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Editorial on the Research Topic

Strengthening Health System and Community Responses to Confront COVID-19 Pandemic in

Resource-Scare Settings

The COVID-19 pandemic has substantially affected global communities and health systems
in both high- and low-income countries. Many nations have been experiencing very high
population burdens that implies the importance of strengthening responses systems andmobilizing
communities in pandemic preparedness and control. The shortage of resources in LMICs is well-
documented prior to COVID-19 and it has been worsened with the surge of COVID-19. In many
LMICs, testing capacity remains inadequate, the number of ICU beds is far less than required,
access to drug treatments such as dexamethasone is limited, and the supply of therapeutic oxygen
and ventilators is insufficient (1). The scarcity is caused by various factors including the migration
to developed countries, shortage of supplies, poor healthcare infrastructure, limited ICU facilities,
and lack of access to guidelines and protocols (2). Important difficulties that LMICs are facing
are the insufficient testing capacity and the shortage of healthcare providers, which precluded
accurate assessment of disease burden and subsequently resource allocations (2). This Research
Topic summarizes experience of low- and middle-income countries (LMICs) in managing both
the epidemiological transition and the threat of emerging infectious diseases. It offers the ideal
opportunity at this critical juncture in the development of global health to identify key lessons for
health system strengthening in LMICs.

The following studies summarized experience of LMICs in managing the surge of COVID-19
in terms of capacities and responsiveness of health systems and communities. Zhang studied the
experience of public health system construction in China’s COVID-19 prevention and identified
key lessons for other countries to confront unprecedented pandemic. The paper not only pointed
out several advantages of China’s public health system construction in response to COVID-19, such
as adequate supply of health resources and improved affordability of health care, but also discussed
China’s deficiencies, including low utilization efficiency of health resources, unequal ability to pay
for medical expenses, and late disclosure of virus information in the early stage of the outbreak
of COVID-19. Given that Nepal is facing a flood of COVID-19 cases after the lockdown was
lifted in July 2020, Rayamajhee et al. provided critical insights on response of the government,
highlighting the need to increase testing, tracing, and isolation capacity, and to set up quality
quarantine centers throughout the nation to address the rise in COVID-19 infection cases. As
cases have continued to fluctuate over a year into the pandemic in Indonesia, Mahendradhata et al.
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reviewed the current capacity of the healthcare system to respond
to COVID-19 and emphasized the need for the Indonesian
Government to ramp up the country’s healthcare capacity
in order to absorb and accommodate the varying healthcare
demands during the pandemic. Saha and Gulshan provided a
systematic analysis of the overall patterns in terms of number
of cases, number of deaths, and impacts of COVID-19 in
Bangladesh. The authors also shed light on the underlying causes
that resulted in a continuous outbreak while discussing possible
measures, effectiveness of the preparedness, implementation
gaps, and their consequences to gather vital information and
prevent future pandemics. Abd El Ghaffar et al. investigated the
situation in some of the COVID-19 screening hospitals in Egypt
in terms of inpatient beds, ICU beds, and ventilator utilization
rates. Results from this paper, which indicated a shortage of
resources, would help policymakers make informed resource
reallocation decisions in Egypt, or other developing countries,
which suffered from a lack of resources and a weak health system
prior to the pandemic. Coumare et al. discussed the challenges
and experiences in preparation and responses to the ongoing
COVID-19 pandemic at a tertiary teaching hospital situated at
Puducherry, India. Tran et al. examined factors associated with
the intention to participate in COVID-19 frontline prevention
activities among Vietnamese nursing students. The finding
suggested that socioeconomic characteristics of participants,
their source of COVID-19 related knowledge, and their
perception and attitude toward participating in COVID-19
frontline activities were associated with intention to participate.
Given resource-scarce settings of most LMICs, these countries
are challenged by their limited capacity for manufacturing test
kits, limited budgets for equipment and reagents, and scant
ability to make competitive bids for global supplies. Gyawali
and Mohammad Al-Amin et al. advocated for recognition of the
almost insurmountable obstacles that face the implementation of
non-pharmaceutical interventions for COVID-19 management
in Asian LMICs and called for a global commitment to the
equitable distribution of therapeutants and vaccines. Although
the World Bank is making available more than $160 billion
funding to LMICs to purchase and distribute COVID-19
vaccines, tests and treatment and mitigate the health, economic,
and social shocks, and philanthropic organizations such as the
Global Alliance for Vaccines (GAVI) have received billions of
dollars in donations, much more will be required for LMICs
to combat COVID-19 and mitigate the expected economic
downturn. In the long term, LMICs will need to develop their
own capacity to manufacture and distribute vaccines, as well
as strengthen primary health centers to manage the impact of
the pandemic.

In addition to capacities and responsiveness of health systems
and communities to respond to the pandemic, numerous
studies have highlighted the importance of strategic planning
and resource mobilization to maintain essential health services
and maximize human resource capacity to address COVID-
19 situation and its associated disruptions. Muhammad Nur
Amir et al.. described the workforce mobilization from the
National Institutes of Health (NIH) to the other public
healthcare facilities within the Ministry of Health (MOH) in
the early phases of the COVID-19 pandemic management

in Malaysia. The paper demonstrated how this workforce
mobilization team efficiently mobilize the healthcare workforce
and fulfill requests received for human resource aid, resulting
in reduced infected COVID-19 cases throughout the country.
Nguyen D. N. et al. provided evidence for reforming the
training programs to prepare medical students, a potential
task force with the capability to support the stretched health
sector, for COVID-19 responses in Vietnam. This study
suggested that the training curriculum should include both
theoretical approaches (e.g., pathology and critical treatments)
as well as other contextual approaches to achieve efficient
epidemic control in specific regions. Le et al. illustrated the
potential and feasibility of intersectoral collaboration in epidemic
preparedness and response at grassroots levels in the threat
of COVID-19 pandemic in Vietnam, which ensures sufficient
resources for urgent cases and helps to inform a determined
response framework.

Given the speed and spread of transmission of COVID-19,
assessing the effectiveness of epidemiological monitoring and
surveillance of the epidemics is critical to control the expansion
of the epidemics and avoid the collapse of health care systems.
Shewade et al. reported that the estimated COVID-19 deaths in
India after adjusting for the coverage and quality of the routine
death surveillance may be 5.5–11 times the reported COVID-19
deaths. Hence, this study further discussed the routine deaths
surveillance in India, the rationale for adjusting the reported
COVID-19 deaths for coverage of the routine death surveillance
and its implications on the estimated infection fatality ratio (IFR)
for India in order to make meaningful and reliable comparisons.
Mansab et al. highlighted the disparity in oxygen provision for
COVID-19 patients between 26 nations included in the study
and suggested that there was an association with higher national
mortality rates in those nations that pursued a conservative
oxygen strategy. Abbasi-Kangevari et al. sought to determine
the priorities of the Iranian public toward the fair allocation of
ventilators during the COVID-19 pandemic. Participants stated
that socioeconomic factors, except for age > 80, should not be
involved in prioritizing mechanical ventilators at the time of
resources scarcity. Front-line physicians and nurses of COVID-
19 patients, pregnant mothers, mothers who had children under
2 years old had been given high priority.

Many articles in this Topic focused on evaluating the
effectiveness of epidemiological, psychosocial and economical
interventions to prevent the importation, spreading and relieve
the impact of COVID-19 pandemic in LMICs. Vietnam has
achieved initial results in flattening the curve and slowing the
spread of COVID-19 transmission in the community, which
is attributable to a high-level adherence with social distancing
measures, accompanied with contact tracing, mass testing,
and mandatory isolation. Vo et al. demonstrated how social
distancing measure had been implemented in Vietnam and
further discussed factors associated with the high compliance of
Vietnamese with social distancing measures. Tam et al. discussed
the evidence on the effectiveness, and rationale for community
mass masking to prevent the COVID-19 transmission in
Vietnam. Sun et al. showed that the proper management
of inbound travelers from outbreak areas had a significantly
positive effect on the prevention and control of the virus and
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suggested that effective measures taken by Yunnan province may
provide an important reference for preventing the COVID-19
outbreak in other regions. As the prevalence of psychological
stress among healthcare workers (HCWs) in Vietnam during
the COVID-19 pandemic was high, Nguyen P. T. L. et al.
sought to understand COVID-19-related, psychological stress
risk factors among HCWs, their concerns and demands for
mental health support during the pandemic period. The author
recommended psychological interventions involving web-based
consulting services to provide mental health support among
HCWs. Nguyen A. N. et al. assessed the knowledge and practices
regarding the prevention of the COVID-19 among the HCWs
in Vietnam to identify the ways of disseminating information to
maximize the safety of these essential workers. Findings from this
study suggested that future education initiatives should centre
initially on the COVID-19 virus aerosols with the primary focus
on doctors, especially those in emergency and the intensive care
departments. In addition to epidemiological and psychosocial
interventions, NguyenH. T. T. et al. described economic recovery
solutions implemented by the Vietnam government to manage
the fiscal deficit, such as focus on effectively implementing
domestic stimulus, use the savings from falling international oil
prices to curb the crisis, earn funding from the World Bank WB
and the International Monetary Fund, etc.

Several studies have raised important points regarding the
impact of perceptions and attitudes toward the COVID-19
crisis on the improvement of both public health and individual
well-being and highlighted how digital health care and social
media may influence public’s attitude during the COVID-19
outbreak. Specifically, Klement pointed out that journalism,
politics, and medicine involved within the COVID-19 crisis
have maintained a simple narrative and reductionist thinking
and emphasized the need for systems thinking during the
outbreak. A survey by Raza et al. was conducted to understand
knowledge, attitudes, and practices related to COVID-19 among
the students in Lahore, Pakistan. This survey showed that
most of the students were well informed about COVID-19 and
exhibited a proactive approach during the outbreak, suggesting
an effective public health campaign of the local government to
deliver public health knowledge in the community. Chatterjee
et al. focused on highlighting some of the key aspects of
digital healthcare during the times of COVID-19 pandemic
in South America. This study shed light on the role of
Artificial Intelligence and the Internet of Things role in resource
optimization along their potential applications like clinical
decision support systems and predictive risk modeling, especially
in the direction of combating the emergent challenges due
to the COVID-19 pandemic. Mat Dawi et al. examined the
influence of e-government and social media on the public’s
attitude to adopt protective behavior and suggested that during
the COVID-19 outbreak, public health decision makers may
use e-government and social media platforms as effective
tools to improve public engagement on protective behavior.
Although Nguyen, Nguyen, Le, et al. demonstrated a high
level of agreement among the general population toward the
importance and necessity of national response measures to
combat the COVID-19 epidemic in Vietnam, Nguyen, Nguyen,

Nguyen, et al. expressed concern about the impact of fake news
on the adherence of national response measures during the
lockdown period in Vietnam. In response to fake news, the
government had made early predictions and concrete strategies,
such as passing a cybersecurity law or establishing official
communication channels, whichmay also have important lessons
for other nations in the fight against COVID-19.

Besides efforts to mitigate pandemics in LMICs from medical
staff training and monitoring to system modernization, it is
also important to consider potential barriers that arise during
the COVID-19 vaccine rollout in LMICs and how to address
these difficulties in resource-scarce settings. Recent studies have
reported several challenges for vaccination faced by LMICs,
including vaccine hesitancy (3), inadequate cold-chain and
storage (3), low resource availability (4), poor roads to transport
vaccines (5), lack of coordination (7), and limited funds for
surveillance (6, 7). These issues could be partially addressed from
strategies discussed in this topic, such as expanding healthcare
workforce capacity to increase vaccination speed, and improving
the population willingness to vaccinate. For example, several
articles have described strategies to maximize human resource
capacity to address COVID-19 situation and pointed out the
need to improve healthcare capacity in order to accommodate the
varying healthcare demands during the pandemic (Gyawali and
Mohammad Al-Amin et al.; Mahendradhata et al.; Rayamajhee et
al.; Tran et al.; Zhang). Ensuring sufficient healthcare workforce,
training more health providers, and recruiting volunteers
would help to increase vaccine availability, distribution, and
monitoring. In addition to healthcare workforce capacity, vaccine
acceptance and hesitancy remain a significant barrier to increase
vaccination rate. Perceptions and attitudes play an important role
on the improvement of both public health and individual well-
being, which significantly influenced by Internet and social media
(Chatterjee et al.; Klement; Mat Dawi et al.; Nguyen, Nguyen,
Le, et al.; Nguyen, Nguyen, Nguyen, et al.; Raza et al.). Thus,
governments could establish awareness-building initiatives using
community and mass media to manage inaccurate information
about vaccines, lack of information, and lack of trust in the
government and pharmaceutical companies. Lastly, governments
should consider to increase budgets for COVID-19 vaccine
purchase and delivery to scale up COVID-19 vaccination and
offer access to all populations; however, this has not been
discussed in the collection of papers in this topic.

The COVID-19 pandemic has challenged the healthcare
capacity of many countries. The collection of papers in this
topic provides insight on the opportunities and challenges
in strengthening health system and community responses
to confront COVID-19 pandemic in resource-scarce settings.
Lessons learned in terms of strength and limitations from the
latest evidence on health sectors and community responses
to control the COVID-19 pandemic in LMICs would suggest
implications to improve the effectiveness of current policies and
facilitate development of new strategies to strengthen the capacity
and efficiency of healthcare systems in the fight against COVID-
19. Governments will continue to play an important role in
responding to the coronavirus pandemic and providing access
to care for communities in resource-constrained countries with
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limited human, infrastructural, and financial resources and that
are behind the curve in the spread of the pandemic.
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COVID-19 has severely affected people’s health and well-being, including all economic sectors,
tourism, culture, and education. Along with combating the COVID-19 epidemic, fighting the
“infodemic,” which refers to the rapid spread of misinformation, related to the disease on the
social media is also of concern, because fake news spreads faster and easier than this virus, and
just as dangerous (1). This causes anxiety among public and motivate them to follow or believe in
the unreliable information, making the containment of epidemic more complicated when raising
the uncertainty and unnecessary behavior of public, and hindering the collaboration and unity in
combating the epidemic (2).

In Vietnam, the role of press and social media in spreading the government’s information
regarding COVID-19 pandemic is undeniable; however, fake news phenomenon is still substantial.
A report of the Ministry of Information and Communications revealed that from 01/02 to
05/31/2020, the press had published a total of 560,048 news and articles about COVID-19
translation. According to the statistics of the police force, from the onset of the Covid-19 epidemic
to the middle of March 2020, there were nearly 300,000 news articles on cyberspace, posts on
websites, blogs, forums, and almost 600,000 news, articles, videos and clips related to the disease
posted on social networks (3). When Vietnam entered a “new normal” state after April 17, the rate
of news articles related to the COVID-19 epidemic was still maintained bymedia and radio agencies
around 28–40% of news and articles on recovery, economic development but not subjective in
disease prevention (3). In the first 5 months of 2020, there have been nearly 17 million mentions in
the Vietnamese cyberspace (status lines, comments) related to the COVID-19 epidemic situation in
Vietnam (3). However, all of these swift measures were not enough to regain the public’s trust and
stop the rapid spreading of fake news through the population. There were various news, articles
with unverified, distorted, false content that attracted millions of comments and shares. Security
authorities have verified and treated 654 cases of reporting fake news, sanctioned administratively
more than 146 people (4). Cyberspace is a favorable environment for fake news given that 64million
Vietnamese are Internet users, as well as 58 million people have at least one social network site
account (e.g., Facebook, Instagram, or Zalo) (5).

Massive media bombardment regarding the lockdown period led to public speculation in
Vietnam, as in many parts of the world, which was the cause of grocery shortages and
great consequences. Supermarkets and grocery stores revealed out-of-stock of antibacterial gels,
antibacterial wipes, detergents, and toilet paper, while pharmacy stores reported the shortage of
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isopropyl alcohol, latex gloves, and medical-grade masks (6),
leading to the deficiency of personal protective equipment
in hospital settings, including sites designated by the MoH
as COVID-19 response sites (7). Increasing fake news
regarding alternative COVID-19 treatments has led people
to storm pharmacies and buy stocks of available drugs such
as hydroxychloroquine (8); consequently, many patients with
systemic lupus erythematosus (SLE) and rheumatoid arthritis
(RA) cannot access their treatment because of nationwide
shortages. Given that self-medication is common among the
Vietnamese due to the lack of governmental regulation about
drug use, these drugs are uncontrolledly purchased and used
without a prescription, which increase the risk of hospitalization
due to drug misuse (9). Moreover, spreading fake information
on the number of confirmed cases and fatal cases in Vietnam
led to the public’s anxiety and stress. Some false information
about border closure with China, calling on Vietnam to close
the border, calling for people to go on strikes throughout the
territory of Vietnam, or disseminating misinformation about the
vaccine against Coronavirus affects significantly destabilizing
security and politics in Vietnam (5). Fake news affected sharply
to stigma among unskilled labor groups and their family in
ethnic minority groups. Lack of COVID 19 epidemic knowledge
and fear of stigma (include their family was attacked and
alienated by false information) that commenced to evading
health declaration procedure. In consequence, increasing the
number of unconfirmed COVID-19 cases will become dangerous
spreading sources for their ethnic minority groups in particular
and all community in general (10).

In response to fake news, especially during the COVID-
19 pandemic, the government has made early predictions
and concrete strategies. Since June 12, 2018, the National
Assembly of Vietnam passed a cybersecurity law comprising
seven chapters and 43 articles that stipulated activities to
protect national security, ensure social order and safety on
cyberspace, and responsibilities of agencies, organizations, and
individuals involved (11). Cybersecurity law made it easier
for the government to handle violations of organizations and
individuals on cyber such as posting and spreading fake
news. As a result, over the past time, according to the
Vietnamese Ministry of Public Security statistics, the police
force has made a list of hundreds of objects, convened, fought
nearly 200 cases, and administratively handled more than 30

cases of spreading fake information of COVID-19 epidemic
(3). Secondly, the government has now established official
communication channels on social networking sites such as
the Government Information page on Facebook or the official
page of the Ministry of Health on Zalo—one of the most
popular social applications in Vietnam. Besides, ministries and
departments have directly sent messages to people’s contact
phone numbers to provide information about the epidemic,
which was never implemented before. This solution helps all
Vietnamese people who do not have the opportunity to access
the internet to capture information in time about the pandemic,
thereby distinguishing fake and accurate news. In ethnicminority
groups, local authorities enhanced advocacy on prevention
measures, increasing knowledge of the COVID 19 epidemic,
avoiding stigma COVID 19 patients and their family (10). Finally,
accompanying the people in preventing and eliminating false
information on cyberspace, the investigating police agency has
intensified the review, discovered, and promptly sanctioned cases
of giving incorrect information for profiteering purposes or
confusing public opinion.

Moreover, the government needs to pledge to be transparent
in providing information, helping people grasp promptly and
take measures to prevent and fight epidemics. Solving this
method also helps people have faith in the official news of
the state. However, the most important thing is that every
internet user needs to be alerted to select reliable information
and respect seriously for Vietnamese law. Furthermore, health
professionals and health workers should regularly transfer
necessary knowledge about disease prevention and control to
people on the social network.
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Introduction: Public perceptions and attitudes toward preventive and control measures

are vital to ensure the success of national response strategies in combating COVID-19.

This study assessed perceptions and attitudes via the importance of national response

measures to COVID-19 among people under the nationwide partial lockdown of Vietnam.

Methods: An online cross-sectional survey was conducted on 1382 people in Vietnam

mainly public administration and health workers with relatives. Perceptions and attitudes

toward seven national response measures to COVID-19 epidemics were assessed.

Multivariable Tobit regression models were employed to identify factors associated with

the perceptions.

Results: The proportion of participants strongly agreeing with the measure “Isolate

people from abroad and people in contact with people infected with COVID 19”

was the highest (96.9%), following by the measure “Obligatory to wear face

masks in public places” (96.8%), and “Blockade of places having new cases”

(92.9%). Living in the Southern region, having a family with more than 5 people,

and having post-graduate education were negatively correlated to the levels of

perceived importance of “Social distancing and community screening” measures.

Meanwhile, having post-graduate education (Coef. = −0.04; 95%CI: −0.07; −0.01),

working as white-collar workers (Coef. = −0.04; 95%CI: −0.08; −0.01),

and having fixed-term, full-time employment (Coef. = −0.07; 95%CI: −0.10;

−0.03) were inversely associated with the levels of perceived importance of

the “Mandatory quarantine and personal protective equipment” measures.
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Conclusion: This study informed highly positive perceptions and attitudes toward

the national response measure to combat the COVID-19 in Vietnam. Contextualized

strategies to maintain and improve these perceptions are warranted to ensure the

success of preventive measures in the future.

Keywords: COVID-19, attitudes, perceptions, lockdown, Vietnam

INTRODUCTION

COVID-19 pandemic has demonstrated its social, health, and
economic devastations worldwide (1, 2). Until 19 July 2020, more
than 14 million people in 216 countries and territories acquired
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
a cause of COVID-19, and approximately 600,000 COVID-19-
related deaths are recorded (3). National lockdowns and other
preventive measures such as social distancing, strict quarantine,
contact tracing, or personal protective gear (e.g., face masks)
promotion have been implemented across countries to control
the source of infection, cut off the transmission route and
mitigate the damage of the pandemic (4–6). Some initial progress
has been achieved (3); however, many countries are still facing
the risk of a recurring epidemic (7). Therefore, unless vaccines for
this disease are available, these preventive measures continuously
play an essential role in preventing the transmission in all
nations (8).

Previous experiences indicated that the success of national
response strategies heavily relied on the public’s perceptions and
attitudes toward the risk of an epidemic and the importance of
preventive measures (9, 10). They have a major role in forming
individuals’ self-protection behaviors (11, 12), willingness to
cooperate, and adopt new preventive measures during outbreaks
(11–18). Lessons learned from the Severe acute respiratory
syndrome (SARS) pandemic in 2003 showed the association
between panic emotion and attitudes toward infectious diseases
and preventive measures, which negatively affected the efforts to
prevent the infectious transmission (9, 10). Prior literature also

highlighted that the community’s perceptions and attitudes were
strongly related to the compliance toward preventive measures

(19). Thus, assessing perceptions and attitudes toward national
COVID-19 preventive measures are vital to understanding the
sustainability of these strategies in the coming epidemics.

As being considered among countries with the highest risk of
the COVID-19 pandemic, Vietnam has also implemented such
preventive measures to combat the pandemic from very early
phase (20). After detecting the first 16 positive cases, the Vietnam
Government decided to tighten borders with China, revoked
aviation licenses and restricted visas, warned citizens to avoid
epidemic areas (21, 22), closure of all educational facilities (23),
and call self-protective implementation (e.g., using facemasks,

washing hands, and seeking medical care if getting symptoms)

(24). From 7 March 2020, the Vietnamese Government decided

14-day compulsory quarantines for Vietnamese people returning

from abroad, temporarily suspended visas for foreigners coming

to Vietnam (25), and requested that people in the community
report Covid-19 related health conditions (26). Moreover, closing

all public areas except for essential facilities as well as bans and
restrictions on public transport were implemented (27). On 1
April 2020, the 15-day national lockdown was performed as a
strong response to prevent disease and reduce the transmission
(28). With these strict measures, as a result, to date, only 332
positive cases were reported without any deaths (29), which has
been much lower than other countries with similar population
size (3).

Given the matter that Vietnam is still at risk of recurring
COVID-19 pandemic (7), understanding the perceptions and
attitudes of the community toward the national response
measures for the COVID-19 is critically important for
maintaining the success of Vietnam in controlling the epidemic.
Thus, this study aimed to assess perceptions and attitudes toward
the importance or necessity of national response measures to
COVID-19 epidemics among people under the nationwide
partial lockdown of Vietnam.

METHODS

Study Setting and Participants
Data from an online cross-sectional survey were obtained
within 1 week of the national lockdown in April 2020 due to
the COVID-19 epidemic in Vietnam. During this period, all
Vietnamese citizens were highly recommended to stay at home
to prevent and control the COVID-19 outbreak. The respondents
met the following inclusion criteria: (1) Aged 18 years or above;
(2) Having ability to access the questionnaire on the web-
based survey, and (3) Having ability to read and respond the
questionnaire; and (4) Agreeing to take part in the research by
approving the online informed consent.

The online survey was developed on the Survey Monkey
platform, which had good usability, comprehensive feature sets,
and qualified data storage and private information security. Links
for the online survey were sent to respondents via email or
social media platforms such as Zalo or Facebook. A snowball
sampling method was applied in following steps: (1) First, we
randomly recruited a core group including 80 staffs and 150
medical students at the Hanoi Medical University with different
age and gender; (2) After completing the survey, they were asked
to invited other Vietnamese people such as their family members,
relatives, or friends in different provinces to participate in the
survey. The study protocol was approved by the Institutional
Review Board (IRB) of the Institute for Preventive Medicine
and Public Health, Hanoi Medical University (Code 75/QD-
YHDP&YTCC). A total of 1,382 respondents were enrolled in
the study and they were mainly public administration and health
workers with relatives.
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Measurement
The online questionnaire was developed by the research team to
measure sociodemographic characteristics and perceptions about
the importance of national response measures to the COVID-
19 epidemic in Vietnam. The questionnaire was piloted with 10
staff and medical students at the Hanoi Medical University to
ensure the logical order of items, language, and readability of
the text in each question. The questionnaire was then revised
according to the feedback of the participants and approved by
the Institute for Preventive Medicine and Public Health, Hanoi
Medical University. Collected information included:

- Socioeconomic status consisted of gender, region, age, family
size, marital status, occupation, occupation status, and
education level.

- Perceptions and attitudes about the importance of national
response measures: Seven questions regarding perceptions
about the importance of seven national response measures
to COVID-19 epidemics were asked during the nationwide
partial lockdown of Vietnam. Participants were asked to
answer the questions: “To what extent do you agree or disagree
with the importance and necessity of following measures to
prevent and control COVID-19 epidemic in Vietnam?” with
following seven items: (1) isolate people from abroad and
people in contact with those infected with COVID-19; (2)
obligatory to wear face masks in public places; (3) blockade of
places having new cases; (4) implement social distancing; (5)
close unnecessary services; (6) measure body temperature in
public places; (7) close educational facilities.

Respondents evaluated the importance or necessity of these
national response measures by using a five-level Likert scale
(1 = strongly disagree, 2 = disagree, 3 = neutral, 4 = agree, and
5= strongly agree).

Data Analysis
STATA 15.0 software was used to analyze the data. Since
education was a significant predictor for the attitude and
perception toward COVID-19 epidemic and measures (30),
descriptive statistics were used to examine the differences in
the sociodemographic and perceptions among three education
levels including “High school and below,” “Undergraduate,”
and “Post-graduate.”

In this study, we applied an exploratory factor analysis
(EFA) to evaluate the construct validity of the scales. We used
the screen test to examine the threshold of eigenvalue, and
a value of 1.0 was detected as a threshold for flattening out
the curve. We also applied the Orthogonal Varimax rotation
and Kaisers’ normalization to reallocate seven items into two
identified domains. A value of 0.4 was utilized as a cut-off
threshold for factor loadings. The internal consistency reliability
of each domain was evaluated by computing Cronbach’s alpha.
The score of each domain was computed by averaging the total
score of all items in the domain. Domain’s score ranges from
1 to 5. A higher score indicated higher level agreement about the
importance/necessity of national response measures.

Given that data of domain scores were censored data,
multivariable Tobit regression models were employed to

identify factors associated with the perceptions about the
importance/necessity of national response measures to COVID-
19 epidemics. Independent variables included socioeconomic
status (gender, region, age, family size, marital status, occupation,
occupation status, and education level), while dependent
variables were scores of two new domains, namely “Social
distancing and community screening” and “Mandatory
quarantine and personal protective equipment.” Stepwise
forward selection strategies were utilized to produce the reduced
models, with a p-value of log-likelihood test of 0.2 as a threshold
for including variables into the model. P < 0.05 was defined as
statistical significance.

Ethical Consideration
The research was ethically approved by the Review Committee
at Hanoi Medical University on March 27, 2020. The purpose
of research and informed consent was provided online for
participants to decide whether to participate. Participation was
voluntary, and anonymity was assured. Respondents were able
to decline to participate or withdraw from the online survey at
any time.

RESULTS

Socioeconomic Characteristics of
Respondents
Table 1 shows that among 1,382 participants, 62.0% was female,
47.1% lived in Northern, and 76.7% married. The mean age was
36.4 (SD = 9.7) years old. There were 73.2% of respondents
having from 3 to 5 people in the family. The majority of
participants were health workers (69.7%), following by white-
collar workers (10.4%), and students (6.7%). Most of the
respondents had were public employees (64.7%).

Factor Loading of Exploratory Factor
Analysis
Table 2 presents the EFA results. The proportion of participants
strongly agreeing with the measure “Isolate people from abroad
and people in contact with people infected with COVID 19”
was the highest (96.9%), following by the measure “Obligatory
to wear face masks in public places” (96.8%), and “Blockade
of places having new cases” (92.9%). Two domains were
reconstructed after the analysis including “Social distancing and
community screening” (with 4 items, Cronbach’s alpha = 0.74,
mean= 4.7, SD= 0.5) and “Mandatory quarantine and personal
protective equipment” (with 3 items, Cronbach’s alpha = 0.68,
mean= 5.0, SD= 0.2).

Perception of National Response
Measures to COVID-19 Epidemics Among
Respondents
Table 3 depicts that the score of each measure, expect “Close
educational facilities” and “Isolate people from abroad and people
in contact with people infected with COVID 19,” as well as the
score of each domain were significantly different among three
groups of education level (p < 0.05).
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TABLE 1 | Socio-economic characteristics of respondents.

Education level

High school and below Undergraduate Post-graduate Total

n % n % n % n %

Total 100 7.2 1,104 79.9 178 12.9 1382 100.0

Gender

Male 35 35.0 399 36.1 91 51.1 525 38.0

Female 65 65.0 705 63.9 87 48.9 857 62.0

Region

Northern 62 62.0 479 43.4 110 61.8 651 47.1

Central 31 31.0 434 39.3 37 20.8 502 36.3

South 7 7.0 186 16.8 29 16.3 222 16.1

Foreign people 0 0.0 5 0.5 2 1.1 7 0.5

Age group

Under 25 65 65.0 48 4.3 0 0.0 113 8.2

25–34 10 10.0 506 45.8 40 22.5 556 40.2

35–44 11 11.0 342 31.0 67 37.6 420 30.4

Above 44 14 14.0 208 18.8 71 39.9 293 21.2

Family size

1–2 people 24 24.0 170 15.4 20 11.2 214 15.5

3–5 people 68 68.0 807 73.1 137 77.0 1012 73.2

Above 5 people 8 8.0 127 11.5 21 11.8 156 11.3

Marital status

Single 74 74.0 229 20.7 19 10.7 322 23.3

Married 26 26.0 875 79.3 159 89.3 1060 76.7

Occupation

Health workers 15 15.0 854 77.4 94 52.8 963 69.7

Professional educators 1 1.0 37 3.4 31 17.4 69 5.0

White collar workers 1 1.0 114 10.3 29 16.3 144 10.4

Students 66 66.0 25 2.3 1 0.6 92 6.7

Others 17 17.0 74 6.7 23 12.9 114 8.2

Type of contract

Public employment contract* 11 11.0 769 69.7 114 64.0 894 64.7

Permanent employment contract 9 9.0 152 13.8 28 15.7 189 13.7

Fixed-term fulltime contract** 6 6.0 107 9.7 16 9.0 129 9.3

No contract (Farmers/Students/Homemakers/ Unemployed/Retired) 70 70.0 46 4.2 6 3.4 122 8.8

Others 4 4.0 30 2.7 14 7.9 48 3.5

Mean SD Mean SD Mean SD Mean SD

Number of children 0.7 1.1 1.3 0.9 1.7 0.8 1.3 0.9

Number of children aged above 15 0.3 0.7 0.3 0.7 0.6 0.8 0.4 0.7

Age 28.0 11.9 36.2 9.0 42.1 8.7 36.4 9.7

*Public employment contract: type of contract for people working in public non-business units under working contracts and salaried from salary funds of public non-business units in

accordance with law.

**Fixed-term fulltime contract is a contractual relationship between an employee and an employer that lasts for a specified period. In Vietnam, there are two kinds of fixed-term contracts

include the definite term contract of 12–36 months and the seasonal or fixed-term contract of <12 months.

Associated Factors With the Levels of
Perceived Importance of National
Response Measures to COVID-19
Epidemics
Table 4 reveals the factors associated with the perceived

importance of national response measures to COVID-19

epidemics. People who were female (Coef. = 0.09; 95%CI: 0.04;

0.14), aged 35–44 years old (Coef.= 0.09; 95%CI: 0.03; 0.14) and

married (Coef. = 0.07; 95%CI = 0.01; 0.13) had a significantly

higher score in “Social distancing and community screening”
domain compared with those who were male, aged under 25
years and single, respectively. Meanwhile, living in the Southern
region, having a family with more than 5 people, and having
post-graduate education were negatively correlated to the levels
of perceived importance of this measure group.

In terms of the “Mandatory quarantine and personal
protective equipment” measure group, people having post-
graduate education level (Coef. = −0.04; 95%CI: −0.07; −0.01),
living outside Vietnam (Coef. = −0.22; 95%CI: −0.35; −0.08),
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TABLE 2 | Factor loading of exploratory factor analysis.

Items Strongly agree Social distancing and Mandatory quarantine and personal

community screening protective equipment

n %

Isolate people from abroad and

people in contact with people

infected with COVID 19

1,339 96.9 0.85

Obligatory to wear face masks

in public places

1,338 96.8 0.81

Blockade of places having new

cases

1,284 92.9 0.69

Implement social distancing 1,068 77.3 0.80

Close unnecessary services 1,063 76.9 0.80

Measure body temperature in

public places

1,015 73.4 0.57

Close educational facilities 940 68.0 0.75

Cronbach’s alpha 0.74 0.68

Mean (1–5) 4.7 5.0

SD 0.5 0.2

TABLE 3 | Perception of national response measures to COVID-19 epidemics among respondents.

Education level

High school and below Undergraduate Post-graduate Total p-value

Mean SD Mean SD Mean SD Mean SD

Social distancing and

community screening

4.7 0.4 4.7 0.4 4.5 0.6 4.7 0.5 <0.01

Close educational facilities 4.6 0.5 4.6 0.7 4.6 0.7 4.6 0.7 0.60

Measure body temperature in

public places

4.7 0.5 4.7 0.6 4.4 0.8 4.7 0.6 <0.01

Implement social distancing 4.7 0.6 4.7 0.6 4.6 0.7 4.7 0.6 0.02

Close unnecessary services 4.6 0.6 4.8 0.5 4.6 0.7 4.7 0.6 <0.01

Mandatory quarantine and

personal protective

equipment

4.9 0.2 5.0 0.2 4.9 0.2 5.0 0.2 <0.01

Obligatory to wear face masks

in public place

5.0 0.2 5.0 0.2 4.9 0.3 5.0 0.2 0.01

Isolate people from abroad

and people in contact with

people infected with COVID 19

4.9 0.3 5.0 0.2 5.0 0.2 5.0 0.2 0.49

Blockade of places having

new cases

4.9 0.3 4.9 0.3 4.8 0.4 4.9 0.3 <0.01

working as white-collar workers (Coef. = −0.04; 95%CI:
−0.08; −0.01), and having full-time employment contracts
(Coef. = −0.07; 95%CI: −0.10; −0.03) were inversely associated
with the levels of perceived importance of the measures.

DISCUSSION

This study was performed during the national lockdown in
Vietnam, which might be helpful to reflect the perceptions and
attitudes of the general population toward national response
measures to address the COVID-19 epidemic. Findings from

this study showed a high level of agreement among the
general population toward the importance and necessity of
national response measures to combat the COVID-19 epidemic.
Moreover, the result indicated regional variations in the
perceived importance, as well as the drivers of these perceptions,
such as gender, educational level, marital status, family size,
occupation, and participants’ employment status. The finding
from our study can inform governments in implementing
appropriate measures in the coming epidemics.

As being aware of challenges ahead regarding limited
resources and healthcare capacities (31), the Government of
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TABLE 4 | Associated factors with the levels of perceived importance of national response measures to COVID-19 epidemics.

Characteristics Social distancing and Mandatory quarantine and personal

community screening protective equipment

Coef. 95% CI Coef. 95% CI

Region (vs. Northern)

Southern −0.13*** −0.19; −0.06

Foreign −0.22*** −0.35; −0.08

Gender (vs. Male)

Female 0.09*** 0.04; 0.14 0.02* −0.00; 0.04

Age group (vs. Under 25)

35–44 0.09*** 0.03; 0.14

Number of children −0.02** −0.03; −0.00

Marital status (vs. Single)

Married 0.07** 0.01; 0.13 0.03 −0.01; 0.06

Family size (vs. 1–2 people)

Above 5 people −0.10*** −0.18; −0.03

Education level (vs. High school and below)

Post-graduate −0.18*** −0.25; −0.10 −0.04*** −0.07; −0.01

Occupation (vs. Health workers)

White-collar workers −0.04*** −0.08; −0.01

Others 0.07 −0.02; 0.15

Occupation status (vs. Public employment contract)

Fixed-term fulltime contract −0.07*** −0.10; −0.03

No contract −0.03 −0.07; 0.01

***p < 0.01, **p < 0.05, and *p < 0.1.

Vietnam had implemented various mandatory measures in
the early phase of the epidemic to “flattening the curve”
(32). It is necessary for the government to have time for
preparing a possible upsurge in the number of COVID-19
cases and forecasting the pandemic peak in the next stages
(13, 33, 34). Findings from our study indicated a significantly
high agreement about the importance of response measures
that the Government performed during the epidemic. This
phenomenon can be explained that along with the role of
the Government’s leadership, the transparency in epidemic
information and the great involvement of mass media were
critically important in developing the beliefs of the community
in the Government’s actions, and the importance of changing
behaviors such as wearingmasks, good hygiene, social distancing,
or compulsory quarantine (32, 35, 36). Our study implied a high
acceptance and feasibility of these measures if they had to be
performed in the future.

In this study, we found regional variations in the perceptions
toward the importance of national measures. Specifically, living
in the Southern region was negatively correlated with the
perceived importance of the social distancing measure group.
Differences in financial management and daily habits between
the South residents and other parts in Vietnam could help
to explain this difference. People in Southern provinces are
less likely to have available savings for risk prevention, as
compared to the Northern residents (37). Social distancing or
national lockdown may lead to fear of job losses, salary cuts,

and unguaranteed living expenses for the family, which might
be more burdensome among Southern people than those in
other regions. Therefore, further national preventive measures
implementation should consider the cultural background of each
set to improve its feasibility and acceptability among general
populations in this setting.

A recent study found that there was no difference in
adherence to precautionary measures between white and blue-
collar workers (4). Our findings showed that those who were
white-collar workers had a lower score in the “Mandatory
quarantine and personal protective equipment” compared to the
health workers. Indeed, they could be classified in a lower risk of
COVID-19 than health professionals, and they were allowed to
work at home during the epidemic (4). Therefore, we assumed
that using personal protective equipment such as facemask
seems to be undervalued in this group due to their subjective
sensation of safety when working from home. This reason can
be applied to respondents with post-graduate education who had
lower scores in both measure groups compared to those having
only high school education or lower. Moreover, it means that
merely educated people with higher social status underestimated
mitigation strategies that touch more others than themselves.
In western countries, adhering COVID 19 preventive measures
was faced with skepticism by the public, even creating panic in
a particular situation such as some authorities has discouraged
using masks and personal protective equipment (PPE) with
the reasons that its no effective protection against COVID 19
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(13) and psychological barriers including using the mask and
PPE as contradictory to individualism (38). Regarding cultural
underpinnings aspects, using masks as well as PPE was partially
restricted by the recommendation of no mask use under the
context of rising political demonstration and terrorist attacks.
However, this has not mentioned in literature. The former group
was more likely to have stable jobs and incomes; thus, they might
not be affected by the national measures. Meanwhile, people
who had fixed-term employment contracts had lower levels of
agreement about the importance of these measures compared to
other groups. In particular, the fixed-term fulltime contract is a
contractual relationship between an employee and an employer
that lasts for a specified period. In Vietnam, there are two kinds
of fixed-term contracts include the definite term contract of
12–36 months and the seasonal or fixed-term contract of <12
months. It may be explained that in Vietnam, people under this
type of contract are at higher risk of suffering from absorbing
layoffs or salary cuts without alternative income sources, or in
other words, they might face substantial financial burden when
they or their living areas were under quarantine. Simultaneously,
those with public employment contracts could be guaranteed
with full salary and monthly living expenses when occurring
natural disasters or epidemics according to the Vietnamese
regulations (39). Similar groups are at risk from job loss in other
countries (40), which possibly reduces their positive perceptions
toward the national response measures. Similarly, participants
with large family size also had lower levels of agreements about
the importance of “Social distancing and community screening.”
These measures might cause a greater economic crisis if they lost
their jobs (40).

The findings of this study indicate several implications
that can be helpful in further COVID-19 and other disease
epidemics in Vietnam. First, strategies to maintain and improve
the perceptions of the general population toward COVID-19
and national response measures should be performed regularly
to ensure that people can have sufficient preparations if
the epidemic returns. Second, further preventive strategies
should be contextualized to different settings to optimize their
effectiveness and acceptance. Third, more studies about how
people cope with the difficulties during the epidemic should
be implemented in order to help to timely provide appropriate
supportive interventions.

Through its rapid assessment, this study provides timely
and valuable information on the perceptions and attitudes
of Vietnamese people in the unique lock-down situation.
However, findings of the study should be viewed in light of
its limitations. First, this study used the cross-sectional design,
which might hinder our ability to draw causal conclusions
between people’s perceptions and associated factors. Second,
the snowball sampling technique used in this study possibly
led to selection bias given that most of our participants were
health professionals. This might limit our generalizability to the
entire Vietnamese people. However, since these individuals have
a central role in orienting the preventive behaviors of people
in the community (41), their positive perceptions toward the
national response measures is an important assurance for the
success of these measures in the future. Third, our survey were

administrated via online platform. Nonetheless, in the limited
resource settings such as Vietnam, implementing online survey is
an optimal manner to reach a large sample size quickly in various
settings. Moreover, in order to increase the reliability and validity
of the data, we carefully piloted the survey and presented the
questionnaire in the survey platform with the most convenient
way for participants to answer the questions. Fourth, given the
urgent nature of the study and the challenge of participants
recruitment during lockdown time, we were not able to collect
a larger and more diverse sample. Thus, future studies are
encouraged to consider investing more time and effort to enroll
more participants with more diverse background. Further studies
may also benefit from assessing the cultural aspects related to the
Vietnamese’s perceptions and attitudes toward COVID 19 and
national response measures, in particular religious beliefs, which
might be one of the factors contributing to acceptance trends of
COVID-19 prevention measures in certain population groups of
a multi-religious country such as Vietnam.

In conclusion, this study determined some negative
perceptions and attitudes toward the national response
measure to combat COVID-19 epidemic in Vietnam, including
citizens who live in the Southern region, white-collar workers,
post-graduate education people, and laborers with fixed-term
employment contracts. Contextualized strategies to maintain
and improve these perceptions should be warranted to ensure
the success of the preventive measures in the future.
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INTRODUCTION: SYSTEMISM AND SYSTEMS THINKING

“[T]he good physician is a systemist: she prefers syndromes to isolated symptoms, places the body in its

environment, and takes into account all the relevant levels of organization of matter, from the physical

to the social.” (1, pp.45-46).

