infected cases at day ¢ (I;) is assumed to have a Poisson distribution
with the rate of R, (3., I, ,w,) where w,’s are weights derived from the serial interval distribu-
tion of the disease. Moreover, in this study, the serial interval distribution was assumed to be
gamma distribution with a mean and standard deviation of 7.5 and 3.4 days, respectively, as
described by Pan et al. [1], where they also applied the framework precisely to the COVID-19
epidemic in Wuhan, China. Under the Bayesian framework, the gamma distribution is used as
a prior distribution for the effective reproduction number where the obtained posterior distri-
bution will be used to estimate the effective reproduction number at time ¢ (R;) and its credible
band (see the supplementary of Cori et al. [16] for more detail).

We applied the mentioned methodology on the data from Thailand (country-level) and the
two hotspot provinces: Bangkok (the capital city) and Phuket. The estimates of the effective
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reproduction numbers and their 95% credible bands and daily laboratory-confirmed cases in
the respective regions are shown.

The Thailand geographic spread maps were created using the Quantum Geographic Infor-
mation System (QGIS). The data were separated into five epidemic stages (A-E). After that,
each dataset was plotted geographically using QGIS.

The state and local quarantine cases from the daily confirmed cases were excluded when
producing the reproduction number, the Thailand demographic maps, and the characteristics
of daily new confirmed COVID-19 cases to highlight local transmission of the disease. The
state and local quarantine cases only appear only in the epidemic curves.

Results and discussion
Data characteristics

The characteristics of new daily confirmed COVID-19 cases across the five epidemic stages in
Thailand are shown in Table 1. The average daily number of confirmed cases was highest dur-
ing the Intervention I stage (1739). In the Intervention II stage, the average daily number of
confirmed cases declined to 967. Table 1 shows that most of the cases were in the age groups
20-29 years and 30-39 years, and there was no apparent association with sex.

Geographic spread and new confirmed cases

This section reports Thailand’s geographic information for the average daily number of con-
firmed cases. Fig 3 shows how COVID-19 spread across the country in five epidemic stages. In
the Early stage, the COVID-19 was mostly limited to Bangkok (Fig 3A), in which the average
daily number of confirmed cases was less than 1.

SARS-CoV-2 started to spread across Bangkok’s border during the Spreading stage (Fig
3B). The highest average daily number of confirmed cases, found in Bangkok, was less than 10.

Table 1. Characteristics of daily new confirmed COVID-19 cases across the five epidemic stages in Thailand.

Characteristics

Total
Sex (%)
Male

Female

Age group (%)

0-19
20-29
30-39
40-49
50-59
60-69
70-79
> 80
N/A

Tested
population

https://doi.org/10.1371/journal.pone.0246274.t001

Early

COVID-19 epidemic stages Total

Spreading Intervention I Intervention II Easing

12 Jan 2020-5 Mar 2020 | 6 Mar 2020-14 Mar 2020 | 15 Mar 2020-2 Apr 2020 | 3 Apr 2020-2 May 2020 | 3 May 2020-31 July 2020

46

26 (57)

20 (43)

3(7)
9 (20)
12 (26)
4(9)
5(11)
9 (10)

4(9)

0(0)

N/A

35 1793 967 31 2872
17 (49) 1024 (57) 442 (46) 17 (55) 1526
(53)
18 (51) 769 (43) 525 (54) 14 (45) 1346
(47)
2(6) 69 (4) 74 (8) 3 (10) 151 (5)
8(23) 488 (27) 227 (23) 7(23) 739 (26)
15 (43) 451 (25) 226 (23) 4(13) 708 (25)
8(23) 332 (19) 183 (19) 9 (29) 536 (19)
1(3) 249 (14) 140 (14) 6 (19) 401 (14)
1(3) 132 (7) 72 (7) 0(0) 214 (7)
0 (0) 51 (3) 26 (3) 1(3) 82 (3)
0 (0) 11 (1) 12 (1) 1(3) 24 (1)
10 (1) 7 (1) 17 (1)
N/A N/A 149875 381747 531622
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Fig 3. Geographic spread of the average daily number of confirmed cases in the five epidemic stages of COVID-19
in Thailand. (A) Early stage (B) Spreading stage (C) Intervention I stage (D) Intervention II stage (E) Easing stage.

