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Background: A novel coronavirus was identified at the end of 2019 in Wuhan City,
China. Later, it was named as coronavirus disease 2019 (COVID-19) and declared
a pandemic in March 2020. Saudi and global health agencies have provided various
COVID-19 knowledge tools and facts to the general public. Therefore, this study aims to
assess COVID-19 knowledge among the general public in Saudi Arabia at the early stages
of the pandemic.

Participants and Methods: A cross-sectional study was conducted in March 2020 in
Saudi Arabia. The study included 1006 participants who responded to a random online
COVID-19 public knowledge questionnaire that included five sections: demographic char-
acteristics, general knowledge, prevention practices, home quarantine measures, and knowl-
edge of governmental restrictions. Three levels of knowledge were established: excellent,
intermediate, and poor. Differences in the percentages of participants with different knowl-
edge levels by the demographic variables were analyzed using the chi-square test.

Results: Regarding overall general knowledge of COVID-19, 75%, 24%, and 1% of the
participants had excellent, intermediate, and poor knowledge levels, respectively. Knowledge
levels were significantly different by nationality and age (P=0.027 and 0.008, respectively).
Most participants (98.4%) reported excellent knowledge of prevention practices, with no
statistically significant differences among groups (P>0.005). Older age groups reported
higher knowledge of home quarantine measures (86.6% and 86.4% of the 51-60 and older
than 60 age groups, respectively, P=0.001).

Conclusion and Recommendations: High levels of knowledge about the virus, including
prevention practices, are essential. The provision of COVID-19 facts and knowledge tools
should be focused on younger generations to enhance compliance with the governmental
restrictions required to stop the spread of COVID-19.

Keywords: coronavirus, COVID-19, knowledge, prevention, quarantine, pandemic, Saudi
Arabia

Introduction

To date, six different coronaviruses (CoVs) [0C43,"? 229E."* NL63,** HKU1,**
severe acute respiratory syndrome coronavirus (SARS-CoV)™* and Middle East
respiratory syndrome coronavirus (MERS-CoV)]>® have been identified in humans.
Of these six CoVs, the first four were endemic, and the last two were epidemic. In
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general, endemic CoVs produce mild infections’ and does
not harm humans to a greater extent. However, the two
epidemic CoVs that have emerged in humans in the last 2
decades, SARS-CoV in 2003 and MERS-CoV in 2012, had
devastating consequences. Notably, both epidemic CoVs
belonged to beta CoV subgroups, and the outbreaks
resulted in high case fatality rates. SARS-CoV affected at
least 8000 individuals with a case fatality rate of approxi-
mately 10%,* whereas MERS-CoV affected more than
2000 people, and the case fatality rate was approxi-
mately 35%.°

Recently, a more virulent CoV was identified at the end
0f 2019 in Wuhan, a city in Hubei Province of China.” The
virus was temporarily named 2019 novel coronavirus
(2019-nCoV) by the World Health Organization
(WHO)."® On February 11, 2020, the WHO named the
virus severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) and the disease caused by the virus coro-
navirus disease 2019 (COVID-19)."' In a short period,
SARS-CoV-2 spread rapidly and resulted in an epidemic
throughout China, followed by an increasing number of
cases in other countries throughout the world. Based on
this global spread of SARS-CoV-2, a pandemic was
declared by the WHO on March 11, 2020."2

SARS-CoV-2 both
symptomatic'® and asymptomatic individuals.'* SARS-

can be transmitted by

CoV-2 is reported to have an incubation period of 14

1516 with a median incubation period of 4 days'® to

days,
5.1 days.'” The severity of COVID-19 symptomatic infec-
tion ranges from mild to critical. Most infections are not
severe.'® The severity depends predominantly on advanced
age or underlying medical comorbidities. Various clinical
studies have reported COVID-19 case fatality rates from
0.7% to 7.2%"*'®!? with notably increased mortality rates
associated with older age. Among the clinical manifesta-
tions, pneumonia appears to be the most frequent, primar-
ily accompanied by fever, fatigue, dry cough, anorexia,
myalgias, dyspnoea, and bilateral infiltrates on chest
imaging.”**!

Advice for the public has been provided by the WHO for
the prevention of COVID-19, which included wearing
masks, physical distancing, hands cleaning, avoiding
crowded areas, maintaining well ventilated residential
places, and coughing into a bent elbow or tissue.**
Besides, cultural factors are found to have essential impact
on the control of infections, which require these factors to be
rooted and acknowledged in prevention efforts that includes
measures such as avoidance of social gatherings.”