This quote fromMario Bunge, the Argentinian physicist and philosopher who authored more than
500 papers and 50 books and died at age 100 this year, will be taken as the starting point for a
critical appraisal of the role that systems thinking has played or not in the management of the
SARS-CoV-2 epidemic.

The terms “systemist” in Bunge’s quote and “systems thinking” are closely connected; the former
relates to ontology, the latter to a corresponding epistemology. According to Bunge, a systemist
is someone who is committed to the worldview of systemism which immune system, can be
summarized in the formula “Every existent is either a system or part of a system” [(1), p.47].
A consequence of systemism is that the generation of knowledge about the world requires the
usage of certain analytic skills in order to identify and understand systems, predict their behavior
and modify them in order to produce desired effects (experimentation). This epistemological
approach will be defined as systems thinking (2). Accordingly, a good physician should be
a systems thinker, someone who tries to identify and take into account the various systems
and their components that make up and interact with a given patient. The skills required for
systems thinking consist of recognizing interconnections between parts of a system (the base level
of systems thinking), identifying and understanding cause-effect feedback loops, understanding
system structure, dynamic behavior and systems at different scales (“systems of systems”), and
lessening a system’s complexity through various methods such as reduction or abstraction (2).
These analytic skills are not only important when dealing with an individual patient, but especially
when the aim is to improve population health through cross-disciplinary research, i.e., multi-
, inter-, and transdisciplinarity (3, 4). Thereby, according to the definition of Rosenfield (3),
multidisciplinarity means that researchers from several subdisciplines independently tackle a
research problem in parallel or sequentially, i.e., without really working together, to contribute to an
overall picture or solution. Interdisciplinarity also involves researchers working within their specific
subdisciplines, but now jointly together. Finally, transdisciplinarity transcends disciplinary borders
by working in a shared conceptual framework. Transdisciplinarity requires cross-disciplinary
understanding between members of the research team and is necessary to obtain knowledge about
emergent phenomena within systems [(4), p.86]. Such emergent phenomena cannot be explained
by referring to lower levels of a system, i.e., via reduction. Transdisciplinary research and knowledge
is therefore especially relevant for public health problems which involve emergent phenomena (5).
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IMPLICATIONS OF SYSTEMS THINKING

DURING THE SARS-COV-2 OUTBREAK

Unfortunately, we live in an age in which fewer and fewer
scholars have serious competence beyond their own increasingly
narrow field of research (6). This is particularly reflected
within the medical sciences, in which material reductionism,
the view that every level of phenomena can be explained
by causal effects of material particles at a lower level, is
the default ontology (7, 8), apparently superseding cross-
disciplinary, and in particular transdisciplinary research. While
material reductionism has led to great advances in the
natural sciences dealing with the non-living world, it faces
serious problems when applied to sciences dealing with living,
multicellular organisms and their societies both of which can
be conceptualized as open systems with emergent properties
(9, 10). Thus, physicians and public health authorities should
resist reductionist thinking and instead try to identify and
study system structures and causal loops of the problem at
hand, integrating all relevant disciplines within an inter- and
transdisciplinary approach.

Sahin et al. (11) recently developed a preliminary causal
loop diagram (CLD) depicting many of the causal feedback
loops within the environmental-health-socio-economic
system of the SARS-CoV-2 problem. While their CLD is a
valuable starting point for informing policy interventions
against the SARS-CoV-2 and future outbreaks of other
infectious pathogens, it has neglected the system of the
individual person that the various medical disciplines are
concerned with. I have therefore created a modified CLD
based on the work of Sahin et al. (11) which includes
the system of an individual and other components that I
found to be under-represented in discussions about the
SARS-CoV-2 crisis (Figure 1). These are briefly described in
the following.

A Functioning Immune System
A functioning immune system on the level of the individual
is a major determinant of the susceptibility to infection as
well as the severity of symptoms. The fact that ∼40–45% of
SARS-CoV-2 infections remain asymptomatic (12) indicates that
innate and adaptive immunity have the power to effectively
handle this virus. For example, triggering of innate immune
adaptions through influenza vaccination has been proposed as
a protective measure against COVID-19 severity (13), which
indeed received some confirmation in (not yet peer-reviewed)
observational studies (14, 15). It has also been proposed that the
adaptive immune systemmay account for a significant protection
in certain individuals through cross-reactivity between B- and
T-cell epitopes of SARS-CoV-2 and other human coronaviruses
(16). Indeed, cross-reactive T-cell responses against SARS-CoV-
2 associated with “common cold” coronaviruses have been
detected in about 30–80% of unexposed individuals (17–20).
Unfortunately, the computer models that had been used to justify
the lockdown interventions in many Western countries had
not taken these immune responses offering partial protection

of a significant percentage of the population into account
(21, 22)1–an example of “looking at only one or a few
dimensions of the problem at hand” (reductionism) and “lack
of expertise in crucial disciplines” (inter- and transdisciplinarity)
that Ioannidis et al. identified as factors contributing to these
models wrongly predicting COVID-19 fatalities by orders of
magnitude (24).

Furthermore, the public is rarely informed that an optimally
functioning immune system requires the presence or absence
of certain factors. Some of these factors are studied within
the transdisciplinary field of nutritional immunology.
Healthy nutrition, i.e., an optimal macro-, micro- and trace
nutrient composition, positively supports innate and adaptive
immunity (path A in Figure 1). While the interactions between
nutrition and the immune system are complex and pose a
multidimensional problem (25), it is well-established that an
adequate intake of protein and certain vitamins and trace
elements is needed for an optimally functioning immune system
and the containment of respiratory virus-induced inflammation
(26, 27). For example, SARS-CoV-2, influenza and other
respiratory viruses activate the cytoplasmic nucleotide-binding
domain (NOD)-like receptor protein 3 (NLRP3) inflammasome
in immune cells (typically monocytes and macrophages),
which produces and activates interleukin (IL)-1β and further
downstream cytokines, causing flu-like symptoms and tissue
damage (28). Several nutrients and secondary plant substances
have been shown to reduce NLRP3 inflammasome activation
(29), among them vitamin C (ascorbic acid), which may be
especially active against coronaviruses (30), or the ketone
body β-hydroxybutyrate (31). Evidence for protective effects
against COVID-19 has emerged for some of these nutrients,
in particular zinc, selenium, N-acetyl-cystein and vitamin C,
although it is limited to non-randomized studies (27, 32). The
strongest evidence to date is available for vitamin D whose
main natural supply is not through diet, but solar UV-B
radiation on the skin (path B in Figure 1). Higher vitamin D
levels have been linked to lower COVID-19 incidence, death
rates and hospitalizations in epidemiological studies (33–35).
First clinical data suggested that higher vitamin D levels are
associated with less severe courses of COVID-19 (36, 37). A
recent randomized controlled trial has shown a highly significant
benefit of high vitamin D supplementation in COVID-19
patients: out of 50 patients receiving 25-hydroxyvitamin
D in addition to standard treatment2 only one required
intensive care unit admission compared to 13 out of 26 patients
having not received vitamin D (p < 0.001) (38). Given the
cost-effectiveness and safety of vitamin D and other immune-
supporting nutrient supplements, some authors have rightfully
argued that public health officials should encourage their

1I have thoroughly analyzed this and other problems in the modeling study

of Flaxman et al. (22) in a German online article (23); for example, their

model assumes that every infection causes a secondary infection until 100% of

the population had been infected which is at odds with the observations of

pre-existing immunity.
2The dose was 0.532mg (21280 I.U.) on day 1, followed by 0.266mg (10640 I.U.)

on days 3 and 7 and 0.266mg weekly thereafter (38).
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FIGURE 1 | A preliminary causal loop diagram displaying the complexity of the SARS-CoV-2 crisis’ environmental-individual-socio-economic-political system. Based

on Figure 1 of Sahin et al. (11), but extended in some components and simplified in others not relevant for my main arguments here.

adequate intake through a healthy diet and supplementation
(26, 27).

Other important insights into immune system regulation
come from the field of psychoneuroimmunology. This field
investigates how psychological stress disrupts hormone and
immune regulation; stress in mice, e.g., increases IL-1β through
NLRP3 activation in the hippocampus (39). Mario Bunge goes
even further by claiming that stress crosses not only three, but
five disciplinary boundaries. He includes in this consideration
“all levels of organization,” up to the social, making stress
a “psycho-neuro-endocrino-immuno-social disease” [(1), p.68].
Social distancing and isolation, while possibly decreasing the
transmission of infectious pathogens (path C in Figure 1),
also decreases mental well-being by increasing psychological
stress, anxiety and fear (40–42) (loop D in Figure 1). Enforced
prolonged wearing of face masks is also problematic, as
demonstrated by Daniela Prousa who revealed that ∼60% of the
German population experienced severe psychosocial problems
already 5–7 weeks after installment of a public mask wearing
decree (43) (path E in Figure 1).

SARS-CoV-2 Tests and Statistical Illiteracy
Testing for SARS-CoV-2 using polymerase chain reaction
(PCR) or serum antibody tests is required to accurately
map the spread of the disease within and across
nations, although politics have failed to use such data

in international cooperation (44). Furthermore, efforts
to obtain reliable estimates for test sensitivity, specificity
and the so-called base rate (or disease prevalence) have
been sparse, although these quantities are essential for the
logical inferences that can be made from a positive test
result (45).

Some studies reported problems with both sensitivity and

specificity of commercially available SARS-CoV-2 PCR tests (46,

47). Instead of acknowledging these limitations, positively tested
individuals are still routinely nominated as infected individuals

in the media, which is de facto wrong. Furthermore, many
newspapers still simply report the daily or cumulative amount

of positive PCR tests, without standardizing to the total number
of tests performed and/or population number. This could lead

to the impression that the prevalence of SARS-CoV-2 infection
rises even if it declines or stays constant. For example, in
Germany the number of weekly SARS-CoV-2 PCR tests has been
increased to over one million until the end of August 2020,
so that the absolute number of positive tests increased along
with the number of performed tests, while the percentage of
positive tests had remained <1.5% since mid-May and ≤1.0%
since end of June (48). Still, German chancellor Angela Merkel
proclaimed in a press conference on August 28th that “the
infection numbers have clearly risen during the past weeks”
(49). Furthermore, in their discussion of the test statistics, even
the Robert-Koch-Institute did not mention that the base rate
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needs to be accounted for when interpreting a positive test
result (48), thereby committing what is called the base rate
fallacy (50).

The “collective statistical illiteracy” of health care
professionals, journalists and politicians (51, 52) is nothing
more than a lack of transdisciplinary knowledge in mathematics
and statistics. It is contributing to incorrect information about
the spread of the SARS-CoV-2 with the effect of increasing both
the public fear and impulsive actions from governments (paths F
and G in Figure 1).

Learning From Past Epidemics
Given the leading role of the World Health Organization
(WHO) in estimating the severity of infectious disease outbreaks,
we should consider how the WHO has influenced policy
decisions in the past. Doing so, it appears that the WHO has
overestimated the severity of several recent “pandemics”: SARS
in 2002/2003, avian flu in 2005/2006 and Swine flu in 2009.
This was likely due to the WHO basing its recommendations
on a reductionist assessment made by molecular virologists
(53), a mistake that I think is repeated in the current
SARS-CoV-2 epidemic.

In addition, financial ties with the pharmaceutical industry
of scientific advisors to WHO and international and national
public health institutions have likely influenced public health
policies during past virus outbreaks, e.g., driving a massive
vaccination campaign during the swine flu pandemic that
earned the pharmaceutical industry 18 billion Euro (53). Today,
the WHO is financed to a large degree by the private Bill
and Melinda Gates foundation from which it received more
than 228 million US$ in 2018 (54). The Bill and Melinda
Gates foundation also funds several institutes that have large
influence on decision-makers during the COVID-19 epidemic3,
as well as the GAVI vaccine alliance which in turn funds
the WHO (55, 56). Learning from past epidemics means
that critical journalists and scientists must watch carefully
if financial conflicts of interest might again influence policy
decisions during the SARS-CoV-2 crisis (path H in Figure 1),
in particular if these decisions cannot be justified by inter- and
transdisciplinary science.

DISCUSSION

The complexity of the SARS-CoV-2 crisis, and most of the
cross-disciplinary considerations associated with it, should
have profound consequences for public health measures and
personal behavior (57). If the system of an individual is
considered, it must be asked why policies have not been
directed more toward a positive message of self-responsibility
in the sense that people can actively strengthen their immune
system. Instead, the daily media messages about the latest
rise in infection numbers (which as stated above are only

3These include the Johns Hopkins University which maintains the global SARS-

CoV-2 statistics, the German Robert Koch-Institute and the Charité Hospital in

Berlin which employs Prof. Drosten, one of the leading government advisors

during the crisis (55).

positively tested persons) as well as the installment of drastic
measures all over the World fuel the narrative of us all
being potential victims of a killer virus that can only be held
back through physical barriers, extreme hygiene and ultimately
vaccination (58)—a reductionist approach purely focused on
the virus without considering the context of the human host,
its immune system, microbiome and economic, social and
natural environment. This raises many severe problems. For
example, in poorer countries inadequate nutrition, financial
toxicity and extreme stress induced by governmental lockdown
measures without adequate relief strategies can lead to many
deaths that remain invisible compared to those presented on
COVID-19 dashboards; they can be attributed to a reductionist
epidemiological and/or virological view of the problem (59).
Along these lines, reductionist thinking raises many ethical
issues, namely if avoiding risk of infection at any cost should
outweigh other human values such as mental health, social
contacts, dying in presence of the family, and basic human
rights such as adequate nutrition and freedom of peaceful
assembly. Here, more interdisciplinary discussions among health
care professionals and scholars of the arts and humanities
appear necessary.

As a final example, if systems thinking is employed it
should be clear that the high death rates in Northern Italy
in Spring 2020 could not simply be extrapolated to other
countries given the characteristics of the population [very old,
many smokers, high mesothelioma rates (60)], the environment
(one of the most crowded and heaviest air-polluted regions in
Italy) and the healthcare system [“decades of financial cuts,
privatization, and deprivation of human and technical resources”
(61)]. Although Italy has often been used for sustaining the
mainstream “deadly virus” narrative for the public, such details
about the healthcare system and population characteristics
are specialist facts that make life more complicated, but
need to be considered in order to avoid unnecessary public
fear (58).

In summary, it is my argument that journalism, politics,
and medicine involved within the SARS-CoV-2 crisis have
maintained a rather simple narrative and reductionist thinking
thus far. In my opinion we need more journalists interested
in accurately informing the public about the complex facts
associated with SARS-CoV-2; we further need more politicians
willing to be advised from a much broader spectrum of
industry- and financially independent scholars than just a few
selected virologists and epidemiologists with putative financial
or other conflicts of interest. Finally, we need more inter-
and transdisciplinary science (62), in particular as retrospective
analyses indicate that some drastic policy decisions had no clear
benefit (63, 64), and may even have caused more harm than good
(43, 59, 65). My hope is that the critical systems perspective on
the COVID-19 crisis presented here may be considered for the
improvement of both public health and individual well-being.
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Upon the outbreak of the COVID-19 pandemic, countries worldwide face a critical

shortage of human resources in the health sector. Medical students are a potential

task force with the capability to support the stretched health sector. This study aims

to evaluate their training need for epidemic control in order to employ them effectively. A

cross-sectional study was conducted using a web-based survey from December 2019

to February 2020. There were 5,786 observations collected using the snowball sampling

technique. Logistic regression was applied to identify factors associated with training

participation in epidemic prevention and disaster prevention. Multiple Poisson regression

model was constructed to examine factors associated with the number of times they

participated in sanitation training and disaster prevention activities in the previous 12

months. Sanitation and health education communication activities had the highest

proportion of participants, with 76.5 and 38.4%, followed by examining and treating

diseases in the community (13.4%). Those who participated in community activities had

a higher number of times to participate in epidemic sanitation training and be involved

in disaster prevention. This study informed the need for training programs to prepare

medical students for COVID-19 epidemic responses. The training curriculum should

include both theoretical approaches and contextual approaches to achieve efficient

epidemic control.
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INTRODUCTION

COVID-19 is the infectious disease caused by a new coronavirus
that was first reported from Wuhan, China, on 31 December
2019. The World Health Organization (WHO) has officially

declared the outbreak of COVID-19 pandemic on 11 March
2020, after the disease caused by the new coronavirus spread to
more than 100 countries and led to tens of thousands of cases
within a few months. With more than 200 countries, areas, or

territories with positive cases of COVID-19, social distancing
has been applied in most countries to minimize the spread
of the virus. Washing of hands frequently, routine cleaning

of frequently touched surfaces, and, more recently, wearing of
face mask/covering are the additional methods recommended by
health authorities to slow down the spread of the virus. Recent
COVID-19 research found that these precautional measures
safeguard well-being at the COVID-19 outbreak (1) and peak
of epidemics (2). Because COVID-19 is a completely new
epidemic, governments in different countries have taken different
approaches to control this epidemic in their countries. The
UK government, for instance, had briefly considered the “herd
immunity” approach but quickly had to admit that, with COVID-
19, the health impact, including the mortality rate, would be
phenomenal (3, 4). Other countries such as Taiwan, Singapore,
and Vietnam chose to apply strict measures at the early stages of
the outbreak rate such as forced isolation, social distancing, and
strict quarantine and contact tracing rules. Those strict measures
help those countries to keep the numbers of COVID-19 cases
low but require extra human resources, especially well-trained
preventive medicine staff that could lead to a shortage in many
countries during this epidemic period.

Vietnam belongs to the low- and middle-income country
(LMIC) group whose water, safety, and hygiene in healthcare
facilities need to be improved. According to State Party Self-
Assessment Annual Reporting 2018, the average scores of
indicator groups, including points of entry, national health
emergency framework, and surveillance, were quite low in
Vietnam (40/100, 47/100, and 50/100, respectively) (5, 6).
Vietnam achieved a medium score in human resources indicators
(60/100), indicating a great potential in its human resources.
As mentioned above, Vietnam was considered among countries
that performed well in preventing the spread of coronavirus in
the community. The government has immediately applied timely
policies as well as informed the residents about the perception of
using masks and other risks with the considerable contribution
of social media and science journalism (7–11). Notwithstanding
these timely actions, the government has mobilized the entire
health sector, including medical students, to participate in
epidemic control, and the Ministry of Health of Vietnam has
called on medical students to help in the fight against the
epidemic to enhance human resources (12–14).

In previous epidemics such as SARS, H5N1, and AIDS,
the great contribution of medical students in preventing
and controlling the disease has been recognized in Canada,
Hong Kong, and Turkey. Medical students are important
human resources that might have the capability to support
the community, with their advantages of youth, skills, and

knowledge, in the fight against an epidemic (15–17). Despite their
confidence and willingness to contribute, an important lesson is
to ensure preparedness and awareness among medical students
who are directly involved in epidemic control because of their
specific roles. In terms of COVID-19 epidemic, the process of
medical student education is reconsidered to evaluate whether
these students have the required preparedness to participate in
the fight against the deadly coronavirus (18, 19).

The spread of COVID-19 around the world has shown that
metropolitans have the highest risk of overwhelming spreading
due to high population density and social activities. Fortunately,
the metropolitans in Vietnam are also where most of the medical
students are. In the three high-risk metropolitans of Vietnam,
i.e., Hanoi, Da Nang, and Ho Chi Minh City (the three largest
cities), most medical students have participated in a training of
epidemic prevention and support, but there has been a limited
assessment of the training process and the appropriateness
of the training program. Therefore, during the unanticipated
epidemic of COVID-19, this study aims to figure out whether
medical students have received appropriate training for epidemic
control and the associated factors that affected their training
and practices.

MATERIALS AND METHODS

Study Design and Sampling Methods
A cross-sectional study was conducted using a web-based survey
named SurveyMonkey R©. SurveyMonkey is one of most common
platforms for online survey because it is intuitive and easy to
share. The system provides the ability to develop questionnaires
with a variety of question types and is easy for researchers to
modify. At the same time, the confidentiality of the collected
information is also guaranteed by passwords and a privacy
system. Using this platform, research was ably conducted on
a large scale in Vietnam in a short time. The reason for time
limitation was because this study was a sub-analysis of a project
on medical workers and medical students during the initial
period of the COVID-19 epidemic when the assessment of
national responses was vital. Data were collected from December
2019 to February 2020 in Vietnam, which covered the period
from the very first COVID-19 cluster that was reported in
Wuhan, China, on 31 December 2019 until the outbreak was
declared a public health emergency of international concern by
WHOon 30 January 2020 but beforeWHOdeclared the outbreak
as an epidemic on 11 March 2020.

The participants were medical students in different medical
universities in Vietnam who met the following inclusion criteria:
(1) at least 18 years old, (2) currently living in Vietnam, (3)
agreeing to participate in the survey by providing an online
informed consent, and (4) having the ability to read and respond
to the questionnaire.

In order to avoid having participants answer the survey more
than once, no material incentives were given to the participants
for their engagement of the survey. In total, there were 5,786
observations that can be used for analysis.

We applied the “snowball sampling technique” to recruit
participants. Several core groups of medical students from
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the Vietnam Young Physician Association, Vietnam Youth
Federation, and medical universities in Hanoi, Danang, and Ho
Chi Minh City have been centered upon at the beginning of the
recruitment process. The core groups sent the link to students of
medical universities in other provinces in three regions of North,
Central, and South Vietnam for them to access the questionnaire.
The students who had been involved in the study were instructed
to invite other students to join because they were more likely to
know other people who have similar background characteristics
and are suitable to be involved in the survey. One person could
easily send the link of survey via weblink, email, social network,
and messenger apps to others.

Variables
Socioeconomic Characteristics
The participants provided information about their gender, age,
specialty, marital status, and living areas.

Training and Practice for COVID-19 Epidemic Control

Among Medical Students
The participants were asked if they attended training classes in
epidemic prevention and disaster prevention and if they have
ever been involved in disaster prevention. They self-reported
community activities that they had participated in. They were
also asked about the number of times that they participated in
environmental sanitation training in the previous 12 months
as well as were involved in disaster prevention. Moreover, the
participants were asked whether they agree with the importance
of the following local hygiene and disease preventionmeasures:

• Early prevention, environmental sanitation, and population
health improvement

• Mobilization of community participation in disease control
• Training on up-to-date scientific knowledge
• Raising awareness of the impacts of climate change
• Ensuring adequate budget for disease prevention
• Periodic surveillance for infectious diseases
• Strengthening health communication and education programs
• Development of epidemic forecast systems to provide

early warning
• Improvement of interdisciplinary scientific research capacity
• Workforce support for preventive medicine sectors
• Development of guidelines for disease prevention
• Increasing coordination among local actors.

Statistical Methods
STATA software was used to analyze the final data. Mean
and standard Deviation (SD) were described for quantitative
variables; frequency and percentage were used to describe
qualitative variables. The differences between these variables were
tested using Kruskal–Wallis test and chi-square test, depending
on each variable. P < 0.05 was considered statistically significant.
Logistic regression was applied to identify factors associated
with training participation in epidemic prevention and disaster
prevention. Amultiple Poisson regressionmodel was constructed
to examine the factors associated with the number of times that
they participated in sanitation training and disaster prevention
activities in the previous 12 months. The independent variables

included in the model were socioeconomic status and the
specialty of the participants. Forward stepwise selection was used
to construct the reduced model that only contained independent
variables having a log-likelihood ratio test p < 0.2.

Ethical Consideration
The Scientific Council of Vietnam Central Youth Union
has reviewed and approved this study protocol (No.
85 QÐ/TWÐTN-VNCTN).

RESULTS

Table 1 shows that there were 74.9% female medical students,
about three times higher than the 25 male medical students
(25.1%). The average age of the medical students was 20.6
years (SD = 1.7), and 98.5% among them were single.
The rate of living in urban and rural areas was 87.7 and
12.3%, respectively.

Table 2 indicates that 87.6% of the medical students have
attended training classes on hygiene in epidemic prevention
and disaster prevention, and 91.6% of them were involved in
disaster prevention with average number of times of 1.0 (SD =

1.4) and 1.1 (SD = 1.0) for each type of activity, respectively.
Environment sanitation and health education communication
are two learning topics that have the highest proportion of
attendance among the participants at 76.5 and 38.4%, followed
by examining and treating diseases in the community (13.4%).
However, the remaining learning topics have relatively low
rates of participants: mobilize community participation (11.5%),
support for life and social security in the locality (7.4%), detect
and notify epidemics/natural disasters (3.1%), and control and
isolate affected areas (2.0%).

Table 3 demonstrates the proportion of agreement on the
importance of local hygiene and disease prevention measures
among the participants. Early prevention, environmental
sanitation, and population health improvement was
the most common choice by medical students (36.5%),
followed by mobilization of community participation in
disease control (32.9%) and training on up-to-date scientific
knowledge (32.5%).

Table 4 presents the associated factors with training and
practice for epidemic control. It can be seen that the medical
students who had participated in community activities have a
higher number of times to participate in epidemic sanitation
training (Coef. = 0.22, 95% CI = 0.09; 0.35) and be involved in
disaster prevention (Coef.= 0.21, 95%CI= 0.17; 0.24) compared
with those who did not.

DISCUSSION

The findings of our study indicated that themedical students who
had participated in community activities were likely to participate
in training classes on environmental sanitation for epidemic
prevention and be involved in disaster prevention; however, only
nearly half of them did actually participate in these activities.
Moreover, the rate of students involved in training is high, but
the frequency of the training time was only about once per year,
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TABLE 1 | Socioeconomic characteristics of medical students.

Medical specialist General doctor Pharmacist Others Total p-value

n % n % n % n % n %

Total 2,019 34.9 1,189 20.6 1,198 20.7 1,380 23.9 5,786 100.0

Gender

Male 589 29.2 338 28.4 320 26.7 205 14.9 1,452 25.1 <0.01a

Female 1,429 70.8 851 71.6 878 73.3 1,175 85.1 4,333 74.9

Living area

Urban 1,782 88.8 1,039 88.1 1,056 88.6 1,161 85.1 5,038 87.7 0.01a

Rural 225 11.2 141 12.0 136 11.4 204 15.0 706 12.3

Marital status

Single 1,985 98.4 1,173 98.8 1,178 98.7 1,355 98.2 5,691 98.5 0.57a

Others 32 1.6 14 1.2 16 1.3 25 1.8 87 1.5

Region

Northern 276 14.1 495 42.9 171 14.6 537 39.9 1,479 26.2 <0.01a

Central 117 6.0 58 5.0 82 7.0 45 3.3 302 5.4

South 1,570 80.0 601 52.1 920 78.4 765 56.8 3,856 68.4

Participated in community activities

Yes 885 43.9 525 44.2 455 38.1 555 40.3 2,420 41.9 <0.01a

No 1,131 56.1 663 55.8 739 61.9 823 59.7 3,356 58.1

Age group

Under 20 602 31.8 291 26.2 338 29.7 610 46.9 1,841 33.8 <0.01a

20 and above 1,290 68.2 821 73.8 802 70.4 692 53.2 3,605 66.2

Age, mean (SD) 20.8 (1.9) 20.7 (1.5) 20.6 (1.6) 20.1 (1.8) 20.6 (1.7) <0.01b

aChi-square test.
bKruskal–Wallis test.

TABLE 2 | Training and practice for epidemic control among medical students.

Medical specialist General doctor Pharmacist Others Total p-value

n % n % n % n % n %

Attend training classes on hygiene in epidemic prevention and

disaster prevention

1,771 87.7 1,033 86.9 1,058 88.3 1,204 87.3 5,066 87.6 0.73a

Involved in disaster prevention 1,839 91.1 1,102 92.7 1,111 92.7 1,249 90.5 5,301 91.6 0.09a

Activities of cleaning epidemic rooms in the community

Environmental sanitation

1,330 72.3 835 75.8 917 82.5 975 78.1 4,057 76.5 <0.01a

Health education communication 795 43.2 450 40.8 355 32.0 436 34.9 2,036 38.4 <0.01a

Examining and treating diseases in the community 310 16.9 135 12.3 122 11.0 141 11.3 708 13.4 <0.01a

Mobilize community participation 206 11.2 137 12.4 141 12.7 125 10.0 609 11.5 0.15a

Support for life and social security in the locality 149 8.1 76 6.9 103 9.3 66 5.3 394 7.4 <0.01a

Detect and notify epidemics/natural disasters 60 3.3 48 4.4 29 2.6 27 2.2 164 3.1 0.02a

Control and isolate affected areas 39 2.1 28 2.5 25 2.3 14 1.1 106 2.0 0.07a

Number of times participating in epidemic sanitation training

(per year), mean (SD)

1.1 1.4 1.0 1.4 0.9 1.4 0.9 1.3 1.0 1.4 0.43a

Number of times involved in disaster prevention (per year),

mean (SD)

1.3 1.0 1.2 1.0 0.9 1.0 0.9 0.8 1.1 1.0 0.01b

aChi-square test.
bKruskal–Wallis test.

which is relatively low. Medical students need to be trained more
in epidemic control in order to respond to all its aspects and
enhance their supporting capability.

The majority of medical students were well-trained in
environmental sanitation and health education communication
and had basic knowledge about common diseases. The remaining
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TABLE 3 | Agreement on the importance of local hygiene and disease prevention measures.

Medical specialist General doctor Pharmacist Others Total p-value

n % n % n % n % n %

Early prevention, environmental sanitation, and population

health improvement

744 36.9 392 33.0 480 40.1 494 35.8 2,110 36.5 <0.01a

Mobilization of community participation in disease control 662 32.8 365 30.7 407 34.0 470 34.1 1,904 32.9 0.25a

Training on up to date scientific knowledge 708 35.1 318 26.8 410 34.2 443 32.1 1,879 32.5 <0.01a

Raising awareness on the impacts of climate change 635 31.5 317 26.7 390 32.6 416 30.1 1,758 30.4 0.01a

Ensuring adequate budget for disease prevention 595 29.5 288 24.2 387 32.3 400 29.0 1,670 28.9 <0.01a

Periodic surveillance for infectious diseases 605 30.0 297 25.0 355 29.6 411 29.8 1,668 28.8 0.01a

Strengthening health communication and education

programs

571 28.3 283 23.8 330 27.6 395 28.6 1,579 27.3 0.02a

Development of epidemic forecasts systems to provide early

warning

545 27.0 274 23.0 327 27.3 370 26.8 1,516 26.2 0.05a

Improvement of interdisciplinary scientific research capacity 550 27.2 250 21.0 323 27.0 349 25.3 1,472 25.4 <0.01a

Workforce support for preventive medicine sectors 545 27.0 243 20.4 311 26.0 357 25.9 1,456 25.2 <0.01a

Development of guidelines for disease prevention 519 25.7 246 20.7 303 25.3 344 24.9 1,412 24.4 0.01a

Increasing coordination among local actors 510 25.3 236 19.9 275 23.0 342 24.8 1,363 23.6 <0.01a

aKruskal–Wallis test.

TABLE 4 | Associated factors with training and practice for epidemic control among medical students.

Attend training

classes on hygiene

in epidemic prevention

and disaster preventiona

Number of times

participating in epidemic

sanitation training (per year)b

Involved in disaster

preventiona

Number of times

involved in disaster

prevention (per year)b

OR 95% CI Coef. 95% CI OR 95% CI Coef. 95% CI

Gender (female vs. male) −0.11 −0.28, 0.06 −0.06*** −0.11, −0.02

Marital status (living with spouse

vs. single)

0.28* −0.03, 0.60 2.26 0.71, 7.23

Age group (20 and above vs.

under 20)

−0.13** −0.26, −0.00 1.14 0.93, 1.40

Participated in community activities

(yes vs. no)

0.88 0.74, 1.03 0.22*** 0.09, 0.35 1.46*** 1.19, 1.79 0.21*** 0.17, 0.24

Region (vs. Northern)

Central 0.71* 0.49, 1.03

South 0.83* 0.68, 1.01 1.19 0.96, 1.47

Specialty (vs. medical specialist)

General doctor 1.25* 0.96, 1.62

Pharmacist −0.20** −0.37, −0.03 1.24 0.96, 1.60

Others −0.14* −0.29, 0.00 −0.08*** −0.12, −0.04

Agreement on the importance of local hygiene and disease prevention measures (yes vs. no)

Development of epidemic forecast

systems to provide early warning

−0.04 −0.10, 0.02

Ensuring adequate budget for

disease prevention

0.06** 0.01, 0.11

Workforce support for preventive

medicine sectors

0.07** 0.01, 0.13

Increasing coordination among local

actors

1.86*** 1.42, 2.44

***p < 0.01, **p < 0.05, *p < 0.1.
aMultivariate logistic regression.
bMultivariate Poisson regression.

Frontiers in Public Health | www.frontiersin.org 5 November 2020 | Volume 8 | Article 58933132

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Nguyen et al. Training Need for Medical Students

practical activities (including mobilizing the community,
supporting for life and social security in the locality, detecting,
and notifying epidemics/natural disasters, and controlling and
isolating affected areas) are also necessary for epidemic control.
However, the rate of students’ attendance in these training topics
was low. It is suggested that the training program could be
improved to help the students acquire all necessary knowledge to
control the epidemic effectively.

Despite the fact that most medical students in Vietnam
were not fully equipped with epidemic control training, during
the COVID-19 epidemic, Vietnamese medical students have
provided important assistance for the healthcare team in the
following tasks: (1) assisting passengers in filling the health
declaration forms (quarantine task), (2) assisting Center for
Disease Control’s (CDC) staff in tracing incidences of COVID-
19 and people related to patients, (3) setting up genealogy maps
to monitor the spread of the disease, (4) helping CDC’s team to
investigate the epidemic by tracking people who pose a high risk
of transmission, (5) taking samples for testing for the virus, (6)
quarantining suspected patients and assisting doctors and nurses,
and (7) promoting preventive measures in the communities
(20). Since the worldwide outbreak of COVID-19, in order to
make these tasks more efficient, Vietnam has implemented timely
interventions such as posting anti-epidemic guides through the
webpage of medicine and pharmacy universities (including video
clips, e-documents, updated news) as well as the mobile app
NCOVI from the government portal that provided instructions
for coronavirus disease prevention (21–25).

Even in more developed countries, the preparedness of
medical students was also not high as they are perceived as
non-frontline staff (26) and have lower resilience (27). A study
in the United States reported that 98.5% of undergraduate
students received quite poor health education communication
(28). Findings from a study in England also pointed out the
gap in public health and epidemiology training curriculum, and
reformation to improve the training for medical students has
been started (29). In the LMIC group, 86% of Pakistan medical
students were not satisfied with the epidemiology approach at
the university (30). In a Malaysian medical university, 84.6% of
students believed that there should be more practical sessions
(31). Medical universities in Vietnam previously assessed the
importance of epidemiology and the training needs (32–35);
however, the development in training programs has not been
shown in our results yet.

The findings of this study help us draw up some potential
implications.While this study indicated that themedical students
in Vietnam had enough knowledge in environmental sanitation,
health education communication, and common diseases through
training in universities and community activities, it revealed,
however, the necessity of training in other aspects including
mobilizing the community, supporting for life and social
security in the locality, detecting and notifying epidemics/natural
disasters, and controlling and isolating affected areas. To deliver
the knowledge of epidemic control to students, there are possible
methods such as on-site training, e-learning, integrating with
official training curriculums in the university, and developing
instruction materials (36–41). Nevertheless, training programs

should include theoretical approaches (e.g., pathogens, critical
treatments) as well as other contextual approaches to achieve
efficient epidemic control in each region. Training curriculum
could be built based on the diversification of cultures to help
the trainees be closer to the residents and meet expected
outcomes in preventing and controlling the epidemic (42, 43),
and after these classes, the trainees, including medical students,
should have a higher level of awareness and preparedness on
epidemic control. There was insufficient evidence about the
customs and the colloquialisms of each population in epidemic
control training programs. For example, current official online
training documents of WHO have not identified customary
risks yet (44). Therefore, medical staff at the grassroots level
might meet difficulties in implementing solutions for public
health approaches in epidemic response and system thinking
in epidemic response. Further studies should assess customary
characteristics in order to help medical staffs detect the risks at
multilevel approaches.

Nonetheless, we acknowledge some limitations of our study.
First, using the snowball sampling method might lessen the
representability of our study. In return, our findings are
urgent and consistent with the urgent requirements of the
epidemic situation in Vietnam. Secondly, the self-reported
data collection might lead to recall bias. A minor limitation
in this study was the fact that the number of females was
significantly higher than that of males. However, the results
after dividing the variables by gender showed that there were
very few variables which indicated a statistically significant
difference between males and females. Finally, the cross-sectional
study design might limit the possibility to identify causal
relationships. Several questions remain unanswered at present
about the training need among other population groups about
epidemic control.

CONCLUSIONS

Medical students are important human resources for the
healthcare system in the period of health crisis. Indeed thousands
of Vietnamese medical students have participated in the
fight against COVID-19 epidemic. Although the country has
been successful in controlling the virus, our study suggested
that the participation of medical students could be more
effective if there was more training about epidemic control
among them to fill the gap in their training need. The
results of our study provided evidence for reforming the
training programs for epidemic control to prepare the medical
students for COVID-19 epidemic responses in Vietnam. The
training curriculum should include both theoretical approaches
(e.g., pathology and critical treatments) as well as other
contextual approaches to achieve efficient epidemic control in
specific regions.
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Social distancing measure has been considered an effective policy response across nations to
mitigate the spread of the COVID-19 pandemic (1). Given the matter that SARS-CoV-2 transmits
via close contact, social distancing requires individuals to keep a distance of at least 6 feet from
people who do not belong to their households (1). Vietnam has achieved initial results in flattening
the curve and slowing the spread of COVID-19 transmission in the community, which is mainly
attributable to a high-level adherence of Vietnamese with social distancing measures, accompanied
with contact tracing, mass testing, and mandatory isolation (2).

Social distancingmeasure had been implemented in Vietnam, a country having a long borderline
with China, from a very early phase as one of the precautionary measures since the first case was
detected on 22 January (Figure 1). On 31 January 2020, the Prime Minister issued the Directive
06/CT-TTg (3) to enforce banning, suspending, or narrowing traditional festivals to limit the
crowds of people, as well as temporary disclosure of schools and universities, and promoting the
use of face masks in public locations. After controlling successfully the first wave of the COVID-
19 outbreak with nearly 20 days without reported cases, on 18 March 2020, Vietnam confronted
a great challenge when new local cases with unknown causes of transmission were detected in
Hanoi, a metropolitan of Vietnam. Until 31 March 2020, 213 new cases were confirmed, and
most of them were asymptomatic. During this period, more strict social distancing measures were
implemented, including banning crowds of people with more than ten people as well as requesting
closure of nonessential places such as educational institutions or entertainment places, restricting
the intercity and intracity movement. On 31 March 2020, the Directive 16/CT-TTg was issued
which required nationwide social distancing implementation in 15 days. During this period, 59
new cases of COVID-19 were identified (4); however, since 17 April, Vietnam had confirmed no
community transmission despite extensive testing. On 23 April, the Vietnam Government decided
to loosen the national lockdown and issued the Directive 19/CT-TTg on 24 April about COVID-19
prevention and control strategies in the “new normal” condition, in which social distancing played
a major role (5).

The high compliance of Vietnamese with social distancingmeasures can be explained inmultiple
perspectives. In terms of the leadership, initially, after the detection of the first case, the Vietnam
government rapidly formed the Task Force for the COVID-19 epidemic under the direction of
the Vice Prime Minister. The Task Force members encompassed leaders of ministries, localities,
and press representatives, aiming to develop national COVID-19 preventive and control measures.
Previous experiences with Severe Acute Respiratory Syndrome (SARS) and H1N1 epidemics
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FIGURE 1 | The incidence of confirmed Covid-19 cases and its cumulative numbers, 23 January to 31 July 2020, Vietnam (2).

supported the Task Force to quickly decide the key directions for
combating COVID-19, in which social distancing measures had
a central role (6). Thus, Directive 06/CT-TTg, Directive 16/CT-
TTg, and Directive 19/CT-TTg were issued which underlined the
social distancing measure implementation to prevent the spread
of COVID-19 by maintaining physical distance and reducing
social interactions. Moreover, local authorities issued regulations
to guide and enforce social distancing in their community. As
per these regulations, people not following social distancing
recommendations such as going out in unnecessary cases and
fleeing from isolation areas or quarantine facilities have to face
administrative sanctions. On the other hand, the government
maintained and resuscitated economic activity by encouraging
Vietnamese businesses to transition to remote work. A continued
support system in the provision of essential services and supplies
was suggested by the government, aimed to facilitate adherence
to social distancing measures for people and communities.
People also received daily messages from the Government via
mobile phones or mass media to motivate them to adhere to
social distancing. In addition, the government protected people
from being exposed to fake news about COVID-19 and the
effects of social distancing by providing clear and transparent
information about COVID-19 in Vietnam (7).

Adherence to social distancing can also be justified by the
attributes of Vietnamese people. Recent evidence from a global
survey showed that Vietnamese people were highly satisfied with
and believed in the government’s measures in the prevention
and control of COVID-19 (8). This result might be achieved by
various activities of the government as discussed above, including
the assurance of essential goods during social distancing, clearing
of COVID-19 risk communication, and prompting of actions
to control the epidemic. Moreover, the prior experience with
severe infectious epidemics (e.g., SARS, H1N1) helped people
to understand the importance of social distancing in reducing

the transmission rate. On top of that, Vietnamese culture might
primarily contribute to the success of the social distancing
approach in Vietnam. In fact, Confucianism determines the core
values of Vietnamese society regarding different aspects such
as philosophy, social organization, culture, and economy (9).
This influence embraces the individuals’ social responsibilities in
protecting the health and life of other people in their community
over their freedom or liberties (10), which are much different
from Western culture. Living with this ideology facilitated the
Vietnamese to respond to the COVID-19 epidemic in a solidarity
way, that people altogether adhered to the social distancing to
mitigate the impacts of COVID-19 (11).

Despite the more andmore increasing global Covid-19 patient
number with the overload of the health system, Vietnam has
still been responding well to the Covid-19 pandemic with the
mobilization of the entire political system. We understand that
it is very difficult to implement high-level Covid-19 containment
measures in the current phase as in the previous phase. In the
“new normal” condition after the national lockdown strategy, one
of the biggest future challenges we would like to emphasize is
the indifference and subjectivity of the people in the prevention
and control of COVID-19. Therefore, all ministries, sectors,
organizations, and society from central to local levels need to
harmoniously combine administrative and specialized solutions
to suggest prompt and efficient actions in the worst-case
scenarios in Vietnam.