https://doi.org/10.1371/journal.pone.0246274.9003

In the Intervention I stage (Fig 3C), COVID-19 swiftly spread nationwide mainly due to a
massive migration back home after the Bangkok shutdown on 22 March 2020. During this
stage, the highest average daily number of confirmed cases, found in Bangkok, was 54.83. The
average daily number of confirmed cases in Nonthaburi, Phuket, Samutprakan, Chonburi,
Pattani, Yala, Chiangmai, Songkhla, and Pathumthani was 5.67, 4.78, 4.44, 2.56, 2.56, 2.22,
1.89, 1.39 and 1.22 cases per day, respectively. In contrast, only 14 of 77 provinces had no cases
in this epidemic stage.

In the Intervention II stage, the public health interventions seemed to be successful, and the
infectious rate declined and became stable (Fig 3D). Bangkok had the highest average daily
number of confirmed cases (14.79). Only six provinces (Phuket, Yala, Nonthaburi, Chonburi,
Samutprakan, and Pattani) had the average daily number of confirmed cases between 1 to 10.

Lastly, in the Easing stage, the average daily number of confirmed cases dropped to zero
almost nationwide (Fig 3E). The new confirmed cases came from nine provinces: Ang Thong,
Bungkan, Chainat, Kamphaengphet, Nan, Pichit, Ranong, Singburi, and Trat.

Effective reproduction number

The effective reproduction number or R, is the expected number of secondary subjects infected
by a primary subject at day ¢. It is commonly used to measure the transmission level of infec-
tious disease [16]. In this study, using the framework mentioned in the earlier section, the
available data on the confirmed cases at country-level and selected province-level were used to
estimate the effective reproduction numbers (R/’s) and their 95% credible bands, as shown by
the red curves and bands, respectively in Fig 4. For the province-level results, we selected two
hotspot provinces for the outbreak: Bangkok and Phuket. (Real-time results for Thailand and
all available provinces can be found on Thailand COVID-19 R, Tracker website: https://thai-
covid19.live.) It is important to note that the limitations of the data used in the estimation
reflected the reliability of the results. The main limitations were (i) a delay in time at which the
cases were recorded and confirmed from the actual onset time of disease; (ii) a considerably
small number of confirmed cases, especially at the province level.
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The results from Thailand (Fig 4A), Bangkok (Fig 4B), and Phuket (Fig 4C) were similar in

overall trends and patterns. More specifically, the results for Thailand and Bangkok were

almost identical because most of the confirmed cases in Thailand were from Bangkok, particu-

larly in the Early and Spreading stages. On the other hand, the R, plot for Phuket in Fig 4C

seems to be at a higher level with a broader credible band compared to Thailand’s and Bang-
koKk’s R, plot. Due to a considerably smaller number of confirmed cases in Phuket, the esti-

mated effective reproductive numbers and its credible band may be less reliable and more

conservative than those for Thailand and Bangkok.

In the Early stage, the R, plots for Thailand, Bangkok, and Phuket showed instability (some-
what randomly up and down) with the daily confirmed cases less than 5 cases per day. These

unstable or random trends with very few confirmed cases per day were due to the fact that this

was the Early stage when people were starting to become infected.

In the Spreading stage, all R, plots in Fig 4 show some steep increasing trends, especially for
Thailand and Bangkok. There was a bit of a delay in the increasing trend in the R, plot for Phu-
ket. Once again, these increasing trends of R, plots collaborated the fact that this period was

the Spreading stage of the disease, in which there was a massive increase in the number of

infected cases.

In the Intervention I and II stages, all R, plots showed decreasing trends, supporting the

notion that the interventions were effective in preventing the transmission of the disease.
More specifically, the R plots in the Intervention I stage decreased faster than those in the

Intervention II stage. This observation is consistent with the objective of the Intervention I
stage, which is to stop and contain the outbreak as fast as possible, whereas the objective of the

Intervention II stage was only to keep the outbreak under control.
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It can be seen that we can use the trend of the R, plot and the number of daily confirmed
cases in order to identify the stages of the disease outbreak. With more accurate and contem-
porary real-time data, R, plot can be used as a monitoring and policy-decision-making tool.