Saudi Arabia reported the first case of COVID-19 on
March 2nd, 2020, for a person who arrived from Iran
through the Kingdom of Bahrain.** Consequently, newly
recorded cases of COVID-19 continued to increase, and
the first reported death in Saudi Arabia was recorded on
March 24th, 2020.%° Due to the rapid spread of COVID-19
across countries and the increasing number of reported
cases and deaths, the Saudi government imposed extreme
restrictions to control the spread of COVID-19, which
included closing schools and universities, banning domes-
tic and international travel, and temporarily suspending
group prayers at mosques, including Umrah at the holy
mosque in Makkah. Moreover, local and global health
agencies started to provide various COVID-19 knowledge
tools and information for the general public. Therefore,
this study aimed to assess COVID-19 knowledge among
the general public in Saudi Arabia, including knowledge
of prevention practices, home quarantine measures, and
compliance with governmental restrictions at the early
stages of the pandemic, which provides a base for further
knowledge tracking studies during different stages of the
pandemic.

Participants and Methods
Study Design

A cross-sectional study was conducted in March 2020
during the early stages of the COVID-19 pandemic. Data
were collected using Google Forms, through which an
online questionnaire was randomly circulated on social
Facebook,
WhatsApp in the Kingdom of Saudi Arabia with no con-

media platforms such as Twitter, and
sideration as to the geographic location of participants.
Each participant could provide one input only without
duplication. Additionally, the circulation of the question-
naire on multiple online and social media platforms
enhanced the accessibility to the tool, which minimized
any potential sampling bias. The study collected responses
from the general public regardless of their demographic
characteristics or their degree of risk for acquiring
COVID-19. Responses were collected for one week until
no more responses were received. Raosoft?® sample calcu-
lation software recommended a minimum of 385 subjects
using the total Saudi population size of people aged 15
years or older of 25,828,206,%7 response distribution of
50%, confidence interval of 95%, and margin of error of
5%. A total of 1363 responses were received, including

responses from 357 healthcare workers, which were
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excluded from this study. The final sample consisted of
1006 random responses from the Kingdom of Saudi
Arabia. The study included subjects of both genders who
were at least 15 years old. Ethical approval was obtained
by the research ethics committee at King Khaled
University in Abha, Saudi Arabia (Reference ECM#
2020-2018 — HAPO-06-01). The ethics
approved the voluntary participation of subjects under 18

committee

years on their own. Participants were asked to take part in
the study voluntarily and to not provide personal or iden-
tity-revealing information. A statement was included in the
questionnaire explaining the purpose of the study.
Participants’ completion of the questionnaire was consid-
ered consent to participate in the study.

Study Tools

Data were collected using a questionnaire that was
designed based on the latest general public information
on COVID-19 published by the Centers for Disease
Control and Prevention, the Saudi Ministry of Health,
and the Saudi
Control.'®?*?° The questionnaire comprised five sec-

Center for Disease Prevention and

tions: demographic data, general COVID-19 knowledge,
prevention practices knowledge, home quarantine knowl-
edge, and knowledge of governmental measures to stop
the spread of COVID-19. Questions were prepared and
arranged according to pretested available questionnaires
designed to assess public knowledge and awareness of
infectious diseases.* Furthermore, except for the high-
risk group question, which had four choices with one
most appropriate answer, all the other questions had
three options: as “Yes”, “No”, and “I do not know”.
The most appropriate answers were considered the cor-
rect responses and scored “one”, while inappropriate
answers and “I do not know” answers were considered
incorrect responses and scored “zero”. The reliability of
the questionnaire’s sections was evaluated by conducting
a pilot study on 87 participants. Cronbach’s alpha coeffi-
cients were as follows: general knowledge=0.82, preven-
tion knowledge=0.76, home quarantine knowledge =0.69
knowledge=0.76.
Similarly, the scientific credibility and validity of the

and  governmental  restrictions
tool was evaluated by three independent public health
preventive medicine experts, who provided feedback on
the accuracy, relevance, and simplicity of the included
questions and statements with reference to the knowledge