In resource-constrained settings like Vietnam, strategies

to promote aggressive social distancing should be based

on the effectiveness analysis of this measure in different
locations. The elements from the government and from
the public contributing to the good compliance with social
distance need to be further assessed to reflect each locality’s
situation. Importantly, in the “new normal” condition after
COVID-19, compliance with social distancing in Vietnam
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will be effective when the measures to closely control
and monitor repatriation and immigration via its borders
are prioritized.
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To effectively control the COVID-19 (coronavirus disease 2019) outbreak in later

stages in Vietnam requires addressing the existing gaps in the national health

emergency framework, consolidate, and inform its structure, we conducted this study to

evaluate the importance and collaborative mechanism between health and community

service workers with intersectional organizations at grassroots levels in Vietnam. A

cross-sectional, web-based survey was conducted from 12/2019 to 02/2020 on 581

participants (37 health workers, 473 medical students, and 71 community service

workers). The snowball sampling technique was used to recruit participants. We used

exploratory factor analysis to test the construct validity of the questionnaire measuring

the perceived efficiency of involving community service workers in health care–related

activities and Tobit models to examine its associated factors. The results showed the

importance of local organizations in epidemic preparedness and response at grassroots

levels, with scores ranging from 6.4 to 7.1, in which the Vietnam Youth Federation

played the most important role (mean = 7.1, SD = 2.2). Of note, community service

workers were viewed as performing well in health communication and education at

agencies, schools, and other localities. Medical students perceived higher efficiency of

involving community service workers in health care–related activities at grassroots levels

as compared to health workers. We encourage the government to promote intersectoral

collaboration in epidemic preparedness and response, giving attention to scale up

throughout training as well as interdistrict and interprovincial governance mechanisms.

Keywords: COVID-19, intersectoral collaboration, epidemic preparedness, grassroots level, Vietnam
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INTRODUCTION

Originating from Hubei province in China, coronavirus disease
2019 (COVID-19) dramatically spread tomany parts of the world
(1, 2). As ofMay 11, 2020, there were 4.01million confirmed cases
reported globally, including 88,891 new cases and 278,892 fatal
cases, covering 216 countries and territories (3). Understanding
the severity and coverage of a pandemic, the World Health
Organization has circulated strategic preparedness and response
plan for COVID-19 (4). The overall goal of this plan is to stop
further COVID-19 transmission and minimize the impacts in
all nations. Accordingly, there are three core strategies that can
flexibly tailor to a particular context of each country, including
(1) establishing international coordination and operational
support (2), promoting preparedness and response at the national
level, and (3) accelerating research and innovation (4).

While much of the world has recognized the integral role
of preparedness and response in the epidemic mitigation, each
country has currently developed its own context-specific strategy,
which is driven by various factors such as socioeconomic features,
health system, and existing resources. Some countries with well-
integrated health system and strong human resources, such as
the Netherlands and Sweden, have tried to build rapid herd
immunity, which occurs when most of the community has
become immune to COVID-19 so that it could indirectly protect
the community from the infection (5, 6). However, this approach
immediately consumes enormous resources and has raised the
world concern about its effectiveness because of the drastic
increase in the number of COVID-19 cases and deaths in these
countries (7). Thus, it perhaps would not be the best-fit model
for low-resource settings such as Vietnam, a developing country
with a population of more than 100 million people and sharing
more than 1,200 km of the border with China.

Instead, Vietnam has currently implemented a strategy of
early detection of COVID-19 infection, effective isolation and
timely treatment for confirmed cases, and minimizing deaths; at
the same time, promoting disease prevention (8, 9). The plan
has shown excellent results in the early stages of fighting the
COVID-19 epidemic. So far, Vietnam has a much lower number
of confirmed cases compared to other neighboring countries,
with 239 confirmed cases and no deaths reported by April
2020 (2, 9). However, as the unprecedented and unpredictable
spread of COVID-19, it seems to be too early to conclude the
successful containment of the outbreak in Vietnam. Tomaximize
the capacity to prevent an uncontrollable outbreak, the existing
gaps in the national health emergency framework, as indicated by
the Self-Assessment Annual Reporting tool 2018 (10), should be
immediately addressed. This requires the quick mobilization of
existing resources other than health sectors such as community
units and organizations, especially at the grassroots levels where
human resources for health are under severe constraints, and
the mobilization and management process will be much more
effective under the direction of local organizations instead of
at the central level (11). In order to consolidate and inform
the national health emergency framework, which is responsible
for the containment of the outbreak in later stages in Vietnam,
we conducted this study to evaluate the importance and

collaborative mechanism between health and community service
workers with intersectional organizations at grassroots levels in
epidemic preparedness and response.

MATERIALS AND METHODS

Study Design and Setting
We conducted a cross-sectional study from 12/2019 to 02/2020
in all provinces of Vietnam via online platforms named
SurveyMonkey. SurveyMonkey is one of the most popular online
survey sites, due to its intuitive and easy to share. The system
allows researchers to create questionnaires with a variety of types
of questions and still ensure security by password management
system and personal email.

Study Subject
We recruited all health workers, medical students, and
community workers through the country if they met the
following criteria: (1) being at least 18 years old (2), currently
living in Vietnam, and (3) agreeing to participate in the study.
Those who were cognitively impaired were excluded from the
study. All participants were asked to provide informed consent
to confirm their voluntary participation by clicking “agree to
participate in the study” after reading the study purposes, their
benefits, and responsibilities.

Sampling Procedure and Sample Size
We recruited the exponential non-discriminative snowball
sampling technique to recruit respondents using online
platforms. This method is considered as a cost-effective,
non-probability method that allowed us to locate hidden
populations by relying on referrals from one initial respondent
to other potential respondents (12). Also, a web-based survey
is suitable and effective in the current context, because
due to the tremendous impact of the COVID-19 outbreak,
people tend to work frequently online; therefore, it allowed
us to reach a large number of participants. We sent the
questionnaire link to the target participants via email and
Facebook. These are the most commonly used online platforms
in Vietnam. We recruited 37 health workers, 473 medical
students, and 71 community workers. The total sample size was
581 participants.

Study Instruments and Measures
To collect data, we developed a self-reported questionnaire with
three main following sections:

Sociodemographic Characteristics
Sociodemographic characteristics included age, gender, living
area (urban or rural), marital status (single, married, etc.),
education level, having participated in youth association
activities, workplace level (central level, provincial level, under
provincial level, or working for university).
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The Perceived Importance of Community Workers in

Health Care, Epidemic Preparedness, and Response

at Grassroots Levels
We asked the participants to rate the importance of organizations
in health care, epidemic preparedness, and response at grassroots
levels. These organizations included the following:

• Ho Chi Minh Communist Youth Union: the largest social–
political organization of Vietnamese youth

• Vietnam Youth Federation: broad social organization of
Vietnamese youths and youth organizations

• The Vietnamese Fatherland Front: a political coalition
organization, a voluntary union of political organizations,
sociopolitical organizations, social organizations and
individuals representing all classes, social strata, ethnic
groups, religions, and overseas Vietnamese

• Viet Nam Farmer’s Union: a social–political organization of
Vietnamese peasantry

• Viet Nam Women’s Union: a sociopolitical organization that
represents and defends the legal and legitimate rights and
interests of Women in Vietnam

• Local occupational associations: organizations that protect the
legal and legitimate rights and interests of their members
within the legal framework for a certain profession in
the locality

• Religious and belief units: organizations that have the task of
regulating, protecting and being the voice of people following
different religions, beliefs before the law because Vietnam
allows people to freely choose their religion

• Non-governmental organizations: non-profit, citizen-based
groups that function independently of government and has an
important role to play in supporting resources

• Social businesses: organizations that apply commercial
strategies to maximize improvements in financial, social, and
environmental well-being.

There were 10 levels of response in each question, with a higher
score indicating greater importance.

The Perceived Efficiency of Involving
Community Service Workers in Health
Care–Related Activities
Participants rated the levels of efficiency of involving community
service workers in health care–related activities, including the
following: (1) identify the risks of environmental pollution,
changes in natural conditions, farming, and unusual weather
phenomena; (2) report weather phenomena, pollution risks to
the community and authorities; (3) detect and promptly notify
disease risks and new cases to the locality; (4) participate in
local epidemic prevention and response; (5) participate in health
care and improving the health of people who affected by the
epidemics, natural disasters such as floods and droughts; (6)
guide and support people with abnormal health signs to go to
health facilities; (7) participate in health communication and
education at agencies, schools, and localities; (8) participate
in stabilizing life, livelihood, and local security before, during,
and after natural disasters and epidemics. There were 10 levels

of response in each question, with a higher score indicating
greater efficiency.

Data Management and Analysis
Data were collected by SurveyMonkey and automatically saved
in the system. Only approved members could access and
export the data. We analyzed data with Stata (version 15, Stata
Corp LP, College Station, TX, USA). Quantitative variables
were summarized in mean and standard deviation (SD). The
differences between these variables were tested using Kruskal–
Wallis test, with p < 0.05 considered statistically significant.
We utilized frequency and percentage to describe qualitative
variables. Fisher exact test and χ

2 test were used to test the
differences between these variables. We used exploratory factor
analysis to explore the construct validity of the questionnaire
measuring the perceived efficiency of involving community
service workers in health care–related activities. Tobit model
was applied to determine factors associated with perceived
efficiency of involving community service workers in health care–
related activities at grassroots levels. The independent variables,
including socioeconomic status, occupation characteristics, and
perceived importance of organizations, were entered in the full
regressionmodels. The study applied a stepwise forward selection
to construct the reduced model that selected variables based on
the log-likelihood ratio test at p < 0.2.

Ethical Consideration
The study protocol was reviewed and approved by the Scientific
Council of VietnamCentral YouthUnion (No 177QÐ/TWÐTN-
VNCTN). Participation was completely voluntary, and there
were no incentives provided. Collected data were saved in a
secured system and only served for the study purposes.

RESULTS

Table 1 summarizes sociodemographic characteristics of
respondents. In a total of 581 participants, 37 respondents were
health workers, 473 respondents were medical students, and 71
respondents were community service workers. The number of
females in the sample was twice that of males (31.2 and 68.9%,
respectively). The majority were younger than 25 years (81.4%),
lived in the urban (85.7%), were single (85.8%), and participated
in community activities. The average age of participants was
22.6 (SD = 5.3) years, and there was a statistically significant
difference in age among health workers, medical students, and
community service workers (p < 0.01).

Table 2 illustrates the perceived importance of organizations
in health care, epidemic preparedness, and response at grassroots
levels. In general, respondents highly evaluated the importance
of organizations in epidemic and response at grassroots levels
(mean scores ranged from 6.4 to 7.1). Respondents rated Vietnam
Youth Federation (mean = 7.1, SD = 2.2) and Ho Chi Minh
Communist Youth Union (mean = 7.0, SD =2.3) as the most
important in health care, epidemic preparedness, and response at
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grassroots levels. Meanwhile, religious and belief units (mean =

6.4, SD= 2.5) were the least important.
The construct validity of the questionnaire measuring the

perceived efficiency of involving community service workers in

TABLE 1 | Sociodemographic characteristics of respondents.

Health

workers

Medical

students

Community

service

workers

Total p

n % n % n % n %

Total 37 6.4 473 81.4 71 12.2 581 100.0

Gender

Male 16 43.2 123 26.0 42 59.2 181 31.2 <0.01

Female 21 56.8 350 74.0 29 40.9 400 68.9

Living area

Urban 31 83.8 401 86.1 60 84.5 492 85.7 0.89

Rural 6 16.2 65 14.0 11 15.5 82 14.3

Marital status

Single 11 29.7 462 98.1 24 33.8 497 85.8 <0.01

Living with 26 70.3 1 0.2 44 62.0 71 12.3

spouse

Others 0 0.0 8 1.7 3 4.2 11 1.9

Workplace

Central level 5 13.5 52 11.2 16 23.9 73 12.8 <0.01

Provincial level 21 56.8 54 11.6 32 47.8 107 18.8

< Provincial level 9 24.3 4 0.9 19 28.4 32 5.6

College/university 2 5.4 355 76.3 0 0.0 357 62.7

Participated in community activities

Yes 31 83.8 197 41.7 71 100.0 299 51.6 <0.01

No 6 16.2 275 58.3 0 0.0 281 48.5

Age group

<25 years 3 8.6 448 98.9 3 4.3 454 81.4 <0.01

≥ 25 years 32 91.4 5 1.1 67 95.7 104 18.6

Mean SD Mean SD Mean SD Mean SD p

Age 32.0 6.9 20.5 1.5 32.0 4.8 22.6 5.3 <0.01

health care–related activities at grassroots levels is described
in Table 3. The series of questions were reclassified into two
domains called “epidemic investigation, counseling, and control”
and “reporting and monitoring environmental changes and
health problems.” The Cronbach α was very high in both
domains (0.95 and 0.91, respectively).

Table 3 showed the percentage of participants who perceived
that the involvement of community service workers in health
care–related activities at grassroots levels was highest in
“Participate in health communication and education at agencies,
schools, and localities” (18%), followed by “guide and support
people with abnormal health signs to go to health facilities”
(14.2%). In contrast, the percentage of participants who perceived
that the involvement of community service workers in health
care–related activities at grassroots levels was lowest in “detect
and promptly notify disease risks and new cases to the locality”
(11.8%), followed by “identify the risks of environmental
pollution, changes in natural conditions, farming, and unusual
weather phenomena” (12.9%).

As shown in Table 4, the mean score of the domain “epidemic
investigation, counseling, and control” was 7.3 (SD = 1.8),
and in the domain “reporting and monitoring environmental
changes and health problems,” the mean was 6.9 (SD = 1.9). In
the domain, “epidemic investigation, counseling, and control,”
respondents rated “participate in health communication and
education at agencies, schools, and localities” to be the most
effective (mean = 7.5, SD = 1.9). In the domain, “reporting
andmonitoring changes in environment and health,” participants
rated the highest score for “report weather phenomena,
pollution risks to the community and authorities” (mean = 7.1,
SD= 2.0).

Table 5 summarizes the results of the regression analysis.
Those who lived with spouse tended to perceive the higher
efficiency of involving community service workers in epidemic
investigation, counseling and control [coefficient = 0.62,
95% confidence interval (CI) = 0.16–1.09], and reporting
monitoring changes in environment and health (coefficient
= 0.75, 95% CI = 0.16–1.34). Of note, medical students
were more likely to perceive the efficiency of involving

TABLE 2 | The perceived importance of organizations in health care, epidemic preparedness, and response at grassroots levels (10-point scale).

Health workers Medical students Community service workers Total p

Mean SD Mean SD Mean SD Mean SD

Vietnam Youth Federation 6.1 2.3 7.2 2.1 6.9 2.9 7.1 2.2 0.03

Ho Chi Minh Communist Youth Union 6.4 2.6 7.1 2.1 6.8 2.9 7.0 2.3 0.33

The Vietnamese Fatherland Front 5.8 2.7 7.1 2.2 6.8 2.7 7.0 2.3 0.02

Viet Nam Farmer’s Union: 6.0 2.7 7.1 2.2 6.7 2.7 7.0 2.3 0.03

Non-governmental organizations 6.6 2.4 7.0 2.4 6.6 2.4 6.9 2.4 0.32

Social businesses 6.1 2.4 7.0 2.2 6.6 2.5 6.9 2.2 0.05

Viet Nam Women’s Union 5.8 2.5 7.1 2.1 6.6 2.8 6.9 2.3 0.01

Local occupational associations 5.7 2.5 7.0 2.2 5.9 2.9 6.8 2.4 <0.01

Religious and belief units 5.6 2.5 6.6 2.3 5.6 3.1 6.4 2.5 <0.01

Bold values indicate significant p-value < 0.05.
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TABLE 3 | Factor loadings of the questionnaire measuring the perceived efficiency of involving community service workers in health care–related activities at grassroots

levels.

Items Totally effective Epidemic investigation,

counseling, and control

Reporting and monitoring

environmental changes

and health problemsn %

(1) Participate in health communication and education at agencies,

schools, and localities

104 18.0 0.87

(2) Guide and support people with abnormal health signs to go to

health facilities

84 14.5 0.80

(3) Report weather phenomena, pollution risks to the community and

authorities

82 14.2 0.77

(4) Participate in local epidemic prevention and response 80 13.8 0.69

(5) Participate in health care and improving the health of people who

affected by the epidemics, natural disasters, floods, and droughts

78 13.5 0.84

(6) Participate in stabilizing life, livelihood, and local security before,

during, and after natural disasters and epidemics

75 13.0 0.65

(7) Identify the risks of environmental pollution, changes in natural

conditions, farming, and unusual weather phenomena

75 12.9 0.88

(8) Detect and promptly notify disease risks and new cases to the

locality

68 11.8 0.76

Cronbach’s α 0.95 0.91

Mean 7.3 6.9

SD 1.8 1.9

TABLE 4 | The perceived efficiency of involving community service workers in health care–related activities at grassroots levels.

Evaluation of respondents on Medical

professional

Medical

students

Community

workers

Total p value

Mean SD Mean SD Mean SD Mean SD

Epidemic investigation, counseling, and control 7.0 1.5 7.3 1.7 7.0 2.0 7.3 1.8 0.18

Participate in local epidemic prevention and response 6.9 2.1 7.3 1.9 6.8 2.6 7.2 2.0 0.43

Participate in health care and improving the health of people

who affected by the epidemics, natural disasters, floods,

and droughts

6.7 1.8 7.3 1.9 7.1 2.3 7.3 1.9 0.14

Guide and support people with abnormal health signs to go

to health facilities

7.0 1.7 7.4 1.9 6.8 2.4 7.3 2.0 0.11

Participate in health communication and education at

agencies, schools, and localities

7.3 1.7 7.5 1.9 7.5 2.0 7.5 1.9 0.51

Participate in stabilizing life, livelihood, and local security

before, during, and after natural disasters and epidemics

7.1 1.8 7.1 1.9 6.8 2.3 7.1 1.9 0.69

Reporting and monitoring environmental changes and

health problems

6.2 1.9 7.0 1.8 6.6 2.3 6.9 1.9 0.02

Identify the risks of environmental pollution, changes in

natural conditions, farming, and unusual weather

phenomena

6.3 2.4 6.9 2.1 6.6 2.6 6.9 2.2 0.20

Report weather phenomena, pollution risks to the

community and authorities

6.8 2.0 7.1 2.0 6.7 2.3 7.1 2.0 0.31

Detect and promptly notify disease risks and new cases to

the locality

5.7 2.3 7.1 1.9 6.4 2.7 6.9 2.1 <0.01

Bold values indicate significant p-value < 0.05.

community service workers in reporting and monitoring
changes in environment and health compared to health workers
(coefficient = 0.75, 95% CI = 0.03–1.06). Of note, those who
felt the higher importance of youth associations and social
businesses perceived higher efficiency of involving community
service workers in epidemic investigation, counseling and
control, and reporting and monitoring changes in environment
and health.

DISCUSSION

Key Findings
This study evaluated the importance and collaborative

mechanism between health and community service workers

with intersectional organizations at grassroots levels in epidemic
preparedness and response. We found that local organizations
were existing resources that could be immediately mobilized to
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TABLE 5 | Factors associated with perceived efficiency of involving community service workers in health care–related activities at grassroots levels.

Epidemic investigation, counseling, and control Reporting and monitoring environmental

changes and health problems

Coefficient 95% CI Coefficient 95% CI

Marital status (living with spouse vs. single) 0.62*** (0.16–1.09) 0.75** (0.16–1.34)

Objects (vs. health workers)

Medical students 0.55** (0.03–1.06)

Community service workers −0.41* (−0.87 to 0.04)

Participated in community activities (yes vs. no) −0.21 (−0.48 to 0.05) −0.25* (−0.53 to 0.02)

Perceived importance of organizations by respondents

(10-point scale)

Vietnam Youth Federation 0.39*** (0.32–0.46) 0.30*** (0.21–0.40)

Local occupation associations 0.12** (0.03–0.21)

Non-governmental organizations 0.10*** (0.03–0.18) 0.14*** (0.06–0.22)

Social businesses 0.18*** (0.09–0.26) 0.16*** (0.07–0.25)

***p < 0.01, **p < 0.05, *p < 0.1.

address the epidemic; in which youth played a critical role. In the
intersectoral mechanism, community service workers were best
performed in health communication and education at agencies,
schools, and localities. Of note, medical students perceived
higher efficiency of involving community service workers in
health care–related activities at grassroots levels as compared to
health workers.

Facing the COVID-19 pandemic, even the most developed
countries may not devote sufficient resources at the initial stages
(13), and this situation may be even worse in low and middle
developing countries (14). Thus, taking the advantages of on-site
resources would be full of potential to scale up country readiness
and response operations. In Vietnam, it is a long-held practice
that health workers, including doctors, nurses, technicians, and
traditional medicine practitioners, pharmacists, are responsible
for all health issues of national and international concerns (15).
However, overreliance on this specialized taskforce may fail to
meet the drastic demand of the population in urgent cases, such
as the COVID-19 outbreak. It is advisable, in such situations, to
make prudent use of local organizations to ensure a sufficient
workforce to respond quickly. In Vietnam, these include the Ho
Chi Minh Communist Youth Union, Vietnam Youth Federation,
The Vietnamese Fatherland Front, Farmers Association, Women
Union, local occupation associations, religious and belief units,
non-governmental organizations, and social businesses. These
organizations can be actively involved in non–treatment-related
activities such as risk communication, health education and
surveillance, and aggressive contact tracing. Moreover, as each
unit and organization are assigned to a particular task, they may
help to inform the response framework and rapid action team at
grassroots levels in particular and the national level as a whole.

In the intersectoral mechanism, we found that in Vietnam,
the youth should be the priority for mobilization at grassroots
levels. In Vietnam, young people aged 15–29 years account for
25% of the total population (16). More importantly, they are
better educated (16) and more socially responsible compared to
previous generations (17). Thus, in the context of accelerated

national and global issues such as infectious disease outbreaks,
climate change, and pollution, they could act as the vanguard
in community- and social-based activities. At the moment,
Vietnam has been mobilized thousands of medical students to
support the COVID-19 response with various activities such
as epidemiological investigation, quarantine guide, and blood
testing (18). It has been critical to systematically scale up youth
networks from local to central levels in antiepidemic activities.
One of the most feasible tasks, which was indicated in our
study, is health communication and education at agencies,
schools, and localities. To achieve this, however, requires
thorough training and proper interdistrict and interprovincial
governance mechanisms.

As reported in our study, medical students perceived higher
efficiency of involving community service workers in health-
related activities at grassroots levels compared to health workers.
Given the core role of medical students in community networks
for the epidemic preparedness and response, their perspectives
about the efficiency of engaging community service workers
in health-related activities are insightful. Thus, it enriches the
understanding of the efficiency and feasibility of the collaborative
mechanism between health and community service workers with
intersectional organizations at grassroots levels in Vietnam.

Limitations
While the study results have provided a valuable contribution
to the current understanding of intersectoral collaboration
in epidemic preparedness and response at grassroots levels
in the threat of COVID-19 pandemic in Vietnam, there are
several limitations. An online-based survey may fuel the risks
of survey fraud because it did not allow us to confirm
participants’ identities. To minimize such risks, we did not
offer participants with incentives to eliminate the possibility
of study participation for incentive purposes. Besides, we
used the snowball sampling method, which may introduce
sampling bias. This non-probability sampling could affect
to the representativeness of the survey sample. Ideally, a
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random-sampling technique would minimize this risk; however,
it would be costly and, in the current context, infeasible.
Third, the study was conducted only in Vietnam, so that
the implications would be questioned about their effectiveness
and implications when applying in other settings, especially at
developed countries. However, based on the fact that Vietnam
has achieved outstanding results in COVID-19 prevention and
the strength of the time of the study, we believe that these finding
can serve as a reference for preparedness and response strategy in
other countries.

CONCLUSION

In conclusion, this study indicated the great potential and
feasibility of intersectoral collaboration in epidemic preparedness
and response at grassroots levels in the threat of COVID-
19 pandemic in Vietnam. This approach will not only ensure
sufficient resources for urgent cases but also help to inform and
shape a determined response framework and rapid action team
at the grassroots levels in particular and national levels as a
whole. In this intersectoral mechanism, the youth can be the
vanguard in community- and social-based activities, especially
in health communication and education at localities. To achieve
it requires throughout training, interdistrict, and interprovincial
governance mechanisms.
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Background: COVID-19 developed into a global pandemic in 2020 and poses

challenges regarding the prevention and control capabilities of countries. A large number

of inbound travelers from other regions could lead to a renewed outbreak of COVID-19

in the local regions. Globally, as a result of the imbalance in the control of the epidemic,

all countries are facing the risk of a renewed COVID-19 outbreak brought about by

travelers from epidemic areas. Therefore, studies on a proper management of the

inbound travelers are urgent.

Methods: We collected a total of 4,733,414 inbound travelers and 174 COVID-19

diagnosed patients in Yunnan province from 21 January 2020 to 20 February 2020.

Data on place of origin, travel history, age, and gender, as well as whether they had

suspected clinical manifestations for inbound travelers in Yunnan were collected. The

impact of inbound travelers on the local epidemic was analyzed with a collinear statistical

analysis and the effect of the control measures on the epidemic was evaluated with a

sophisticated modeling approach.

Results: Of the 174 COVID-19 patients, 60.9% were not from Yunnan,

and 76.4% had a history of travel in Hubei. The amount of new

daily cases in Yunnan was significant correlated with the number of

inbound travelers from Hubei and suspected cases among them. Using

Susceptible–Exposed–Infectious–Recovered (SEIR) model analysis, we found that the

prevention and control measures dropped the local R0 down to 1.07 in Yunnan province.
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Conclusions: Our preliminary analysis showed that the proper management of inbound

travelers from outbreak areas has a significantly positive effect on the prevention and

control of the virus. In the process of resettlement, some effective measures taken

by Yunnan province may provide an important reference for preventing the renewed

COVID-19 outbreak in other regions.

Keywords: COVID-19, control measures, epidemic area, resettlement, inbound travelers

INTRODUCTION

COVID-19, a novel coronavirus disease that appeared in late
2019, has spread to the majority of countries worldwide, and has
resulted in a substantial number of deaths. It was also named
SARS-CoV-2 because its symptoms are similar to those of severe
acute respiratory syndrome (SARS). COVID-19 was defined as a
Public Health Emergency of International Concern by theWorld
Health Organization (WHO) on 30 January 2020 (1). Advances
in transportation technology have made life easier and more
convenient, and according to data from various destinations,
international arrivals (overnight visitors) reached 1.5 billion in
2019 (2). Concurrently, these conveniences have also accelerated
the rate of spread of viruses. As international travel increases,
travelers are more able to spread infectious diseases acquired in
their home countries to their destination, as well as being able to
spread diseases from their destination to their home countries.
Because of the aforementioned reasons, COVID-19 constituted
a major challenge to international public health. According to
the prediction model, the basic reproduction number (R0) of
COVID-19 is about 2.68 (3). As of 11 March 2020, COVID-
19 had already erupted in more than 110 countries, with more
than 118,000 confirmed cases, and 4,291 people having lost their
lives. On the same day, the World Health Organization (WHO)
declared the COVID-19 outbreak a global pandemic (4).

Since the outbreak of COVID-19, in response to the

spread of such viruses through travel, many countries have

implemented large-scale blockades to slow the spread. For

example, an unprecedented lockdown was imposed by the

Chinese government inWuhan from 23 January 2020, with travel
restrictions. Within a few days, the quarantine expanded to other
provinces and cities, affecting more than 50 million people in
total (5). Unfortunately, more than 5 million people left Wuhan
before lockdown due to the upcoming Spring Festival, many of
whom may have been infected with the virus (6). Thus, these
travelers who left the affected area before the blockade were able
to spread COVID-19 to other parts of China and around the
world. Although countries have adopted active countermeasures
to prevent both imported and exported cases, most countries in
the world will be faced with undetected travelers from affected
areas moving to non-affected areas.

Yunnan province, a very popular tourist destination, ranking
third in China, received a total of 7.0608 million domestic
and foreign overnight tourists in 2018 (7). Most provinces
in China refused to accept tourists from Hubei during the
epidemic. However, Yunnan province became a gathering place
for travelers from Hubei, since it allowed entry to Hubei tourists.

In this preliminary study, we therefore selected Yunnan Province
as an example to discuss the management of travelers from
affected areas after an outbreak. To evaluate the effectiveness of
the measures taken in Yunnan, we collected and analyzed the
monitoring data of inbound travelers and the isolation data of
hotels during the outbreak in Yunnan Province. The results of
this study may provide some reference and guidance on how to
regulate outbound travelers from affected areas in the future.

MATERIALS AND METHODS

Epidemiological Data
We survey all 174 patients diagnosed as COVID-19 in Yunnan
province. The first COVID-19 patient in Yunnan Province
was diagnosed on 21 January 2020, and the 174th patient
was diagnosed on 20 February 2020, with no new cases
within the next 2 weeks. All the data were collected from the
Epidemic Command Center, which is composed of the People’s
Government of Yunnan Province, the Health Commission of
Yunnan Province, the Yunnan Center for Disease Control and
Prevention, the Yunnan Provincial Department of Culture and
Tourism, and the Department of transport of Yunnan Province.
The province-wide control of Yunnan province began on 28
January 2020. The data include surveys of the inbound travelers
in eight Prefectural-level municipalities and eight Autonomous
prefectures in Yunnan province from 28 January to 20 February
2020. The content of the investigation includes daily visitors to
Yunnan, who were asked their domicile of origin and whether
they had suspicious clinical manifestations (such as an abnormal
body temperature, cough, shortness of breath, etc.). In addition,
it also includes the number of new daily cases, deaths, and
recovered cases during this period. We also extracted data on
gender, age, place of origin, and history of travel in Hubei of
all 174 patients during this period. The data used are officially
released, all patients are anonymous, and do not involve any
personal privacy, therefore, no ethical approval is required from
author corporate for the people and animals.

Data Analysis
All data were proofread and double entered using EpiData3.1
software to ensure accuracy. Data were transformed into the
database through Excel 2019 software, and statistically analyzed
using SPSS version 25.0. Based on patients’ place of origin, we
categorized the patients into three groups (e.g., Hubei, Yunnan,
other provinces). To analyze the differences on gender, age, and
history of travel in Hubei among these three different groups, a
descriptive statistical analysis was conducted and Chi-squire tests
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TABLE 1 | Descriptive statistical characteristics of 174 COVID-19 patients (place

of origin, history of travel in Hubei, gender, and age).

Place of Origin

Characteristics Hubei

(n = 85)

Yunnan

(n = 68)

Other

provinces

(n = 21)

Chi-square P-value

History of

Travel in Hubei

51.836 0.000

Yes 85

(100.00)

38 (55.88) 10 (47.62)

No 0 30 (44.12) 11 (52.38)

Sex 0.203 0.904

Male 42 (49.41) 36 (52.94) 11 (52.38)

Female 43 (50.59) 32 (47.06) 10 (47.62)

Age

Distribution

9.485 0.050

<18 years 9 (10.59) 9 (13.24) 1 (4.76)

18–65 years 60 (70.59) 54 (79.41) 20 (95.24)

>65 years 16 (18.82) 5 (7.35) 0

were performed for these 174 diagnosed patients. In addition,
multiple linear regression analysis was used to screen for variables
using stepwise methods. A final model was constructed with the
independent variable of the number of new cases per day in
Yunnan Province, and the dependent variables of the amount of
daily inbound travelers (from Hubei Province) and the amount
of suspected infected persons among them. A p-value of <0.05
(typically <0.05) was considered statistically significant.

Furthermore, we parameterized the above data (also including
the daily deaths and recoveries in Yunnan) based on the
Susceptible–Exposed–Infectious–Recovered (SEIR) model (8)
and estimated the R0 (basic reproduction number of the disease
transmission) under the control interventions of Yunnan with
Matlab software (MATrix LABoratory) (9).

RESULTS

Basic Characteristics of COVID-19 Cases
in Yunnan Province
From the first suspected case being confirmed as a pneumonia
case caused by SARS-CoV-2 on 16 January 2020, Yunnan
Province accumulated 174 confirmed cases as of 24 February.
Table 1 and Figure 1 show the results of the descriptive statistical
analysis of 174 patients.

Among the 174 confirmed COVID-19 cases, there were 85
cases originally from Hubei province (48.9%), 68 cases originally
from Yunnan province (39.1%) and 21 cases originally from
other provinces (12.1%), indicating that majority of the patients
(70.9%) did not originally come from Yunnan. Regarding the
travel-history in Hubei, A total of 133 cases (76.4%) had a history
travel in Hubei province. The number of male patients was
slightly higher than that of female patients [89 males (51.1%) and
85 females (48.9%)]. In addition, patients weremainly distributed
in the 18–65 years group (132 cases, 75.9%). The youngest patient

was 3 years old, and the oldest patient was 83 years old. The
average age of the patients was 41 years. Among 174 COVID-
19 patients in Yunnan province, only two patients died, and both
of whom were males older than 65 years. The other 172 patients
were recovered by the end of this study.

Analysis of the Correlation Between the
Daily Number of New Cases and the
Inbound Population
Table 2 shows the daily arrivals in Yunnan province and
suspected infected persons among them from 28 January 2020 to
20 February 2020, and the daily arrivals in Yunnan province from
Hubei and the suspected infected persons among them. Table 2
also lists the new daily cases of COVID-19 in Yunnan Province
during this period. The amount of daily inbound travelers and
the number of suspected infected persons among them are listed
separately. In addition, we provided the information on the
amount of daily inbound travelers from Hubei and the number
of suspected infected persons among them separately.

With the multiple linear regression analysis, we found that
the number of inbound travelers and suspected cases among
them are not significantly correlated with the number of new
daily cases, and the p-values are 0.730 and 0.879, respectively.
However, the number of inbound travelers from Hubei and
suspected cases among them are significantly correlated with
the number of new daily cases with the p-values of 0.018 and
0.024, respectively.

The stepwise method was used to eliminate the two
independent variables: the number of inbound travelers and
suspected cases among them. A linear regression model can be
obtained with R square = 0.634, F = 18.203, and a p-value of
<0.05. The model is as follows: the number of new cases per
day = 11.42 – 0.000655∗ the number of inbound travelers from
Hubei + 0.03886∗ suspected cases from the inbound travelers
from Hubei. Meanwhile, we combined the three variables in the
model with time. The time series plot is shown in Figure 2.

Epidemic Model
Based on the daily number of new cases, recovered cases, and
deaths in Yunnan, we constructed the SEIR model (Figure 3) to
describe the status of each compartment shown in the following
differential equations:

N = S+ E+ I + R

dS

dt
= −βI

S

N
dE

dt
= βI

S

N
−

1

Ti
E− αE

dI

dt
=

1

Ti
E−

1

Tr
I

dR

dt
=

1

Tr
I + αE

We stratified the populations into susceptible (S), exposed (E),
infected (I), and recovered or removed (R). Furthermore, N is
the total number of people, β is disease transmission rate, α is the
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FIGURE 1 | Illustration of descriptive statistical characteristics of 174 COVID-19 patients.

rate of (I) direct conversion to (R). Ti is days of (E) converted to
(I), and Tr is days of (I) converted to (R).

We fitted the data according to the above model. Through
data simulation, the number of infected people was calculated
by the fitting prediction. Among them, the loss function is the
mean variance of the actual number of infected people minus
the predicted number of infected people. The minimum value
of the loss function was found by using the gradient descent
method. With the Matlab software (MATrix LABoratory), we
concluded that

R0 =

(

TI
2
× Tr

2
× α

2
− 2× Ti

2
× Tr × α + Ti

2
+ 2× Ti

×Tr
2
× α + 4× β × Ti × Tr

2
− 2× Ti × Tr + Tr

2
)
1
2 .

÷ (Ti × Tr × α + Ti + Tr)

For this model, there is no endemic equilibrium as the S, E,
I, R in the model will all return to zero once the epidemic
has finished. We linearized our system around each equilibrium
using the Jacobian matrix evaluated at the chosen equilibrium.
Otherwise, the local equilibrium was unstable (10). Based on this
equilibrium, we obtained the values of this area: β = 11.12,
α = 5.11, Ti = 8.64, Tr = 18.84, R0 = 1.07 (Figure 4).

DISCUSSION

Although Hubei province implemented a strict city closure

order, there were still many people from Hubei moving outside,

which is what we mean by inbound travelers from affected
areas. Meanwhile, Yunnan Province became the first province

in China to release information about designated hotels during

the outbreak. As of 17 February 2020, the number of designated
resettlement hotels increased to 187, and the cumulative number
of tourists resettled in Yunnan reached 42,493, including 5,816
tourists from Hubei and 2,552 from Wuhan (11). However, it
is worth noting that under the strict prevention and control
measures implemented in Yunnan, COVID-19 did not break out
locally, and our study suggested that the local R0 dropped to 1.07
in Yunnan Province is worthy of reference and discussion.

SARS-COV-2 (R0 = 2.68) seems to be more contagious than
SARS-CoV (R0 = 2.2) and MERS-CoV (R0 = 1.21) (3, 12, 13).
The statistics from 174 patients with COVID-19 contained 89
males, accounting for about 51.1%, slightly more than females.
Majority of patients were in the 18–65 age group, accounting for
∼75.9%, and the median age was 40 years. Furthermore, only
two COVID-19 patients died in Yunnan province, both of whom
were males older than 65 years. The incidence of male morbidity
is higher than that of females, which has also been confirmed
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TABLE 2 | List of daily inbound travelers and new daily cases, recovered, and deaths in Yunnan from 28 January 2020 to 20 February 2020.

Date Inbound Travelers from Hubei Inbound Travelers New Daily Cases New Daily Recovered New Daily Deaths

Total Suspected Cases Total Suspected Cases

1.28 17,857 438 143,469 860 25 0 0

1.29 23,141 480 238,092 722 19 0 0

1.30 27,598 598 233,520 1,209 10 0 0

1.31 29,201 570 254,982 1,176 11 1 0

2.1 39,884 568 212,555 1,501 8 1 0

2.2 36,634 522 316,851 1,067 10 1 0

2.3 38,641 524 257,567 808 8 2 0

2.4 35,688 460 258,137 619 5 0 0

2.5 35,530 457 266,758 691 6 0 0

2.6 36,936 462 267,514 753 7 2 0

2.7 36,324 444 272,907 941 3 5 0

2.8 35,495 459 278,214 733 2 5 0

2.9 36,410 435 284,578 813 1 1 0

2.10 34,813 437 306,706 790 8 1 0

2.11 29,450 192 162,175 597 5 1 0

2.12 26,130 159 139,795 523 1 3 0

2.13 20,037 95 106,101 445 7 4 0

2.14 19,713 96 116,493 338 6 8 0

2.15 18,900 90 105,613 349 1 7 0

2.16 17,523 88 102,758 304 2 0 0

2.17 17,017 114 102,592 258 1 5 0

2.18 16,786 85 102,036 220 1 10 0

2.19 16,495 74 101,310 209 0 3 1

2.20 15,370 61 102,691 191 1 19 1

Total 661,573 7908 4,733,414 16,117 148 79 2

FIGURE 2 | Time series chart of variables related to new daily cases in Yunnan Province. (A) Shows the number of daily inbound travelers from Hubei. (B) Shows the

number of suspected cases from inbound travelers from Hubei and new daily cases.

in two other studies (14, 15). This may be related to females
having a higher innate and adaptive immune response than men,
leading to faster elimination of the virus (16). However, the
corresponding pathogenic and molecular biological foundations
for this still need to be explored further.

In the place-of-origin statistics from the 174 patients,
we found that non-Yunnan patients accounted for 60.9%.
Meanwhile, in the history-of-travel statistical results of all the
patients, people from or who had been through Hubei accounted
for 76.4% of the total number. All of the above indicates that
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FIGURE 3 | Diagram of the model used in this study for simulating the

COVID-19 infection.

FIGURE 4 | The Susceptible–Exposed–Infectious–Recovered (SEIR) model. A

simulation graph drawn according to the model and the number of known

daily infections, deaths, and recoveries. According to the model, epidemics

occur because R0 > 1, although the fit is not optimal at the beginning of the

epidemic. The calculations indicate that unsureness is related to the initial

number of exposed individuals. The incubation period Ti is 8.6 days, which

can be reflected in the SEIR model (Figure 4). The infection curve (red) is one

incubation period later than the exposure curve (yellow), and the gap

continues to widen in the later stages. Because the rate of progression from

exposure to infectious (1/Ti ) was greater than the recovery rate of infectious

individuals (1/Tr ), the number of infected people declined faster than the

number of exposed people.

the diagnosed patients in Yunnan Province were closely related
to the outflow population from Hubei Province. During the
outbreak of COVID-19 in China, we became aware of the
potential insecurity factor. As a result of the large-scale blockades
and control activities in China, a lot of outbound travelers from
epidemic areas became homeless. Meanwhile, they were often
unable to enter Hubei directly and were quarantined in other
cities for 2 weeks, after which most of them were required to
return to their places of origin. However, as a result of the
epidemic in Hubei and the closure of the city, some outbound
travelers from Hubei did not want to return to the epidemic
areas. Because of their specific situation, people in most cities
did not want to accept them. Even when a small number of
outbound travelers intended to return to the affected areas, they
were refused admittance to public/private transport facilities due
to their identity and destination. As a result of the above factors,
there was a phenomenon in which outbound tourists could not
return home and thus became homeless.

In our statistical study, the above phenomenon has been
confirmed. Even though the authorities adopted a strict city
closure directive, there were still numerous people from the
epidemic areas entering Yunnan province every day. Meanwhile,
our correlation analysis also confirmed that the new daily cases
of COVID-19 in Yunnan had a significant correlation with the
number of inbound travelers from Hubei and the suspected cases
among them. This shows that during the outbreak, the outflow
of people from affected areas is not only the main reason for the
persistence and spread of the epidemic, but also the main source
of imported cases overall.

In this study, according to the model we established, the
management and control of outbound travelers from epidemic
areas can effectively and rapidly control the spread of the
epidemic. Therefore, this study also focuses on investigating
the measures taken to quickly control the current epidemic
in Yunnan Province. We believe that the following prevention
and control measures implemented in Yunnan are worthy of
reference and promotion.

First, in the prevention and control of the epidemic,
all inbound travelers should be screened and checked, with
special attention being paid to those who have traveled from
affected areas. In China, the Department of Telecommunications
provides mobile phone users with free travel history inquiry
services, which can be provided to the relevant infection
prevention and control department to facilitate the registration
and verification of whether the user has been to an epidemic
area (17). As human beings enter the information age, although
the speed of virus transmission is much faster than before, big
data can assist human beings in the prevention and control of
infectious diseases to a certain extent (18).

Second, the lower floors of designated hotels should be used
for those who need be separated. As early as 2003, when the
SARS virus broke out in Hong Kong, researchers found that
people on the lower floors were infected by the virus by people
on the upper floors who were infected and also had symptoms
of diarrhea. The virus can spread as an aerosol through a sewer
pipe to the bathroom system downstairs through feces. This
way, resident’s downstairs can become infected by coming into
contact with small droplets containing the virus (19). In a study of
SARS-CoV-2, although the patient had no symptoms of diarrhea,
samples from the toilet and sink in their room were positive,
indicating that virus shedding in feces may be a potential route
of transmission (20). Therefore, arranging people who need
attention on the lower floors is helpful to reduce the potential
aerosol infection caused by the drainage system.