The Thai healthcare system for COVID-19 patients

The clinical criteria for suspicious cases of COVID-19 in Thailand as of 27 February 2020
were: body temperature higher than 37.5°C; cough; rhinorrhea; sore throat; dyspnea or diffi-
culty in breathing; pneumonia of undetermined cause or a cluster of acute respiratory tract
infections of undetermined cause. Anosmia was appended to the list of suspect symptoms on 1
May 2020.

The clinical criteria were considered in conjunction with epidemiological criteria: (i) associ-
ation with the active areas of COVID-19 transmission (a history of traveling to the areas, or a
family member returning from the areas); (ii) in close contact with international travellers or
anyone (especially healthcare-related personnel) who was in close contact with a confirmed
case within 14 days before symptom onset.

People suspected of having COVID-19 were tested to find SARS-CoV-2 RNA in their clini-
cal specimens. Asymptomatic or symptomatic close contact with a confirmed case of COVID-
19 was asked to visit a hospital for a nasopharyngeal-swab test for SARS-CoV-2 RNA. It was
mandatory for all SARS-CoV-2 positive patients, regardless of their symptoms, to stay in hos-
pital. People who were asymptomatic or who had mild symptoms were admitted and usually
spent 2-7 days in a single isolation room or a cohort ward. Confirmed cases with mild symp-
toms and comorbidities, or confirmed cases with pneumonia, could not be discharged before
full recovery and SARS-CoV-2 negative.

Following hospital discharge, they were mandated to stay in a designated hostel, namely
"hospital,” until 14 days after symptom onset or when their swab results were SARS-CoV-2
negative at least two consecutive times.

Unlike some countries such as South Korea and Vietnam that already have some built-in
healthcare capacity thanks to the past SARS outbreak in 2003, Thailand only had 6 cases of
SARS in 2003. However, in terms of hospital bed capacities, the government had deployed hos-
pitels (hotels repurposed as special hospitals) for cohort wards and keeping recovered patients
for extra 14 days. It had also prepared some military forts to be used as field hospitals, but they
ended up not being used. In terms of COVID-19 diagnostic laboratory testing capacity, the
Ministry of Public Health anticipated the drastic increase in the demand at the beginning of
the pandemic and began preparing surge capacity. In March 2020, the Department of Medical
Science announced the policy to establish one lab in every province to report results within 24
hours through the project "one province-one laboratory-one day reporting" [17]. Eventually,
197 laboratories for COVID-19 diagnosis, including government and private sectors, had been
established in July 2020. In total, 888,758 specimens were tested as of 4 September 2020,
accounting for approximately 13,345 tests per million population. This number is higher than
that observed in Japan [18]. In addition to the number of tests performed per day, the number
of tests conducted per confirmed case should also be compared. When a small number of tests
are conducted per each confirmed case, it suggests that not enough tests are carried out to
monitor the outbreak’s size properly. The average number of tests for each confirmed case in
Thailand as of 15 October 2020 is 243.2. This number was ranked among the top 5 countries
globally, suggesting that Thailand implements a widespread testing policy [19].

The primary health care (PHC) system played a major role in controlling the spread of the
COVID-19 virus. It might be one of the key contributing factors that differentiate Thailand
from some countries implementing similar public health interventions. Over the past 40 plus
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years, Thailand’s primary health care (PHC) system has been developed to serve the national
population from 37 million in 1970 to 69 million in 2019. The Universal Coverage Scheme
(UCS) implemented since 2002 allows all Thais to easily access healthcare services. Today, the
PHC has a very well developed network that connects to every sub-district through health-pro-
moting hospitals (HPH) and then further connects deeply to the household level by a network
of village health volunteers (VHV).

Village Health Volunteer (VHVs) is well-established and became one of the essential factors
to help control the COVID-19 outbreak in Thailand. Thai Government manages 1,040,000
Village Health Volunteers (VHVs) across the country plus 15,000 public health volunteers in
Bangkok.