sources used to create the questionnaire, which resulted

in the improved clarity and presentation of all items.
Likewise,

Statistical Analysis
Three levels of knowledge were established: excellent,
intermediate, and poor. Moreover, the scores were classi-
fied in three close intervals as follows: two-thirds and
more correct responses were considered “excellent”, one-
third to less than two-thirds correct responses “intermedi-
ate,” and one-third and less correct responses “poor”.>!
Demographic variables were analyzed using the fre-
quency distribution for categorical variables. The chi-
square test was used to test the differences in knowledge
levels by selected independent demographic variables for
categorical and proportion data. The statistical significance
level was set at a P-value < 0.05. All analyses were
performed using the statistical software package STATA
(StataCorp. 2017. Stata Statistical Software: Release 15.
College Station, TX).

Results

The total cohort consisted of 1006 participants after we
excluded healthcare workers, who might have introduced
bias due to the main study objective, ie, to test the
knowledge of the general public. There were no missing
data, as the questionnaire was designed to capture com-
plete responses to all questions. Data were collected after
the WHO declared COVID-19 as a pandemic and a threat
to the world’s public health.'> During the period of data
collection, the number of confirmed positive COVID-19
cases in Saudi Arabia ranged from 500 to 1200, with four
reported cases of death.”® Participants were categorized
according to their gender, nationality, age group, and
level of education. Male participants accounted for
61.7% of the total sample, and the 21-30 and 31-40-
year-old age groups were the largest two segments, repre-
senting 34.3% and 29.1% of the participants, respectively.
Moreover, Saudi nationals accounted for 92.3% of parti-
cipants, and participants with a college or university
degree accounted for 72.4% of the total respondents
(Table 1).

General knowledge of COVID-19 was assessed by 14
questions on high-risk groups, transmission, availability
of a vaccine and treatment, signs and symptoms, and
possible complications (Table 2). Regarding overall
knowledge of COVID-19, 75%, 24% and 1% of the
participants had excellent, intermediate, and poor knowl-
edge levels, respectively. Specifically, the differences in
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Table | Demographic Characteristics

Variable Number (n) Percentage (%)
Gender
Male 621 61.7
Female 385 383
Nationality
Saudi 928 923
Non-Saudi 78 77
Age Group (years)
15-20 109 10.8
21-30 345 343
3140 293 29.1
41-50 170 16.9
51-60 67 6.7
>61 22 22
Education
Secondary school or less 278 27.6
College or university level 728 724

the reported levels of knowledge by gender and level of
education were not statistically significant. In contrast, we
found that older participants were significantly more
likely to have excellent knowledge levels than younger
participants (P-value of 0.008). Moreover, Saudi nationals
had significantly higher levels of knowledge than non-
Saudi nationals (P-value of 0.027).

Table 2 General Knowledge of COVID-19

Knowledge of COVID-19 prevention practices, such as
the avoidance of crowded places and close contact with
people who had tested positive, correct practices for
coughing and sneezing, social distancing, cleaning and
disinfection of surfaces, and stay at home measures, was
measured through another set of questions and statements
(Table 3). Most participants (98.4% of all respondents)
reported an excellent level of knowledge of COVID-19
prevention practices regardless of their demographic char-
acteristics. There were no statistically significant differ-
ences across categories. Table 3 presents the percentages
of participants with different levels of prevention knowl-
edge by demographic characteristic.

Participants were asked questions related to what they
should do if they were in home quarantine due to a definite
or suspected case of COVID-19, and 75.8% and 22.5% of
participants reported excellent and intermediate knowl-
edge, respectively. Participants in the older age groups
reported higher knowledge of home quarantine knowledge
and compliance, as the age groups of 51-60 years old and
more than 60 years old were the two age groups with the
highest percentages of excellent responses (86.6% and
86.4%, respectively) (P-value of 0.001) (Table 4).