Third, positive and effective countermeasures should be taken
to deal with the extensive environmental pollution that may be
caused by tenants. Although COVID-19 patients cause extensive
environmental pollution, a study showed that the air samples
were negative since the air in isolation chambers is exchanged
12 times per hour, though the swab test of the exhaust port was
positive (20). The data suggested that increased air circulation
is conducive to virus dilution. It also proves that the air loaded
with virus aerosol is discharged through the exhaust device, with
some small water droplets carrying virus being deposited on the
vent and other devices during the air discharge process (20).
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Therefore, it is necessary to maintain indoor air circulation. Each
floor and each room need to improve ventilation by opening
windows (usually for more than 3 h). At the same time, exhaust
devices such as exhaust fans can be turned on to enhance indoor
air flow. In places where centralized air-conditioning is used, the
return air must be closed and the air conditioning filter must be
cleaned regularly. A survival study on SARS-CoV-2 showed that
it can survive on metal, glass, and plastic surfaces for anywhere
from 2 h to 9 days (21). It has also been reported that alcohol-
containing disinfectants can effectively kill the viruses attached
to the surface of objects (21). Therefore, the indoor floors, walls,
public supplies of guest rooms should be disinfected once a
day.Moreover, elevator buttons, doorknobs, and other frequently
touched parts should be disinfected at least three times a day.

While in various countries where the epidemic has been
brought under control, there is still a potential risk of recurrent
outbreaks due to travel between affected and non-affected areas
(22). As early as 2016, a sample survey of nasal and pharyngeal
swabs of foreign tourists without respiratory symptoms in New
York City found that 6.2% of travelers tested positive for
respiratory viruses, of which 38.7% carried coronavirus (23). In
a survey on SARS-CoV-2, it was found that the results of nasal
and pharyngeal swab tests in asymptomatic or mild-symptom
patients showed similar virus levels to those of symptomatic
patients, indicating that asymptomatic patients were also capable
of transmission (24). Therefore, when a person is in close contact
with someone who has no respiratory symptoms (within 1m),
theirmucousmembranes (mouth and nose) or conjunctiva (eyes)
are also at risk of being infiltrated by droplets. Therefore, it is
necessary to wear a mask when contacting people from affected
areas (25).

CONCLUSION

With the unsynchronized development of COVID-19, countries
and regions will face various forms of imported cases. How
to manage these imported cases is the top priority. Because it
was a province that accepted people from affected areas during

the outbreak of the epidemic in China for a long period of

time, Yunnan province applied some temporary and effective
public health interventions to prevent the virus from breaking
out in the region. Although only a small number of cases
included in this preliminary study, the results demonstrated that
positive screening of inbound travelers and proper resettlement
of travelers from epidemic areas have a very positive effect
on the prevention and control of the outbreak. In the process
of accommodating people from infected areas, we believe that
they should be placed on the lower floors, and all hotel
personnel should wear masks before coming into contact with
them. Meanwhile, maintaining hand hygiene, a safe social
distance, and using alcohol-based disinfectants can effectively
reduce the spread of the virus. These effective prevention and
control measures may provide some reference for preventing the
renewed COVID-19 outbreak in other regions.
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Since the first case being reported in January 23, Vietnam has 911 confirmed cases (430 recovered
and 460 actives) with 21 fatalities (1). A large number of people being infected and died
from the disease, unprecedented measures taken by Vietnam government to curb the infection
rate—from social distancing to locking down which involve business closing, have significantly
affected economy, especially in terms of employment. Specifically, the groups of industries such as:
Aviation services; Hotel/Food and Beverage Service and other services when revenue dramatically
decreased about 50 and 23.6%, respectively, compared to the same period last year (2). According
to the General Statistics Office of Vietnam, in the first 6 months of 2020, the number of enterprises
suspending business for a definite time was 29.2 thousand, increasing by 38.2% over the same
period last year, while 19.6 thousand enterprises stopped and focused mainly on the service sector.
There were 897.5 thousand people losing jobs while the number of unemployed people was at 1.3
million, an increase of 123.9 thousand, making the unemployment rate reaching the highest point
in 10 years (3). In which, the groups of non-working age groups, female workers, unskilled workers,
migrant workers, and informal workers are the most vulnerable groups caused by pandemic
(4, 5). In particularly, the female workers group, the unemployment rate was about 2.9%, higher
than that of men and increased sharply over the same period last year (3) and for the informal
workers—workers without labor contracts, unemployment insurance (4), there was 72% of those
in the group affected by the COVID-19 pandemic when they mainly focused on Industry groups
suffered the most damage: F&B, Hotel, logistic, etc. (6–8). In addition, domestic migrant workers,
which account for 13.6% of the total population, often work in the informal economy without a
work contract and without access to social protection regimes (8).

However, one thing is clear. With various forms of lockdowns and social distancing, Vietnam
are facing a really difficult time. Out of 51.8 million employed workers in the second quarter of this
year, 30.8 million people were affected by epidemics, of which 2.4 million workers lost their jobs,
the national unemployment rate increase (7). In which, about 17.6 million people suffer income
loss due to disease, accounting for 57.3% of the total affected people (9). COVID-19 pandemic
directly impact employment. The number of employees in several occupations decreased a sharp
fall compared to the last year as follows: unskilled group reduced by nearly 1.5 million workers,
equivalent to nearly 8%; the group of craft and related trades workers decreased by 515 thousand
persons, equivalent to a fall of 6.6%; the number of employees in the middle-level qualification
group fell by 322 thousand persons, equivalent to a decrease of 16.5% (6). The General statistics
office of Vietnam reported that the average monthly income of workers decreased for the first
in 5 years. Especially, the deepest decrease in monthly average income in the 2nd quarter of
2020 compared to the same period last year as follows “Arts, entertainment and recreation,”
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“accommodation and catering service.” “transportation and
storage” “wholesale and retail trade and repair of motor vehicles
and motorcycles” down 19.2, 18.3, 12.8, and 9.1%, respectively
(6). With unemployment rising and income per labor reduction
has led to the economic growth rate only reached the level
of 1.81% in the first 6 months of the year—the lowest figure
recorded in the whole period 2011–2020 (10). The COVID-19
pandemic caused the income of many Vietnamese households
to decrease by 70% (11). In addition, household income deepest
decrease the most due to the Covid-19 epidemic, recorded in
April 2020, when only 29.7% compared to December 2019.
This figure to May 2020 is 51.1% (11). Children can also be
affected by loss of a job or income loss from their parents (8).
More than 21 million students in Viet Nam being affected by
school closures (12). It is estimated that more than 1 million
childrens aged 5–17 years are engaged in child labor, this children
were face to work longer hours or in worse conditions (13).
During the COVID-19 pandemic, dropouts, malnutrition, labor
exploitation, and child labor can increase dramatically. This
lead to serious consequences, especially for the development of
the workforce.

With the negative impact of COVID-19 pandemic, Vietnam’s
economic growth in 2020 also was decreased by about
4% compared to last year (14, 15). However, the Vietnam
government had several solutions manage the fiscal deficit

FIGURE 1 | The diagram of the Government’s solutions to support the unemployed.

for solving immediate problems such as focus on effectively
implementing domestic stimulus, use the savings from falling
international oil prices to curb the crisis, earn funding from
the World Bank WB and the International Monetary Fund,
etc. (16, 17). Besides, economic recovery solutions such as
promoting production, business, socio-economic development
are also offered in three main contents: General solutions; urgent
solutions; and Long-term solutions (Figure 1). Firstly, according
to The Politburo on the policy of overcoming the impact of the
COVID-19 pandemic to improve and develop the economy, the
Government would provide support in the form of (1) to make
the most of the domestic market, at the same time to prevent and
respond to instabilities from outside; (2) to develop a favorable
and attractive business environment, suitable to new trends, and
have regional and international competitiveness; (3) to identify
opportunities and challenges to take advantage of solutions,
transform opportunities, and challenges into motivation on
economic growth (18). Secondly, for urgent solutions for solving
immediate problems consist of (1) extension for payment of
tax and other duties (social insurance, trade union fees, etc.);
(2) financial assistance through policies that require lending
institutions to reduce lending rate, facilitate debt rescheduling,
provide liquidity for businesses affected by COVID-19; (3)
monetary allowance and 0% interest loan for those having their
employment affected by the pandemic; and (4) promoting of
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the domestic market and stimulating domestic consumption
(19–21). In addition, some solutions such as Stop paying social
insurance, stop paying premiums, reduce union fee by 50% and
reduce 15% land rent reduction policy should be applied to all
businesses because most of the businesses are affected, possibly
operating but facing many difficulties (according to Resolution
84). Stabilize electricity and water prices of enterprises and
eliminate monopoly prices in this field. A number of policies on
banking and finance such as solutions to support liquidity, debt
rescheduling, and debt group retention; Reduce lending interest
rates; Extending credit guaranteemeasures so that small, medium
and micro-enterprises, business households can borrow capital
(22). Specifically, the Vietnamese government has introduced a
US $ 2.7 billion relief fund to support all workers affected by
the COVID-19 pandemic in Vietnam. In particular, this bailout
package focus on support for businesses in difficulty, workers
deeply affected by income, and vulnerable people who are not
supported to access many existing social security networks
within 3 months (April, May, and June) with different levels
of support for each group of workers (23). Finally, for long-
term solution, Vietnam’s government have strategies include (1)
developing policies and legislation to facilitate new business
models; (2) economic restructuring and support potential
and advantageous industries; (3) improving competitiveness
and support businesses/enterprise; (4) innovating, creating,
applying science and technology; (5) meeting a need of
social security, employment, and human resources training;
and (6) developing and strengthening key economic regions.
Vietnam has drastically rectified the job crisis related to
COVID-19 and most importantly, minimizes the damage that
affects businesses and employees. Therefore, it is important
to ensured that the socio-economic policy is built based on
three aspects: the Government, employers, and workers. Vietnam
has dealt with the job crisis related to COVID-19 drastically.
It is important to minimize damage affecting businesses and
workers. This is an important time to ensure that the socio-
economic policy is built in an inclusive manner based on
government, employers, and workers. These difficult times
provide an opportunity for Vietnam to establish a more inclusive
growth platform.

In COVID-19 pandemic, Vietnam faces many opportunities
and challenges for the businesses as well as workers in the process
of adapting to the new economic model. Generally, the business
market suffered heavy losses due to the crisis, which led to
an inordinate increase in the unemployment rate (2.73%) (7).
In terms of urgent period, there are several challenges for the
economy when market demand decreased and becomes more
competitive due to some industries are strongly affected such as
the GDP of export industry and services decreased about 8.45–
9.67% (7). This also leads to the highest unemployment rate in
the 10 years and a concentration of a large number of vulnerable
labor (6). Therefore, business owners need to grasp the demand

for their products/services as well as the availability of labor force
during and after the pandemic, to identify new opportunities and
implement timely business model transformation. Additionally,
it requires the Government and business to offer several measures
to support workers especially the vulnerable group: financial
support and job hunting (23, 24). Besides the challenges, some
policies have been introduced to support businesses to maintain
business, retain employees, and minimize employee layoffs
(25). Specifically, businesses are entitled to tax extension, tax
reduction, and financial support (22). Therefore, the risk of
unemployment and income reductions can be reduced, especially
in sectors such as services and import-export which are most
affected (26). In the long term, businesses can be affected for
a long time and the business market in Vietnam needs time
to recover. Key sectors such as service and import-export still
suffer due to the disease’s complicated evolution of the epidemic
and the mandatory quarantine policy upon entry in Vietnam
(According to Official dispatch 1440 of the National steering
committee for Disease Control and Prevention COVID-19).
Vietnam implemented a social division from April 1 to April 23
(According to Directive 15 of the National steering committee for
Disease Control and Prevention COVID-19). This lead to several
opportunities and challenges for companies and employees.
Specifically, businesses need to develop existing markets and
exploit new markets such as developing the domestic market
when import-export is limited, and prioritize the development
of the online transaction market. From there, it is possible to
form the habit of prioritizing local consumption for Vietnamese
customers. Development of the digital era and technological
revolution 4.0 is the big chance for all enterprise/business.
It contributes to improving production capacity, promoting
products, creating potential opportunities in implementing
online sales services which are a strong development model
during the epidemic. Finally, it is important that businesses
proactively come up with the right solutions for themselves
to adapt to new markets and employees also actively seek
opportunities, hone their skills to adapt to new business model of
the market.
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The shudders of the COVID-19 pandemic have projected newer challenges in the

healthcare domain across the world. In South American scenario, severe issues and

difficulties have been noticed in areas like patient consultations, remote monitoring,

medical resources, healthcare personnel etc. This work is aimed at providing a holistic

view to the digital healthcare during the times of COVID-19 pandemic in South America.

It includes different initiatives like mobile apps, web-platforms and intelligent analyses

toward early detection and overall healthcare management. In addition to discussing

briefly the key issues toward extensive implementation of eHealth paradigms, this work

also sheds light on some key aspects of Artificial Intelligence and the Internet of Things

along their potential applications like clinical decision support systems and predictive risk

modeling, especially in the direction of combating the emergent challenges due to the

COVID-19 pandemic.

Keywords: internet of things, artificial intelligence, machine learning, healthcare, ubiquitous, virtual healthcare,

COVID-19, pandemic

INTRODUCTION

Recent years have seen a tremendous surge in domains like the Internet of Things (IoT). The area
of healthcare has always been one of the principal application domains of applied IoT. Clubbed
with recent advances in Artificial Intelligence (AI) and Machine Learning, eHealth has emerged to
new heights in recent times. With the approach of the COVID-19 pandemic, the entire healthcare
sector across the world has received shudders from multifarious aspects, including its capacity and
deliverability, promptness in response, connected information and analysis. IoT and AI applied to
healthcaremakes the domain of eHealth largely transdisciplinary, and especially during the times of
COVID-19 pandemic, has opened new frontiers of challenges. On one hand, the aspect of eHealth
has been fortified in South America during the pandemic by fast development of virtual healthcare
solutions. On the other hand, technological areas like IoT and AI have received a strong push to
provide fast and efficient healthcare services especially in the perspective of COVID-19, often to
automate and facilitate several tasks of the healthcare personnel.

This work is focused on highlighting some of the key aspects of IoT and AI in healthcare related
to the domain of South America, especially relevant during the times of COVID-19 pandemic. The
principal aspects of eHealth services during COVID-19 in South America have been illustrated,
followed by a country-wise review of the state-of-the-art tools and solutions like mobile apps
and virtual consultations. Overall, an enormous technological response in healthcare in the South
American domain has been noted during the COVID-19 pandemic.
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KEY ISSUES IN HEALTHCARE SERVICES
DURING COVID-19 PANDEMIC

With the advent of COVID-19, the entire healthcare system
in many countries across the world faced the tremendous
pressure of the newly infected patients. Added to the pressure
was the extremely critical protocols (1) of water, sanitation,
hygiene, and waste management, maintaining which implied new
challenges in handling patients in the hospitals and healthcare
centers. However, these challenges during the times of pandemic
opened new possibilities for IoT and AI in the domain of
healthcare. IoT is basically an interconnection of different
objects, mostly heterogenous, to share important data among
each other, aiming to provide more efficient services to the users.
Artificial Intelligence on the other hand contributes significantly
in making sense of the huge data accumulated from various
sources by processing it and applying intelligent analytics to
get deeper insights, in addition to providing smart services
to the stakeholders. Since the inception of the COVID-19
pandemic, the healthcare sector in the entire South America
faced several challenges, the principal ones being the shortage
of human resources in essential healthcare services, arrangement
of treatments for usual patients, and suddenly surged demand of
specific medical supplies.

Healthcare Personnel
The crisis occurred due to the COVID-19 pandemic resulted in
a shortage of available medical staff to treat the usual patient
population. Due to the shortage, special efforts were taken by
several countries to address the sudden surge in the need of
physicians in the healthcare system. Several South American
countries like Argentina, Uruguay, Chile and Venezuela have
formed cooperation between the university faculties of medicine
and state healthcare authorities to invite and engage medical
students in the combat of COVID-19 on one hand, and
summoned retired physicians to join the existing healthcare
staff during the pandemic (2–7). For example, in Uruguay,
retired physicians were invited for voluntary participation in
the follow-up of patients under home-quarantine through
tele or videoconference. Also, there has been a movement
of physicians between countries to handle the shortage of
healthcare staff due to the pandemic’s effect on the healthcare
system (8).

Patient Follow-Up
Due to the added risk of contamination and to reduce gatherings
in hospitals and healthcare centers, the aspect of remote
healthcare especially for the existing non-critical patients stood
highly important. Also, to free up healthcare resources for the
critical COVID-19 patients, most of the non-critical patients with
other diseases were advised to avoid hospital visits (9). Clearly,
this involved a disruption in the usual treatment and follow-up
of the existing non-COVID patients, leading to newer challenges
in maintaining a necessary level of treatment and follow-up on
one hand, and keep provisions for COVID-19 patients on the
other hand.

Medical Resource Shortage
Due to non-uniform geographical distribution of the COVID-19
cases, there has been frequent need of sharing and interprovincial
transportation of medical supplies among different healthcare
facilities in a dynamic manner based on the progression of
COVID-19 cases, to avoid shortage at a specific facility with high
demand. To avoid the shortage of essential medical devices like
respirators and rapid test kits, several collaborations have been
established between academia and industry, for the development
of devices like artificial respirators or UV-based sterilizing
devices (10, 11).

PRINCIPAL APPLICATIONS OF IoT AND AI
IN VIRTUAL HEALTHCARE—SOUTH
AMERICAN PERSPECTIVE

The application domain of Artificial Intelligence in healthcare is
extremely wide. In addition to intelligent analytics and decision-
making, AI and IoT have specific advantages in eHealth during
the emergent situations due to COVID-19. Especially in South
America, where challenges in healthcare are multifarious like
inequalities in healthcare access, healthcare quality, demographic
and epidemiological changes in the population (12), the situation
due to COVID-19 created a substantial pressure on the healthcare
system. But this opened a vast potential for applying eHealth,
making the relevance of IoT and AI paramount. Especially
in the perspective of COVID-19, several aspects of eHealth
using IoT and AI can be applied for improved treatment and
monitoring and better management of healthcare services during
the pandemic times.

Virtual Consultations and Remote
Monitoring With IoT Devices
To avoid the hospital visits and reduce the conglomeration
of non-critical patients in healthcare facilities during
COVID-19, several South American countries have
started virtual consultation systems through their public
healthcare system (Table 1). On one hand, some countries
enhanced their existing telehealth platforms, and on the
other hand, dedicated virtual consultation channels were
opened attributed to the pandemic. It is mostly performed
through telephone calls or videoconferencing or even
through messages, but without an extensive usage of remote
monitoring devices.

However, the system of virtual consultation is primarily
built on the foundation of verbal reporting of the symptoms
by the patient and the physician’s diagnoses based on that.
A key to efficient diagnosis is the knowledge of different
health indicators in addition to the detailed symptoms
reported by the patient. But through telephone calls or
videoconferencing, this stands as a substantial challenge,
as in virtual consultations, the physician has to entirely
depend on the reported symptoms. Also, it raises the
possibilities of patients lacking confidence in the diagnosis
since it is prepared without any precise knowledge of the
health indicators.
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TABLE 1 | State of virtual consultations during COVID-19 in South America.

Country State of virtual consultation with physicians during COVID-19

Argentina The Tele-Covid service was launched in the context of COVID-19, enabling people covered under public healthcare system to perform consultations to

medical specialists through video-calling. Apart from supporting the follow-up of people affected by COVID-19, it also extends support to other risk

groups like people with chronic diseases, pregnant women, newborns, children under 1 year of age, people with disabilities and those requiring

psychological support (13).

Bolivia A telemedicine initiative (Telesalud Bolivia) was undertaken with the aim of reaching the entire population, including call centers, and resources for

training for respective stakeholders (14).

Brazil A strong initiative was taken including the approval of a national law to use telemedicine during COVID-19 and also in the future, dealing with

technology-linked healthcare, research, and prevention of diseases. Also, the RadVid-19, an artificial intelligence tool to identify different areas estimating

the probability of a COVID-19 case was introduced (15, 16).

Chile A new model of telehealth Hospital Digital was established (with upcoming features like access to personal clinical history and EHR), in addition to the

initiatives under National Digital Strategy of Healthcare (17).

Colombia The telemedicine model supported in relieving the pressure of the healthcare system during the pandemic by offering services like teleconsultations and

delivery of medicines to more than 30 million people, in addition to existing telehealth initiatives like TeleUCI, for remote intensive care units (18).

Ecuador Through the telemedicine platform, patients are provided access to specialist physicians virtually (even through Zoom or WhatsApp for the private

system). Especially during the pandemic, the call center also complemented the telemedicine platform for general queries (19).

Guyana Several initiatives have taken since the last few years for universal healthcare and a better outreach. Apart from specific telemedicine missions, websites

were designed especially during COVID-19 with personalized chat options for specific support.

Paraguay The implementation of telemedicine was aimed at in a pre-pandemic scenario to universalize health services. In addition to enabling carrying out different

procedures online, a remote monitoring service for supplies and medicines was set up (20). Also applied research was performed on virtual healthcare

platforms toward universal healthcare coverage, through diagnostic imaging studies of tomography and ultrasound, and other biological electrical signals

like Electrocardiogram (ECG) and electroencephalogram (EEG) and evaluating the mechanism of sharing the information with specialists for diagnosis.

Peru The telemedicine platform TeleSalud is aimed at facilitating virtual consultations with specialists across Skype or Zoom, primarily by establishing link

between different stakeholders of the healthcare system (21).

Suriname Rural telecommunication network expansion and enhancement programs were undertaken previously to increase the reach of services like telehealth.

However, currently no substantial instances of virtual consultations were noted.

Uruguay People with symptoms of COVID-19 have direct access to online healthcare portal, leading to FAQs and other essential support. For non-COVID cases

as well, the telehealth system is accessible for virtual consultations with medical specialists, and other usual services like scheduling appointments and

access to personal clinical history.

Venezuela Despite issues with the shortage of resources for telemedicine, the usage of social media for virtual consultations has seen a sharp increase, often used

as an alternative medium of communication with the physicians (22).

IoT-eHealth devices hold the potential to play a significant
role in this area. It aims at monitoring patients remotely
from their homes using smart healthcare devices, to avoid or
minimize their hospital visits on one hand, and to provide
more accurate health-information to the physicians before or
during virtual consultations. IoT-eHealth devices are usually
capable of measuring several health parameters like heart rate,
blood pressure, temperature, blood glucose etc. right from
the patient’s home and send summarized information to the
medical personnel, to facilitate their diagnosis and treatment. For
example, significant surge has been seen in the usage of devices
like pulse oximeters in the COVID-19 scenario, to monitor blood
oxygen levels (SpO2) at home itself. Especially during the times
of COVID-19, the usage of smart healthcare devices through IoT
platforms is proposed, as it ensures better visibility of the patients’
health to the physicians during the virtual consultations and also
facilitates more accurate and efficient treatment.

Early Detection, Diagnosis, and
Management Using Artificial Intelligence
Due to the COVID-19 pandemic, almost all the countries
in South America faced an enormous load in the healthcare
system. This involved scarcity of resources like medical staff,

or even space in hospital and healthcare facilities. This
opened a strong need to automate the basic decision-making
processes for providing advice to the patients (35–38). AI
plays an important role in this aspect, especially supporting
physicians in early detection of COVID-19 cases by quickly
analyzing irregular symptoms and other suspicions and thus
alert the respective stakeholders like the patients and healthcare
authorities (39).

Almost all the countries in South America have developed
mobile applications and web-platforms to analyze the symptoms
provided by people and matching it with predesigned decision
trees, to provide specific advice related to COVID-19 (Table 2).
Using IoT-eHealth devices counts more significant in this
domain because of its more precision in reporting health
indicators remotely and its potential in facilitating the automated
decision-making process through. Since the quality of input
health-data to the intelligent models through smart eHealth
devices would be better than just self-reporting of symptoms, the
advice would bemore specific, personalized and efficient. Clinical
decision support systems hold the potential to provide fast and
automatic primary responses to the patients based on the health-
data obtained (Figure 1), saving significant resources like time
and personnel in the rush-hours and times of pandemic.
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TABLE 2 | Mobile and web-apps in South America for early detection of COVID-19.

Country Mobile Apps during COVID-19

Argentina The Cuidar mobile app (23) enables self-diagnosis for people based on manual entry of symptoms, provides assistance and recommendations

in the case of contagion and provides contact-tools for these cases to health authorities. The application is linked to a broader system that

articulates the collected information with the health-authorities in charge of emergency care, both for the national and provincial governments.

In this way, the app complements and assists the prevention and care policies for the population and, in particular, provides specific elements

and supplies for the health intervention of the Ministries of Health throughout the national territory of Argentina.

Bolivia The Coronavirus Bolivia app includes comprehensive information on symptoms, official communications, notices, information, emergency

contacts and FAQs (24).

Brazil The Coronavirus-Sus app was launched with the purpose of alerting people regarding the situation through information on diverse topics like

possible symptoms, preventive measures, or detection in case of symptoms. In case of suspected infection, it can be checked if the

symptoms are compatible with COVID-19, and if so, instructions are provided, referring to the nearest basic healthcare facility (25).

Chile The CoronApp includes health status reporting, daily monitoring of symptoms, controlling the quarantine, resolving doubts and reporting risk

situations to prevent infections, in addition to providing updated information from the health authorities (26). It has a virtual assistant based on

artificial intelligence to answer general queries by WhatsApp, or by phone call, contacting the healthcare authorities. In addition, using

geolocation of the phone, the app has been enabled to send alerts and notifications to people if they leave their quarantine zone, and reporting

of risk situations in the form of crowds, events and improper conduct. The motive is a collaborative care system in connection with the health

authorities and administrations to take quick actions in risky situations.

Colombia The Coronapp is a free app that does not consume data and it helps in the detection of affected areas and nearby people with a positive

diagnosis for COVID-19. Also, it facilitates the real-time monitoring of data collected at the Emergency Operations Center of the National

Health Institute (INS), so that they can act quickly and provide support in coordination with local, departmental and national authorities (27).

Ecuador The SaludEc app is oriented to meet several objectives. It is aimed at evaluating people’s symptoms to flag possible cases or rule out the

possibilities. It is also a way to send official information timely through digital channels and reduce the load on channel 171. It puts forward a

telemedicine channel to complement the already established channels. Also, it enables the scheduling of medical appointments in the first level

health centers of the Ministry of Public Health in specialties not related to the coronavirus such as General Medicine, Psychology, Obstetrics

and Dentistry (28).

Guyana With the objective of improving the response of the ministry to reports of suspected cases of COVID-19, the Ministry of Public Health has

launched an online app, providing self-screening facilities based on symptoms, in addition to regular recommendations and alerts, and other

useful information like hotline numbers and periodic information on COVID-19 (29).

Paraguay The COVID-19 PY platform is aimed exclusively at people who are in isolation and health personnel to connect through the web-app. It offers

daily medical self-reporting by people in home-quarantine and if symptoms are detected, corresponding recommendations are provided. Also

monitoring and follow-up of people in quarantine is performed using geolocation for greater efficiency in the control of data of people in

isolation (30).

Perú The Perú en tus manos app shows a heatmap with red circles in the areas with already infected people and with orange circles where there are

people with registered symptoms of COVID-19. Additionally, the app gives people the possibility of carrying out a digital triage oriented to the

epidemiological alert to find out if they are at risk of having transmitted the coronavirus.

Likewise, an important functionality has been developed for patients affected by COVID-19 under compulsory social isolation, enabling them to

report their health status and update their symptoms regularly, so that the members of the ’Te Cuido Peru’ Group in coordination with the

Ministry of Health can attend them in a timely way. In this way, they also receive a daily summary and follow-up of their health condition and will

know if their health has deteriorated. If necessary, health specialists can contact the affected person to provide immediate care if needed (31).

Suriname A dedicated website for COVID-19 has been developed, primarily for the dissemination of official information and guidelines related to the

disease, in addition to reporting systems integrated with the website (32).

Uruguay The mobile app Coronavirus UY allows to connect citizens with possible symptoms of COVID-19 with the healthcare providers, in order to

reduce waiting times for consultations and attention during the state of health emergency in Uruguay, and provide other uses like visualization

of information across the country, reporting of symptoms, telemedicine consultation and exposure alerts. Exposure alert is a valuable tool both

for people (to be able to quickly find out about a certain risk of contagion) and for the authorities, in terms of monitoring and responding to the

appearance of specific sources of contagion. In order to provide total transparency and guarantees on the management of the information

collected, in this first stage, the national-level stakeholders (academia, industry, organized civil societies) were given the possibility of auditing

the documentation and source code of the Coronavirus UY app, including its exposure alert functionalities (33).

Venezuela A COVID-19 screening survey through the mobile Patria system was launched, enabling people to report the appearance of symptoms related

to the disease, facilitating the follow-up by authorities (34).

Connected Electronic Health Records
(EHRs)
The advantage of the electronic health-data acquired by the
IoT-eHealth devices lies in its transferability and processability.
The IoT offers a sharing platform so that the EHR collected
from the patients’ eHealth devices can be shared across multiple
heterogeneous devices, and across health networks in an easily
accessible way to the healthcare providers. In South America,

several countries have developed models for shareable EHR,

enabling seamless exchange of EHR between healthcare providers

as well as administrative entities. Primarily it deals with electronic

versions of medical reports, physician’s prescriptions and other

information of patients stored online, making it easy to access

for the patients avoiding visits to healthcare facilities and

also for the healthcare personnel to provide remote treatment
more efficiently. With the advent of COVID-19, the need of
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FIGURE 1 | Clinical decision support system.

sharing health-data has increased significantly, in order to
share important aspects of the disease outbreaks, compare
symptoms across different regions and healthcare facilities and
to understand the comprehensive scenario. IoT supports this
scenario through multilayered sharing of EHR among different
stakeholders, to provide comprehensive support to the patients.

Especially during the times of COVID-19, shareable and
comprehensively accessible EHR enables to design a detailed risk-
profiling of the population in almost real-time, using clustering
algorithms. Also, it helps in deciphering the health-trend of
the population mostly through supervised predictive models,
strongly important in day-to-day planning and decisions on
healthcare services during the pandemic.

Priority Scheduling of Patients
After the first effect of COVID-19 pandemic, as several healthcare
facilities started opening for usual healthcare services in different
South American countries, one of the key challenges is to

manage the huge list of waiting patients who had to avoid
visits the hospitals during the times of lockdown. The handling
of patient-queues and priority lists is important, as delays in
patients with potential risk could be fatal and due to limited
resources of healthcare facilities, prioritization should be done
efficiently and accurately. AI can process the comprehensive
health-data of patients, including the previous hospital visits,
laboratory results and interim treatments or complications, and
usemachine learning to trainmodels and generate priority lists of
patients to facilitate the medical staff in attending usual patients
after lockdown.

Resource Sharing and Policymaking
AI plays a significant role in resource optimization. Especially
in the crisis of resources and medical supplies in the
times of COVID-19 pandemic, applying unsupervised learning
techniques like clustering is useful to identify the key clusters and
overall situation of resources across different centers, followed
by distribution algorithms to share the resources efficiently.
It is useful in different aspects of policymaking in emergency
situations. Also, it can be used to predict the shortage of resources
and supplies with considerable anticipation, giving enough
time to organize the transfer and management of resources in
combating the shortage.

CONCLUSION

The domain of healthcare has been one of the fastest adopting
sectors for IoT andAI (40–47). Especially in the times of COVID-
19 pandemic, the entire healthcare sector faced new challenges.
In this context, several opportunities for application of IoT
and AI have been discussed pertaining to a South American
perspective. It includes efficient virtual consultations and remote
monitoring of patients, intelligent diagnoses, sharing EHRs,
and priority scheduling for patients. Several countries in South
America face challenges in areas like digital-divide and disparity
in population having access to digital technologies toward
healthcare. Apart from that, despite having other challenges like
limited power in handling big data, interoperability of health-
data among heterogeneous stakeholders, and lack of unified
implementational structure for eHealth, AI and IoT put forward
immense potential in the healthcare sector, especially during and
after the COVID-19 pandemic.
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The COVID-19 pandemic that emerged in 2019 has inflicted numerous clinical and public

health challenges worldwide. It was declared a public health emergency by the World

Health Organization and activated response teams at almost all Malaysian healthcare

facilities. Upon activation of the National Crisis Preparedness and Response Center

in January 2020, the National Institutes of Health Malaysia established a COVID-19

operation room at the facility level to address the rise in COVID-19 infection cases each

day. The National Institutes of Health COVID-19 operation room committee formed a

workforce mobilization team for an effective and efficient mobilization system to fulfill

requests received for human resource aid within the Ministry of Health Malaysia facilities.

Selected personnel would be screened for health and availability before mobilization

letters and logistics arrangements if necessary. The workforce from the National Institutes

of Health, consisting of various job positions, were mobilized every week, with each

deployment cycle lasting 2 weeks. A total of 128 personnel from the six institutes under

the National Institutes of Health were mobilized: tasks included fever screening, active

case detection, health management at quarantine centers, and management of dead

bodies. A well-organized data management system with a centralized online system

integration could allow more rapid deployment and answer some of the key questions

in managing a similar pandemic in the future. With improving infected COVID-19 cases

throughout the country, the National Institutes of Health COVID-19 operation room was

effectively closed on June 15, 2020, following approval from the Deputy Director-General

of Health.

Keywords: COVID-19 pandemic, data management, Ministry of Health Malaysia, National Institutes of Health

Malaysia, workforce mobilization

INTRODUCTION

COVID-19 is an infectious disease caused by a newly discovered coronavirus that reportedly
emerged in Wuhan city, China, in December 2019. This novel coronavirus’s causative agent was
in January 2020 found to be of the same subgenus as the Severe Acute Respiratory Syndrome
Coronavirus (SARS-CoV). As of September 17, 2020, there were a total of 29,656,504 COVID-19
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cases worldwide, with 936,905 deaths reported (1). The World
Health Organization (WHO) declared COVID-19 a pandemic
on March 11, 2020, making it a public health emergency of
international concern (2). Cases have been reported virtually
in all continents and have been steadily increasing in many
countries. The three countries most impacted by COVID-19
include theUnited States of America (USA), which reported cases
to surpass 6 million, followed by India and Brazil, with more
than 9 million combined cases. On September 17, 2020, Malaysia
had more than 10,000 confirmed cases of COVID-19, with 128
deaths and among the highest number of coronavirus infections
in Southeast Asia (3).

This ongoing outbreak poses many clinical and public health
management challenges because of limited understanding of viral
pathogenesis; infection risk factors; disease clinical presentation
and outcomes; prognostic factors for severe illness; the infectivity
period; modes and range of virus inter-human transmission;
effective preventive measures as well as public health response;
and containment interventions (4). Extra efforts need to be
in place to prevent and control the spread of an infectious
disease or pandemic. The healthcare system changes during a
pandemic, whereby shortages ofmedical personnel, staff illnesses,
or limitations in the availability of equipment or intensive-care
unit capacity becoming the major triggering factors (5).

The first wave of COVID-19 outbreak in Malaysia began
with the emergence of the first confirmed case detected on
January 24, 2020. Up until mid-February, Malaysia recorded 22
cases of COVID-19. The Ministry of Health (MOH) Malaysia
activated the National Crisis Preparedness and Response Center
(CPRC) in January 2020 under the Surveillance Section of the
Disease Control Division to ensure effective management of
disasters, outbreaks, crises, and emergencies (DOCE) related to
health. After the second wave of COVID-19 in Malaysia, which
occurred in late February 2020, the MOH Malaysia recognized a
need for workforce reinforcements, essentially targeted screening
within the community and International Points of Entry. Hence,
the CPRC aims to provide short-term relief and strategize on
mobilizing ancillary medical and health personnel along with
volunteers from the MOH Malaysia, government and non-
governmental bodies, private sectors, and individuals as part
of the public health response to areas with the highest burden
of COVID-19.

THE SUDDEN SURGE

Malaysia was able to report 11 days of zero confirmed cases
consecutively, from February 16 to 26, 2020, until the second

Abbreviations: ATFCOR, African Task Force for Coronavirus Preparedness and

Response; COVID-19, Coronavirus Disease 2019; CPRC, Crisis Preparedness

and Response Center; DOCE, Disaster, Outbreak, Crises, and Emergencies;

EIS, Events Information Site; IHR, International Health Regulations; MOH,

Ministry of Health; NADMA, National Disaster Management Agency; NGO,

Non-Government Organization; NIH, National Institutes of Health; NSC,

National Security Council; OSH, Occupational Safety and Health; PPE, Personal

Protective Equipment; PUI, Patient Under Investigation; SARS-CoV, Severe Acute

Respiratory Syndrome Coronavirus 2; USA, United States of America; WHO,

World Health Organization.

wave began February 27, 2020. On March 11, 2020, Malaysia
experienced a sharp increase in new cases after the International
Health Regulations (IHR) Focal Point for Brunei told the
Malaysian IHR Focal Point that the country had discerned a
positive case traveling to Malaysia to attend a religious mass
meeting. The meeting was held from February 27 to March
1, 2020, involving approximately 16,000 participants, of which
about 14,500 participants were Malaysians. More than 100 cases
have been registered daily since March 15, 2020, with most
patients having a history of attending the mass meeting or
some manner of contact with the attendees (6). Subsequently,
on March 17, 2020, Malaysia recorded the first two COVID-
19-related deaths, with one case being associated with the
religious gathering.

In mid-March, the rampant outbreak suggested that Malaysia
was in the late containment phase and required swift and more
aggressive measures to contain the disease. Consequently, the
Malaysian government instituted a Movement Control Order
(MCO) fromMarch 18 to March 31, 2020, intending to break the
community’s COVID-19 chain. The MCO was further extended
in phases until May 3, 2020, as the number of positive cases
remained relatively high. In many specific locations that reported
a sudden rise in cases, the Malaysian government introduced
Enhanced MCO (EMCO). With Conditional MCO (CMCO)
(May 4 to June 9, 2020) and Recovery MCO (RMCO) (June 10 to
August 31, 2020) implemented sequentially, the four-phaseMCO
has nearly flattened the curve and decreased the active cases to an
amount that does not overwhelm the healthcare system.

CONTEXT – SETTING AND POPULATION

Coordination of Country Response
Malaysia initiated a response to COVID-19 as soon as the
news broke of a new pneumonia-causing virus in Wuhan,
China, on January 2, 2020. After corresponding with the WHO
Country Office as well as the WHO Regional Office, Malaysia’s
IHR focal point shifted to evaluating the risk of occurrence
in Malaysia. Subsequently, on January 5, 2020, Malaysia’s IHR
focal point began collecting information through the WHO
Events Information Site (EIS), a safe web-based communications
portal between the WHO and the National IHR focal point.
Via the EIS, the WHO Secretariat exchanged information
and communication regarding acute public health risks with
potentially global ramifications. Based on the information and
risk assessment provided by the WHO-EIS, Malaysia’s IHR
focal point conveyed the information to the Director-General
of Health, all Deputy Directors of Health, relevant program
directors in the MOH, as well as other relevant ministries, such
as the Department of Veterinary Affairs. Then, an urgent meeting
of the Disaster Management Technical Committee took place to
coordinate Malaysia’s preparedness and response.

Malaysia’s IHR focal point provides leverage in its response by
frequently communicating with the National IHR focal points
from other countries. In due course, on January 23, 2020,
Malaysia’s IHR Focal Point received an email from Singapore’s
IHR focal point regarding the need for contact tracing of
the first COVID-19 case in Singapore. These led to Malaysia’s
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first COVID-19 event, which was identified as one of the
contacts from Singapore’s case 2 days later, January 25, 2020.
Effective communication between IHR focal points enabled early
identification and quarantine to reduce Malaysia’s disease spread.
On the same day, the Malaysian IHR focal point notified the
WHOof the first case of COVID-19 inMalaysia using IHR (2005)
Annex 3. Malaysia is currently still reporting its cases weekly via
theWHOwebsite: https://COVID-19-dataentry-who.hub.arcgis.
com.

Several national policies have been developed as guidelines
in matters relating to crisis and security. One such guideline
is Directive 20 of the National Security Council, which
includes defined frameworks for the command, control, and
coordination of health emergency preparedness and response.
These frameworks are facilitated by the National Disaster
Management Agency (NADMA) under the National Disaster
Management Committee. This directive outlines the routes of
response, roles, and obligations of each relevant agency, such
that in the event of a health crisis, the MOH leads the technical
direction. Several other laws and policy documents were also
applicable to the response to COVID-19, including the Infectious
Disease Prevention and Control Act (Act 342), the International
Health Regulations, 2005 (IHR, 2005), and the MOH Disaster
Management Plan (MOH, 2015).

The National Security Council (NSC), which works through
committees at national, state, and district levels, manages
the execution of overall policies involving multiple agencies.
The national center for public health emergency operations
supervised the planning, coordination, and implementation of
response activities. It is known in Malaysia as the National
Crisis Preparedness and Response Center (CPRC), MOH. The
MOH provides technical advice through its disaster response
committees, including the national CPRC (Figure 1). The
national CPRC cascades the flow of command to propagate
hospital services and primary care responses by central-level
coordinators and is ultimately enforced at state and district levels.

WORKFORCE MOBILIZATION TEAM

The second wave of COVID-19 in Malaysia has precipitated
the call for human resources reinforcements to support the
District Health Offices’ implementation of public health
operations and containment measures. Contact tracing of the
participants of the mass religious gathering was done actively
by the district health teams, and the hardest-hit areas were
the states of Selangor and Kuala Lumpur. Furthermore, the
national CPRC, through its MOH COVID-19 Mobilization
Support Unit, has prepared, organized, and enforced the
deployment of human resources and medical countermeasures
in the region. Simultaneously, with border control measures,
the auxiliary workforce was also needed to screen travelers at
international entry points, such as Kuala Lumpur International
Airport. Hence, it was a requisite for MOH to strategize on
the mobilization of healthcare workers and volunteers in
affected areas where an additional workforce was required.
The number of workforces, working hours, and each team’s

composition to be deployed was focused on the State
Health Departments’ needs and demands. The State Health
Departments regularly tracked the progress of activities within
each state.

A need assessment was carried out to determine the
requirements of human resources during the pandemic. With
the information obtained from field implementation activities
and consideration of other factors, like the increasing number
of cases, the national CPRC evaluated the gaps between
existing conditions and the resources needed. These factors are
summarized below.

Evaluation of Surge Capability
Exponential estimates of the number of cases and close
contacts, increased R-naught, increased laboratory processing
time, decreased data reporting timeliness, inadequate data
quality, and overworked ground workers were indicators of
an overwhelmed public health response system. The state
health departments have identified limitations in human
resources to the national CPRC, which has taken steps to
overcome shortages.

Several factors also contributed to the rise in human resource
requirements. For instance, the rapid increase of COVID-19
cases in the second wave created a massive patient burden,
adding enormous strain to the current healthcare workers.
In circumstances where healthcare workers had themselves
contracted COVID-19, and their duties were suspended, the
workforce shortages were exacerbated. All of them had to
undergo COVID-19 testing and were quarantined for a
fortnight. Furthermore, the Low-Risk COVID-19 Treatment and
Quarantine Centers’ opening scattered around Malaysia also
required additional medical human resources.

Assessment of The Deployment Scope of
Activities
Another relevant point considered in the healthcare personnel
deployment was to assess the extent of the tasks to be carried
out in maintaining the existing essential health services in MOH
facilities and deal with increased workloads due to the handling
of COVID-19 cases. The scope of the activities of healthcare
personnel deployed are listed in the Table 1.