VHYVs are local people in respective areas, and after receiving training, each volunteer looks
after 10-15 households, often home to the bedridden, the disabled, and the elderly. Being local,
VHVs generally gain trust from villagers and, therefore, perfect for collaborators’ role. VHVs help
coordinate among the local community, local Government, health-promoting hospital, and work-
ing alongside the family medicine team. Therefore, VHVSs give PHC an ear on the ground to hear
people’s problems and suggestions. They are a direct channel for a central authority to deliver
news, campaigns, and health-related items. VHV's have spread out across the country to promote
public health education, deliver medicines to Noncommunicable diseases (NCDs) patients so that
they can stay at home, and make reports to public health authorities.

In light of the COVID-19 outbreak, during the Early and Super-Spreading stages, VHV's
have been a key instrument for promoting related public health policies and providing essen-
tial supplies, such as facial masks, face shields, biohazard bags, and alcohol gel. Contributing
significantly to the outbreak control, during the Intervention I and II stages, VHV's visited
more than 11 million households (3.3 million households from 2 March 2020 to 26 March
2020, and 8 million households from 27 March 2020 to 11 April 2020) to help facilitate case
finding efforts.

We believe that these measures, imposed for every patient, and VHVs’ network contributed
greatly to the excellent outcome of handling the COVID-19 outbreak in Thailand.

Effect of public health interventions and key events

The super-spreading clusters at the Lumpini boxing stadium on 6 March 2020 and the enter-
tainment venue in Thong Lo on 9 March 2020 were the two most important contributors to
spreading COVID-19 in Thailand. The pinnacle of this outbreak, 188 confirmed cases on 22
March 2020, was approximately 14 days after the two super-spreading events.

In handling the outbreak, two critical executive decisions played a major part during the
Intervention I stage to get Thailand past the outbreak peak before the end of the critical period.
At the end of the critical period (14 April 2020), the number of daily confirmed cases was 33,
whereas 32 cases were at the beginning.

The first important decision was enforcement of a set of policies to reduce and prohibit
social gatherings. From 15 to 22 March, the Thai Government and Local Governments can-
celed the Thai New Year (Songkran Festival), in which people gather, roam around, and splash
water on each other. The Lumpini boxing stadium, cinemas, sports clubs/complexes, depart-
ment stores, seated restaurants, and most public-gathering places were closed. The crucial
decisions were to: establish an emergency-response mechanism by declaring the COVID-19 as
a dangerous communicable disease under the Communicable Diseases Act; declaring the state
of emergency; creating the CCSA to respond to the situation promptly; making all communi-
cations coherent; gathering all expert advice; fighting the outbreak based on a holistic view of
the situation.
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A couple of surges on the number of daily confirmed cases—138 and 141 cases on 29 and
30 March respectively and 108 cases (42 cases in the state quarantine) on 8 April 2020—may
be linked to a southern Muslim pilgrimage defying health advisories and took part in the trip
amid the outbreak. The official confirmed a spreading of the COVID-19 virus during the reli-
gious ceremony in Dawah, Indonesia. On 15 March 2020, the Thai Government started
searching for 132 high COVID-19 infectious risk people returning from Dawah. This search
was approximately 14 days before the surges on 29 and 30 March 2020. On 6 April 2020, a
group of 42 Thais returned from Dawah, and a spike of 108 cases was documented on 8 April
2020.

In the Intervention II stage, policies to control the transmission route (nationwide curfew;
banning of all international flights and mandatory state quarantine for all in-bound passen-
gers) were introduced to reduce the frequency of contact and prevent SARS-CoV-2 from
spreading to Thailand. At the end of the Intervention II stage, the number of daily confirmed
cases was stable and very low. After Thailand had the number of daily confirmed cases below
10 cases for seven consecutive days, the Thai Government announced the Easing stage and
began relaxing restrictions imposed during the Intervention I and II stages.

As a positive side-effect, the changes in human behavior (awareness in handwashing, facial
mask-wearing, and social distancing) during the COVID-19 outbreak may contribute to the
decreased transmission of other respiratory tract infections, such as influenza [10].