As the government of Saudi Arabia took extreme measures
to control and stop the spread of COVID-19, participants’
knowledge of measures required by the government was

General Knowledge Questions/Statements Regarding COVID-19 Variable Poor Intermediate Excellent P-value
n (%) n (%) n (%)
I. High-risk groups Gender 0.554
2. Is the new coronavirus like the common flu? Male 5(0.8) 144 (23.2) 472 (76)
3. Does receiving a letter or package from an infected country put you at risk of Female 5(1.3) 97 (25.2) 283 (73.5)
being infected with the new coronavirus? Nationality 0.027
4. s there currently a vaccine available that protects against infection with the new Saudi 7 (0.8) 221 (23.8) 700 (75.4)
coronavirus? Non-Saudi 339 20 (25.6) 55 (70.5)
5. Is there a treatment for the new coronavirus? Age Group 0.008
6. Older adults and people of any age who have serious underlying medical (years)
conditions may be at higher risk for more serious complications from the new 15-20 2(1.8) 43 (39.5) 64 (58.7)
coronavirus. 21-30 4(1.2) 89 (25.8) 252 (73)
7. Coronavirus can be transmitted when you touch contaminated surfaces with 31-40 2(0.7) 53 (18.1) 238 (81.2)
droplets from an infected person and touch your eyes, mouth, or face afterward. 41-50 1 (0.6) 38 (22.4) 131 (77)
8. It is also possible for the coronavirus to be transmitted through diffused 51-60 1 (1.5) 14 (20.9) 52 (77.6)
droplets in the air from those infected. > 6l 0(0) 4(182) 18 (81.8)
9. Signs and Symptoms: Fever Education 0.202
10. Signs and Symptoms: Cough Secondary 5(1.8) | 71 (25.5) 202 (72.7)
I1. Signs and Symptoms: Shortness of Breath school or less
12 lications: P i
Complications: Pneumonia College or 5(0.7) 170 (23.4) 553 (75.9)
13. Complications: Multi Organ Failure ersity level
university leve
14. Complications: Death ’
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Table 3 Knowledge of COVID-19 Prevention Practices

Prevention Practices Statements Variable Poor Intermediate Excellent P-value
n (%) n (%) n (%)
I. Avoid crowded places Gender 0513
2. Avoid close contact with people who are sick Male 1(0.2) 9 (1.4) 611 (98.4)
3. Cover your cough or sneeze with a tissue and then Female 2 (0.5) 4 (1) 379 (98.5)
throw the tissue in the trash Nationality 0.252
4. Avoid touching your eyes, nose, and mouth Saudi 2(0.2) 12 (1.3) 914 (98.5)
5. Clean and disinfect frequently touched objects and Non-Saudi 1 (1.3) 1 (1.3) 76 (97.4)
surfaces Age Group (years) 0.100
6. Wash your hands often with soap and water for at 15-20 1 (0.9) 43.7) 104 (95.4)
least 40 seconds 21-30 0(0) 3(0.9) 342 (99.1)
7. Avoid sharing your mobile phone and personal 31-40 0 (0) 3 (1) 290 (99)
belongings 41-50 2(12) 1 0.6) 167 (98.2)
8. Maintain an appropriate distance from gathering areas, 51-60 0(0) 1(1.5) 66 (98.5)
as the virus is transmitted by saliva droplets at > 6l 0(0) | (4.6) 21 (95.4)
a distance of up to one to two metres Education 0101
9. Stay home when you are sick, except to get medical Secondary I (04) 725 270 (97.1)
care school or less
10. Stay home if instructed by government agencies and College or 2(03) 6 (08) 720 (98.9)
health officials even if you are not sick university level
Table 4 Knowledge of Home Quarantine Measures for Exposed, Suspected, or Positive Cases of COVID-19
Home Quarantine Measures Variable Poor Intermediate | Excellent P-value
n (%) n (%) n (%)
I. Stay home, except going out for medical | Gender 0.188
treatment Male 10 (1.6) 128 (20.6) 483 (77.8)
2. Use separate toilets Female 7 (1.8) 98 (25.5) 280 (72.7)
3. Wash hand frequently for 40 seconds Nationality 0.945
4. Monitor symptoms and call 937 if they get Saudi 16 (1.7) 209 (22.5) 703 (75.8)
worse Non-Saudi 1 (1.3) 226 (21.8) 60 (76.9)
5. Maintain good ventilation Age Group (years) 0.001
6. Isolate yourself from others in the same 15-20 3(2.8) 36 (33) 70 (64.2)
home by staying inside the room 21-30 6 (1.7) 99 (28.7) 240 (69.6)
7. Do not share home equipment and personal 3140 4 (1.4) 52 (17.7) 237 (80.9)
belongings 41-50 3(1.8) 28 (16.5) 139 (81.7)
8. Wear a face mask if you need to go out 51-60 1 (1.5) 8 (11.9) 58 (86.6)
> 6l 0 (0) 3 (13.6) 19 (86.4)
Education 0.789
Secondary school 4 (1.4) 66 (23.8) 208 (74.8)
or less
College or 13 (1.8) 160 (22) 555 (76.2)
university level