Priority is given for theMOH deployment, whereby personnel
recruitment wasmade through communication between national
and state CPRCs. Personnel involved in the mobilization of
COVID-19 activities dependent on the tasks’ feasibility and
nature. The COVID-19 pandemic brought a response from all
government agencies, for instance, the Ministry of Defense, the
Ministry of Housing and Local Government, and the Ministry
of Human Resources, enrolling masses of their staff to assist
public health teams. The MOH has also obtained assistance from
medical professionals and volunteers from the private and civil
society (non-governmental organizations or NGOs) who have
met the same recruitment requirements (7).
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FIGURE 1 | MOH disaster management committee in response to COVID-19. (Source: MOH, MOH Disaster Response Plan, 2015).

NATIONAL INSTITUTES OF HEALTH
COVID-19 OPERATION ROOM

The National Institutes of Health (NIH) COVID-19 operation
roomwas established onMarch 17, 2020, following the activation
of national CPRC and mandated by the Deputy Director-
General of Health to help deal with the sudden surge of
COVID-19 cases in Malaysia. The NIH is a unique healthcare
organization under the MOHMalaysia consisting of six different
institutes in a shared compound with a workforce of around
1,300 and various job positions from different medical/health
backgrounds. The NIH is a tessellation of the Institute for

Medical Research, Institute of Public Health, Institute for Health
Management, Institute of Health System Research, Institute of
Health Behavior Research, and Institute for Clinical Research.
The NIH’s core businesses include health-related research,
conducting or organizing training and courses, and offering
consultancy for the Ministry of Health personnel (8).

The NIH COVID-19 operation room serves as the center
for communication and coordination of all activity relating to
control and prevention of COVID-19 in NIH while harmonizing
activity as well as the need from the national CPRC and State
Health Departments. Besides anticipating requests from other
healthcare facilities, the operation room is also responsible
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FIGURE 2 | The workflow for the COVID-19 operation room NIH mobilization team.

for the health surveillance of NIH personnel involved in the
control and prevention of COVID-19 activity. Health promotion
activities regarding COVID-19 for NIH personnel, including
concession companies attached with NIH (e.g., cleaning services,
security, catering), are coordinated by the NIH COVID-19
operation room.

As one of the NIH core businesses is research, all research
activities relating to COVID-19, including diagnostic laboratory,
are monitored by the NIH COVID-19 operation room. Other
functions of the NIH COVID-19 operation room encompass

the focal center for strategic cooperation between ministries and
agencies in managing the spread of the COVID-19 pandemic and
identifying and coordinating the need for accommodations for
the workforce mobilization team.

In ensuring a smooth and effective mobilization system,
a workforce mobilization team lead by the NIH COVID-19
operation room committee was formed with assistance from
each institute’s liaison officers under the NIH, which had
been discerned beforehand. Liaison officers posited to identify
personnel and prepare a list according to personnel readiness
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for mobilization and location preferences. Since activation from
March until June 2020, the NIH COVID-19 operation room
have received human resource aid requests from the national
CPRC, Selangor State Health Department, and Federal Territory
of Kuala Lumpur/Putrajaya Health Department as early as 2
weeks before mobilization via email or telephone.

Subsequently, selected personnel need to be under 60 years of
age, be registered as a licensed medical practitioner in Malaysia
with the Malaysian Medical Council to conduct tasks involving
contact with patients, and agree to sign a liability document. They
would then be screened for health, availability, and clearance
from the supervisor before a letter of mobilization can be issued
and logistic arrangements made if necessary.

In the early phase of the COVID-19 pandemic, human
resources in Malaysia’s healthcare sectors focused on detecting
and quarantine COVID-19 cases (8). Hence, other divisions that
were not involved in early detection activities, including the NIH,
offered human resource aid to other healthcare counterparts on
the ground as frontliners. However, mobilized personnel from
the NIH could be called back to work immediately upon their
supervisors’ request, together with substantial justification.

As the need for an extra workforce increased, more NIH
personnel volunteered to assist. Teams were mobilized every
week, but each cycle of deployment lasted 2 weeks. The
number of personnel and composition of each deployment
team was based on the requests of the national CPRC and
State Health Departments. A pre-deployment briefing was
given for each batch of groups, while further training was
carried out at the assigned locations. Each briefing covered
administrative matters, job scope, infection prevention, control,
as well as accommodation etiquette. The workflow of facilitating
mobilization is visualized in Figure 2.

DETAILS TO UNDERSTAND KEY
PROGRAMMATIC ELEMENTS

The first deployment began with eleven personnel to the national
CPRC and Sungai Buloh Hospital (the main COVID-19 treating
hospital) on March 17, 2020. Later, on March 29, 2020, the
number quadrupled to 47 mobilized personnel to the national
CPRC, Selangor State Health Department, three district health
offices in Selangor, and Sungai Buloh Hospital. Throughout
the establishment of the NIH COVID-19 operation room, it is
estimated about 128 personnel were cumulatively mobilized from
every institute under the roof of NIH to ease the burden on
another healthcare workforce due to the COVID-19 pandemic.
All six institutes actively provided human resource aid to the
MOH facilities around the Federal Territory of Kuala Lumpur
& Putrajaya and the largest state by population, Selangor.
Considering those who volunteered and those who were assigned
for attachment for career advancement, Table 2 shows the
location and the total number of personnel mobilized from
the NIH.

The human resource mobilization team received involvement
from every job position level, which depicted a high level
of teamwork and a sense of responsibility within the MOH

TABLE 1 | Scope of activities for the healthcare personnel during deployment.

No. Scope of activities

1 Identifying of active cases

2 Assisting the monitoring of PUI home surveillance

3 Health monitoring of the organization employees

4 Issuing Quarantine Order Forms

5 Distributing PPE

6 Providing a service for psychosocial assistance

7 Swab sampling of symptomatic and asymptomatic patients

8 Managing data

9 Providing orientation and training sessions for volunteers

10 Assisting frontliners in the care of patients

11 Carrying out interviews with contract-for-service staff

12 Hotline call duties

13 Chest X-ray / Laboratory testing

14 Producing PPE and preparation that includes aprons, face mask,

headgear, boot cover, etc.

15 COVID-19-related research

16 Transporting COVID-19 PUI and supporting patients to the respective

health facilities

17 Determining health workers for mobilization

18 Supervising sites and providing input on any inquiries made by

volunteers

19 Assisting at the State and District Health Operations Centers

20 Contact tracing of the PUI from various sources and notifications

21 Determining the need for and organizing mobilization team

accommodation

22 Preserving current essential healthcare services

23 Supplying first aid and medical care to volunteers (when necessary)

24 Individual and mass screening

25 Aiding public inquiries related to COVID-19

26 Managing the deceased in cases of COVID-19

TABLE 2 | Location and the total number of mobilized personnel from the

National Institutes of Health Malaysia.

No. Location Total

mobilized

1 National Crisis Preparedness and Response Center

(CPRC), Ministry of Health

44

2 Selangor State Health Department 14

3 Federal Territory of Kuala Lumpur & Putrajaya Health

Department

14

4 Petaling District Health Office 20

5 Gombak District Health Office 6

6 Hulu Langat District Health Office 8

7 Sepang District Health Office 6

8 International Entry Points, Kuala Lumpur

International Airport (KLIA)

4

9 Kuala Lumpur General Hospital 5

10 Sungai Buloh Hospital 7

Total 128

during this challenging period. Public health physicians, medical
officers, dental officers, environmental health officers, and
nurses have valuable skills and clinical expertise that can be
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TABLE 3 | Number of mobilized personnel by job positions.

No. Job position Total mobilized

1 Public Health Physicians 6

2 Medical Officer 60

3 Research Officer 21

4 Dental Officer 1

5 Health Education Officer 4

6 Science Officer 5

7 Environmental Health Officer 1

8 Nurse 4

9 Pharmacy 6

10 Statistician 4

11 Assistant Research Officer 1

12 Assistant Statistician 2

13 Assistant Environmental Health Officer 1

14 Administrative Assistant 9

15 Assistant Librarian 3

Total 128

appropriately used to assist frontliners. Public health physicians
and environmental health officers are also the most competent
to conduct public health measures under the Prevention and
Control of Infectious Disease Act 1988 (Act 342), such as issuing
a quarantine order. Other job positions were determined later
on, according to where this group of different backgrounds and
skilled personnel could be best stationed. The breakdown of
personnel mobilization by job position is shown in Table 3.

As the human resource aid that we provided began to
relieve the pressure and load from the assigned locations, other
job positions were sent for non-clinical support. The non-
clinical support mainly evolves around data management as
data received daily could be overwhelming for small operation
centers like the district offices. After the first month of
personnel mobilization, most clinical personnel have returned
to their respective institutes to continue the existing tasks. The
movement of the entire NIH personnel was put into a master list
using Microsoft Excel. As a result, a live database of mobilized
workforces was created and accessible to all NIH personnel for
monitoring as well as record keeping. This database was also
being used as health surveillance and staff attendance, which are
salient in emergencies.

DISCUSSION

The national CPRC was established in January 2020 by the
Ministry of Health Malaysia and triggered activation of CPRC
and COVID-19 operation room at other healthcare facilities
around the country, abiding by the Event-based Surveillance
Protocol in addressing the public health emergency of
international concern (9–11). The human resource mobilization
division for the national CPRC was founded on March 11,
2020. Their first deployment team comprised 60 personnel
from seven State Health Departments to the Selangor state

health department and the Federal Territory of Kuala Lumpur
health department. This human resource mobilization team’s
underlying motivation and aim were to efficiently mobilize the
healthcare workforce as a COVID-19 response in a strategic,
safe, astute, and resource-conscious way.

Our response team’s efforts in identifying evolving needs and
promptly engaging relevant workforces within the MOH had
countless advantages. Many non-clinical workforces were keen
to combat the deadly pandemic but felt powerless. However,
research has shown that united action toward a common
goal can parry these emotions (12). Together with enthusiasm
toward such a desire, orderly measures can foster a sense
of empowerment, motivation, and connection. An effective
disease control strategy demands an efficient public health
workforce, sophisticated integrated public health and clinical
health information technology, trained human resources, and
substantial community involvement (4, 12).

A similar response observed in South Africa, where the
Africa Centers for Disease Control and Prevention has initiated
an African Task Force for Coronavirus Preparedness and
Response (ATFCOR) focusing on six workstreams: laboratory
diagnosis and subtyping; surveillance (including screening
at points of entry and cross-border activities); infection
prevention and control in healthcare facilities; clinical treatment
and management of people with severe COVID-19; risk
communication; as well as supply chain management and
stockpiles (13).

The effectiveness of an organization’s human resources
management and its team development is a significant factor that
affects that organization (14). The human resource mobilization
team in the NIH COVID-19 operation room act as a coordinator
for personnel deployment from NIH and require inter-
organization commitment as well as necessitate full responsibility
from the liaison officers for an effective system. All six NIH
institutes had their respective organization and sub-organization
that potentially delayed the process of verifying personnel for
mobilization. The situation was exacerbated when requests were
received for human resource aid at the latest possible time
resulting in engendering personnel to prepare for mobilization
inadequately. Regardless, themobilized teamwas briefed to equip
them mentally and physically, albeit tasks were given by assigned
medical facilities independently. There is precedent for such
an enormous mobilization to address a pandemic. In reducing
the spread of Ebola, African countries mobilized thousands of
caseworkers while China reportedly mobilized 18,000 public
health workforces to curb the spreading of COVID-19 in Wuhan
alone (15).

To help in response to COVID-19, other countries, such
as the USA and Croatia, mobilized their medical students to
do anything from providing childcare to healthcare workers
to enrolling in short-term roles in the healthcare system (13–
15). Malaysia utilizes a different approach whereby, instead
of recruiting medical students, we encourage volunteers from
retirees with a medical background. We also received volunteers
from other ministries such as the Ministry of Housing and Local
Government and Malaysian Armed Forces; non-government
organizations (NGO) like Medical Relief Society Malaysia,
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Malaysia Relief Agency, and Islamic Medical Association of
Malaysia Response & Relief Team; as well as government
agencies, for example, the Department of Occupational Safety
and Health Malaysia. These collaborations with NGOs and
other agencies, resulting in a seamless distribution of the
workforce, food supplies, and personal protective equipment
(PPE) all around Malaysia. Moreover, the collaborations provide
an opportunity for medical personnel outside of the MOH to
contribute and serve the country.

As a result of lessons learned during the SARS and influenza
pandemic, the development and standardization of plans,
including human resource mobilization, operational support,
space, and equipment, are vital in the first few hours of an
outbreak. Deployment and mobilization should be assessed early
and frequently during the response to enhance the preparedness
of pre-identified workforces (16). The AsiaFluCap Project (2008–
2011), which was based in Germany, analyzed the feasibility
and capability of health system resources mobilization across
selected Asian countries in the event of an influenza pandemic.
Using a mathematical transmission model, they could estimate
gaps in healthcare resources vital for responding to the influenza
pandemic by simulating a mild to moderate scenario of an
influenza pandemic (17). Lesson learnt from that exercise,
suggesting that a pandemic could have a high public health
impact with the maldistribution of resources.

Our mobilized team received recognition nationally for their
contribution to the country. Apart from offering a helping
hand to the overwhelming workload, we have also developed
new methods to manage the COVID-19 pandemic, which were
adapted by the MOH Malaysia. For instance, an electronic form
was created for a comprehensive data collection on contact
tracing. The template has been used in several states in Malaysia
along with a density map that inspires modeling with a projection
of COVID-19 virus spread based on daily cases and reproduction
number (18, 19).

Nevertheless, the human resource mobilization team faced
a few challenges in the course of its operation. Receiving an
overwhelming amount of volunteers since the inception of
the NIH COVID-19 operation room, the process of screening
these volunteers was time-consuming and calling up identified
volunteers labor-intensive. The lack of a medical volunteer
registry to recruit personnel slowed the process of deployment
in the beginning. There were also several challenges with regards
to the deployed healthcare personnel’s skills and competencies.
Throughout the early phases of the pandemic and with COVID-
19 being a new disease, healthcare personnel may not have been
entirely aware of or familiar with the clinical recommendations
for the treatment of COVID-19.

Moreover, the personnel themselves were at constant risk of
exposure to the virus. This risk is exacerbated by the threat of
psychological consequences such as anxiety and depression due
to stigma. It was essential to track the well-being of all deployed
personnel through a system of continuous guidance and close
supervision as well as monitoring by the occupational health and
safety teams within healthcare facilities. Well-established mental
health and psychosocial support platforms were also crucial in

ensuring the continued morale and desire of deployed personnel
to fulfill their duties.

Another realization that arose during the pandemic is related
to all deployed personnel’s readiness to work in a crisis
setting. The COVID-19 challenged the healthcare system to
such an extent that all staff, from technical to support and
clinical to non-clinical, were entailed in some way in the
country response, thus coining terms such as “frontliners” and
“backliners.” Many deployed personnel had steep learning curves
to quickly familiarize themselves with the given tasks that
were very different from the routine day-to-day work and in
a full of urgency environment. Tasks have been carried out
with involvement from all organizations, both governmental
and non-governmental, depicting an all-out approach from a
large team. Therefore, all personnel need to have some sort of
readiness training in a public health emergency setting, and these
preparations should be not only physical but also mental. The
ability to predict potential challenges to healthcare personnel
during a pandemic crisis would add value in ensuring more
effective and productive management for future crises.

One of the workforce mobilization teams’ unforeseen
challenges was the growing numbers of infected healthcare
personnel, which has resulted in a shortage of personnel in
some hospitals. Human resources for health became scarce, and
considerations were required to ensure healthcare quality and
delivery uninterrupted. As a result, a range of measures has been
outlined to ensure the continuation of health services. First of
all, priority was given to emergency departments and hospital
wards regarding the distribution of resources. Mobilization
of healthcare personnel from other facilities, either interstate
or intrastate, and personnel rotation between departments
were among the measures taken. In certain situations, the
Occupational Safety and Health (OSH) Units of the health
facilities ordered the temporary closure of those departments that
have had a few healthcare personnel with positive COVID-19.
The whole department was disinfected and sanitized before the
resumption of operations (7).

As a proactive response, the MOH introduced and
implemented various ground-breaking concepts, such as
teleconsultations, drive-thru pharmacies, and notifications
of waiting numbers via messages or WhatsApp R©. These
improvisations helped to minimize the need for healthcare
personnel to be physically present and indirectly limit the
interaction and exposure between the healthcare personnel and
patients. In the event of severe staff shortages, the OSH officer
will assess the healthcare personnel to decide the appropriateness
for an early return to work.

The NIH COVID-19 operation room recognized there are
some possible limitations from the workforce mobilization
activity. Firstly, mobilizations were based on request and
availability at a particular moment. Hence, the assessment
of support needed and given may not necessarily reflect the
operation’s actual requirements. Indeed, the whole experience
has been a lesson in teamwork and coordination. The different
strengths of the respective personnel in the various teams
have harmoniously complemented each other by creating
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a diverse group that has responded potently against this
pandemic situation.

This article also focuses on the workforce mobilization from
the NIH to the other public healthcare facilities within the
MOH Malaysia in the early phases of the COVID-19 pandemic
management in Malaysia. The requests that we received only
come from the central region. The Crisis Preparedness and
Response Center, MOH Malaysia, based in the Federal Territory
of Putrajaya, coordinates workforce mobilization involving
interstates and other healthcare facilities. However, the lack
of information, especially on average working hours of the
volunteers and the work shift system implemented at individual
locations, impede estimating the optimal number of personnel
to be mobilized. Instead, the workforce mobilization is varying
and is subjectively tailored to the request from the locations
mentioned earlier. These variables are valuable to improve the
efficiency of mobilization in the future.

CONCLUSION

Mobilization of human resources within the MOH was a
critical technique to maximize human resource capacity during
a pandemic. Developing a database of volunteers ready for
future deployment in a disaster or crisis may become crucial
in human resource mobilization management. The next step
should be establishing an online volunteer management system
that would integrate the current database and allow for more
rapid deployment. Such a centralized system would ease the
recruitment process in terms of accurately identifying the
available expertise and locating suitable experts to be deployed
to selected regions. A carefully established data management and
relevant information availability might be the key to answering
some of the challenges faced during pandemic management in
the future, including COVID-19.

The NIH COVID-19 operation room was effectively closed
on June 15, 2020, succeeding the Deputy Director-General of
Health’s approval after observing improved infected COVID-
19 cases throughout the country. Nonetheless, the war against

the COVID-19 pandemic demands an efficient workforce and
effective response team that can rise to the challenge for a safer
and healthier world.
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COVID-19, caused by SARS-CoV-2, was first reported in Wuhan, China and is now a

pandemic affecting over 218 countries and territories around the world. Nepal has been

severely affected by it, with an increasing number of confirmed cases and casualties

in recent days, even after 8 months of the first case detected in China. As of 26

November 2020, there were over 227,600 confirmed cases of COVID in Nepal with

209,435 recovered cases and 1,412 deaths. This study aimed to compile public data

available from the Ministry of Health and Population (MoHP), Government of Nepal (GoN)

and analyse the data of 104 deceased COVID-19 patients using IBM SPSS (Version

25.0). Additionally, this study also aimed to provide critical insights on response of the

GoN to COVID-19 and way forward to confront unprecedented pandemic. Figures and

maps were created using the Origin Lab (Version 2018) and QGIS (Version 3.10.8). Most

of the reported cases were from Bagmati Province, the location of Nepal’s capital city,

Kathmandu. Among deceased cases, >69% of the patients were male and patients≥54

years accounted for 67.9% (n = 923). Preliminary findings showed respiratory illness,

diabetes, and chronic kidney diseases were the most common comorbid conditions

associated with COVID-19 deaths in Nepal. Despite some efforts in the 8 months since

the first case was detected, the government’s response so far has been insufficient.

Since the government eased the lockdown in July 2020, Nepal is facing a flood of

COVID-19 cases. If no aggressive actions are taken, the epidemic is likely to result

in significant morbidity and mortality in Nepal. The best way to curb the effect of the
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ongoing pandemic in a resource-limited country like Nepal is to increase testing, tracing,

and isolation capacity, and to set up quality quarantine centers throughout the nation.

A comprehensive health literacy campaign, quality care of older adults and those with

comorbidity will also result in the effective management of the ongoing pandemic.

Keywords: covid-19 pandemic, health care delivery, leadership and management, non-communicable diseases,

policies and strategies, quarantine management, vaccination

OVERVIEW OF THE GLOBAL IMPACT OF
COVID-19

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2), which causes the coronavirus disease (COVID-19), was first
identified in Wuhan, China, in December 2019 and later spread
globally (1). The World Health Organization (WHO) declared
the outbreak a Public Health Emergency of International
Concern (PHEIC) on 30 January (2) and a pandemic on
11 March 2020 (3). COVID-19 has now affected over 218
countries and territories around the world, as well as two
international conveyances (4). As of 26 November 2020, there
have been 61,126,600 COVID-19 cases confirmed globally, with
1,433,866 (2.35%) deaths and 42,292,160 (69.19%) recovered
cases (4). The highest number of deaths have been reported
in the USA (13,197,307), followed by India (9,308,751)
and Brazil (6,170,827) (4). The South Asian Association of
Regional Cooperation (SAARC), a regional inter-government
consortium of eight South Asian countries, which includes
Nepal, India, Bangladesh, Pakistan, Maldives, Bhutan, Sri Lanka,
and Afghanistan, comprises over 21% of the global population
and is vulnerable to COVID due to multiple factors including
poor health literacy, poor housing and living conditions, fragile
health systems coupled with inadequately trained frontline health
workers, poor quality of health care coupled with the poor
diagnostic capacity of laboratory facilities and population of poor
and migrant individuals (5, 6). As of 26 November 2020, Nepal
holds the fourth position among the SAARC member countries
in terms of total COVID infections and death cases, with India
placing first and Bhutan placing last (Figure 1) (5).

SITUATION OF COVID-19 IN NEPAL

Nepal adopted a federal democratic structure in 2017 and
currently has seven provinces: Province No. 1, Province No.
2, Bagmati Province, Gandaki Province, Lumbini Province,
Sudurpaschim Province and Karnali Province. Of the provinces,
Bagmati Province currently has the highest number of COVID-
19 cases and has reported the highest number of deaths (48.87%,
n = 690). Out of 77 districts, the Kathmandu district reported
the highest number of mortalities (24.00%, n= 339), followed by
Lalitpur (6.8%, n = 96), Bhaktapur (6.30%, n = 89), and Sunsari
(5.02%, n= 71) (Figure 2).

The first positive case of SARS-CoV-2 in Nepal was reported
in a Nepalese national who had returned to Kathmandu from
Wuhan, China on 23 January 2020 (7). For several weeks after
the first case which was reported in the last week of January

2020, Nepal did not witness an increasing number of COVID
cases. However, since July and August 2020, Nepal experienced
an unexpected surge of cases every day. As of 26 November 2020;
1,700,000 reverse transcription polymerase chain reaction (RT-
PCR) tests have been performed in seven provinces, of which
227,640 have tested positive for SARS-CoV-2 (Figure 3).

Of the total positive cases, 209,435 have recovered, and 1,412
deaths have been confirmed. A total of 16,793 cases are active and
under isolated surveillance, with more than 600 suspected cases
currently in quarantine (8). As of 24 November 2020, deceased
patients who were older than 54 years accounted for 67.82% (n

= 923), while those aged 25–54 years accounted for 28.36% (n
= 386), and of total deceased patients 69.43% (n = 945) were
male (Figure 4). Patients older than 85 years have the highest case

fatality rate (CFR) of 8.5% as of 24 November 2020 (9).
The first death reported in Nepal was a 29-year-old pregnant

woman. One deceased patient was an organ recipient, and three
had a history of surgery. As of 16 August 2020, the Government

of Nepal (GoN) has issued data of the underlying infections

in deceased COVID-19 patients but later the GoN stopped to
release the data on the underlying illness due to spiked cases of

COVID-19 deaths. We have reported the available data of till
mid-August to highlight the underlying illness among deceased

COVID-19 patients in Nepal. The most common underlying
conditions among the 104 deceased patients were respiratory

illness (including asthma, pneumonia and other non-specified,

53.85%, n= 56), diabetes (21.2%, n= 22), chronic kidney disease
(14.4%, n = 15), and hypertension (13.5%, n = 14) (Figure 5).
Thirty-eight of the deceased patients had suffered from two or
more comorbidities. Six patients died either in self-isolation or
before they were able to reach a hospital and, therefore, other
underlying illness could not be assessed.

As of 24 November, among all deceased patients, 895 (65.76%)
patients had at least one pre-existing condition of comorbidity
and such comorbidity was recorded apparently higher in older
patients, highest comorbidity (26.82%, n = 240) being recorded
in the age group 65–74 years (9).

As the number of RT-PCR tests has increased (Figure 6),
Nepal has witnessed increasing numbers of COVID cases, but the
number of cases requiring specialized care such as intensive care
units or life support with ventilators is also increasing every day
(10). Several factorsmay have influenced the increased number of
COVID cases in the country. First, the outbreak may be spiraling
upward due to the cohabitation practices of the joint family
system in Nepal, which is similar to Northern Italy (11). The
southern plain region of Nepal-Terai, which has an open border
with the northern part of India, a country that occupies the third
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FIGURE 1 | COVID-19 cases in SAARC member states.

FIGURE 2 | District-wise death cases of Covid-19 in Nepal.

Frontiers in Public Health | www.frontiersin.org 3 February 2021 | Volume 9 | Article 59780877

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Rayamajhee et al. Government of Nepal Is Response to COVID-19

FIGURE 3 | Cumulative cases of COVID-19 cases in different districts of Nepal.

position in terms of global COVID cases, has also been a hotspot;
this area is the source of an influx of Nepalese migrants, which
may have contributed to a higher number of COVID cases in this
region. Despite continuous efforts, the Nepalese authorities have
so far failed to systematically and effectively quarantine citizens
returning from other countries, especially from India. Despite
these facts, it is significant that most deceased patients had no
travel history, and this suggests local community transmission of
the disease.

PRE-EXISTING CONDITIONS AND
COVID-19

The preliminary analyses of data (16 August 2020) on underlying
illness in deceased COVID-19 patients of Nepal showed
nearly 87% of patients had pre-existing conditions i.e., non-
communicable diseases (NCDs). The evidence shows that people
living with NCDs are more vulnerable to severe illness or
death as a result of infection with COVID-19 (12, 13). In
Italy, among those COVID patients who died in hospitals, 68%
had hypertension, and 31% had type-2 diabetes. In India, 30%
fewer acute cardiac emergencies reached health facilities in rural
areas in March 2020 compared to the previous year. In the
Netherlands, the number of people newly diagnosed with cancer
dropped by 25% as a result of lockdown measures imposed by

the government. In Spain, among patients with severe symptoms,
43% had existing cardiovascular diseases (12). Bhatraju et al.
(14) reported that majority of the COVID cases in the US
had comorbid conditions, particularly NCDs such as diabetes
(58%), kidney dysfunction (21%), asthma (14%), and chronic
obstructive pulmonary disease (COPD) (4%). The same study
reported that 33% of patients had more than one coexisting
condition (14). Guan et al. recorded hypertension in 16.9%,
diabetes in 8.2%, hepatitis B infection in 1.8%, chronic kidney
disease in 1.3%, malignancy in 1.1%, and immunodeficiency in
0.2% of COVID patients in China (15). They also reported two
or more comorbid conditions in 8.2% of patients with SARS-
CoV-2 infection. These multi-morbid conditions were observed
more commonly in COVID cases with severe conditions than
in cases with mild or no symptoms (14, 16). We found
a greater number of comorbidities correlated with greater
disease severity in Nepalese COVID patients. The overall case
fatality ratio (CFR) across all ages in Nepal has remained
<1% (8, 17).

The world has witnessed discrepancies in the burden of
COVID cases and the challenges of managing cases effectively
and efficiently. Such discrepancies cannot be explained solely
by current patterns of population age groups in countries
like Nepal, where health care facilities have been heavily
disrupted by the ongoing pandemic (11, 18, 19). The severity
and mortality rate of COVID-19 has been increased by
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FIGURE 4 | Age wise distribution of deceased COVID-19 patients.

the presence of underlying comorbid conditions, mainly the
NCD conditions such as hypertension, diabetes, cardiovascular
diseases, respiratory diseases, cancer, kidney dysfunction, liver
diseases, neurological disorder, autoimmune disorders, and other
immunosuppressive conditions (20–22). Global evidence shows
that severity and mortality have been reported at higher rates for
male patients and older adults (18, 20, 22). Currently, available
evidence shows that death occurs at an average of 17.8 days from
the onset of COVID symptoms (23). Stories posted on social
media platforms andmedia reporting of the situation have shown
the miserable condition of health service delivery in Nepal,

where people have been unable to access basic medicines or care
in hospitals (particularly in areas with protracted lockdowns).
Furthermore, it has been reported that patients who failed to
present COVID reports were not allowed to receive inpatient
care and that some patients lost their lives in search of a

health care center or as a result of not having access to the
ambulance services necessary to reach health facilities. WHO
states that most people requiring treatment for NCDs like cancer,
cardiovascular disease, and diabetes have not been able to receive
health services and essential NCD medication as a consequence
of the pandemic and the resultant lockdown imposed by central
and local governments (12). This situation warrants urgent action
to introduce innovative and alternative approaches to providing
NCDs services. WHO also recommends including NCDs in the

national response to and preparedness plans for managing the
pandemic (13).

THE GOVERNMENT OF NEPAL’S
RESPONSE TO THE COVID-19 PANDEMIC

Similar to many other countries, Nepal has massively endured
unprecedented COVID pandemic with huge economic loss
(24). To stop the rapid spread of SARS-CoV-2, the GoN
has taken actions such as stay-at-home and mass quarantines
(25). Movement restriction of people appears the most efficient
non-clinical intervention to contain the spread of COVID,
especially in resource-limited nations such as Nepal. At present,
COVID cases are across the country because of inadequate
implementation of the strategies and policies required for
management of the overwhelming pandemic. However, the GoN
is putting constant effort to curb the rapid transmission of SARS-
CoV-2 at the community level.

Testing Strategies
In the earliest weeks of the COVID-19 pandemic, the health
surveillance desk at Tribhuvan International Airport—the only
international airport in the country—was initially authorized
to screen all incoming passengers from affected regions
around the globe (26). The government, under the leadership
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FIGURE 5 | Other underlying illness in deceased COVID-19 patients.

FIGURE 6 | Trend of daily RT-PCR and positivity rate.

of the home minister, formed a patient receiving team to
transport the suspected patients to hospitals designated to
receive COVID patients (27). RT-PCR tests were performed

for quarantined individuals who displayed suspected COVID
symptoms. Uninterrupted treatment services were prioritized
by setting up twenty-five-bed hospitals. Additionally, the
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government of Nepal has set up 36 COVID dedicated hospitals
categorized into three levels: 16 Level 1 hospitals responsible for
treating mild cases, 16 Level 2 hospitals for treating moderate
cases, and four Level 3 to provide advance and specialized care for
severe cases (28). All confirmed cases were shifted immediately
and managed at COVID hospitals until they tested negative
according to RT-PCR tests. In the meantime, the government
ensured uninterrupted treatment services to non-COVID
patients with life-and-limb-threatening conditions or injuries
such as abscesses, acute pain, heart failure, acute exacerbation
of COPDs, haemodialysis and ketoacidosis, among others (28).
The GoN designated the Sukraraj Infectious and Tropical Disease
Hospital (SITDH) in Kathmandu as the primary hospital for
COVID treatment, along with the Patan Hospital and the
Armed Police Forces Hospital. The government also designated
specific spaces to be used for quarantine purposes throughout
the country. The ground crossing points of entry at the Nepal-
India border and the Nepal-China border were tightened in
March 2020.

Contact Tracing
Effective systems to trace the contacts of those people who have
come into contact with carriers of COVID-19 is essential to stop
the rapid spread of the disease (29). With this in mind, the GoN
has set up a system to screen individuals arriving in Kathmandu
from other parts of the country or overseas by road or by
air. Symptomatic passengers were taken directly to designated
COVID hospitals and admitted, tested and treated appropriately.
In contrast, asymptomatic passengers were kept in dedicated
quarantine or advised to follow strict home quarantine and
self-isolation and to avoid non-essential travel and community
contact. Despite these regulations, there was no mechanism in
place to monitor home quarantine and self-isolation.

In May 2020, the government formulated the Health Sector
Emergency Response Plan (HSERP) to manage the spread of
COVID-19. The plan suggested forming Case Investigation and
Contact Tracing Teams (CICTTs) at the local level, which would
include members from the public health, laboratory, nursing,
local council, administration and security sectors (30). To date,
most of the councils in the country have formed CICTTs. The
main functions of the CICTTs are to ensure trained human
resources at all levels, follow standard operating procedure
(SOP) for case investigation and contact tracing, mobilize Female
community health volunteers (FCHVs) at community levels,
perform rapid epidemiological investigations of clusters at risk
for COVID-19, and ensure necessary resources and protective
measures to all care providers according to the estimated level of
risk (31). These are essential functions for COVID-19 prevention
and control and are outlined clearly as core functions of CICTTs.
However, the key question remains whether these CICTTs are
functioning effectively to trace contacts and ensure COVID
testing for people at risk. So far, no detailed information or
updates are available regarding the effectiveness of these CICTTs;
however, several media reports suggest that CICTTs across the
country have been inefficient and that this is a key area requiring
the careful attention of the MoHP, to fight the spread of COVID-
19 in Nepal.

Management of Quarantine and Isolation
Centers
Media reports also show that quarantine facilities are becoming
breeding centers for COVID-19 due to dangerous crowding,
lack of facilities for sanitation and hygiene, poor residential
environments (such as detainees sleeping on benches in
communal rooms), poormedical care and social support and lack
of nutritious food services (32). Institutional quarantine facilities
have been arranged at schools, campuses, hostels, hotels and
other accommodating facilities with the coordination of local
government, and isolation facilities have been organized by the
provincial governments and various public and private hospitals
across the country. Themechanism developed by the government
for monitoring the quarantine is ineffective in many places due to
lack of proper coordination between stakeholders.

Public Information and Awareness
Campaign
Disseminating correct information and education to the public
is an effective measure to control and prevent the spread of
any disease, especially in the time of the pandemic (28). The
prevention of highly contagious and infectious disease is critically
important (24). The Nepalese government, in collaboration
with a range of sectors (both private and public) and other
stakeholders, began developing and implementing information
and awareness programs in the fight against COVID-19. Several
public awareness campaigns designed to break the transmission
chain were issued through text, audio and video platforms
such as newspapers, flyers, radio and television. Despite these
efforts, the potential risk of coronavirus transmission at the
community level is not being taken seriously in Nepal, and this
may be due to low health literacy level. Such negligence has been
observed in media reports and social media stories that describe
people found not following physical distancing practices in open
places; for example, community dwellers observed selling and
purchasing groceries in openmarkets without practicing physical
distancing. The condition could worsen if the government fails
to implement basic safety protocols; this could be achieved
through awareness campaigns designed to encourage wearing
masks properly in public places, using hand sanitiser, washing
hands frequently, avoiding crowds and maintaining at least
three meters of physical distance. These measures are needed
especially considering upcoming festivals, which are celebrated
by a large population of Hindu communities. Social media
reports also show that some non-allopathic practitioners are
openly distributing ineffective remedies and creating a false sense
of security among the community. Local government bodies need
to monitor these claims closely and take action against the spread
of misinformation about treatments for COVID-19 (33).

Similarly, various protests for and against the ruling
government have posed a significant challenge to authorities’
efforts to contain the outbreak. Hundreds of young people
chanting “Enough is Enough” have been descending on the
streets of major cities across the country demanding a better and
effective response from the government to curb the COVID-19
outbreak (34). While such protests and demonstrations would
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be important to compel the government for its transparency,
accountability, and response to people in terms of prevention
and control of COVID-19, demonstrators and protestors need
to comply with public health preventive advice such as using
face masks properly and maintaining physical distancing, as
suggested by WHO guidelines.

Nation-Wide Lockdown
On 2 March, in response to the ongoing pandemic, Nepal’s
government suspended the visa-on-arrival scheme for citizens
of China, Hong-Kong, Japan, Italy and Iran, which are severely
affected by COVID-19. The scheme was updated on 11
March and suspended for all nationals including non-residential
Nepalese (NRN). On 18 March, the GoN planned to ban all
passengers, including Nepalese nationals, from entering Nepal
from European Union member countries, the United Kingdom,
West Asia, the Gulf countries, South Korea and Japan; this ban
was effective from midnight of 20 March 2020. On the same day
a high-level coordination committee to fight against COVID-
19, led by the defense minister, decided on the postponement of
Secondary Education Examination (SEE) and university exams;
the National Examinations Board (NEB) imposed a ban on all
gatherings of more than 25 people. On 20March, the government
announced more measures to restrict outbreaks, including
temporary bans on all flights, long-distance transportation across
the country and all non-essential services. The government has
included the following services in the essential services category:
telephone and communication, transportation, civil aviation and
airport, government press, defense affairs relating to arms, the
production of military goods, internal security, drinking water,
electricity, the residence of tourists, petroleum products, health
and medicine and banking and insurance.

Amid concerns about SARS-CoV-2 spreading in the
community, the government imposed a nation-wide lockdown
effective 24 March, hours after the second COVID-19 case was
confirmed. This measure was intended to last a week but was later
extended to about four months. All national and international
flights ceased, and all public and private vehicles were banned
from March 22, 2020 except for those with prior permission
from local authorities, those belonging to security forces, health
workers and ambulances. Groceries and pharmacies operated
during times specified by local authorities, while all other
workplaces, government offices, school and universities were
closed. Anyone who defies the government order is arrested
under the Infectious Disease Control Act. According to the Act,
violators are liable for a jail term of a month or hundred Nepalese
rupees as fines, or with both penalties.

Recently, the Nepalese government decided to end the
four-month-long lockdown effective from 22 July, with few
restrictions, and to allow all domestic and international airlines
to resume from 17 August 2020; however, it has again extended
the restriction till 31 August 2020. In the context of celebrating
“Visit Nepal 2020,” the GoN also allowed hotels and restaurants
to resume from 30 July while continuing all provisions
related to COVID prevention, control and treatment strategies.
Although the federal government has lifted the lockdown, some
provincial and local authorities have re-imposed lockdown and

other strategies to stop the further spread of SARS-CoV-2 in
community. Some of these strategies include odd-even number
vehicle movement, a complete prohibition of people from other
districts, sealing commercial areas in some cities and ramping up
contact tracing and testing at all levels of the government. Due to
the second surge of COVID-19 in Nepal, province and districts
are set to complete lockdown per the risk level.

Economic Support Package
Lockdown has impacted every sector of the country and
disproportionately affected the poor, daily wage earners, and
other marginalized groups in rural areas who have access to
food and other services only through day-to-day basis work.
In response, the government has established the “COVID-19
Prevention, Control and Treatment Fund” to which hundreds
of institutions, business firm and individuals have made
contributions. On 17 July, Nepal Rastra Bank, the central bank of
Nepal, unveiled relief packages (35) through its annual monetary
policy to mitigate the economic effects of COVID-19. These
packages comprise an extension of loan repayment deadlines,
refinance facilities, grace period extension for infrastructure
projects and targeted lending in productive sectors at cheaper
rates. On 27 July the bank categorized various sectors into three
groups based on the level of impact caused by COVID-19: highly-
affected, semi-affected, and least-affected (36).

Similarly, the government and other stakeholders have also
introduced a relief package for laborers, poor and marginalized
people, as well as distributing urgent foodstuffs; however,
the implementation of such relief packages is not happening
effectively due to unavailability of data on poor households, a
lack of proper coordination among the involved stakeholders and
the lack of a monitoring mechanism for distribution packages.
Furthermore, the country’s resources for curtailing the pandemic
are being challenged by flooding and landslides in Hilly and Terai
regions of the country as the monsoon season enters its peak.
These natural disasters have affected hundreds of households and
family, leaving many people homeless or living in emergency
shelters, which are congested; thus, people can hardly maintain
the recommended social distance, and many cannot afford the
supplies necessary for good sanitation practices.

OPPORTUNITIES FOR THE GOVERNMENT
OF NEPAL

We describe the priorities areas for the GoN (Figure 7) that are
essential to overcoming and managing COVID.

Leadership and Management
In any uncertain situation, the population relies completely
on leaders who are in a position to make crucial decisions
during a challenging time. The government has created
different committees and task teams for preparedness and
response to COVID-19, but these committees have been
criticized for not being able to perform preventive measures.
In the current situation, the Nepalese leadership has been
entangled in digressive topics: whether or not to accept
the Millennium Challenge Corporation grant provided by
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FIGURE 7 | Diagrammatic presentation showing the priorities areas for the improvement of COVID19 management.

the US government, whether Lord Ram (a Hindu God)
was born in India or Nepal, whether new vehicles should
be purchased for ministers and whether the ruling party
prime minister should change. Moreover, the COVID-19
crisis has exacerbated several weaknesses including a scandal
related to the procurement of Chinese personal protective
equipment (PPE) and newly purchased but malfunctioning
polymerase chain reaction (PCR) machines, delays in receiving
expert opinions and expert disagreements with government
decisions, understaffed and under-resourced public health
care systems, a lack of media management, insufficient
supplies and resources, poor planning and inter-sectoral
collaboration and support, mismanaged quarantine, isolation
centers, and testing processes and a lack of coordination
between the three layers of the government system—federal,
provincial, and local governments—in the management of this
overwhelming condition.

The government should avoid the temptation of heroic
leadership and instead need to listen to experts, implement
anti-corruption strategies more effectively at all three levels of
government (federal, provincial, and local level) and co-produce
and implement policies for the effective management of an

unpredictable condition that requires ultimate sacrifice from
all politicians. It is also crucial that the government provide
political space for adjusting and reversing decisions made.
Government authorities need to engage the private sector in
COVID management (37), which is not happening, with a
few exceptions.

Essential Supplies, Media, and Quarantine
Management
The lockdown imposed by authorities caused panic among the
most marginalized and disadvantaged populations, particularly
daily wage workers, older adults, people affected by natural
disasters, people with disabilities and widow(er)s. To avoid
such situations, the government should design an effective
mechanism under the Chief District Officer across the country
to deliver economic packages to the most affected population
at the smallest administrative level which is ward area of each
local government. The National Health Education Information
Communication Center has developed standardized messages
at the federal, provincial and local levels of government;
however, misinformation and fake news about COVID-19 is
spreading through social media platforms and online news
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portals. Authorities should develop a rumor tracking system and
disseminate standard contextual messages to support dispelling
myths on a timely basis. Despite being a resource-constrained
country, Nepal is trying its best to improve the conditions
of its quarantine facilities. The poor quality of quarantine
centers has led to rumors and discrimination against people
who have had stayed there; the government must ensure that
these facilities provide all basic amenities, including nutritious
food, gender-friendly sleeping areas and clean toilets (38).
Similarly, the provision of mental health service at the quarantine
facilities would be a great support for people who are staying
away from their family members (39). Moreover, separate
isolation facilities for asymptomatic and symptomatic people,
as well as a facility to refer patients to designated COVID-19
hospitals, would increase the smooth function and use of the
quarantine facilities.