Easing periods

After the number of daily confirmed cases was lower than 10 cases for seven consecutive days,
the Thai Government started to relax the public health policies.

The Easing stage is from 3 May 2020 to 31 July 2020, where the restrictions corresponding
to the lower infectious risk were lifted and observed for 14 days before proceeding to the next
level, which eased the policies related to a higher infectious risk. The Easing stage was classified
into five easing phases, and Thailand was in the fifth easing phase by the end of the first wave.

Fig 5 showed five easing phases. The first Easing phase had locally confirmed cases almost
every day, and the highest number of cases was on 11 May 2020, which had 6 cases. The aver-
age of the locally confirmed cases in the first and second Easing phases were 1.57 and 0.6 cases,
respectively. It can be seen that the locally confirmed cases declined to zero in the late of the
second Easing phase. The number of locally confirmed cases was never reported again during
the third, fourth, and fifth Easing phases.

Thai Government declared an easing state in five phases starting from 3 May to 31 July 2020
[20]. Each phase consisted of activities [20] shown in Table 2. The results showed that each eas-
ing phase had a different risk score, scale from 1 to 9, modified from the Texas Medical Associa-
tion [21]. The average risk scores ranged from 3.44 to 7.75, depending on the activities in each
phase. The Easing phase I had the lowest risk scores followed by phases II, III, IV, and V.

Economic impacts

In retrospect of some previous studies comparing the effect of the different spectrum of inten-
sity of interventions on different countries, it would seem that Thailand has chosen the right
approach of adopting the most vigorous interventions as soon as possible to quickly control
the COVID-19 epidemic before alleviating them after having the disease under control. How-
ever, at what cost Thailand paid for it, as far as the economy is concerned. Our discussion here
meant to scratch the surface on this question.

To understand the trade-off of the two different COVID-19 handling approaches on health
and economics, we select two neighbours in Scandinavia: Sweden, and Denmark, as subjects
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Fig 5. Thailand’s daily confirmed cases during the Easing stage (3 May to 31 July 2020).
https://doi.org/10.1371/journal.pone.0246274.9005

of our analysis. On the one hand, Sweden chose to intervene lightly to avoid severe impacts on
the economy and believe that eventually, the herd immunity will kick in and stop the spread-
ing. There was almost no lockdown nor closure of business, restaurants, and bars in Sweden.
On the other hand, Denmark adopted all necessary measures to contain the outbreak at all
costs. Almost all businesses and other places are closed down, and social distancing is applied
wherever possible.

After all, we observe that these two approaches yield a similar projection on the Gross
Domestic Product (GDP) as shown in Table 3. Although Sweden’s economics seem to be
slightly better than Denmark in the first quarter of 2020, 0.1 percent versus -2.1 percent,
respectively, the International Money Fund (IMF) predicts the GDP of Sweden and Denmark
for the entire 2020 as -6.8 and -6.5 percent respectively. In addition, IMF predicts the unem-
ployment rate, another key measure on economics, of Sweden and Denmark for the entire
2020 as 10.1 (increased from 6.8% in 2019) and 6.5 (increased from 5% in 2019) percent,
respectively.

However, as reported in Table 4 the impacts on public health of the two approaches are
enormous. As of 31 July 2020, the total number of confirmed COVID-19 infected cases in Swe-
den and Denmark are 7,931.27 and 2,369.57 cases per million populations (more than 3.3
times difference). The total number of deaths due to coronavirus in Sweden is 568.26 deaths
per million population, whereas the death in Denmark on the same day is 106.18 deaths per
million. Essentially, Sweden has more than five times higher mortality rate than Denmark. In
the short run, the strict public intervention policies seem to be in favor; however, the impacts,
in the long run, will remain to be seen.

Thailand also strictly practiced social distancing and lockdown, and the IMF predicts the
GDP of the entire 2020 to -6.7 percent. As of 31 July 2020, the total number of confirmed
COVID-19 infected cases in Thailand is 47.42 cases per million populations. Moreover, the
total confirmed COVID-19 deaths on 31 July 2020 is 0.83 deaths per million people, which is
among the world’s lowest mortality rates. The interesting question is, while Thailand seems to
be doing very well with the lockdown policy, how the global pandemic situation affects some
key sectors, such as tourism, which is among the main contributions to Thailand’s GDP,
remains to be answered, especially if the second wave of COVID-19 hit Thailand.
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Table 2. Easing phases, activities and risk scores for COVID-19 in Thailand.