assessed. Table 5 shows the set of questions related to the
government measures to stop the spread of COVID-19. In
total, 53.7%, 45.8%, and 0.5% of participants reported excel-
lent, intermediate, and poor knowledge, respectively.
Although most participants from most demographic categories

reported similar responses, there were significant differences

by nationality and level of education in responses related to the
government measures to stop the spread of COVID-19
(P-values of 0.009 and 0.001, respectively). In addition to
the four main sections of questions on COVID-19 knowledge,
participants were asked one general question about when they
expected the COVID-19 pandemic to be controlled. The
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Table 5 Knowledge of Measures Required by the Government to Prevent the Spread of COVID-19

Governmental Measures to Prevent the | Variable Poor Intermediate | Excellent P-value
Spread of COVID-19 n (%) n (%) n (%)
I. Quarantine everyone coming in from | Gender 0.133
abroad for 14 days Male 3 (0.5) 300 (48.3) 318 (51.2)
2. Suspend all air travel Female 2 (0.5) 161 (41.8) 222 (57.7)
3. Go door to door to measure everyone’s | Nationality 0.009
temperature Saudi 3(0.3) 420 (45.3) 505 (54.4)
4. Close all schools and universities Non-Saudi 2 (2.5 41 (52.6) 35 (44.9)
5. Forbid any mass gatherings (eg, sport events | Age Group (years) 0.060
or concerts) 15-20 2 (1.8) 57 (52.3) 50 (45.9)
6. Make it mandatory for adults to wear a face 21-30 0 (0) 158 (45.8) 187 (54.2)
mask while outdoors 3140 0 (0) 136 (46.4) 157 (53.6)
7. Require everyone to remain in their homes 41-50 3(1.8) 71 (41.8) 96 (56.4)
except to seek medical care 51-60 0 (0) 27 (40.3) 40 (59.7)
>61 0 (0) 12 (54.5) 10 (45.5)
Education 0.001
Secondary school 2 (0.7) 153 (55) 123 (44.3)
or less
College or 3 (0.4) 308 (42.3) 417 (57.3)
university level

majority (43.8%) expected the pandemic to be over within
a few months, while 22.9% and 7.6% expected the crisis to be
resolved within weeks or after more than a year, respectively;
25.7% said they do not know when such a crisis would be

OVver.

Discussions
Awareness of CoV in general has always been common in
Saudi Arabia, as the Kingdom has experienced various
outbreaks of MERS-CoV, starting in 2012,° and still
recorded limited cases and clusters of the infection as of
the latest WHO report on April 8th 2020.>* This study
assessed knowledge of the general public regarding the
2019 novel coronavirus during the early stages of the
spread of COVID-19 in Saudi Arabia in March 2020.
The findings of this research can be helpful in designing
and implementing prevention and public compliance pro-
grams for COVID-19 by the Saudi Ministry of Health and
non-health-related entities. Specifically, the outcomes of
this study address various levels of knowledge of
COVID-19 in general, prevention, home quarantine com-
pliance, and governmental measures aimed at stopping the
spread of COVID-19.

Three-quarters of our sample demonstrated excellent
knowledge of COVID-19, which can be explained by the
high intensity of media coverage in Saudi Arabia and the

close attention of health officials, who have conducted
daily press briefings highlighting the current COVID-19
situation in the Kingdom. Our study shows similar out-
comes to a study conducted to assess the general public
awareness of MERS-CoV conducted by Al-Mohrej et al.*
Although our study classifies levels of knowledge as
excellent, intermediate, or poor, Al-Mohrej et al’® took
another approach by assessing proportions of the most
appropriate answers, which might limit the overall under-
standing of various levels of awareness and knowledge.

Currently, there are no specific vaccines or treatments
for COVID-19. However, scientists from all over the
world are evaluating potential treatments, as evidenced
by the many ongoing clinical trials. Consequently, focus-
ing on strategic prevention measures by educating the
public about the disease caused by the virus and how the
virus spreads seems to be an important proactive measure.
Most participants in our study showed an excellent level of
knowledge of prevention practices. The fact that there are
no available vaccines and treatments should enhance peo-
ple’s compliance with prevention measures such as social
distancing and personal hygiene practices.