The Revitalisation of Health Care Delivery
The pandemic has exposed the long-standing fragile health
care system of Nepal. The country has been battling the
worst health effects while responding to COVID-19 with an
under-resourced and understaffed health care system (40), and
this has created a public demand throughout the country for
quality and timely health services. Currently, secondary and
tertiary health systems in Nepal are overwhelmed with the
management of COVID-19 cases and, at the same time, the
priority to address the needs of other infections and NCD has
not been prioritized due to a lack of quality human resources,
health system capacity and significant resource constraints. The
Nepalese authorities need to develop a clear mechanism and
system for managing both COVID-19 and other morbidities;
compiling a list of operational COVID-19 and non-COVID-
19 hospitals will enable people to receive health care services.
Similarly, the government must strengthen primary health care
services through regular supplies of essential medicines and
extra staffing of human resources for health services; these
efforts may reduce the patient burden on secondary and tertiary
hospitals (41).

Moreover, the local government should manage ambulances
with trained medical personnel to take the patients to the
respective hospital so that patients can receive timely treatment.
Similarly, leveraging digital health within the health system to
provide teleconsultation and online appointment booking for
secondary and tertiary care would be a benefit for patients.
Local governments should not depend on every decision from a
federal government, and it is high time that local governments
ramp up contact tracing and testing by recruiting volunteers
and installing PCR machines at the local levels. Finally, all
three levels of government should develop and provide mental
health advice and support platforms to help people to cope with
the economic downturn, uncertain situations and the isolation,
loneliness and anxiety that are creating a syndemic pandemic
(41). It is equally important to consider the vulnerable and hard-
to-reach rural communities as a part of the national response
against the COVID.

COVID-19 VACCINATION STRATEGY AND
ADAPTATION IN NEPAL

The scientists and researchers have worked around the
clock with an unpredicted speed and finally it bought a
ray of hope to fight the pandemic plight faced by global
population. As said by WHO “A vaccine alone will not
end this pandemic” means initial supply of vaccines will
be prioritized for the high-risk and vulnerable population
because of limited capacity of production and supplies in this
unpredicted time. In the meantime, GoN should need to make
a strategic plan and direct all energy and resources to prepare
the country ready for availability of vaccines. Government
should start working with GAVI COVAX Advance Market
Commitment (AMC) to (42) ensure that vaccines are secured
for Nepal with an effective delivery mechanism. Moreover,
the country should start preparatory work (43) with experts
of international and national levels, academics/researchers,
international and national organizations, provincial and local
governments to develop the protocols, mechanism for effective
distribution and infrastructures required for rolling out the
vaccines in timely and equitable way as soon as vaccine
becomes available.

CONCLUSION

Along with the surge of COVID cases in Nepal, fatal cases are
increasing, especially after the 4-month nation-wide lockdown
was lifted. Numerous cases are being reported in southern Nepal,
which shares a common border with India, as well as in other
major cities in the country. Although older adults are considered
more vulnerable to the infection of SARS-CoV-2, recent data
from Nepal shows high case fatalities among younger patients
as well. Respiratory illness, such as asthma and pneumonia
are the most prevalent comorbidity associated with COVID
mortality in Nepal. Executing the SOP for quarantine facilities
effectively, increasing testing and effective contact tracing, and
providing uninterrupted treatment for conditions other than
COVID-19 may yield efficacious control of the pandemic in
a resource-limited country like Nepal; more appropriate and
effective measures for containing the rapid spread of SARS-
CoV-2 are urgently necessary. A health literacy campaign and
a clear strategy to care for older people and those with existing
conditions like NCDs may also contribute to the effective
management of the ongoing pandemic. As suggested by Torres
et al. (44), this pandemic has worsened social equality in low-
income countries including Nepal, and this needs to be addressed
mainly by prioritizing marginalized and vulnerable populations.
As reported in Nepal (37) and elsewhere (38) some patients
show viral shedding 14 days after an initial positive test and
may pose a risk of transferring the infection to a cluster or the
broader community, therefore extending the current quarantine
period of 14 days is recommended to minimize the spread of
the virus. The Nepalese government should pay special attention
to mass testing and quarantine management via the effective
coordination of its three tiers of government (federal, provincial
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and local) to control rapidly spreading SARS-CoV-2 in the
local communities.
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The coronavirus disease 2019 (COVID-19) pandemic is still evolving and affecting

millions of lives. E-government and social media have been used widely during this

unprecedented time to spread awareness and educate the public on preventive

measures. However, the extent to which the 2 digital platforms bring to improve public

health awareness and prevention during a health crisis is unknown. In this study, we

examined the influence of e-government and social media on the public’s attitude to

adopt protective behavior. For this purpose, a Web survey was conducted among 404

Malaysian residents during the Recovery Movement Control Order (RMCO) period in the

country. Descriptive and multiple regression analyses were conducted using IBM SPSS

software. Social media was chosen by most of the respondents (n = 331 or 81.9%) as

the source to get information related to COVID-19. Multiple regression analysis suggests

the roles of e-government and social media to be significantly related to people’s attitudes

to engage in protective behavior. In conclusion, during the COVID-19 outbreak, public

health decision makers may use e-government and social media platforms as effective

tools to improve public engagement on protective behavior. This, in turn, will help the

country to contain the transmission of the virus.

Keywords: COVID-19, e-government, social media, protective behavior, attitude, Malaysia

INTRODUCTION

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) or better known as coronavirus
disease 2019 (COVID-19) first emerged in Wuhan, China, in December 2019. The disease then
rapidly spread to many countries worldwide, and the World Health Organization (WHO) has
declared the outbreak as a global pandemic on March 11, 2020 (1). According to the John Hopkins
University COVID-19 dashboard (2), COVID-19 has infected millions of people and caused
thousands of deaths worldwide. The pandemic also has pushed the healthcare system to its capacity
and caused a global economic crisis.
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Due to the rapid spread and absence of a vaccine or antiviral
treatment, non-pharmaceutical interventions (NPIs) are the only
available option to control the outbreak infection of respiratory
viruses such as SARS-CoV-2 in a population (3). For instance,
travel restrictions, school closures, and bans of public events
have been imposed by governments across countries during
the COVID-19 pandemic (4). Besides, people are advised to
perform protective behavior, as recommended by WHO, such as
wearing a face mask and maintaining social distance in public,
regularly washing hands, staying at home, and self-isolating
people with COVID-19 symptoms. Maximizing compliance with
the recommended NPIs is important to delay the spread of the
virus (5).

It is argued that individual behaviors in adopting protective
behavior are more vital than government actions in controlling
the spread of COVID-19 (6). Human behavior is the crucial
element in framing the pandemic. Individuals will change their
behavior spontaneously by adopting protective behavior when
they perceive a high risk of infection and understand the severity
of the disease. This behavior in return will help to reduce the
transmission of the virus (7). However, a key problem is how
the population perceives the risk to influence its engagement
in protective behavior. According to the Theory of Reasoned
Action (TRA), one of the factors that contribute to intended
behavior is attitude (8). Attitude has long been recognized as
a factor that leads people to perform a particular behavior (9).
Attitude refers to the evaluative outcome of performing a specific
behavior (8). If individuals have positive attitudes toward the
suggested behavior, they are more likely to perform the behavior.
Therefore, understanding individual attitudes toward protective
behavior adoption is important to assess their adoption behavior
and, consequently, enable public health authorities to assess the
effectiveness of NPIs during the COVID-19 pandemic.

Risk communication strategies conducted by the government
are highly effective and less costly NPIs during the COVID-19
outbreak (10). During a pandemic, people have a perception
that the government has to play an active role to protect
and ensure public safety (11). People will be motivated to
engage in protective behavior when the government shows
its determination to control the spread of the virus. Due to
the restricted movement and social distancing, the COVID-19
pandemic has led to the urgency for e-government services.
The United Nations stated that during the COVID-19 outbreak,
governments around the world started using digital platforms
such as portals, social media, and mobile applications to provide
information related to COVID-19 to the public (12). Among
the basic information given are travel restrictions, guidance
on preventive measures, and governmental responses. The
enhancement in e-governance during the COVID-19 pandemic
has helped governments to combat the effects related to the
pandemic (13). A study conducted in China reported that the use
of social media by the Chinese government to provide the latest
news in handling the COVID-19 crisis had positively affected
public engagement (14).

In the past few years, there is an increase in governmental
efforts to improve public communications using social media
(15). With more than 3 billion users worldwide (16), social media

could be the best platform to increase people’s awareness and
adherence to the recommended protective measures. Functions
such as banners and pop-ups in social media are beneficial to
alert users on new updates and to give reminders on protective
behaviors such as social distancing and handwashing (17).
Furthermore, the ability of social media to share real-time
information will help to detect and combat infectious diseases.
According to the social media analytics platform Sprinklr, there
were about 19 million mentions of coronavirus across social
media in 24 h after WHO announced COVID-19 as a pandemic
(18). It shows the important role played by social media in
disseminating information during the health outbreak.

E-government and social media are important platforms to
supply information related to COVID-19 and to educate people
on protective behavior. As people limit their physical interaction,
stay more at home, and have more online time during the
pandemic, their attitude toward protective behavior adoption
could be influenced by the exposure to e-government and social
media. However, there is still an unclear understanding of the
roles played by these 2 variables in health promotion during
a pandemic. In an investigation by Yasir et al. (11), results
affirmed that there are positive relationships between the role of
e-government and word of mouth with social presence during
the COVID-19 outbreak. Further, Ahmad et al. (19) figured
out that the government’s guidelines on epidemic prevention
influence individuals’ intention to adopt COVID-19 prevention
methods, while Nazir et al. (20) found that social media
indirectly influences preventive behavior through awareness and
information exchange. To the best of our knowledge, no study has
been conducted to test the associations between e-government
and social media with the attitude toward protective behavior
during the COVID-19 pandemic. Therefore, empirical research
is needed to test the relationships.

Malaysia is among the countries that were hit by the virus at
the early stage of the outbreak due to its close location to China.
The country detected the first case of COVID-19 on January 24,
2020, involving 3 tourists from Wuhan, China (21). To contain
the spread of the virus, the Malaysian government has taken
proactive actions such as health screening at all points of entry,
compulsory quarantine for international travelers, increasing
the number of hospitals to treat COVID-19 cases, setting up
COVID-19 Fund, and implementation of Movement Control
Order (MCO) (22).

Concerned about the importance of effective risk
communication during the pandemic, the government of
Malaysia relies heavily on e-government and social media
to provide sufficient and up-to-date information to the
public. Effective risk communication during a health crisis
helps not only to relieve panic among society but also to
promote adoption of protective measures (23). Malaysia
residents can get information and updates on COVID-19
through the Official Portal of the Ministry of Health Malaysia,
special Facebook pages called the Crisis Preparedness and
Response Center (CRPC) and Kementerian Kesihatan Malaysia
(KKM), and also Telegram channel of CPRC KKM (24).
Daily press conference by the Director-General of Health
provides consistent updates of COVID-19, which was broadcast
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not only through television but also online streaming on
Facebook. In April 2020, a mobile application called MySejahtera
was launched by the government to help in managing the
outbreak in the country. This application assists users to
monitor their health progress and register their check-in
locations, helping the authorities to gather early information
and provide effective and fast responses to control the spread
of COVID-19.

In June 2020, the Malaysian government reopened the
economy and lifted some restrictions in phases as the number
of cases had been declining (25). As of the date of writing,
September 10, 2020, Malaysia’s COVID-19 data show that there
have been 9,628 total cases, 9,167 fully recovered, and 128 deaths.
Even though Malaysia is facing downtrends of new and active
COVID-19 cases, the condition is still concerning, as currently,
there is still no vaccine available to fight the disease (26).
Improving public attitudes toward adopting protective behavior
is therefore of particular importance in this country. The purpose
of this study was to explore the roles played by e-government
and social media on Malaysian residents’ attitudes to engage in
protective behavior (Figure 1). It is deemed important to test the
research framework in the context of Malaysia, as e-government
and social media are used widely by health authorities for
public health communications during the COVID-19 outbreak.
It is argued that the successful interventions by the Malaysian
government had improved the compliance and cooperation
of the public to combat the disease (27). Assessing this
phenomenon would be helpful for the public health decision
makers to design preventive and mitigation strategies as the
pandemic evolves. Given the above literature, we hypothesized
the following:

H1: The role of e-government is positively related to attitude
toward protective behavior engagement.
H2: The role of social media is positively related to attitude
toward protective behavior engagement.

METHODOLOGY

Data for the study were collected using convenience and snowball
sampling techniques. A Web-based survey was used to collect
the data. Invitations to participate in the study were sent to
Malaysian residents using multiple platforms such as social
media, e-mail, and Messenger during the COVID-19 Recovery
Movement Control Order (RMCO) period in the country. The
questionnaire was prepared in English language, and a total
of 404 participants have taken part in the survey. Most of
the participants were Malaysians, and we also included non-
Malaysians who were residing in the country. IBM SPSS Version
23 was used to conduct data cleaning, descriptive analyses, and
multiple regression analysis. All the questions were adapted from
different published literature and were modified to suit health
promotion context during the COVID-19 outbreak. Specifically,
8 items for the role of the e-government were adapted from
Parrey et al. (28) and Park and Lee (29), 9 items for the
role of social media were adapted from Parrey et al. (28) and
Karasneh et al. (30), and 9 items for the attitude toward protective
behavior engagement were adopted from Ajzen and Fishbein
(31) and World Health Organization (32). The instruments
were given to 4 lecturers in health science and information
systems to confirm that the concepts are appropriate for the
health promotion context. Ethical approval was obtained from
the Monash University Human Research Ethics Committee
(Project ID: 24906).

RESULTS

Profile of Respondents
Table 1 presents the demographic characteristics of the 404
participants. There were 263 females (65.1%) and 141 males
(34.9%) who were included in this study. The majority of the
respondents (336) were young adults aged between 18 and

FIGURE 1 | Research model.
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TABLE 1 | Participants’ demographic profiles.

Variables Frequency (n) Percentage (%)

Gender

Male 141 34.9

Female 263 65.1

Age

18–24 336 83.2

25–34 29 7.2

35–44 24 5.9

45–54 12 3.0

55–64 3 0.7

Academic qualifications

PhD 11 2.7

Master’s degree 19 4.7

Bachelor’s degree 207 51.2

Diploma 32 7.9

A-Level 121 30.0

Secondary/primary school 14 3.5

Nationality

Malaysian 339 83.9

Non-Malaysian 65 16.1

TABLE 2 | Source to get information related to COVID-19.

Source of information Frequency (n) Percentage (%)

Ministry of health Malaysia website 176 43.6

Social media 331 81.9

Television/radio/newspaper 192 47.5

WHO website 85 21.0

Family/friends 156 38.6

COVID-19, coronavirus disease 2019.

24 years, which accounted for 83.2% of the total respondents.
In terms of nationality, 83.9% (n = 339) of the sample
were Malaysians, while the remaining 16.1% (n = 65) were
non-Malaysians. The distribution by academic qualifications
indicated that most of them (n = 207, 58.7%) held a
bachelor’s degree.

Participants were asked about the sources they used to get
information related to COVID-19. This was a multiple-response
question where participants can choose more than one answer.
As shown in Table 2, 81.9% (n = 331) of the participants
used social media to acquire COVID-19 information and 47.5%
(n = 192) chose broadcast and print media (television, radio,
and newspaper). The Ministry of Health Malaysia’s website was
chosen by 44.1% (n = 176) of the respondents, while 38.2% (n
= 156) of them chose family/friends to get information related
to COVID-19. Lastly, 21% (n = 85) of the respondents used the
WHO website to obtain COVID-19 information.

Table 3 shows the results of the question on the source
to get information related to COVID-19 compared against
gender. The majority of the participants who have chosen social

media as the source to get information were female (n = 214,
64.7%), and 35.3% (n = 117) were male. There is a significant
difference between the gender that chose family/friends as the
source to obtain information related to COVID-19; 111 (71.2%)
were female, and only 45 (28.8%) were male. Almost similar
distribution can be seen between gender on the options of the
Ministry of Health Malaysia Website (42.6% or n = 75 male,
57.47% or n = 101 female) and WHO website (44.7% or n = 38
male, 55.3% or n= 47 female).

Table 4 highlights the distribution of answers on the question
of the source to get information related to COVID-19 compared
against the age group. Most participants who reported using
social media as the source to get COVID-19 information were
18–24 years of age (n= 283, 85.5%) followed by participants aged
25–34 years (n = 24, 7.3%); 15 (4.5%) were 35–44 years of age,
and 8 (2.4%) were aged 45–54 years. In comparison with other
sources, most participants (n = 18, 10.2%) in the age group 35–
44 years chose the Ministry of Health website to get information
related to COVID 19. Additionally, 2 participants (1.0%) in the
age group 55–64 years have chosen television/radio/newspaper
as their source to obtain information related to COVID-19.

Reliability and Validity
The validity of the instrument was assessed by conducting factor
analysis, and the internal consistency reliability was checked
using Cronbach’s alpha coefficient.

To validate whether respondents perceived the role of e-
government and the role of social media to be distinct, a
factor analysis with varimax orthogonal rotation was conducted.
Bartlett’s test of sphericity yielded a value of 3,553.934
and an associated level of significance smaller than 0.001,
while the Kaiser–Meyer–Olkin (KMO) measure of sampling
adequacy was 0.908. These indicate that there is a sufficient
intercorrelation among the variables. KMO value >0.90 is
considered “marvelous” (33). As can be seen in Table 5, the
results of factor analysis validate that the two constructs are
unidimensional and factorially distinct and that the items
clustered on the constructs that they were supposed to represent.

The reliability of all scales was assessed based on Cronbach’s
alpha coefficient value. As shown in Table 6, Cronbach’s alpha
for the role of e-government, the role of social media, and
attitude toward protective behavior were 0.884, 0.890, and 0.911,
respectively, which were all above the threshold level of 0.7 (34).
On average, respondents have a high level of agreement for all 3
constructs, with mean values higher than 3.

The assumptions of multiple linear regression were examined.
Multicollinearity was checked using intercorrelations between
the predictor variables. As shown in Table 7, the role of e-
government and the role of social media were significantly (p
< 0.01) correlated with values below the threshold of 0.7. In
addition, the values of variance inflation factor (VIF) are <10
(both role of e-government and role of social media have similar
values, tolerance = 0.826, VIF = 1.211), which indicate no
violation of the regression assumptions of multicollinearity. The
assumption of independent errors was met with the value of
Durbin–Watson = 1.964. Lastly, an examination of the normal
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TABLE 3 | Source to get information related to COVID-19 based on gender.

Variable Gender Total

Male Female

n % n % n %

Ministry of health Malaysia website 75 42.6 101 57.4 176 100

Social media 117 35.3 214 64.7 331 100

Television/radio/newspaper 74 38.5 118 61.5 192 100

WHO website 38 44.7 47 55.3 85 100

Family/friends 45 28.8 111 71.2 156 100

COVID-19, coronavirus disease 2019.

TABLE 4 | Source to get information related to COVID-19 based on age group.

Variable Age Total

18–24 25–34 35–44 45–54 55–64

n % n % n % n % n % n %

Ministry of health Malaysia website 130 73.9 20 11.4 18 10.2 8 4.5 0 0.0 176 100

Social media 283 85.5 24 7.3 15 4.5 8 2.4 1 0.3 331 100

Television/radio/newspaper 162 84.4 13 6.8 12 6.3 3 1.6 2 1.0 192 100

WHO website 72 84.7 6 7.1 5 5.9 2 2.4 0 0.0 85 100

Family/friends 142 91 7 4.5 4 2.6 3 1.9 0 0.0 156 100

COVID-19, coronavirus disease 2019.

TABLE 5 | Factor analysis results.

Factor

Items Role of

e-government

Role of

social media

The quality of information (e.g., daily update on cases, preventive methods) related to COVID-19 that the government

provided through social media (e.g., Facebook, Twitter, Telegram) during the COVID-19 outbreak is satisfactory

0.677

The online services I received from public servants (e.g., police, healthcare provider, immigration office, tax office) during the

COVID-19 outbreak are satisfactory

0.631

I feel the government is committed in curbing the COVID-19 outbreak by promoting a healthy lifestyle to the people through

social media

0.691

I feel the policies and regulations that the government is imposing during the COVID-19 outbreak are favorable for the

people

0.702

I consider the government as a trustworthy source for providing COVID-19 information 0.809

I trust COVID-19 information acquired from the government is competent to help its citizens 0.829

I trust the government in providing me with reliable information for protecting my safety from COVID-19 0.823

I depend on the government to obtain COVID-19 information I need 0.693

I consider opinion from social media while selecting information related to COVID-19 0.592

I feel social media is a good source to get information on COVID-19 preventive measures 0.751

I can change my opinion about COVID-19 based on updates reported in social media 0.719

Social media plays an important role in educating me about the procedures to follow in the event of COVID-19 outbreak 0.825

Social media plays an important role in increasing my knowledge of general preventive behaviors to control the infection 0.817

Social media plays an important role in spreading awareness of COVID-19 in the community 0.702

Social media plays an important role in educating people on how to protect others if they are ill 0.761

Social media plays an important role in decreasing fear, anxiety, and confusion about COVID-19 among people 0.619

I trust in what is posted on social media related to COVID-19 0.695
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TABLE 6 | Descriptive statistics and scale reliability for each construct.

Construct Items Mean Standard

deviation

Cronbach’s α

Role of e-government 8 4.112 0.580 0.884

Role of social media 9 3.836 0.616 0.890

Attitude 9 4.710 0.385 0.911

TABLE 7 | Intercorrelations of the main variables.

Variable Attitude Role of

e-government

Role of

social media

Attitude 1.000

Role of

e-government

0.362* 1.000

Role of social

media

0.258* 0.417* 1.000

*p < 0.01.

P-P plot of regression standardized residual of attitude toward
protective behavior found that it looked normally distributed.

Hypothesis Testing
Multiple regression analysis was carried out to test the
relationship between the role of e-government and the role
of social media toward attitude toward protective behavior
engagement. The results are presented in Table 8. The model
was significant (p < 0.01) with F-value of 31.929. The coefficient
of determination (R2) value is 0.145, indicating that 14.5%
variance in attitude toward protective behavior engagement is
influenced by the role of e-government and the role of social
media. The role of e-government (β = 0.205, p < 0.01) and
the role of social media (β = 0.081, p < 0.05) were statistically
significant predictors of attitude toward protective behavior
engagement against COVID-19, supporting H1 and H2. A closer
assessment of the β value showed that the role of e-government
provides a greater influence on attitude compared to the role of
social media.

DISCUSSION

During a pandemic such as COVID-19, an individual’s adherence
to health recommendations could be influenced by a variety
of variables. From the results, we conclude that e-government
and social media played significant roles in affecting Malaysian
residents’ attitudes toward protective behavior engagement.

Social media was chosen by most of the respondents as the
source to obtain information related to COVID-19 followed by
mass media. This was consistent with a study conducted by
Mubeen et al. (35) to measure public awareness on COVID-19
transmission where social media was the most sought-after
source of coronavirus followed by television. Another recently
published study among nurses and physicians also found that
social media was used to obtain information related to COVID-
19 (36). This finding gives insight into the importance of public

authorities to ensure that information related to the pandemic
shared in social media is trustworthy and accurate.

The results of multiple regression analysis showed that
e-government and social media positively predicted people’s
attitudes toward protective behavior engagement. This suggests
the importance of continuing to provide credible information to
the public through digital platforms. Our result was supported
by Yasir et al. (11), who concluded that e-government gives a
strong effect on the public’s attitude toward quarantine during
the COVID-19 outbreak in China. Government involvement in
providing emergency information during an infectious disease
outbreak contributes to protective behavior engagement (37, 38).
People weremore likely to follow public health recommendations
if they were made aware of the reality of the crisis and how the
government handles it (39). In addition, Park and Lee (29) figured
out that e-government application was accepted by the public as
a platform for public health risk communication.

Even though social media have long been acknowledged as the
platform to spread false health information (40) and spreading
panic during a health crisis (41), this study found that during
the COVID-19 outbreak, social media is useful to influence the
public to engage in protective behavior. Of note, the Malaysian
government has taken serious action on misleading information
related to COVID-19 posted on social media. A study by Azizan
et al. (42) demonstrated thatMalaysians expressed their solidarity
and empowerment to fight the crisis on Facebook during the
outbreak. This implies the positive effects given by social media
to Malaysians in handling the unprecedented event. Our finding
is consistent with that of Lin et al. (43) where they found
a significant relationship between social media exposure and
intention to implement preventive behavior. Indeed, social media
has been regarded as an effective platform to communicate health
information to the public (44).

This research has several limitations and future directions.
Firstly, the sample size of this study is relatively small to
generalize the population of Malaysian residents. A bigger study
size should be carried out to get a better understanding of the
situation. Secondly, the self-reported answers may be subject
to bias, and respondents might have given socially desirable
responses. Future studies may include a data collection method
that does not require respondents to provide answers such as
observation. Third, a previous study figured out that people’s
reactions to protective measures are varied across countries
depending on their perceptions of their authorities (45). A
comparative study between countries is recommended to extend
the applicability of the current findings. Despite these limitations,
the findings contribute to the understanding of the public attitude
to engage in protective behavior in response to the COVID-19
outbreak in Malaysia.

CONCLUSION

As the COVID-19 outbreak continues, it is crucial to take
effective measures to fight the pandemic effectively. Adherence
to recommended protective behaviors such as washing hands
regularly, wearing face masks, and physical distancing is
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TABLE 8 | Result of multiple regression analysis.

Model Unstandardized coefficients t-test P-value R R2 F-test P-value

β SE

Constant 3.558 0.147 24.177 0.000 0.381 0.145 31.929 0.000

Role of e- government 0.205 0.035 5.874 0.000 N/A N/A N/A N/A

Role of social media 0.081 0.033 2.473 0.014 N/A N/A N/A N/A

important to ensure public health. A strong public attitude
to support the preventive measures will allow minimizing the
transmission of COVID-19. The findings of this study will benefit
future planning if another outbreak wave occurs. E-government
and social media have been proved to influence people’s attitudes
to engage in protective behavior. Thus, the authority should
focus on improving digital services to ensure effective risk
communication and information flow to the public during a
pandemic and at the same time help to mitigate the spread of
the disease.
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Introduction: Coronavirus disease 2019 (COVID-19) has significantly affected health

care workers (HCWs), including their mental health. However, there has been limited

evidence on this topic in the Vietnamese context. Therefore, this study aimed to explore

COVID-19-related, psychological stress risk factors among HCWs, their concerns and

demands for mental health support during the pandemic period.

Methods: We employed a cross-sectional study design with convenience sampling.

An online, self-administered questionnaire was used and distributed through social

media among medical and non-medical HCWs from April 22 to May 12, 2020. HCWs

were categorized either as frontline or non-frontline. We measured the prevalence

of psychological stress using the Impact of Event Scale-Revised (IES-R) instrument.

Multivariate binary logistic regression analysis was performed to identify risk factors

associated with psychological stress among HCWs.

Results: Among the 774 enrolled participants, 761 (98.3%) eligible subjects were

included in the analysis. Most respondents were females (58.2%), between 31 and

40 years of age (37.1%), lived in areas where confirmed COVID-19 cases had been

reported (61.9%), medical HCWs (59.9%) and practiced being at the frontline (46.3%).

The prevalence of stress was 34.3%. We identified significant risk factors such as

being frontline HCWs (odds ratio [OR] = 1.77 [95% confidence interval [CI]: 1.17–2.67]),

perceiving worse well-being as compared to those before the COVID-19 outbreak [OR

= 4.06 (95% CI: 2.15–7.67)], and experiencing chronic diseases [OR = 1.67 (95% CI:

(1.01–2.77)]. Majority (73.9%) were concerned about testing positive for COVID-19 and

exposing the infection to their families. Web-based psychological interventions that could

provide knowledge on managing mental distress and consulting services were highly

demanded among HCWs.
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Conclusion: The prevalence of psychological stress among HCWs in Vietnam during

the COVID-19 pandemic was high. There were also significant risk factors associated

with it. Psychological interventions involving web-based consulting services are highly

recommended to provide mental health support among HCWs.

Keywords: COVID-19, healthcare worker, risk factor, psychological stress, mental health

INTRODUCTION

At the end of 2019, the world witnessed the emergence of a
novel pneumonia caused by a severe acute respiratory syndrome
coronavirus 2–SARS-CoV-2, known as the coronavirus disease
2019 (COVID-19) (1). COVID-19 was then declared a global
pandemic by the World Health Organization (WHO) on 11
March 2020with 118,000 confirmed cases and 4,291 deaths across
114 countries (2). Its rapid surge from thousands up tomillions of
cases has raised attention worldwide (3). COVID-19 hit Vietnam
for the first time on 23 January 2020. Also, last 20 March 2020,
Vietnam documented the first two COVID-19 cases in female
nurses at a frontline hospital in the country’s capital (4). The
country initially succeeded in fighting the first wave of the disease
and its transmission since 22 April 2020. (4). However, on 25 July
2020, a positive case which was identified at a provincial hospital
marked the resurgence of the outbreak (4). On 13 September
2020, Vietnam had documented 1,060 cases with 910 recoveries
and 35 deaths (4).

During the pandemic, Vietnamese government has
implemented preventive measures such as the nationwide
closure of schools and non-essential businesses, border control,
social distancing, and regulation for wearing masks in public in
order to contain the spread of COVID-19 (5, 6). Furthermore,
healthcare workers (HCWs) have played a vital role in battling
against COVID-19, not only for providing care to the society,
but also directly being involved in the treatment of confirmed
cases among hospitals designated for COVID-19 care in the
country (7). HCWs contributed to numerous epidemiological
actions, including early detection of cases, isolation, tracing
cases, and close monitoring of either suspected cases or close
contact groups (6, 7). While the general public had been urged
to maintain social distancing and remain at home to minimize
disease transmission, HCWs were prepared to do the opposite
(5). As such, HCWs are more likely to have psychological health
problems such as stress, anxiety, depression and insomnia (8).

The negative psychological burden of working under an
infectious disease environment is prominent and inevitable (9).

Previous evidence suggested that HCWs were emotionally
affected and traumatized during outbreaks, like in the case
of severe acute respiratory syndrome (SARS) in 2003 (10,
11). In fact, HCWs during an outbreak might experience
the fear of being infected and other unfavorable conditions,
such as increasing number of confirmed cases, excessive
workload, shortage of personal protective equipment, and intense
media scrutiny, that could increase their risk of developing
psychological problems (12). They, therefore, suffered from sleep
disorders with worse sleep quality and sleep time reduction aside

from anxiety and guilt (13). An observational cohort study in
the United Kingdom and the United States of America indicated
that frontline HCWs were 11 times more likely to contract
COVID-19 than the general community (14). Such psychological
impact would not only burden HCWs’ well-being but might also
hinder their ability to effectively manage COVID-19 (15, 16).
Furthermore, a systematic review on the mental health problems
faced by HCWs during the COVID-19 pandemic reported that
the disease can be an independent risk factor for stress among
HCWs (17).

Vietnam documented the first two COVID-19 cases on
HCWs which were nurses at a frontline hospital in the first
wave of the pandemic. Alarmingly, the resurgence of the
outbreak in Vietnam in July at a provincial hospital had added
14 COVID-19 cases among HCWs (4). As such, Vietnam’s
Ministry of Health has made efforts to alleviate the pressure
for HCWs, such as sending more medical staff to reduce
workload, implementing infection control programs, giving
personal protective equipment, and providing financial support
to frontline HCWs (4). Nevertheless, these efforts focused only
on managing their physical health. With the unpredictability
and complexity of COVID-19, understanding its psychological
impacts for the timely provision of mental health support to
HCWs is essential during the pandemic. Notably, there has
been limited evidence on the psychological impact among
HCWs, their concerns, as well as the mental health support
demand during the COVID-19 pandemic in Vietnam. Therefore,
this present study aimed to examine the psychological stress
among HCWs, identify factors associated with it, and explore
the demand for psychological support among HCWs during
COVID-19 pandemic.

MATERIALS AND METHODS

Study Population
A cross-sectional study design was conducted using a self-
administered questionnaire. HCWs were defined as people
engaged in providing and delivering care and services to
patients (18). The inclusion criteria are subjects being a HCW,
working in the health facilities in Vietnam, volunteering to
participate in the study. The study excluded people working
in other sectors not related to health care, people working
in health facilities but not involving in delivering care and
services to patients such as accountant, information technology,
recruiter, and security. Data were collected from 24 April to 12
May 2020.
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Frontline HCWs were people involved in the epidemiological
investigation, testing, treatment and management of COVID-
19 patients, while non-frontline HCWs included healthcare staff
who were providing services to patients not related to COVID-19
(19). Physicians and nurses were categorized as medical HCWs,
while pharmacists and health technicians were classified as non-
medical HCWs (20).

Questionnaire
A survey questionnaire was developed to obtain data for research.
This included information on socio-demographic characteristics,
and a tool to assess HWCs’ mental health, their concerns related
to COVID-19 and their need for mental health support.

Socio-Demographic Characteristics
This part included age, sex (male or female), living area
(having COVID-19 cases or not), marital status (single, married
or divorced/separated/widowed), educational attainment
(intermediate, college, undergraduate or post-graduate), job
category (medical HCW or non-medical HCW), working
department (treatment or prevention), health facility level
(central, provincial, district, commune or private health facility),
years of working experience (<5, 5–10, 10–20 or >20 years),
whether being at the frontline in the COVID-19 taskforce,
whether the respondent had chronic diseases, self-perceived
change in respondent’s health status (better, almost unchanged,
worse or much worse), whether the respondent experienced
being quarantined, change in workload during COVID-19
outbreak (increased, unchanged, decreased or temporary off).
In Vietnamese context, people with “intermediate degree” in
educational attainment refers to those who entered medical high
school. Frontline HCWs were defined as those directly engaged
in treating patients with confirmed COVID-19.

Mental Health Assessment
The Impact of Event Scale-Revised (IES-R) was used to assess
the psychological response associated with trauma for different
specific life events (21). Previous studies reported that this
questionnaire could assess stress conditions with satisfactory
reliability and validity among Vietnamese and with other
countries’ sample population (22–26). The scale consisted of
three dimensions (avoidance, intrusion, and hyperarousal) with
a total of 22 entries. Responses were based on a five-point
Likert scale (not at all, a little bit, moderately, quite a bit and
extremely). The total score ranged from 0 to 88, with a higher
score corresponding to a greater stress level. The result was
interpreted based on four groups: normal (score 0–23), mild
(score 24–32), moderate (score 33–36), and severe (score ≥

37) stress.

COVID-19 Concerns and Mental Health
Support
To determine COVID-19-related concerns among HCWs and
their need for mental health support, questions were adapted
from previous studies (27, 28) andmodified to reflect Vietnamese
context. In the paper about understanding HCWs during
the COVID-19 pandemic, they indicated eight sources of

TABLE 1 | Socio-demographic characteristics among HCWs during the

COVID-19 outbreak in Vietnam (n = 761).

Variables n (%)

Age group

18–25 77 (10.1)

26–30 193 (25.4)

31–40 282 (37.1)

>40 209 (27.4)

Gender

Male 318 (41.8)

Female 443 (58.2)

Living area having COVID-19 cases

Yes 471 (61.9)

No 290 (38.1)

Marital status

Single 247 (32.5)

Married 491 (64.5)

Divorced, separated, or widowed 23 (3.0)

Educational attainment

Intermediate 67 (8.8)

College 72 (9.5)

Undergraduate 395 (51.9)

Postgraduate 227 (29.8)

Job title

Medical HCW 456 (59.9)

Non-medical HCW 305 (40.1)

Working Department

Treatment 594 (78.1)

Preventive health 97 (12.7)

Community care 32 (4.2)

Othersa 38 (5.0)

Experience in being quarantined

Yes 107 (14.1)

No 654 (85.9)

Health facility levels

Central health facility 194 (25.5)

Provincial health facility 255 (33.5)

District health facility 121 (15.9)

Commune health station 19 (2.5)

Private health facility 151 (19.8)

Othersa 21 (2.8)

Working experience (years)

<5 206 (27.1)

5–10 230 (30.2)

10–20 207 (27.2)

>20 118 (15.5)

Responsibility for COVID-19 taskforce

Frontline 211 (27.7)

Non-frontline 550 (72.3)

Chronic disease

Yes 91 (12.0)

No 670 (88.0)

(Continued)
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TABLE 1 | Continued

Variables n (%)

Self-perceived health status

compared to before

COVID-19 outbreak

Better 48 (6.3)

Almost unchanged 653 (85.8)

Worse 60 (7.9)

Much worse 0 (0.0)

Workload during COVID-19 outbreak

Increased workload 88 (11.6)

Unchanged workload 413 (54.3)

Decreased workload 220 (28.9)

Temporary off work 40 (5.2)

aSchools, universities, research institutes, pharmaceutical companies.

anxiety among HCWs when working under the pandemic (28).
We utilized these sources to ask whether Vietnamese HCWs
concerned about it. Regarding mental health support, three
multiple-choice questions were asked to explore the content that
HCWswere interested in, their preferred resources, and who they
would like to receive care from. These contents were adapted
from Kang’s study which explored the psychological care need
among medical and nursing staff in Wuhan (27).

Data Collection
An online questionnaire was established using the Google form
platform due to the social distancing strategy and restriction
of face-to-face contact. Using convenience sampling, the survey
link was circulated through personal contacts and social media
networks (e.g., Facebook) and mobile apps in Vietnam (e.g.,
Zalo). The respondents accessed the link and voluntarily
responded to the survey.

Ethical Consideration
The study protocol was approved by the Institutional Review
Board of Thong Nhat Hospital, Ho Chi Minh city, Vietnam (IRB
approval number: 10/BB-BVTN). The questionnaires used in the
study were anonymized. Informed consent of the participants
was obtained prior to data collection.

Data Analysis
We performed descriptive statistics and presented the results
as frequency (percentage) or median with an interquartile
range (IQR). The score of the IES-R was expressed as
median (IQR). Chi-square test or Fisher’s exact test was
employed to examine the associations among stress, COVID-
19-related concerns and needs of mental health support, where
appropriate. Univariate and multivariable logistic regression
analyses were conducted to identify risk factors associated
with psychological stress. The IES-R scores of <23 and ≥23
were classified as normal psychological status and having
psychological stress, respectively (21). Respondents’ socio-
demographic characteristics were considered as explanatory

factors. A p-value of <0.25 in the univariate analysis was used
as a cut-off point to include variables in multivariable logistic
regression (29). The strength of associations among variables
was reported as odds ratios (OR) with 95% confidence interval
(CI). A p-value ≤0.05 was considered statistically significant. All
analyses were performed using Stata version 14.0 (StataCorp,
College Station, Texas 77845 USA).

RESULTS

Sociodemographic Characteristics
From a total of 774 HCWs who completed the survey, 761
(98.3%) subjects were eligible for analysis. Table 1 shows the
socio-demographic characteristics of the respondents. We found
that the median age was 34 years, where the 31–40 age group
accounted for the highest proportion (37.1%). Most were females
(58.2%), lived in areas with confirmed COVID-19 cases (61.9%),
married (64.5%), attained undergraduate level (51.9%), and
medical HCWs (59.9%). Also, many respondents worked in a
treatment unit (78.1%), at a provincial health facility (33.5%)
and had 5–10 years of working experience (30.2%). A total of
211 (27.7%) respondents were frontline HCWs in the COVID-
19 taskforce. Also, about 12.0% had chronic diseases and 14.1%
experienced quarantine. When asked regarding their current
health status as compared with that before COVID-19 outbreak
and their workload during the COVID-19 outbreak, majority
(85.8%) answered as unchanged.

Stress Severity Level and Predictors of the
Psychological Stress Outcome
We found that 34.3% HCWs had psychological stress symptoms.
Supplementary Tables 1, 2 (Supplementary Data) illustrate the
results from the logistic regression models of potential predictors
of psychological stress among HCWs. From these, we identified
significant risk factors, such as being frontline HCWs [OR =

1.77 (95% CI: 1.17–2.67)], perceiving as worse health status as
compared to that before the COVID-19 outbreak [OR = 4.06
(95% CI: 2.15–7.67)], and having chronic diseases [OR = 1.67
(95% CI: (1.01–2.77)]. As for educational attainment, HCWs
having either a college degree or a bachelor’s degree showed less
stress as compared with those who got an intermediate degree
[OR= 0.30 (95% CI: 0.14–0.69), OR= 0.45 (95% CI: 0.25–0.81),
respectively]. As for marital status, HCWs who were divorced,
separated, or widowed were less likely to have psychological stress
as compared with those who were single [OR= 0.18 (0.04–0.86)].

COVID-19-Related Concerns
Table 2 presents the COVID-19-related concerns among HCWs.
When asked about their concerns related to working during the
outbreak, majority (73.9%) answered being exposed to COVID-
19 at work and taking the infection to their families. This
was followed by a concern on access to appropriate personal
protective equipment (56.5%). Some participants (37.3%) were
also worried about not having a rapid access to testing if
they developed COVID-19 symptoms and the concomitant fear
of propagating infection at work. Only 10.2% felt nervous
about having limited access to up-to-date information and
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TABLE 2 | The association between stress severity level of HCWs and their COVID-19-related concerns during the COVID-19 outbreak in Vietnam.

Concerns Severity of stress [Number (%)] p-value

Total

(n = 761)

Normal

(n = 500)

Mild

(n = 113)

Moderate

(n = 51)

Severe

(n = 97)

Access to appropriate personal protective

equipment

430 (56.5) 271 (54.2) 61 (54.0) 29 (56.9) 69 (71.1) 0.020

Being exposed to COVID-19 at work and

taking the infection home to their family

562 (73.9) 351 (70.2) 92 (81.4) 45 (88.2) 74 (76.1) 0.006

Not having rapid access to testing if they

develop COVID-19 symptoms and

concomitant fear of propagating infection

at work

284 (37.3) 167 (33.4) 44 (39.0) 28 (54.9) 45 (46.4) 0.004

Uncertainty that their organization will

support/take care of their personal and

family needs if they develop infection

237 (31.1) 132 (26.4) 39 (34.5) 22 (43.1) 44 (45.4) <0.001

Access to childcare during increased work

hours and school closures

248 (32.6) 129 (25.8) 54 (47.8) 22 (43.1) 43 (44.3) <0.001

Support for other personal and family

needs as work hours and demands

increase (food, hydration, lodging,

transportation)

186 (24.4) 89 (17.8) 37 (32.7) 20 (39.2) 40 (41.2) <0.001

Being able to provide competent medical

care if deployed to a new area (e.g.,

non-ICU nurses having to function as ICU

nurses)

224 (29.4) 131 (26.2) 38 (33.6) 15 (29.4) 40 (41.2) 0.019

Lack of access to up-to-date information

and communication

78 (10.2) 40 (8.0) 11 (9.7) 10 (19.6) 17 (17.5) 0.004

communication. As for stress severity level, HCWs were the most
anxious about being exposed to COVID-19 at work and taking
the infection home (>70% in all levels). Notably, the proportion
of respondents having COVID-19-related concerns increased
with higher stress level.