Easing Phase
Start Date
Curfew

Economic and lifestyle
recommendations (risk
score)

Exercising and Health
recommendations (risk
score)

Others

Average risk score

Phase I
3 May 2020
22:00-04:00

« Opening of restaurants (takeaway
only) (2)

« Opening essential stores in a mall
)

« Grocery shopping (3)

« Opening of hair salons or barber
shops (only haircut and hair wash,
appointment only) (4)

« Unlocking access to health
services previously restricted
during the peak of the outbreak
(i.e., elective surgery, non-urgent
follow-up visit) (4)

« Opening of golf courses (3)

« Outdoor stadium opening (3)

« Opening of public parks and
stadiums (3)

« Opening of pet shops (4)

« No teaching or gathering at any
educational institution.

« No air transportation

« State quarantine for foreign
entrants

3.44

https://doi.org/10.1371/journal.pone.0246274.1002

Phase II Phase III
17 May 2020 1 June 2020
23:00-03:00
« Opening of « Opening of malls (5)
restaurants « Opening convention
(excluding pubs and | centers (< 20,000 m2
bars) (4) areas) (5)

« Opening of malls
(some departments
until 20:00) (5)

« Opening of all
retail and wholesale
stores (4)

« Opening welfare
centers (stay
overnight) (6)
Movie crews (<50
members) (5)

« Opening
convention centers
(limited
participants) (5)

» Opening of beauty
clinics (no face
service) (7)

« Selective opening
of fitness centers
(outside malls) (6)
« Selective opening
of indoor stadiums
(7)

« Opening libraries
and museums (4)

« Close cattle and
fish fight stadiums
and similar venues

5.3

« Opening of amulet
shops and fairs (5)

« Opening of salons and
barbershops
(appointment and no
waiting in situ) (5)

« Opening of child
development centers (6)

« Opening of beauty
clinics/salons and
tattooing/piercing shops
@)

« Opening of health
establishments (no
sauna) (7)

« Opening of the fitness
center (no sauna) (8)

« Opening of boxing
gyms (9)

« Opening of sports
training stadiums (9)

« Opening of bowling
lanes and skateboard/
rollerblade playgrounds
(®)

« Opening of dance
schools (7)

« Opening of pools and
waterparks (7)

« Opening of cinemas
and theaters (< 200
patrons) (7)

« Opening of zoos (6)

« Allowing teaching at an
educational institution
with 15 days limit

6.73

Phase IV Phase V
15 June 2020 29 June 2020
No curfew
« Opening of concerts and | « The full opening of
cinemas (9) educational
« Opening of restaurants institutions and all
with alcohol allowed buildings (6)

(except pubs, bars, and
karaoke shops) (8)

« Opening of daycare and
welfare centers (6)

Movie crews (<150
members and 50 observers)
(6)

« Opening of game centers

%

« Allowance of SPA, Thai
massages (except for
massage parlors) (8)

« Allowance of outdoor
group exercises (8)

« Opening of waterparks,
theme parks and
playgrounds (except for hi-
touch amusements) (8)

« Allowance of sports
competitions in stadiums
with no spectators (7)

« The full opening of
educational institutions
« Regulations for public
transportation across
provinces

« Relating persons must
conform strictly to
preventive measures

7.44

« Full opening pubs,
bars and karaoke
shops (9)

» Opening game
centers and internet
cafes (7)

« Opening massage
parlors (9)

7.75

To substantiate our observations, we looked into Vietnam, another country from the same
region as Thailand, that adopted a strict approach to control the spreading of the COVID-19
virus. Vietnam reported the first COVID-19 case on 23 January 2020, about 11 days after the
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Table 3. Gross domestic product and unemployment rate in Sweden and Denmark.