Excellent knowledge of prevention was reported by
approximately 95% of participants in this study. These
results on knowledge of prevention practices demonstrate
two findings. First, an excellent level of knowledge was
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the dominant outcome. Second, there were no significant
differences among the demographic groups, which illus-
trates consistency in practices related to COVID-19 pre-
vention measures and practices by the general public. In
contrast to our findings, an online survey of respondents in
the United States and the United Kingdom showed inap-
propriate conceptions of COVID-19 transmission and pre-
vention among participants that was mainly caused by
false social media content.>* Furthermore, high knowledge
levels of COVID-19 prevention might help limit the
spread of the virus as the world, including Saudi Arabia,
races to control COVID-19 by working on potential vac-
cines and treatments. Meanwhile, high levels of prevention
knowledge should be sustained with more and frequent
simplified guiding information and tools, which will help
minimize the spread of COVID-19 by increasing indivi-
duals’ knowledge until an effective vaccine and treatment
become available.

The questions related to knowledge of home quarantine
were constructed based on the latest WHO recommenda-
tions for persons who have been exposed to people who
tested positive for COVID-19.>> Compliance with home
quarantine relies on good knowledge of its requirements.
In addition, our findings showed acceptable levels of home
quarantine knowledge considering that home quarantine
was an uncommon practice in Saudi Arabia until
COVID-19 became a global pandemic. More specifically,
older participants reported higher levels of knowledge than
younger participants less than 30 years old. This finding
emphasizes the need to focus on young people using
relevant content and platforms, which will enhance their
knowledge and compliance with COVID-19 home quar-
antine requirements.

Reported knowledge of the measures required by the
government to prevent the spread of COVID-19 was the
lowest among all types of knowledge in this study.
Overall, approximately 50% of participants reported excel-
lent knowledge, and we observed differences in knowledge
levels by nationality and level of education. Additionally, the
study illustrates that high levels of knowledge of the disease
and its prevention measures might not be enough to support
compliance with the imposed restrictions by the govern-
ment, such as complete or partial lockdowns. In addition,
non-Saudi nationals reported knowledge levels of govern-
mental measures that were clearly below those reported by
Saudi nationals, which is consistent with the higher rates of

infection among non-Saudi nationals.>®

Conclusion and Recommendations

Knowledge of COVID-19 in general was excellent, includ-
ing knowledge of prevention practices and home quaran-
tine measures. However, knowledge of governmental
restrictions to stop the spread of COVID-19 was excellent
only among half of the participants. The study recom-
mends that ongoing updates on COVID-19 information,
directions, and prevention measures continue to be pro-
vided with enhanced clarity and emphasis of messages
related to governmental restrictions to control COVID-19.

Limitations of the Study

This study has various limitations, such as a lack of other
comparable studies at the early stages of COVID-19 pan-
demic, as the topic is still evolving. Consequently, this lim-
itation was addressed through the comparison of our
outcomes with the results of studies related to SARS-CoV
or MERS-CoV instead. Furthermore, some answers to the
questions included in the study tool might have been easily
guessed, and a future study that includes distracting answers
might be helpful in determining levels of COVID-19 knowl-
edge. Moreover, data collection for this study was carried out
through the random circulation of the questionnaire on social
media covering a random sample of people in Saudi Arabia,
which did not ensure equal representation across all demo-
graphic variables and regions. Although the sampling proce-
dure and the results do not present a nation-wide outcome,
researchers might find this study useful when conducting
studies of the same or a similar concept in a nationally
representative sample to track changes in knowledge levels
during later stages of the pandemic. Equally, the study did not
conduct further analysis to find connections between each
level of identified knowledge, which might be conducted in
further studies. Finally, the outcomes of this study might be
relevant only to Saudi Arabia due to differences in the
circulation of COVID-19 information in other countries.
For instance, populations in Saudi Arabia rely heavily on
social media as a source of information, which might not be
the case in other locations.

Abbreviations

CoVs, coronaviruses; COVID-19, coronavirus disease 2019;
0OC43, beta coronavirus; 229E, alpha coronavirus; NL63,
alpha coronavirus; HKU, beta coronavirus; SARS, severe
acute respiratory syndrome; SARS-CoV-2, severe acute
respiratory syndrome coronavirus 2; MERS, Middle East
respiratory syndrome; WHO, World Health Organization.
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