Psychological Care Needs
Table 3 shows the results on the psychological care needs among
HCWs. As for contents of interest, among HCWs with normal
psychological status, almost half (43.8%) did not feel the necessity
to have access to mental health support. Nevertheless, those with
either severe or moderate stress levels wanted to gain skills to
self-rescue themselves and to help others alleviate psychological
distress. As for the desired platform to obtain such competence,
half of the respondents preferred a website where they can access
psychological knowledge. When they were asked about whom
they would like to receive care from, most answered friend or
colleagues (37.2%) or psychologists and psychiatrists (31.9%).
Among HCWs with severe stress levels, most (48.5%) agreed to
need help from psychologists.

DISCUSSION

To the authors’ knowledge, this study is the first mental
health investigation amongst HCWs in the wake of COVID-19
outbreak in Vietnam. The analysis included 761 respondents,
with a 34.3% prevalence of psychological stress symptoms
among them. The study showed that majority were females,

aged 31–40 years, lived in areas having confirmed COVID-19
cases, medical HCWs, attained undergraduate level, married,
and worked in provincial health facilities at the treatment unit
for 5–10 years. We also found that working in the COVID-
19 task force team, perceiving a worse well-being compared to
that before the COVID-19 outbreak, having chronic diseases
were independent predictors for having psychological stress
outcomes. Most HCWs were concerned about their fear of
being exposed to COVID-19 and taking the infection home.
Findings also suggested the demand for psychological support,
in which, most of HCWs wished to have a website provided
with psychological knowledge. Moreover, those who have severe
stress levels would like to receive care from either psychiatrists or
their colleagues.

In this study, a proportion of 34.3% of HCWs reported stress
symptoms. This finding was similar to the stress prevalence
related to COVID-19 among the Vietnamese general population
(35.9%) (30). Compare to the pooled prevalence of stress in
Asia, this figure was a little bit lower (34.3% vs. 41.3%) (31).
Notably, this figure was about half of the prevalence in China as
reported in a study conducted by Lai et al. wheremore than 70.0%
had stress disorders during the outbreak (19). This could be
explained by the fact that the outbreak’s impact in China, which
was the original epicenter of the coronavirus, was more serious
and acute as compared with Vietnam. Particularly, during the
time when these two studies were conducted, Vietnam had only
413 COVID-19 cases, while China had more than 80,000 positive
cases (3). Another reason was that our sample population focused
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TABLE 3 | The association between stress severity level and needs of mental health support among HCWs during the COVID-19 outbreak in Vietnam.

Content of interest Severity of stress [Number (%)] p-value*

Total

(n = 761)

Normal

(n = 500)

Mild

(n = 113)

Moderate

(n = 51)

Severe

(n = 97)

Knowledge of psychology 264 (34.7) 163 (32.6) 47 (41.6) 18 (35.3) 36 (37.1) 0.308

Skills for self-rescue 284 (37.3) 154 (30.8) 52 (46.0) 25 (49.0) 53 (54.6) <0.001

Skills for help others alleviate

psychological distress

258 (33.9) 136 (27.2) 42 (37.2) 30 (58.8) 50 (51.6) <0.001

Seek help from psychologists or

psychiatrists

78 (10.2) 35 (7.0) 13 (11.5) 8 (15.7) 22 (22.7) <0.001

Not necessary 292 (38.4) 219 (43.8) 39 (34.5) 12 (23.5) 22 (22.7) <0.001

Resources

Paper sources (books, brochures, etc.) 127 (16.7) 63 (12.6) 18 (15.9) 21 (41.2) 25 (25.8) <0.001

Website provided with psychological

resources

382 (50.2) 241 (48.2) 52 (46.0) 29 (56.9) 60 (61.9) 0.051

Group psychotherapy 74 (9.7) 42 (8.4) 7 (6.2) 7 (13.7) 18 (18.6) 0.007

Individual counseling and psychotherapy 74 (9.7) 38 (7.6) 11 (9.7) 8 (15.7) 17 (17.5) 0.010

Uninterested 7 (0.9) 6 (1.2) 0 (0.0) 0 (0.0) 1 (1.0) 0.579**

Prefer to receive care from

Psychologists or psychiatrists 258 (33.9) 153 (30.6) 42 (37.2) 16 (31.4) 47 (48.5) 0.006

Family or relatives 243 (31.9) 147 (29.4) 41 (36.3) 19 (37.3) 36 (37.1) 0.229

Friends or colleagues 283 (37.2) 160 (32.0) 45 (39.8) 29 (56.9) 49 (50.5) <0.001

Do not need help 25 (3.3) 16 (3.2) 6 (5.3) 0 (0.0) 3 (3.1) 0.399**

*Chi-square test/**Fisher’s exact test. Bold values have a meaning that they are less than 0.05 which indicated that there was a significant difference between severity of stress and the

need for those content of interest.

on HCWs from all sectors, while Lai et al. employed a hospital-
based survey, which may involve higher risks for exposure to
COVID-19 and thus could lead to increased fear of spreading the
virus and being isolated (19). The prevalence was alsomuch lower
compared to that in USA of 60.2% (31). Although USA is a high-
income country with advanced health care system, HCWs in this
country still suffered from stress because of the overwhelming
COVID-19 cases and deaths.

Notably, HCWs working at the frontline had at least 2-
fold increased risk for having psychological stress as compared
with those not at the frontline. This finding resonated with
Lai’s study in China and Alshekaili’s study in Oman which
reported that frontline HCWs were around 1.5 times more
likely to develop psychological stress than non-frontline HCWs
(19, 32). Evidently, having direct and frequent contact with
confirmed or suspected COVID-19 patients has been well-
recognized to render frontline HCWs vulnerable to suffer from
stress disturbances as it places them at an increased risk of
infection that might threaten their lives (14). In Italy, as of
16 April 2020, about 17,000 frontline HCWs tested positive to
COVID-19, and 127 of them succumbed to the disease (33).
This implies that HCWs are under a huge risk of threatening
their lives due to the COVID-19 crisis, which in turn could
lead to higher psychological stress. As such, our study suggests
that continuous efforts aimed at improving the mental well-
being should be focused among HCWs who are directly treating
and managing patients with COVID-19. Moreover, we found
that HCWs who perceived a negative change in their health

status as compared with that before COVID-19 were likely to
have psychological stress. This finding conformed with another
cross-sectional study on mental health among medical and nurse
staff where the group perceiving their health status as worse
than before COVID-19 had the highest prevalence of severe
stress (27).

Furthermore, we also found evidence that the risk of having
stress among HCWs with chronic diseases was double that of
those without such diseases. Indeed, chronic diseases, such as
heart disease, stroke, diabetes mellitus, and cancer may increase
susceptibility to COVID-19 (34). This was proven in a meta-
analysis where patients with pre-existing chronic diseases were
about 3.5 times more likely to develop severe COVID-19 and
be admitted to an intensive care unit as compared with those
who had none (34). Specifically, compared to COVID-19 patients
with no pre-existing chronic diseases, COVID-19 patients who
had diabetes, hypertension, cardiovascular disease, or chronic
pulmonary disease had a higher risk of developing severe disease,
with an OR (95% CI) of 2.61 (1.93–3.52), 2.84 (2.22–3.63), 4.18
(2.87–6.09), and 3.83 (2.15–6.80), respectively (34). Therefore,
future intervention should be targeted to these groups.

HCWs who attained a college degree or bachelor’s degree
were less likely to have psychological stress than those with
intermediate degree. This may be explained by the fact that
higher educational background may have more professional
knowledge on exposure patterns and transmission characteristics
of COVID-19 (35–37); thus, they might have a good awareness
and understanding of the disease and could manage better their
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situations. Likewise, divorced HCWs were less likely to have
psychological stress than those who were single. This difference
may be due to the maturity between these subjects, such that
those who failed in their marriage may have gone through more
challenges and events as they got older which helped them to deal
with the crisis better.

As for concerns when working during the pandemic, most
HCWs expressed their hope of not acquiring the infection so
that they can protect their family from being infected since they
may be a potential carrier for COVID-19 transmission. Despite
of the adequate provision of personal protective equipment
(PPE) for HCWs in Vietnam, this concern was unavoidable
because COVID-19 exposure among Vietnamese HCWs were
high. Indeed, in Vietnam, HCWs contributed on all fronts from
prevention, screening to diagnosis and treatment of COVID-
19 when the COVID-19 hit the country (6). Moreover, the
Vietnamese government imposed extensively an intensive tracing
and tracking of people who have been contacted with infected
people; when a confirmed case was identified, the authorities
would trace contact from the confirmed case to the fourth level
of contact (6). This required a large number of HCWs workforce
involving in COVID-19 testing for a high volume of patients
with different degrees of pathology and severity. Noteworthy,
their concern was exacerbated by the risk of working place, the
increased workload and information from social media in the
country as well (6, 38). High risk of infection of HCWs was
also related to the pernicious and unpredictable characteristic
of COVID-19 as asymptomatic infections (39). Furthermore,
proper caution is advised considering that a vaccine to address
the outbreak is still being developed (40).

Apart from social demographic factors discussed in the
study context, other factors were found to be related stress
outcomes amongHCWs. Banerjee reported that in China and the
United Kingdom (UK) which are countries with high COVID-19
cases, physician developed stress due to the increased witness to
death, the increased risk of exposure and self-blame, and guilt of
spreading the infection to the family members (13). Psychiatric
disorders such as anxiety, sleep disturbances, and depression
commonly co-occurs with posttraumatic stress disorder (41). In
the systematic review of psychological well-being in South Asia,
these psychological comorbidities were reported to be suffered by
HCWs in two studies in India (13).

As for the needs for mental health support, HCWs with
severe or moderate stress levels wanted to have skills for
managing themselves and for helping others relieve psychological
distress. They also preferred a website to access such knowledge.
Friends or colleagues were the ones HCWs trusted the most
to share their problems. Since this was the first study in the
country that examined the concerns and demands regarding
mental health support among HCWs, our results suggest that
interventions should focus on developing a web-based platform
that could provide psychological resources which might help
HCWs perceive and manage stress. Also, HCWs’ friends and
families should be encouraged to access this website so that
they can help and support them to recognize, understand and
overcome psychological issues. The interface and content of the
website should be less complicated and easily comprehensible

so that both HCWs and the general population could apply the
knowledge in improving their mental health and assert their vital
role when they have a HCW family member working during
the pandemic. In addition, telehealth project has been released
in Vietnam to provide remote consultation and treatment since
September 2020 (42). Thereby, the authorities could take tele-
psychological services into considerations during the pandemic.
However, the psychological-mindedness of the HCWs should
also be considered as whether they are willing to seek help or feel
social stigma.

Some limitations should be highlighted in this study. Firstly,
a self-administered questionnaire through online platform could
be biased depending upon the respondents’ mood prior to
answering it. Whereas, they might feel too burdened to respond
to the survey or not at all interested in answering it. Second,
the study employed a cross-sectional design within 2 weeks
and did not assess the psychological stress symptoms in the
following period. Because of the negative unpredictable situation
brought about by the COVID-19 outbreak, the respondents’
psychological symptoms could become worse after the period
of data collection. Third, lack of qualitative component to
understand the concerns of HCWs in depth. Moreover, the
study did not exclude people with a history childhood abuse
or who are being treated with psychological problems, which
might overestimate the study results. Lastly, this study used
only a single scale (IES-R) which focused only the psychological
stress aspect without other common psychiatric comorbidities.
As such, consideration should be given to the extent other
mental health problems, such as insomnia, depression, or anxiety,
which could provide a more comprehensive picture of the
mental health impact on HCWs during the outbreak. Given
these limitations, further studies covering more psychological
aspects are recommended and employing a probability sampling
technique with a larger sample size would be needed to verify
the results.

CONCLUSION

Overall, this study highlighted the prevalence of psychological
stress among HCWs during the COVID-19 period in Vietnam.
It was found that there was a higher risk of having stress
among HCWs who were at the frontline, perceived their health
status as worse as compared with that before the pandemic,
and experienced chronic diseases. Most HCWs were worried
about being a potential source of infection to their families.
Given the context of an ongoing resurgence of COVID-19 in
the country and with more complicated cases whose some of
their sources were still not known, the mental health of HCWs
may deteriorate more and get worse. Therefore, psychological
interventions are highly recommended to provide mental health
support amongHCWs. Additionally, health authorities should be
responsible in protecting the psychological well-being of HCWs
during the pandemic. Furthermore, further research will be
needed to investigate comprehensively psychological well-being
of HCWs during and post-pandemic along with policy strategies
to measure it properly.
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Background: China’s experience in the process of COVID-19 prevention provides a

reference for other countries in the world. This article studied the experience of public

health system construction in China’s COVID-19 prevention.

Methods: Based on literature review and theoretical analysis, this paper constructs a

theoretical framework of national public health system construction in health crisis. Based

on this theoretical framework, combined with the policies and measures formulated by

the Chinese government in the process of COVID-19 prevention, this article evaluate the

advantages and deficiencies of China’s public health system construction in response

to COVID-19.

Results: The Chinese government ensured the adequate supply of health resources,

improved people’s ability to pay medical expenses, and adopted advanced public health

propaganda methods based on the Internet to help people grasp the basic information

and development trend of COVID-19 in the process of COVID-19 prevention. At the same

time, the utilization efficiency of health resources was low in China, people’s ability to pay

for medical expenses was unequal, and the disclosure of virus information in the early

stage of the outbreak of COVID-19 is not timely.

Conclusions: Other countries can learn from the advantages of China’s public health

system construction and avoid China’s deficiencies in the process of public health system

construction, which will help them improve the efficiency of COVID-19 prevention.

Keywords: public health system construction, COVID-19, prevention, experience, China

INTRODUCTION

COVID-19 appeared inWuhan, China in December 2019. Just 1 month later, COVID-19 appeared
in other countries in the world. Compared with the previously discovered coronaviruses, COVID-
19 has outstanding characteristics, which brings new challenges to the public health system
construction of various countries in the world. First of all, COVID-19 is highly contagious, which
makes it rapidly spread to most countries in the world (1). When most countries find signs of
COVID-19, there is often a large area of COVID-19 infection, which makes the public health
system construction in most countries difficult to respond to the development of COVID-19
in time. Second, the strong infectivity of COVID-19 causes many people to be infected, which
leads to the shortage of health resources for the treatment of COVID-19 (2, 3). Especially for
underdeveloped countries, unsound medical technology prevents the infected people from getting
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timely and effective treatment, which increases the risk of death.
Third, COVID-19 has strong variability, and the infectivity and
mortality of the mutated virus may be greatly improved, which
may cause the process of public health system construction in
response to the COVID-19 is long (4, 5). COVID-19 has brought
serious harm to world economic development and social stability.
For example, in the face of the impact of COVID-19, some
countries have to restrict population mobility and shut down
some living facilities and work departments, which in turn affect
people’s lives and incomes, and even exacerbates poverty (6, 7).

Public health system construction plays an important role in
the process of COVID-19 prevention. Especially for developing
countries and underdeveloped countries, public health system
construction in response to COVID-19 can help them reduce
the infection rate of COVID-19 and improve the prevention
efficiency of COVID-19 (8, 9). As the most populous country
in the world, China’s experience in the process of COVID-19
prevention provides a reference for other countries in the world.
China’s public health system construction is a huge project.
Especially in the face of the sudden COVID-19, it is a huge
challenge to protect the medical demand of more than 1.4 billion
people. Moreover, the scale of population mobility in China
is huge. Facing the strong infectivity of COVID-19, the huge
scale of population mobility undoubtedly aggravates the risk
of cross infection of the virus. In addition, 1.4 billion people
need a lot of health resources in the process of COVID-19
prevention, and ensuring people’s access to medical services is
also a major problem in public health system construction in
China. In fact, with such a large population, China has controlled
the large-scale spread of COVID-19 to a certain extent through
public health system construction in the process of prevention.
Moreover, in the process of COVID-19 prevention, China
has ensured that people infected with COVID-19 can receive
timely treatment through public health system construction.
In addition, there are also some problems in the process of
public health system construction in China. These problems also
have certain reference value for other countries, which can help
other countries avoid repeating the same mistakes in the process
of public health system construction in response to COVID-
19. This article studied the experience of public health system
construction in China’s COVID-19 prevention.

METHODS

This article adopts a qualitative design. Based on literature
review and theoretical analysis, this paper constructs a theoretical
framework of national public health system construction in
health crisis. Based on this theoretical framework, combined with
the policies andmeasures formulated by the Chinese government
in the process of COVID-19 prevention, this article evaluate
the advantages and deficiencies of China’s public health system
construction in response to COVID-19.

For any country, the purpose of public health system
construction is to protect people’s health. The emergence of
health crises brings both physical and psychological effects to
people. Different from ordinary diseases, diseases that trigger

health crises often have higher infectious and mortality rates
(10, 11). Once people are infected by a disease that triggers
a health crisis, their demand for health resources is often
several times higher than usual (12, 13). In a peaceful period
without health crises, the supply of health resources can basically
maintain people’s normal demand. However, in the period of
health crisis, health resources are often in short supply. There
are two reasons for the shortage of health resources during
the health crisis. On the one hand, people’s demand for health
resources rose sharply during the health crisis, which broke the
balance of supply and demand of health resources in the original
peaceful period without health crises. For example, with the
spread of health crisis, the number of infected people is gradually
increasing, and the corresponding demand for health resources
is also gradually rising (14). Moreover, the psychological panic
caused by the health crisis will also lead people to ease their
worries by increasing the reserve of health resources, which will
also cause an unreasonable increase in the demand for health
resources (15). On the other hand, in order to control the
spread of the health crisis, the government is forced to formulate
measures to curb population mobility, and a large part of which
involves the closure of the production sectors. The closure of
production sectors will hinder the production of health resources
and lead to insufficient supply (16, 17). Therefore, a country’s
public health system construction must ensure adequate health
resources during the COVID-19 prevention.

The health crisis will also cause a decline in people’s ability
to bear medical expenses (18, 19). The decline in the ability
to pay for medical expenses makes it difficult for people to
maintain their health. Especially for the poor, their ability to pay
for medical expenses in peaceful period without health crises
is inherently low. The occurrence of a health crisis makes it
difficult for them to afford the cost of maintaining health, and
they are ultimately forced to give up treatment (20, 21). This
phenomenon is particularly common in developing countries
and underdeveloped countries. There are two reasons for the
decline of people’s ability to pay medical expenses during health
crisis. First, health resources become scarcer during the health
crisis, leading to an increase in the price of health resources.
During the health crisis, people’s demand for health resources
increased, breaking the balance of supply and demand of health
resources in peaceful period without the health crisis. The
demand for health resources was greater than the supply during
the health crisis, leading to an increase in the price of health
resources (22). Second, during the health crisis, the country’s
economic development will be affected, leading to a decline in
people’s income. For example, some countries are forced to adopt
the method of closing work sectors to control the spread of
the health crisis, which will inevitably affect people’s income
(23, 24). It can be seen that during the health crisis, the rise in
the price of health resources and the decline in people’s income
lead to a decline in people’s ability to pay for medical expenses.
Therefore, a country’s public health system construction must
protect people’s ability to pay for medical expenses during the
COVID-19 prevention.

The harm of health crisis to people’s psychology also deserves
the attention of the public health system. The psychological harm

Frontiers in Public Health | www.frontiersin.org 2 April 2021 | Volume 9 | Article 610824105

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Zhang China’s Public Health System Construction

of health crisis to people is invisible, and once the psychological
harm is formed, it is often difficult to cure completely. Therefore,
the psychological harm caused by health crisis is more serious
than the physical harm. The ways of health crisis to people’s
psychological harm mainly come from two aspects. On the one
hand, the psychological harm comes from people’s ignorance
of the virus that causes health crisis (25, 26). Because health
crisis is sudden and the virus causing health crisis is highly
infectious, once the health crisis is disclosed to people, the virus
usually has spread over a large area. From the health crisis
being disclosed to people fully grasping the virus information,
there is a vacuum period of people’s cognition of the virus that
causes the health crisis. This vacuum period will increase people’s
panic and anxiety, and then cause psychological problems. This
is because the occurrence of health crisis increases the risk of
people’s living environment. In the vacuum period, if people
do not grasp information about the virus, they will not be
able to judge whether their environment is at risk, which will
obviously increase people’s unnecessary anxiety and tension. On
the other hand, the psychological harm comes from unknown
of the development trend of the health crisis (27, 28). Once a
health crisis occurs in a country, it often takes a long time for
the country to prevent it. Especially for the health crisis caused
by the virus with strong variability, its development trend is
often difficult to predict. The unpredictability of health crisis
disturbs people’s long-term planning for their future life and
work, triggers people’s worries, and easily leads to psychological
harm. Therefore, a country’s public health system construction
must focus on alleviating the psychological harm of health crisis
to people during the COVID-19 prevention.

Based on the above three dimensions of the public health
system construction in the process of COVID-19 prevention,
we evaluated the advantages and deficiencies of the China’s
experience combined with the policies and measures formulated
by the Chinese government.

RESULTS

Adequate Supply of Health Resources and
Inefficient Utilization of Health Resources
For China with 1.4 billion people, the amount of health resources
consumed every day is huge. Especially after the outbreak of
COVID-19, people’s demand for health resources is several
times higher than before. In the process of China’s public
health system construction, the Chinese government has fully
considered the impact of possible health crises on the supply
of health resources. The Chinese government has established a
reserve system of health resources, which meets people’s demand
for health resources during the COVID-19 prevention. First of
all, under the reserve system of health resources, the Chinese
government has built a batch of health resources for preventing
health crises through fiscal expenditure, involving hospitals,
doctors, andmedical equipment. After the emergence of COVID-
19, these reserved health resources were quickly applied to the
prevention work (29). Second, unlike other countries, the public
health power of the Chinese government is relatively high, which

can make the Chinese government spendmore fiscal expenditure
and human resources on the construction of temporary health
resources in the process of COVID-19 prevention. For example,
during the COVID-19 prevention, the Chinese government had
spent a lot of fiscal expenditure and human resources to build
temporary hospitals in the short term to ensure timely treatment
of infected people (30). The technical level of doctors and
the improvement level of medical facilities in these temporary
hospitals are the same as those in normal hospitals. Furthermore,
the higher public health power makes it easier for the Chinese
government to regulate the regional mobility of health resources.
During the spread of COVID-19, all regions in China can be
divided into high-risk regions and low-risk regions. People in
low-risk regions have relatively low demand for health resources,
while people in high-risk regions have relatively high demand
for health resources. Therefore, the remaining health resources
in low-risk regions can be allocated to high-risk regions. The
Chinese government ensures the adequate supply of health
resources in high-risk regions through the allocation of health
resources from low-risk regions to high-risk regions (31).

At the same time, the inefficient utilization of health resources
is one of the important deficiencies of China’s public health
system construction during the COVID-19 prevention. COVID-
19 caused people’s panic, forcing people to start hoarding a lot
of health resources. The amount of health resources that people
actually hoard is far greater than their actual demand, resulting
in the waste of health resources and reducing the utilization
efficiency of health resources (32). Moreover, people’s hoarding
of health resources triggered by the panic makes those who really
need health resources may not be able to meet the demand of
health resources in time. In order to protect the demand of people
who really need health resources, the Chinese government is
forced to build more health resources than the actual demand,
which causes the waste of financial expenditure and human
resources to a certain extent (33). In addition, although the
Chinese government allocates resources from low-risk regions to
high-risk regions to meet the health resources demand of people
in high-risk regions, rural regions with low levels of economic
development still face the shortage of health resources (34). The
technical level of doctors and the improvement level of medical
facilities in rural regions are relatively low. Faced with the threat
of COVID-19, it is difficult to effectively protect the health of
residents in rural regions. Compared with rural regions, urban
regions in China are rich in health resources, and even have a
lot of surpluses of health resources. These surpluses of health
resources are not allocated to rural regions in time, resulting in
low utilization efficiency of health resources.

The Improvement of the Ability to Pay
Medical Expenses and the Inequality
of the Ability to Pay Medical Expenses
During the COVID-19 prevention, in order to improve people’s
ability to pay for medical expenses, the Chinese government
strengthened the connection between medical insurance system
and COVID-19 treatment in the process of the public health
system construction. First, for people who are infected with
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COVID-19, they can improve their ability to pay for medical
expenses through the medical insurance system. Specifically,
part of the medical expenses of people infected with COVID-
19 are paid by the medical insurance fund in the process of
treatment, and people only pay part of the medical expenses
(35). Second, the Chinese government implements medical
assistance measures for the poor. Medical assistance measures
are part of the medical insurance system and mainly for the
poor. When the poor are infected with COVID-19, because
they can’t afford the high expenses of treatment, the Chinese
government helps them to pay most of the medical expenses
through medical assistance measures (36). The support funds
for medical assistance measures come from fiscal expenditure. In
addition, the improvement of medical insurance on the ability
to pay medical expenses of people infected with COVID-19 is
not only reflects in the treatment, but also involves the reduction
of medical insurance contributions. In China, the support fund
of medical insurance system comes from people’s contributions.
During the COVID-19 prevention, the Chinese government
has reduced people’s medical insurance contributions, which
can reduce people’s economic pressure to a certain extent and
improve people’s ability to pay for medical expenses (37).

For the prevention of COVID-19, although the medical
insurance system improved people’s ability to pay for medical
expenses in the process of China’s public health system
construction, a new deficiency also emerged. There are
differences in the improvement of people’s ability to pay for
medical expenses by the medical insurance system, which causes
inequality. China’s medical insurance system is divided into
different types of projects according to different groups of people
(38). For employees in urban regions, they participate in the Basic
Medical Insurance for Urban Employees (BMIUE). For non-
employees in urban regions, they participate in the Basic Medical
Insurance for Urban Residents (BMIUR). For the population
in rural regions, they participate in the New Rural Cooperative
Medical Insurance (NRCMI). These three types of projects pay
different medical expenses for people infected with COVID-19.
Among them, the BMIUE pays the highest medical expenses for
people infected with COVID-19, and it has the best effect in
improving people’s ability to pay for medical expenses. While
the NRCMI pays the lowest medical expenses for people infected
with COVID-19, and its ability to improve people’s ability to
pay for medical expenses is the worse than the BMIUE and
the BMIUR (39). Therefore, for people participating in the
NRCMI, when they are infected by COVID-19, the difference
of medical insurance types leads to their low ability to pay for
medical expenses. Therefore, the inequality of the ability to pay
medical expenses is caused by the imperfect design of the medical
insurance system. This problem can only be solved by the reform
of medical insurance system, not by people themselves, because
the medical insurance types are divided according to urban
regions and rural regions. In addition, the difference in the level
of economic development increased the difference in the ability
to pay for medical expenses between rural residents and urban
residents. In the face of the COVID-19, rural residents and urban
residents bear the same economic pressure on medical expenses.
However, rural residents’ low ability to pay for medical expenses

makes them difficult to maintain health, and even forced to give
up treatment.

Advanced Public Health Propaganda
Methods and Untimely Information
Disclosure
China is a country that pays special attention to information
propaganda. As early as in the period of planned economy
system, China explored various ways to propagate information
to people. The reason why China pays attention to information
propaganda is that China has a large population. In order to
ensure that the central government’s information is disseminated
to most people, various propaganda methods must be explored.
In the process of China’s public health system construction,
advanced propaganda methods were also fully used to propagate
COVID-19 information. On the one hand, during the COVID-
19 prevention, the Chinese government disseminated the
development information of COVID-19 to people through
the Internet based on information technology (40). Compared
with traditional information propaganda methods, COVID-19
information propaganda methods based on the Internet can
greatly reduce unnecessary cross-infection, which is conducive
to reducing the spread of COVID-19. On the other hand, in the
process of deploying human resources and disclosing the specific
preventive measures of COVID-19, the Chinese government also
adopted information propaganda methods based on the Internet.
The Chinese government formulated a series of COVID-19
prevention measures through Internet conferences and made the
information public through the Internet, which saved a lot of time
and improved the efficiency of COVID-19 prevention work (41).
In addition, during the inspection of the population infected by
COVID-19, medical institutions also spread basic information
and detailed preventive measures of COVID-19 to the society
through Internet, which enables people to regulate their own life
behaviors and reduces the risk of being infected with COVID-
19 (40). Through advanced public health propaganda methods
based on the Internet, people can grasp the development trend
of COVID-19, detailed basic information of COVID-19 and
preventive measures, so as to reduce people’s unknowns and
worries about COVID-19, which is conducive to alleviating the
psychological harm caused by COVID-19 to people.

Although China has advanced public health propaganda
methods, the disclosure of the virus information in the early stage
of the COVID-19 outbreak was not timely. The early stage of
the COVID-19 outbreak is a key stage to control the spread of
the virus. However, at this critical stage, the Chinese government
did not take timely measures, and did not disclose COVID-
19 information to the society in time. This deficiency of the
public health system is fatal. Due to this deficiency, COVID-
19 spread rapidly and eventually spread to all provinces in
China. At the same time, people did not take any preventive
measures against the spread of COVID-19 because they did
not receive timely information disclosure. Untimely information
disclosure caused the Chinese government’s follow-up preventive
measures to become passive, and more and more people were
infected by COVID-19, which had a serious impact on people’s
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health (42).Moreover, untimely information disclosure increased
people’s panic about COVID-19 and brought psychological
harm to people. Especially for employees, untimely information
disclosure reduced the time for them to adjust their work plans,
causing some employees to lose their work income and face
the risk of falling into poverty (43). Furthermore, untimely
information disclosure reduces people’s trust in the Chinese
government and public health system, which brings difficulties
to the implementation of follow-up COVID-19 prevention work.
For example, in the process of COVID-19 prevention, untimely
information disclosure made some people hold a negative
attitude toward the preventive measures formulated by the
Chinese government, which hindered people from cooperating
with the Chinese government.

DISCUSSION

Based on the theoretical framework of national public health
system construction in health crisis and combined with the
policies and measures formulated by the Chinese government
in the process of COVID-19 prevention, this article studied
the advantages and deficiencies of China’s public health system
construction in response to COVID-19. The study found that
the Chinese government ensured the adequate supply of health
resources, improved people’s ability to pay medical expenses,
and adopted advanced public health propaganda methods based
on the Internet to help people grasp the basic information and
development trend of COVID-19 in the process of COVID-19
prevention. These advantages of China’s public health system
construction meet people’s medical demand to a certain extent,
improve people’s access to medical services, and increase people’s
awareness of COVID-19 prevention. However, there were still
deficiencies in the process of COVID-19 prevention. The study
found that the utilization efficiency of health resources was low in
China, people’s ability to pay for medical expenses was unequal,
and the disclosure of virus information in the early stage of
the outbreak of COVID-19 is not timely. These deficiencies
brought serious challenges to China’s COVID-19 prevention.
The utilization efficiency of health resources caused a serious
waste of health resources and made the Chinese government
forced to invest a lot of financial funds for the construction of
health resources, resulting in a waste of financial funds. People’s
unequal ability to pay for medical expenses originated from
the defect of medical insurance system, which exacerbated the
opposition of different groups. Especially for urban residents
and rural residents, they participated in two different projects
in the process of COVID-19 prevention, which made it difficult
for rural residents to effectively protect their health. Untimely
information disclosure in the early stage of the outbreak of
COVID-19 was fatal for both the COVID-19 prevention and
the social order. Untimely information disclosure accelerated the
spread of COVID-19, which led to the development of COVID-
19 from some regions to all provinces in China.

In response to COVID-19, China’s public health construction
should focus on improving the utilization efficiency of health
resources. On the one hand, the allocation of healthy resources
should depend on the population size of the region, rather than
the level of economic development of the region. Health is the

basic demand of people, and the amount of health resources
should be related to the population size, not to the level of
economic development. Especially for rural areas, the Chinese
government should promote the mobility of health resources
from cities to rural areas, and improve the infrastructure health
facilities in rural areas, which is conducive to improving the
health level of rural residents and improving the utilization
efficiency of health resources. On the other hand, the allocation
of health resources should depend on the development trend
of COVID-19. People in high-risk areas have high demand
for health resources, while people in low-risk areas have low
demand for health resources. The Chinese government should
promote the mobility of health resources from low-risk areas
to high-risk areas. In high-risk areas, it is necessary for the
Chinese government to correctly guide people’s demand of health
resources, and promote people to use health resources rationally,
instead of excessively hoarding health resources.

The Chinese government should reform the medical
insurance system to reduce the difference between urban
residents and rural residents in their ability to pay for medical
expenses, which is conducive to enhancing the rural residents’
access to medical services in the process of prevention of
COVID-19. Because the level of economic development in rural
areas is lower than that in urban areas, and the income level of
rural residents is significantly lower than that of urban residents,
the ability of rural residents to pay for medical expenses is lower
than that of urban residents. However, this gap has not been
solved through the medical insurance system, but has been
further expanded by the medical insurance system. Whether
people are urban residents or rural residents, the medical
expenses for treatment after being infected by COVID-19 will
not vary with their status. Therefore, only by reforming the
medical insurance system and strengthening the protection of
rural residents’ medical demand, can the Chinese government
effectively solve the problem of rural residents’ low ability to pay
for medical expenses.

Moreover, the Chinese government should ensure that
COVID-19 information can be disclosed to the public in time.
Virus information cannot be concealed, and it will eventually be
discovered by the public in a spreading way. In the early stage
of the COVID-19 outbreak, untimely information disclosure
not only exposed people to the virus, but also aggravated the
spread of the virus. The Chinese government should learn from
this deficiency. In addition, the Chinese government should
improve the efficiency of virus detection, so that the virus can
be detected in time at the early stage of virus development. High
efficiency of virus detection can help the government formulate
timely preventive measures, which is conducive to significantly
controlling the spread of the virus.

CONCLUSION

Through the study on the experience of public health system
construction in China’s COVID-19 prevention, this article
analyzed the advantages and deficiencies of China’s public health
system construction in response to COVID-19. This study has
important reference value for other countries in the world by
analyzing the COVID-19 prevention experience of China. Other
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countries should ensure people’s health demand through the
adequate supply of health resources, ensure people’s access to
medical services by improving people’s ability to pay for medical
expenses, and raise people’s awareness of COVID-19 by adopting
advanced public health propaganda methods. At the same time,
they should avoid the deficiencies in the process of China’s public
health system construction. During the COVID-19 prevention,
they should avoid the phenomenon of inefficient utilization of
health resources, promote equality in people’s ability to pay
for medical expenses, and disclose the development trend of
COVID-19 to people in time, which will help them improve the
efficiency of COVID-19 prevention.
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The key challenges to any health care setup during emergency situations, such as

that of the COVID-19 pandemic would be to rapidly address hospital preparedness

and response tailored to the local population, societal influences, political factors

within the existing infrastructure, and workforce. Second, to adopt and moderate

policies, standard operating procedures (SOPs) and guidelines issued by national and

international agencies, such as WHO, CDC, and the Indian Council for Medical Research

(ICMR) were tailor-made to the local conditions of the hospital and community. In this

publication, we have discussed the challenges and experiences in preparation and

responses to the ongoing COVID-19 pandemic at a tertiary teaching hospital situated

at a suburban locale in a small union territory. Puducherry is located in the South

Eastern Coromandel Coast of India. The core processes, such as hospital preparedness,

adoption, and amendments to SOPs based on dynamic changes in guidelines released

by the central and local government, training given to health care workers, setting up

the in-house diagnostic facility, surge capacity, management of supplies during the

lockdown, infection prevention, and control and patient care are discussed. We have

also reinforced our experiences in translating COVID-related opportunities for research

and innovation in the form of awards and research proposals for the faculty and students

of our institute. The lessons learned in terms of strength and limitations on the ground

level of public health during this process is worth sharing as it would provide guidance in

preparing the health care setups for pre- and post-pandemic.
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Coumare et al. Frontline Experience During COVID-19 Pandemic

HIGHLIGHTS

• Every hospital, be it in an urban or a suburban location, needs
to be prepared for any kind of unforeseen pandemic.

• A vigilant Hospital Emergency Committee consistently
monitors the existing infection control practices and is also
prepared for any pandemic situations, such as these.

• The Hospital Response Team makes and enforces “protocols”
in line with the directions of the local and central
government bodies.

• Preparedness of the hospital is essential in the transformation
of the existing infrastructure and capacity for changing
situations without affecting normal patient care.

• Financial contingency in the initial stage is only temporary.
The returns at the latter stage would replenish the loss at the
earlier stages.

• Hospitals should be kept abreast with various coping strategies
of other health care setups and learn from shared experiences
of others.

INTRODUCTION

The COVID-19 pandemic continues to bring in new challenges
every day to millions of people across the globe, in terms
of providing health care, social obligation, economy, and
mental health. Human coronavirus is known to humans earlier
in various different forms, such as 229 E, OC43, NL63,
HKU1, SARS-CoV, and MERS-CoV. The present form of
novel coronavirus (COVID-19) originated from Wuhan, Hubei
province of China, and spread to other parts of the world.
Western pacific countries like Australia, New Zealand, Brunei
Darussalam, Japan, and Singapore showed an early record of
cases in January 2020 (1, 2). By the end of January 2020,
the World Health Organization (WHO) declared COVID-
19 as a “public emergency of International Concern” (3, 4).
America and European and East Mediterranean countries
by the end of February 2020 showed the first reports of
COVID cases. Southeastern countries showed up the first report
of cases from March 2020. Africa reported its first case by
the end of March 2020. India was not among the worst-hit
countries till May 2020, but by the end of 2020, the country
ranked top in the number of cases in Asian countries (5).
Lockdown efforts by the Indian government was appreciated
by WHO and other countries as it “contained” the spread of
infection in the initial stages. The efforts were mentioned as
“robust and comprehensive,” although it may seem “aggressive.”
Subsequent phases of lockdown did not show much impact on
the containment of cases. With the second-highest population in
the world, India, despite its rapid increase in numbers, is showing
a verymild reduction of mortality (0.89%) and active cases (1.1%)
as of October 2020 (5). India is a federal union comprising 28
states and eight union territories, for a total of 36 entities. Among
all the Indian States, the largest and most well-developed states
of this subcontinent—Maharashtra and Tamil Nadu—showed a
rapid increase in the number of new cases, which was a matter of
concern. This kind of surge is in spite of the availability of good
hospital services from both the government and private sectors

FIGURE 1 | Geographic location of Puducherry and location of MGMCRI

hospital in the outskirts of the small town Puducherry. Other affiliated Institutes

of Sri Balaji Vidyapeeth–Sri Sathya Sai Medical College and Research Institute,

Indira Gandhi Institute of Dental Sciences. Bed capacity 1,400, 15 modular

operation theaters. Patient flow 1,000 out-patients 700 inpatients per day.

in these states. By October 2020, all the lockdown measures were
lifted before the curve reached the plateau (6).

During the initial phase of the pandemic, many countries
developed policies, standard operating procedures (SOPs), and
guidelines at the national level [including the Indian Council
for Medical Research (ICMR), Ministry of Health and Family
Welfare, Government of India] (7) based on those issued by
international public health agencies, such as WHO (8) and
Centers for Disease Control and Prevention (CDC) (9) USA.
Later, however, because of the rapid spread of COVID-19 in
a shorter time frame and the lack of prior knowledge and
available evidence on the risk of transmission, morbidity, and
mortality (10), developers of guidelines were challenged to
appropriate the SOPs suited to local and regional situations.
Conflicting recommendations by various agencies, such as the
case of wearing a mask between CDC and WHO, and a
difference in opinion as to when it is safe to discharge COVID-
19 cases from the hospital or end home isolation, etc. also added
to the confusion. Given the dynamic nature of the problem
and accumulated evidence over a period, the guidelines have
been modified to ensure a reduction in the disease incidence.
Therefore, the key challenges to any health care setup during
emergencies, such as that of the COVID-19 pandemic would be
to adopt and moderate various instructions issued by national
and international agencies that are conflicting and changing from
time to time to suit the needs of local community and resources.
Figure 1 summarizes various factors and linkages to consider in
preparing the health care setup before and during pandemic for
adopting and preparing guidelines.

The Indian health care system is organized into primary,
secondary, and tertiary levels. At the primary level are sub-
centers and primary health centers (PHCs). At the secondary
level, there are community health centers (CHCs) and smaller
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FIGURE 2 | Hospital campus showing a planned identification of COVID care facilities, screening points, high risk zone, and other safe zones.

sub-district hospitals. Finally, the top level of public care
provided by the government is the tertiary level, which consists
of medical colleges and district/general hospitals. The number of
PHCs, CHCs, sub-centers, and district hospitals has increased in
the past 6 years, although not all of them are up to the standards
set by Indian Public Health Standards (11).

Tertiary-level hospitals at medical colleges and district/general
hospitals play a critical role in national and local responses to
emergencies, such as communicable disease epidemics. These
hospitals should be able to rapidly adopt various guidelines and
address hospital preparedness and response for the pandemic
tailored to the local population, societal influences, political
factors within existing infrastructure, and workforce.

In this context, the present article describes frontline
experiences and lessons learned from “Mahatma Gandhi Medical
College and Research Institute” (MGMCRI), a tertiary care
teaching hospital in the private sector in the suburban part of
Southeastern India during the COVID-19 pandemic. MGMCRI
is a teaching hospital and has the mandate of uninterrupted
teaching and training to undergraduate, post-graduate, super-
specialty students, and scholars. Furthermore, being a private
teaching hospital does not receive any kind of external support
in terms of finances even under pandemic-related emergencies
for the treatment of patients. Despite being in a remote location,
MGMCRI renders tertiary care in medical and dental services on
a non-profit basis primarily to the rural population. The road,
however, was never smooth and required continued attention to
the safety of health care workers (HCWs) and doctors.

GEOGRAPHIC AND ETHNIC UNIQUENESS

MGMCRI is situated in Puducherry (a union territory in
the coastal stretch of Tamil Nadu—a south Indian State).
Puducherry by itself is made up of pockets of land scattered
in the region of Tamil Nadu. Geographically, the hospital is
situated at Pillayarkuppam, which is a part of a suburban village
commune Bahour, which administratively belongs to Puducherry
(Figure 2).

Each country and region vary in terms of capacity,
health policies of the government, and health infrastructure.
Puducherry recorded 2500 COVID-affected cases per 1,000,000
of the population, which ranks second in India (12). Being
the “health indicator” of the country, with the lowest infant
mortality rate, it was an irony for us to witness these alarming
statistics. In a small town with nine hospitals that cater for
tertiary care, private multispecialty hospitals, 17 disease-specific
clinics, four community health centers, 39 primary health
centers, 77 sub-centers, 14 ESI dispensaries, and rural and
urban health centers, it was saddening to note the increase
of cases. Preventive and curative programs for tuberculosis,
leprosy, filaria, malaria, and blindness control program with
free cataract surgeries have curbed major illnesses in this
town. Furthermore, Pondicherry had never witnessed a viral flu
outbreak or a pandemic of this magnitude before. Arthropod-
borne viral diseases like dengue have taken their toll on
a few thousands of the population, with a few outbreaks
in the last two decades. None of the hospitals in this
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region were prepared to handle the COVID disaster of such
a magnitude.