Country Gross Domestic Product (%) Unemployments (%)**
Present Projections Present Projections
2019 2020Q1* 2020Q2* 2020Q3* 2020Q4" 2020 2019 2020 2021
Sweden 1.2 0.1 -9.1 1.9 1.7 -6.8 6.8 10.1 8.9
Denmark 2.4 -2.1 -8.6 39 3.0 -6.5 5.0 6.5 6.0
Thailand 24 N/A N/A N/A N/A -6.7 1.1 1.1 1.1
Vietnam 7.0 N/A N/A N/A N/A 2.7 2.2 N/A N/A

Sources: IMF [22]
*Europa [23].

** National definitions of unemployment may differ.

https://doi.org/10.1371/journal.pone.0246274.1003

first case in Thailand, and exited the first wave with a total of 381 cases on 15 July 2020 when
there was no locally transmitted case for two months. In May 2020, Vietnam entered the easing
stage, re-opened schools, and universities from 4 May 2020, and completely restored domestic
flights on 29 May 2020 [26]. The success story of Vietnam has been credited to a prompt and
strict intervention approach, including a well-developed public health system, a strong central
government, mobility restrictions, social distance and gathering bans, and a proactive contain-
ment strategy based on comprehensive testing, tracing, and quarantining.

The price that Vietnam pays for adopting a strict intervention was relatively low in terms of
economic and health impacts. The IMF predicts the GDP of the entire 2020 to be 2.7 percent,
which is higher than the -6.7 percent prediction for Thailand. This is partly due to the Thai-
land’s economic condition before COVID-19 and the fact that Thailand relies heavily on the
tourism inflows. The Thailand tourism sector is an essential segment of the economy, account-
ing for 19.7 percent of GDP (8.8 percent in Vietnam case), according to recent estimates by
the World Travel and Tourism Council (WTTC) [27]. As of 31 July 2020, the total number of
confirmed COVID-19 cases in Vietnam was only 5.23 cases per million populations. More-
over, the total number of COVID-19 deaths on 31 July 2020 is 0.03 deaths per million people.

In essence, thus far, both approaches to handling the COVID-19 outbreak seem to bear
similar impacts on the economy; however, adopting more potent public health interventions
leads to more survival. Please note that even though we use two key economic indicators
(GDP and unemployment rate) to quantify the impacts on the economy briefly, our discussion
is not to replace a thorough investigation of the economic impact.

Discussion and conclusion

Among the top destinations of tourists from Wuhan is Thailand. Thailand was among the first
countries outside China to find COVID-19 cases. Nevertheless, Thailand exited the first wave

Table 4. Infected cases and deaths caused by COVID-19 in Sweden, Denmark and Thailand on 31 July 2020.

Country Infected cases™ (per million people) Deaths** (per million people)
Sweden 7931.27 568.26
Denmark 2369.57 106.18
Thailand 47.42 0.83
Vietnam 523 0.03
Sources

*Our world in data: Total confirmed COVID-19 cases per million people [24].
**Our world in data: Total confirmed COVID-19 deaths per million people [25].

https://doi.org/10.1371/journal.pone.0246274.t1004
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of the COVID-19 outbreak in less than six months, with 3,072 recoveries (about 96.15%) out
of 3,195 infectious cases, including stage quarantine cases.

We detailed how Thais counteracted the threat of the COVID-19 pandemic and their sacri-
fices. Apart from the two super-spreading events, as Bangkok was shut down without a
national-level plan to handle outward mobilization, a massive migration of labour force back
to their hometowns was triggered, spreading COVID-19 nationwide. Nevertheless, at an early
stage of the pandemic, Thais responded cooperatively with personal-hygiene and protection
guidelines. In the later stage of the pandemic, Thais cooperated enthusiastically with physical
distancing and policies disallowing social gatherings. Most of the public and private sectors
transitioned to a work-from-home environment. These norms helped to reduce the chances of
infection considerably.

The Thai Government had a significant role in the initial stage of the crisis. In particular, it
established the CCSA to oversee overall problems holistically, facilitate the integration of all
related bodies, and ensure consistent and unambiguous communications. Despite unavoidable
mistakes (such as its inability to stop the massive migration that happened two weeks after its
inception), the CCSA learned from its mistakes, adapted, improved, and became more effec-
tive afterward. The Thai Government will continue to have a significant role in managing the
pandemic.

Unquestionably, Thailand’s healthcare system as a whole and especially: (i) the Universal
Coverage Scheme (UCS) that provides all Thais easy access to healthcare services; (ii) the pri-
mary health care (PHC) that connects deeply to the household level through the help of village
health volunteers is an indispensable part of this fight against the COVID-19 spreading. PHC
facilitates the delivery of all the government policies, interventions, and help to the grass-root
level efficiently.

Thailand’s success in controlling the spreading of the COVID-19 virus during the first wave
may be attributed to some notable factors. First, some aspects of the Thai culture might play
an important role: non-contact greeting and Thais’ cooperativeness in mask-wearing and
other hygienic recommendations compared to some other countries. In particular, According
to YouGOV/Imperial College of London surveys from 30 March 2020 to 27 April 2020, the
surveys showed that 95% and 89% of Thais always wear masks in public places and use hand
sanitizer, respectively, which are ranked first place in ASEAN [28]. However, authorities used
some measures that forced people to cooperate as well. For example, the curfew measures were
implemented under the Emergency Decree announcement and listing COVID-19 in the Com-
municable Disease Act. Thai police deployed check-points to enforce the curfew. The curfew
time varied somewhat according to the situation: 10 pm-4 am in most cases. (Please see
Table 2 for more details) The penalty for violation is imprisonment for up to 2 years or a fine
of up to 40,000 Bahts or both.

Moreover, Thailand is equipped with the existing country-wide network of village health
volunteers deployed to rural areas to conduct surveys, track, test, and isolate citizens after mas-
sive migration. Other essential factors are elevated awareness and non-contact culture. In addi-
tion to these factors, the government also implements another policy to keep recovered
patients at special venues such as hospitels (hotels temporarily utilized as special hospitals) for
14 days after symptom onset. Essentially, the government’s holistic approach to handling the
situation and the strength of the healthcare personnel and system also contributed critically to
this success.

In terms of observation on the economic impact, trying to intervene slightly can slow down
the GDP to decline momentarily. Using herd immunity or lockdown approaches to handle the
COVID-19 outbreak seem to bear similar impacts on the economy; however, adopting more
potent public health interventions leads to more survival. Having realized the disastrous
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impact such interventions would have on the economy and to encourage acceptability, the
government put forth several jurisdictional tax measures and government reliefs in response
to COVID-19. These include direct and indirect tax measures such as payment deferrals, rate
reductions; employment-related measures such as Liquidity boosting for labor in affected
industries, Social Security Contributions, Liquidity boosting for Entrepreneurs, SME Loan
Restructuring, and so forth; and other economic and stimulus measures (For more informa-
tion, please see [29]).

Finally, there were social consequences due to measures imposed during the first wave of
the COVID-19 outbreak in Thailand. Changes in lifestyle such as work from home, limited
travel, and social gathering prohibition could induce stress. Looking at the suicide rate in Thai-
land in 2020 during the first wave, January 2020 to July 2020, the average weekly suicide
attempt was 183, approximately 52% increases from 2019, where the average weekly suicide
attempt was 120. During the outbreak’s peak, from the spreading stage to the intervention II
stage, 6 May to 2 May 2020, the average weekly suicide attempt was 187, approximately 47%
increases from 2019, where the average weekly suicide attempt was 127. During the first wave,
the suicide attempt rate in 2020 (from 2019) increased by about 8% faster than the incremental
from 2018 to 2019, 44%. [30] In fact, several factors contribute to the suicide rate. Therefore, it
requires a comprehensive study to quantify the effect of COVID-19 on the suicide rate and
other social impacts. We leave this as a potential future work.

If the second wave of the COVID-19 outbreak hits Thailand, the Thai Government needs
practical tools for preventive policy planning. These tools should be data-driven, in real-time,
and aid decision-making rapidly. We used some of these data-driven tools to form visual and
measurement analytics (Figs 3 and 4 and Table 2). We plan to utilize these tools or develop
new data-driven tools with good predictive power to help tackle a second outbreak of COVID-
19 in Thailand.
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