With this background, the surge in COVID-19 infections
can only be attributed mainly to the complacency and casual
attitude of the public at large of this calm and peaceful town.
In the initial phase, soon after Puducherry recorded its first
case during the lockdown, the growth in a number of cases
was well-contained. Pondicherry is a tourist destination for the
neighboring states and also other countries, with its French
legacy preserved in its French Quarter, with tree-lined streets,
mustard-colored colonial villas, and chic boutiques and a seaside
promenade running along the Bay of Bengal. Many tourists flood
this small town on the weekends and vacations throughout the
year. Therefore, the economy of this union territory depends
on tourism. Lifting of lockdown and opening of borders to
support the dwindling economy led to the surge of cases through
migration of the “floating population.” As a result, the COVID
pandemic further crippled the so-called “health hub” of the
Indian subcontinent.

Hospitals play a critical role within the health system
in providing essential medical care to the community,
particularly during the pandemic crisis. As discussed above,
the COVID-19 pandemic is teaching new lessons to health
care providers and policymakers to adopt national and
international guidelines and policies to develop “tailor-
made system” solutions at the micro-economy level, yet
providing effective treatment taking into consideration
disease patterns in that region, the lifestyle of the particular
population, food habits, socioeconomic status, apprehensions
of the society, political factors, local administrators’ policies,
hospital infrastructure, workforce available, financial structure,
and community.

With regard to many accreditation cycles from various
quality councils, few hospitals have managed to establish disaster
response teams and infection control protocols in place (13).
MGMCRI was recognized as a COVID care center and a
diagnostic center, by the local government after the first few
months of the outbreak in this region. Only one other private
hospital was given the testing facility for the entire region.
This hospital provides its medical services to the villages in
Puducherry and also to many villages and cities from the
neighboring state—Tamil Nadu.

EVOLUTION AS A COVID CARE CENTER

The hospital had to go through various milestones in
the evolutionary process of being a COVID care center,
such as:

a. Establishment of a Hospital Core COVID Committee
(HCCC), which included members from clinical, human
resources (HR), nursing, biomedical engineering, purchase,
pharmacy, laundry, food and beverage, and transport
departments. A contingency team of members was
also formed.

b. Preparation of SOPs for various processes adopting and
moderating WHO/ICMR guidelines.

c. Amendment of SOPs based on the dynamic change in
the guidelines as and when released by the central and
local government.

d. Intensive training for health care providers.
e. Setting up of an in-house COVID diagnostic facility.
f. Logistics to scale up facility space for critical care, isolation,

cohort, the accessibility of mechanical ventilators, and the
availability of other resources.

g. Wards to be reshuffled to accommodate COVID patients in
an isolated facility.

h. Respond to government directives in community service and
provision of free beds to the government for COVID care.

A well-functioning hospital incident management system is
essential for the effective management of emergency operations.
As MGMCRI is already recognized by national and international
accreditation bodies like the National Accreditation Board for
Testing & Calibration Laboratories (NABL), NABH, and ISO,
the disaster response team and some of the fundamental
protocols of disaster management, infection control, and
risk mitigation were already in place. The continuity of
essential health services, e.g., emergency services, urgent surgical
operations, and maternal and child care, was ensured during
the outbreak season. Some of the important functions of
various departments and individuals during the operation
are summarized below:

1. Internal and External Communication of the Facility

The HCCC has devoted one nodal person from whom
authorized information and the decisions taken by the HCCC
on the safety of patients, visitors, doctors, and staff and students,
circulars or guidelines arising from the government related to
COVID would be conveyed to the hospital staff from time
to time. The committee’s role is to consider all SOPs made
by the Health Ministries of local and national governments
issued from time to time and moderate their relevance, take
decisions to moderate to the hospital ecosystem, and supervise
for compliance. All SOPs (Table 1) were carefully made and had
information on the following:

a. What functions does it affect?
b. What are the procedures that are derived from this policy?
c. Elements of the SOP workflow.
d. Who does it affect?
e. Who is responsible for its implementation?
f. How is the SOP communicated to the stakeholders?
g. Who needs to be educated on this SOP?
h. Who will do the education?
i. What is the media used for education?
j. Who will monitor the SOP?
k. How will the monitoring be done?
l. When will the revision be done?
m. Who has prepared this document? Contact details of

the same.
n. Who has approved this document?

The SOPs were developed to handle COVID patients with
mild, moderate, and severe symptoms. Flow charts were
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TABLE 1 | List of standard operating protocols and policies.

S. No. Name of the Policy/SOPs

1 Policy for Contact Tracing of COVID19—Positive

Employees of Sri Balaji Vidyapeeth, Main Campus

2 Policy for in Campus Contact Tracing of COVID19

(Version 1.2)

3 Policy for Contact Tracing of COVID19—Positive

Employees of Sri Balaji Vidyapeeth, Main Campus

(Version 3)

4 Policy for COVID19 Screening to Post-Graduate

Courses 2020–2027

5 Policy for SBV Healthcare Workers Tested Positive for

COVID19

6 SOP for Low Risk Quarantine

7 SOP for High Risk Quarantine

8 SOP for Setting up Isolation Facility/Ward

9 SOP for Dental Clinical Protocols

10 SOP for Rational use of PPEs (Version 1)

11 SOP for COVID19 Management

12 SOP for Preventive Measure to Contain of COVID19 in

Skill or Entrepreneurship Training Institutions and Higher

Educational Institutes

developed and circulated as SOPs to all health care providers for
uniformity and also.to prevent litigations in this unfamiliar zone
(3–5).

The hospital also designated a Public Relation Officer
(PRO) to manage the flow of information from the hospital
to the government/local authority, press, media, etc. All
the information was passed on a regular basis to the
Integrated Disease Surveillance Project (IDSP). IDSP is an online
reporting system under the Integrated Disease Surveillance
Programme (IDSP) of the National Health Mission Programme
headquartered at Ministry of Health and Family Welfare
Government of India. The key objective of this program is
to strengthen/maintain a decentralized laboratory-based IT-
enabled disease surveillance system for epidemic-prone diseases
to monitor disease trends and to detect and respond to outbreaks
in the early phase through trained rapid response teams (RRTs).
The HR head of each hospital in the country is involved in data
entry of real-time information in IDSP and, at the same time,
communicating related information to the staff and the frontline
workers regarding quarantine rules and facilities specially set up
by the hospital for meeting the emergencies from time to time.

Continuous education and training for health care
professionals and workers in the frontline was provided to
provide quality care with extreme precautions. The residents and
post-graduates involved in COVID care were educated on the
policies, protocols, and guidelines from various statutory bodies
and the hospital.

2. Human Resource Activities

In a dynamic and unpredictable situation like this pandemic,
human resource management is a challenging task. Ensuring
adequate trained staff capacity and continuity of operations in
response to increased demand is important while maintaining

the identified essential services. Furthermore, the HR department
is also responsible in addressing liability, insurance, salary,
management of leave application, and approval to the best
of their capacity. Appreciably, HR has devised duty rotations
in such a way that the demands are met throughout the
period without overcrowding, as well as the arrangements
for their transport, lodging, and food without putting anyone
at high risk. As there is an increase in the demand for
housekeeping and maintenance staff during these times, the
rotation postings were planned round the clock and as is
called 24× 7.

3. Tele-clinic Support

To facilitate regular support to the patients during different
phases of lockdown, MGMCRI set up a special Tele-clinic
facility. “Easy to understand advisories” in English and Tamil
(the native language of the region) developed in consultation
with clinicians and the Community Medicine department are
transmitted through short messaging service (SMS) to alleviate
fear and apprehension and to provide practical advice on
common medical problems. This facility was highly successful
for uninterrupted communication. Education and training on
the management of the Tele-clinic facility in the hospital were
provided to health care professionals. It can be also told that
this hospital is the first in this region to care for the public
through teleconsultation.

The hospital also became a partner to the technology-enabled
remote monitoring and counseling platform for home-isolated
COVID patients, which was also launched by the local
government in partnership with Step One organization (the
largest doctor volunteer group to fight COVID). The platform
is based on the involvement of doctors and tele-counseling by
nurses, psychologists, and social workers with sufficient training
provided by the Step One organization. The purpose is to reduce
the burden of public hospitals to treat high-risk cases and to
optimize the health care workforce. The platform also aims to
improve the physical and mental well-being of COVID patients
quarantined at home. Faculty members and post-graduate
students of Kasturba Gandhi Nursing College volunteered to
participate in this platform and played an important role as
counselors and provided counseling services. Tele-counseling
was done through Fresh Desk Mobile App with services, such as
telecommunication with the allotted home-isolated clients; daily
identification of COVID symptoms and referral to hospitals;
identifying the common psychological problems and providing
counseling to the needed clients; and providing psychological
support to home-isolated clients and explaining the do’s and
don’ts during pandemic.

4. Surge Capacity

Surge capacity is the ability to expand health services
beyond their normal capacity to meet the increased demand
for clinical care. COVID-19 cases increased rapidly, and there
was an increase in demand for patient care and admissions
over a prolonged period of time. Calculation of “maximal case
admission capacity” is determined not only by the total number
of beds but also by the availability of human resources, the
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FIGURE 3 | External and internal influences on development of micro guidelines which decides the preparation of standard operating protocols and other decisions of

the response.

FIGURE 4 | General patient screening protocol: screening criteria and triage policy.

adaptability of facility space for critical care, isolation, cohort,
the accessibility of mechanical ventilators, and the availability
of other resources. The most important concern is having a
medical space to create a new facility with reduced or no risk of
COVID transmission. In other words, it meant creating a facility
wherein HCWs are not at risk and the patients are attended to

with caution. In this aspect, many of the tertiary care hospitals
in Europe, Australia, and Asia (14–17) have published their
experiences. An additional investment was recommended to the
Kenyan government to enhance the surge capacity in terms of
ICU and ventilated beds in hospitals (18). The triage system of
evaluation and categorization of the patients was required for
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FIGURE 5 | Patient management for COVID suspects (mild case) with presenting symptoms.

optimal utilization of the resources for medical care of everyone
at once. Thus, an efficient and accurate triage system and an in-
patient management strategy were organized to ensure adequate
treatment of COVID-19 acute respiratory infection. Based on the
previous experience onMERS in 2015 in South Korea, health care
facility-associated nosocomial route of infection was considered a
potential source for COVID-19 transmission (19, 20). To address
this, MGMCRI developed its own SOPs (Figures 1, 3, 4) of
triaging patients by establishing flu clinics at the entrance and
taking in the patients based on their symptoms, travel history, etc.
So, the hospital earmarked various locations for mild tomoderate
cases, critically ill cases, and patients needing surgical/cath-lab
procedures or deliveries and other asymptomatic patients coming
from non-containment zones.

Due to the infectious nature of SARS-CoV-2, the number
of patients with other regular ailments in both inpatient and
outpatient wards has reduced drastically since the first week of
April. This prompted us to shut down one floor completely and
keep others operational for regular patients. Beds for various
purposes, such as pre- and post-operative surgical care and
general medicine and allied specialties were earmarked beds. So,
a decision to escalate or de-escalate depended on the utilization
of beds.

There was speculation that there could be a surge of patients
after the lockdown was lifted; this is where there was a need
to prepare for a surge to manage not just for the COVID
cases but also for regular non-COVID patients who were
unable to reach the hospital because of the lockdown. A very
significant point is to adapt admission and discharge criteria

and prioritize patients and clinical interventions according to
available treatment capacity on demand.

Initial phases of lockdown had a total shutdown of all elective
procedures in ophthalmology, otolaryngology, and dermatology.
By April 2020, all procedures resumed including adequate
infection control protocol and other safety precautions. The
emergency ward took care of COVID patients who developed
acute complications. The existing emergency ward was shifted
to another place. An “exclusive facility” with 200 beds was
created in the campus premises isolated from the other areas,
by “rearrangement of various facilities” like the Center for Music
Therapy Education and Research (CMTER), the Center for
Yoga Therapy Education and Research (YTER), Internal Quality
Assurance Cell (IQAC), Medical Informatics, and wards of
dermatology and venereology, surgery, and ophthalmology. A
102-bed facility was also assigned in the medical hospital block
for COVID patients, of which 20 beds were assigned to in-house
employees who succumbed to the infection. Ten critical care
beds and intensive care units with ventilator support system were
dedicated to COVID-related emergencies. The general wards also
accommodated patients with mild to moderate symptoms that
were referred from government hospitals. Apart from the general
ward, COVID care special wards were also made available.
During the late phase, the hospital assigned 25% of its total
capacity of 1400 beds to COVID care. The hospital has also
prepared a plan to expand the bed capacity if the need arises.
MGMCRI of Sri Balaji Vidyapeeth University was also recognized
as one of the two COVID testing centers among the seven private
hospitals at Puducherry from the month of June 2020.

Frontiers in Public Health | www.frontiersin.org 7 June 2021 | Volume 9 | Article 673536117

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Coumare et al. Frontline Experience During COVID-19 Pandemic

FIGURE 6 | Patient management for COVID suspects (moderate to severe case) with presenting symptoms (IDSP, integrated disease surveillance project; CCM,

critical care medicine; MICU, medical intensive care unit; SICI, surgical intensive care unit; EMS, emergency medical services).

5. Logistics and Management of Supplies, Including

Pharmacy Supplies

In the initial phases, there was a shortage of supplies either
due to non-availability with the vendors or because transport was
banned and borders were sealed. Personal protective equipment
(PPE), N95 masks, and sterilant for washing hands are crucial
for protecting frontline HCWs who were the worst hit. In
consultation with basic virology laboratory, infectious disease
experts, school of pharmacy and pharmacologists, and purchase
and store managers, makeshift arrangements were made. PPE
was stitched by tailors using impermeable wrapping material
used for procedure trays with quality checks and supplied. N95
masks were reused using appropriate protocols particularly UV
treatment of the masks with specific dosing protocols and full
surface area illumination to ensure proper inactivation of viral
particles with minimal mask degradation (21). Sanitizers were
prepared in-house by the Department of Pharmacology using
standard formulations. These alternatives with the other innate
measures for non-crucial procedures aided to cope up with
temporary shortages in the hospital. After the lift of the ban
on travel and transport across borders, the issue pertaining to
the availability of essential supplies was resolved. The purchase
department in MGMCRI has ensured an uninterrupted supply
of demanded items, following all the quality checks. We
ensured adequate PPE (i.e., medical/surgical masks, N95/FFP2
respirators, gloves, gowns, and eye protection), which were made
easily accessible to staff.

6. Essential Support Services

During the lockdown of 3 months, the services related to
food and beverages (F&B), transport, laundry, medical gases, and
information technology were severely jeopardized. F&B services,
in general, have been outsourced for supplies in the hospital as
well as for the staff, students, and visitors; transport and supply of
vegetables, breads, eggs, etc. were severely affected. However, the
experienced hospital personnel manager with his team effectively
managed issues related to essential support services. This was
possible because of linkages with local police and trustworthy
vendors and transporters. The doctors on duty were provided
with food prepared in the hospital kitchen on a regular basis.

The hospital has an automated laundry wing for an estimated
capacity. The frequent need for a change of linen and other
materials overloaded the laundry wing. Since the capacity was
fixed, it was made to run overtime to manage the surge of work.

Many employees and faculty employed in the hospital
travel every day from neighborhood districts outside the union
territory with lockdown orders, so it was not easy for them
to commute on a regular basis. Appropriate permissions were
obtained and identification stickers for personal vehicles were
arranged. Misuse of such permissions was also monitored.
A considerable number use the hospital bus services. The
challenge for the transport department of the hospital was to
provide uninterrupted service with only 50% capacity in all
vehicles following thorough disinfection protocols. Although
the infection incidence has come down in recent times, this
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FIGURE 7 | Depiction of community services to Puducherry and neighboring places.

practice is continued with a sizable financial burden on the
transport budget.

The information technology (IT) department in the hospital
took no time to gear up with increased demands due to
the pandemic. Since the patients are in isolation wards, the
devices were installed in the wards for communication between
the admitted patients and their attendants and visitors. For
making payments to various hospital services, the Credit
option was enabled for patients facilitating delayed payments.
The IT-enabled Tele-clinic and mind clinic services support
includes troubleshooting.

7. Infection Prevention and Control

The hospital is well-experienced in infection control. The
Hospital Infection Control Committee (HICC) headed by a
microbiologist plays an important role in infection prevention,
surveillance, and training. The HICC besides specialized
infection prevention, surveillance, training activities, rational
use of PPE—a precious commodity and special needs of the
biomedical waste management in laboratory and ward area was
managed. The intervention was targeted to minimize the risk
of transmission of health care-associated infection to patients,
hospital staff, and visitors.

All entry points in the hospital, college, library, and residential
areas have screening points. It was ensured that HCWs, patients,
and visitors are aware of respiratory and hand hygiene and
prevention of health care-associated infections and physical
distancing to avoid contact and droplet transmission.

Verbal instructions are provided regularly apart from
informational posters and cards, which were displayed in
strategic areas. It was strictly monitored that all HCWs are
applying standard precautions for all patients. Precautions on
potential infection due to aerosol droplets during coughing
and sneezing and physical contact are recommended
for suspected or confirmed COVID-19 patients. These
precautions were instructed to be continued until the patient
is asymptomatic. It was ensured that all instruments used are
either single use/disposable. Equipment (e.g., stethoscopes,
blood pressure cuffs, thermometers, and food trays) that need
to be shared among patients were instructed to be cleaned
and disinfected between use for each patient with surface
disinfectants. Implemented methods of routine cleaning
and disinfection of ambulances follow the recommended
standards and guidelines for COVID-19. A cleaning protocol
for the Institute buses that ferry employees daily was
also implemented.
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FIGURE 8 | Depiction of various problems faced, opportunities seized which was used to convert the challenges faced to strengths.

The training was given to staff on standard, contact, droplets,
and airborne precautions (including correct use of PPE, donning
and doffing, masks tested for fitting, hand hygiene, respiratory
hygiene, etc.). The HCCC has circulated the reuse policy for
N95 respirators, which has considerably brought down the usage
and purchase of this commodity. It is worth mentioning that
two of our infection control nurses who were certified Yellow
belts in the Lean Six Sigma supervised the use of PPE and other
infection control protocol compliance via their constant rounds
and vigilance. In general, moving and transporting patients out of
their room or general ward is avoided unless medically necessary.
Designated portable X-ray equipment and/or other designated
diagnostic equipment have been used all the time. If transport is
required, predetermined transport routes are used to minimize
exposure to staff, other patients, and visitors, and the patient
has to use a medical mask if tolerable or respiratory hygiene is
reinforced. Also, it was ensured that HCWs who are transporting
patients perform hand hygiene and wear appropriate PPE.

The HICC prepared protocols for rational use of PPE based
on the categorization of risk groups into high, moderate, and
low risk based on the exposure to potential asymptomatic
patients. For strict compliance, supervisors were assigned to
do the job. An SOP for use of PPE in non-COVID areas
was also prepared for cost-saving purposes. Outpatient and
inpatient areas were identified along with their activities and
responsibilities to classify them as per the above risk groups,
and the use of PPE, N95 masks, protective glasses, and face
shields was as accordingly recommended. Use of PPE for non-
COVID patients—obstetrics and gynecology surgical patients,

dialysis units, operation theaters, emergency services, and other
supportive services including ambulance services—was also
defined based on the aforementioned criteria and risk categories.
PPE use is made mandatory for treating confirmed or suspected
cases of COVID in all areas including testing centers. Specially
designated lifts took care of COVID patient transport to
special wards in designated isolated areas, in carefully planned
exclusive circuits in a manner that is not frequented by others
to avoid contamination. Pathways connecting staircases from
known COVID to non-COVID areas were sealed. Visitors
were restricted to those only who are found essential for
patient support.

The hospital with its risk mitigation system and well-outlined
protocols is supervised from time to time to take care of in-house
infection spread among the workforce, residents, and patients.
The contact tracing committee from the Community Medicine
department took care of tracing the source of infection and
possibilities of its spread among faculty, employees, and post-
graduates. The tracing committee followed an SOP for the same,
which included the personal details and retrospective details of
the contacts, categorizing them as high, moderate, or low risk
along with other presenting symptoms. Quarantine orders were
tailor-made for the aforementioned risk groups, and compliance
to the protocol was monitored for employees and students.
Movement restriction orders and Quarantine release orders are
given to people who are categorized in the risk groups. About,
89 HCWs turned out positive, of whom 41 were doctors, 36
were nurses, and 12 were other staff. Nevertheless, it was found
through contact tracing that none of these HCWs contracted

Frontiers in Public Health | www.frontiersin.org 10 June 2021 | Volume 9 | Article 673536120

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Coumare et al. Frontline Experience During COVID-19 Pandemic

FIGURE 9 | Master work flow of coordinated response from the hospital toward COVID management.

COVID-19 in the hospital through direct patient contact while
on duty, indicating SOPs for infection control implemented
are effective.

8. Patient Care

The triage system was used to determine which groups of
the patients should receive treatment and care services based on
their clinical status, the prognosis of the disease, and available
resources. To ensure adequate treatment of COVID-19 acute
respiratory infection, an efficient and accurate triage system and
an organized in-patient management strategy were implemented
(Figure 6).

All the entry points are planned with a “patient triage,” which
monitors and categorizes patients by recording temperature and
recording of symptoms and cursory examination at safe distance.
SOPs were prepared for asymptomatic, mildly symptomatic, and
severely symptomatic patients, and they are carefully mobilized
to designated areas. As mentioned before, separate isolation
wards were allotted for mild to moderate suspected cases and
confirmed cases were accommodated in the dormitory. Critical
care setup was augmented for confirmed and severely ill cases.
Isolated labor room and operation theater (OT) procedures with
negative pressure were set up by applying exhausts. One critical
care facility was converted to a COVID ICU to manage COVID

emergency cases. All the wards where COVID patients were kept
had a standalone air-conditioner facility.

Of the 1,000 patients treated for COVID-19, 24 patients died
due to cardiac arrest and two patients recovered with critical care
and the remaining patients recovered eventfully over a period.
The hospital with its specialists in critical care, anesthesiologists,
pulmonology, and general medicine provided round-the-clock
services on rotation duty with quarantine orders. Extracorporeal
membrane oxygenation (ECMO) facility, which was not available
in this hospital, was a limitation in providing very advanced care.
As no other neighboring hospital is equipped with such a facility,
patients requiring such support would be referred to another
tertiary care center of the adjacent city.

We ensured that all staff were aware of the national
and international guidelines (WHO and ICMR) for case
management. The guidelines included case definitions for
suspected/probable/confirmed cases, common clinical symptoms
associated with COVID-19, indications for admissions,
recommendations for testing, management of cases based
on severity, discharge criteria, and recommendation on
drug therapy. So far, more than 1,000 COVID patients were
given the care with more than 99% to complete recovery.
Common complications observed were arrhythmias and
cardiac arrest. The discharge policy was also based on a
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“reverse triage” system where priority on patient discharges
was planned.

9. Community Surveillance and Reaching out to the Society

Recognizing and immediately reporting unusual health events
(e.g., clusters of cases, atypical clinical presentations, etc.)
occurring in health care facilities are the cornerstone of the early
warning function. This task of early warning function by HCWs,
along with the laboratory and epidemiological data obtained
through systematic collection and analysis, allows the public
health authorities (Director of IDSP) to monitor the progression
of COVID-19 and inform interventions for those at the highest
risk of the severe outcome and helps hospital managers to plan
accordingly. One check post near the state border was allotted
to the hospital by the state authorities to screen the national and
international passengers crossing daily for symptoms of COVID-
19. Information Education and Communication (IEC) materials
were prepared, which were disseminated to four suburban
regions of Puducherry. The hospital was allotted four primary
health centers by the Ministry of Health and Family Welfare
of the Government of Puducherry for a door-to-door survey
program. Mobile app data collection was done for more than
80,000 people in a span of 45 days. The post-graduates of a
government hospital of the neighboring state were also involved
in supporting the contact tracing activities. Tele-consultation
for five districts was done for patients seeking answers to
COVID-related queries. These activities were undertaken by
the hospital Community Medicine department jointly with the
Health Department Government of Puducherry (Figure 7).

10. Laboratory Services

Laboratory services are most essential for the diagnosis and
clinical management of both COVID and non-COVID patients,
as well as for the hospital-based surveillance of COVID-19.
The hospital has a well-equipped research laboratory (Central
Interdisciplinary Research Facility), certified by the Scientific
and Industrial Research Organization of the Department of
Science and Industrial Research (DSIR) of the Government
of India. Besides, as in every hospital, there is a Central
Diagnosis Laboratory for testing parameters, such as complete
blood count, biochemistry profile, electrolytes, blood gas analysis,
blood culture, sputum examination, etc. However, to address
COVID testing through RT-PCR, a special BSL2 laboratory
accredited by NABL is mandatory to be recognized as a testing
facility. Since we have had a Molecular virology lab in place
with Bio Safety Laboratory (BSL-2 and BSL-3) facility in the
hospital premises, we could easily manage the COVID-testing
process with the available facility and expertise. In order to
establish as many COVID testing laboratories as possible in the
country, the Government of India desired assessors of the NABL
accreditation system to fast track the process. Accordingly, the
hospital premises were inspected for testing methods and SOPs
through a video conference drill for 8 h starting in the evening till
midnight before according accreditation certificate. NABL is an
accreditation body of India and had been set up under Mutual
Recognition Arrangements (MRA) signatory to International
Laboratory Accreditation Cooperation (ILAC) as well as Asia

Pacific Accreditation Cooperation (APAC) for the accreditation
of Testing and Calibration Laboratories (ISO/IEC 17025). As of
November 20, 2020, India had 1150 RT-PCR for COVID-19 in
the public sector and 634 in the private sector from only 35 in
March 2020.

Altogether, the hospital established a laboratory referral
pathway for the sample collection, identification, confirmation,
and monitoring of COVID-19. The staff has been trained
on packaging and transportation procedures for specimen
referrals in accordance with national and international transport
regulations and requirements.

11. The well-being of Health Care Professionals andWorkers

Well-being is the experience of health, particularly good
mental health, a sense of meaning or purpose, and the ability
to manage stress. Crises like these can damage the well-being
of health care professionals and workers. The mission of the
battle against COVID toward service and rehabilitation of society
was well informed to the frontline workforce. Infrastructure
and amenities for protection and health promotion were made
available. The entire workforce that was on duty was provided
with food and hospitality with proper hygiene precautions
and infection control protocols. Many health care professions
reach the hospital through public transport or private mode of
conveyance crossing the borders of the union territory into the
next state. Feedback from the employees was taken to address the
difficulties they face in times of crisis. A team was set to analyze
the feedback with necessary follow-up action. The Department of
Psychiatry addressed stress and other mental health issues related
to the pandemic by offering “Mind Clinic” —a free consultation
facility with hotline numbers made accessible to faculty and
students of the institute apart from its primary purpose of
addressing the public.

12. COVID Related Research Opportunities

Alongside responding to the pandemic, COVID/general
patient care, and teaching, the scope on research and innovations
has also been explored. The office of the Vice president of
Research, Innovation and Development has announced a “call
for innovative ideas to address unique challenges of Indian health
care sectors for management of COVID-19” for cash prizes.
The Chancellor of the University encouraged potential areas of
research to be identified with regard to COVID for a sumptuous
grant of 20 million INR (∼280,000 USD). As we communicate
this report, the hospital was given responsibility by the Central
Drug Licensing Authority to conduct phase 3 clinical trials of
randomized, double-blind, placebo-controlled, and multicenter
study to evaluate the efficacy, safety, immunogenicity, and
lot-to-lot consistency of indigenously developed whole virion
inactivated SARS-COV-2 vaccine in 1,000 adults ≥18 years of
age. The clinical trial is ongoing as per targets.

PROBLEMS, CHALLENGES,
OPPORTUNITIES TO STRENGTH

During the pandemic and due to lockdown imposed in the
country, most of the small, medium, and large hospitals had a
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reduced inflow of patients and the inpatient admissions have
come down from 70% to about 10–20% or maybe less in some
cases. OPDs were either closed or reduced (22). So, managing
hospitals in times of high risk of infection and an appalling dip
in the revenue became the biggest challenge faced by hospital
owners, directors, superintendents, chief executive officers, and
managers (Figure 8).

LESSONS LEARNED

• Establishment of an HCCC is necessary with its regular
meetings as the response team played a key role in the
development of standard operating protocols (SOPs) tailor-
made to local needs adopting and moderating the changing
directives from the health authorities at national and
international levels. This experience is unique and requires
more documentation considering external and internal
influences that permit designing SOPs that are location-
specific and implementable in resource-scarce conditions
(Figure 9).

• We learned from our experiences that integration of various
resources and their coordination in terms of the cohesive
workforce with an effective health care team and a response
team for disaster management, flexible hospital infrastructure,
state-of-the-art equipment, continuous availability of
drugs and other supplies, and transport and maintenance
departments are needed.

• The frontline health care professionals and workers need
continuous protection to contain the infection among
the workforce.

• The fear, anxiety, and apprehension among the faculty,
residents, and patients need to be alleviated to promote mental
health and well-being, using timely assurance and counsel by
a team. Well-being can be also through care and concern,
quarantine facilities, transport facilities, food, and hospitality
during the duty hours.

• A trans-disciplinary team approach may be needed in such a
crisis, whenever the need arises.

• Contingency in terms of financial resources, manpower
(health care professionals, paramedical staff), and space
availability would help to answer the needs for surge capacity.
This was the toughest challenge as there was no external
support. This hospital provided workforce to handle the
admission and COVID patients’ care in other government
hospitals of this region.

• Optimizing the workforce and uninterrupted supplies of
commodities for quality care were a challenge to be faced and
require hospital preparedness through a response team.

• Hospitals should not only rise to the occasion for management
but also assume a social responsibility of health education
among the public on good practices of healthy life and good
nutrition as a preventive measure in inpatient care.

• A smart leadership with good teamwork in the response team
is essential to manage the workforce entrusted with COVID
patient care in the frontline.

• Above all, we realized the importance of the Information and
Communication Technology (ICT) platform and its utility in
all forms audio-visual and telecommunication in public health
care at all times and under pandemic/epidemic situations.

CONCLUSION

Hospitals are among the most complex institutions in a
community. They are staffed by a multidisciplinary team
delivering a multiplicity of health services to a highly diverse
patient population generally suffering, collectively, from a wide
range of health problems. An epidemic/pandemic requires
a health facility to alter its priorities and adapt its work
routines to mount a coordinated, systemic response to a rapidly
evolving, potentially complex situation. Meeting the national
and international guidelines and SOPs under local situations
can be challenging. As detailed in the earlier pages, the
experiences and the lessons learned reveal that the workforce
that manages this terrible pandemic requires the right attitude,
transparent communication, clear vision, togetherness, empathy,
wise approach in patient care, and follow-up. The learning is
never complete. Every day poses new challenges that need to
be converted to opportunities to learn more and combat this
global pandemic. Any mild decline in the incidence of cases
and mortality rate should not create an assumption that the
battle against COVID is won. A return of the wave of cases is
always anticipated, which signals improved preparedness with
the lessons learned over the last few months. The hospital with
this experience is now equipped and trained to care for any
such similar health emergency or outbreak in the future. The
university with its teaching medical facility has gained definitive
experience and is poised to join hands with other such health
care organizations, to combat this global pandemic with its ability
to successfully adapt the guidelines of state and national bodies.
Despite various limitations and unexpected challenges, the strong
structural reinforcement and cohesive workforce along with the
transformation of the hospital being “an effective COVID care
center” is a “story of a journey worth shared.”

While Indian medical schools were set with curricula as
per regulatory bodies, a sudden hairpin turn to embrace
molecular diagnostics was more than challenging in terms
of infrastructure and expertise at all levels. For institutions,
such as MGMCRI, a hairpin turn never came because the
institution had a well-established Inter-disciplinary Research &
Diagnostics Center (CIDRF). Therefore, the inclusion of COVID
diagnostics was only policy preparedness. On the other hand,
in institutions where medical education was the only primary
responsibility, the hairpin turn was a difficult makeover to
manage in time. With this experience, a new theory of learning
across disciplines has come into focus that has led to different
approaches to the design of molecular diagnostic laboratories,
highly qualified personnel to establish a functional competence,
and training of the medical fraternity to relay such competence.
Additionally, ICMR and NABL have rightly set regulations
normalizing such establishments. Equally important, the growth
of interdisciplinary approaches and new scientific collaborations
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have begun to make the path from basic research to pandemic
management to educational practice somewhat more visible, if
not yet easy to travel.

Finally, we share our real-time ground-level experiences
in the hope that the documentation will lead to more
pragmatic policymaking and devising standard operating
procedures in the future that are particularly tailor-made to
countries with limited human, infrastructural, and financial
resources and that are behind the curve in the spread of
the pandemic.
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INTRODUCTION

The COVID-19 pandemic is a continuing disaster for global health (176 million infections and
3.8 million deaths till the date 15th June, 2021) and the world economy (losses of USD 9
trillion) but it is the poorest nations that suffer the greatest burden. In the early weeks of the
pandemic, many low- and middle-income countries (LMICs) used emergency measures to adopt
at least some of the non-pharmaceutical mitigation measures recommended by the WHO (1)
including social distancing, local and national “lockdowns” and the closure of international borders.
The consequence of these restrictions was a precipitous and insupportable loss of income for
many families. Although, high-income countries (HICs) have been able to support their citizens
economically during these measures, LMICs have found the trade-off between public health and
the broader needs of society hard to manage. In South-Asian LMICs like Nepal, Bangladesh, and
India, more than 80% of the work force operates within a poorly paid informal employment sector
that spans construction, agriculture, manufacturing, trade, transport, and domestic service (2).
These workers and their families rely on daily earnings and unencumbered movement to maintain
a hand-to-mouth existence. They have exhausted their medical and economic resources and are
now undergoing major crises (3). The plethoric consequences of the pandemic and economic crash
include hunger, malnutrition (4), mental illness, and suicide (5).

The second wave of transmission is now overwhelming South-Asian LMICs (6, 7) and the sheer
number of infections in India (currently >400,000/day) pose a tremendous risk to neighbors such
as Nepal and Bangladesh which share long, porous borders. This article advocates for recognition
of the almost insurmountable obstacles that face the implementation of non-pharmaceutical
interventions for COVID-19 management in Asian LMICs and calls for a global commitment to
the equitable distribution of therapeutants and vaccines.

CHALLENGES TO THE COVID-19 RESPONSE IN SOUTH-ASIAN

LMICS

The recorded incidence of COVID-19 cases and deaths in many high-income countries (HICs)
such as the USA and Europe recently exceeded that of Asian LMICs (7). The initial severity of
the pandemic in HICs partly resulted from SARS-COV-2’s rapid establishment in those countries
with open borders and busy global and national transport networks. COVID related admissions
to the UK’s hospital reached a critical stage in many regions with a new coronavirus patient being
admitted every 30 s (8). However, public health systems on the verge of collapse initially survived
following robust contact tracing, wider testing and national “shelter at home” campaigns supported
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by overwhelming government aid. By the beginning of 2021,
the immediate threat to many HICs had been mitigated by
improvements in clinical management and drug treatments, and
rapidly expanding vaccine programs. In contrast, some of the
initial impact on LMICs may have been masked by a lack of
testing capacity and the fact that most deaths in LMICs occur
at home without notification of an attributable cause. In many
Asian LMICs, human densities, crowded housing, the precarious
nature of people’s livelihoods, and the lack of government
resources have challenged community compliance with “shelter
at home” campaigns. With iniquitous access to public health
services, ventilators, oxygen, therapeutants, and vaccines, the
number of COVID-19 cases in LMICs is now greatly exceeding
those recorded in HICs (7, 9). In many Asian LMICs, testing
capacity remains inadequate, but in India there appear to be 4
times more daily cases now, than in their first transmission peak
(September 2020). The current infection rates in neighboring
Nepal and Bangladesh have also doubled their past records (7).
Governments themselves have also exacerbated and facilitated
transmission in some circumstances. In beginning of 2021,
political leaders in Nepal organized mass rallies immediately
prior to the second surge of the pandemic and, in India, the
populist government endorsed attendance at religious festivals
and political rallies (10). It is not known whether constantly
evolving new variants are contributing to these totals but,
in recent months, variants isolated in the United Kingdom
(B.1.1.7), South Africa (B.1.351), and India (B.1.617) have all
been implicated as causing local and regional transmission spikes
(11, 12).

TheWHO details nine “pillars” to support the global response
to COVID-19 (1). These are intended to limit transmission,
care for the affected and protect essential health services. The
WHO acknowledges that these measures will cause significant
stresses on society, the economy and public health and it urges
mitigation of those effects through the protection of food access,
livelihoods, and essential services (1). In this respect, LMICs are
challenged on every front: They do not have the infrastructure
necessary to provide intensive care for large numbers of patients
with respiratory failure (9) and they do not have access to
the diagnostics and management systems that are required
for tracking COVID-19 with any precision or for overseeing
the implementation of spatially targeted non-pharmaceutical
interventions. LMICs already carry the greatest burden of other
communicable infectious diseases such as tuberculosis, malaria,
HIV/AIDS, dengue, and diarrhea (13). The immense stresses
that these existing diseases place on already limited public health
resources have now been eclipsed by the demands of the COVID-
19 pandemic. Health outcomes and the management of all other
infectious and chronic diseases are worsening.

In many Asian LMICs, the number of ICU beds is
far less than required, access to drug treatments such as
dexamethasone is limited, the supply of therapeutic oxygen and
ventilators is inadequate (9). There are predictions of >1.5M
COVID-19 related deaths in India by August 2021 (14). The
country’s capacity to export vaccines abroad is in doubt, leaving
neighboring countries fully exposed. In Nepal, the Ministry of
Health warns that COVID-19 assigned beds are fully occupied,

and the infection rate is beyond the capacity of the health system
as patients queue for beds and oxygen (15) Bangladesh has a
similar problem – for a population of almost 170M people
there are just 1,200 ICU beds - mostly in the private health
sector (9).

THE REALITIES OF COVID-19

MANAGEMENT RESOURCES IN LMICS

As an example of the resources available to support beleaguered
communities in HICs, Australia spends US$5000 on health care
per capita annually and in 2020-21, expenditure on COVID-
19 is expected to peak at US$ 65 billion (16) LMICs have
no such resources: Bangladesh spends US$32 per capita on
health care annually, that is 0.6% of the money committed
for Australians, and implemented an emergency COVID-19
response programme worth 1% of GDP or US$ 3.4 billion
(2), in 2020. Those sorts of funds cannot support LMICs
communities through extended periods of lockdown, social
distancing, and unemployment.

Non-pharmaceutical interventions have proven highly
effective in COVID-19 pandemic control, in HICs. Slowdown
of virus transmission due to lockdown helped them to maintain
surge capacity within the healthcare system, and provided
them with the opportunity to build up health care capacity
and resources required for the provision of critical care, the
implementation of mass testing and contact tracing, or the
development and procurement of diagnostics, therapeutics
and vaccines.

In contrast, the larger proportion of people from LMICs
have completely different demographics and livelihoods. Many
cities, such as Delhi, Dhaka, and Kathmandu are characterized
by their crowded transport, living and working conditions - most
earnings are unreliable and insecure and consist of carrying out
manual work in exchange for low wages, yet wage earners must
retain their mobility and endure close physical proximity to
others, working in confined spaces regardless of the associated
risks. More than 70% of urban households in Bangladesh lost
the majority of their income within days of lockdown being
imposed (17).

LMICs have no choice of shelter at home, working from home,
online education, and online shopping. At the beginning of the
pandemic, cognizant of the overwhelming challenges that lay
ahead, many LMICs did act quickly to close borders and limit
virus immigration. Although, lockdowns and boarder closure
have slowed down the transmission of the virus at the beginning,
faced with increasing transmission, little capacity for testing and
contact tracing, their benefits in the long run are less clear. The
simplest of mitigating measures have proved hard to implement.
Even regular and effective handwashing is difficult among LMIC
households that share outdoor water supplies and latrines. For
many LMICs, the only pragmatic approach to the pandemic may
be to focus on implementing the basic interventions of hand
washing, disinfection of surfaces, the use of masks, and staying
at home when symptomatic. Even those measures will require
tremendous investment in community engagement, accurate
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public health messaging and the provision of resources such as
safe water and handwashing supplies (17).

VACCINES – ACCESSIBILITY AND

INIQUITY

Twelve months after the pandemic’s start there have been
enormous global efforts to combat COVID-19. Multiple new
vaccines, of varying efficacy, have been developed and approved
for use in record time and 1.3 billion people have received at
least one dose (18). However, in many LMICs without vaccine
manufacturing capacity, inoculation programs have stalled and
vaccine procurement through philanthropic organizations such
as the Global Alliance for Vaccines (GAVI) is challenged
by the individual self-interest of some HICs (19). Whilst
the larger human population remains unvaccinated, COVID-
19 continues to rage and the resulting international travel
restrictions continue to devastate economies. Moreover, the
continuing process of mutation and selection poses a risk
even to those HICs with high vaccine coverage. Variants
such as B.1.351 (isolated in South Africa), P.1 and P.2
(isolated in Brazil) share “escape mutations” that reduce
their neutralization by the human antibodies generated by
different variants or some vaccines (20). The longer that
LMICs remain unvaccinated, the greater the risk to vaccine
efficacy globally.

CALL FOR GLOBAL SUPPORT

Unable to afford sustained lockdowns, many communities
within LMICs have had to make a choice between earning a
wage and contributing reluctantly to COVID-19 transmission.
Although, borders can be opened and closed with ease,
most LMIC governments find national distancing measures
impossible to justify or maintain because of the impact
they have on the urban poor. Ultimately the world must
reopen, because trade, tourism and the remittance incomes
that come from emigrant employment are essential to
many countries’ social and economic well-being. As the
pandemic and the economic crisis continue, the amount of
money migrant workers send home is projected to decline
by 14% by 2021, compared to the pre-COVID levels in
2019 (21).

Although, we have come to expect that the management of
epidemic diseases with disproportionate burdens in LMICs is
funded by coalitions of governments, banks, philanthropists, and
charities, the additional funding now required for the COVID-
19 response is staggering. The World Bank, in addition to

its US$12 billion funding to developing countries for them to
purchase and distribute COVID-19 vaccines, tests and treatment,
is making available a further $160 billion to assist LMICs in
mitigating the health, economic, and social shocks countries are
facing (2). Organizations such as GAVI have seen billions of
dollars in extra donations from its members but much more will
be required if these initiatives are to have an enduring impact,
not only on the health sector but also for mitigating the expected
economic downturn.

In the longer term, LMICs need to develop their own
capacity to manufacture and distribute vaccines. However, more
than half of the population in LMICs is rural area, earning
<USD 3/day, are dependent on primary health centers (2).
So, production of low-cost vaccines and strengthening primary
health centers is critical for them, but LMICs are challenged
by their limited capacity for manufacturing test kits, limited
budgets for equipment and reagents, and scant ability to make
competitive bids for global supplies. Intellectual property (IP),
complete or partial waiver, could be an effective way to massively
scale up manufacturing of diagnostic and therapeutic needs
(22). More than 100 developing nations have proposed IP
amendments. HICs such as Australia, the UK, the EU did not
approve those proposals.

CONCLUSIONS

Connectivity and cross-border movements have been
fundamental to economic growth across the world, but
they have also facilitated the pandemic. Accepting that continued
mobility is required for economic sustainability, no country can
thrive until all countries can manage their infection rates. As
part of that effort, LMICs are now having to choose what subset
of mitigating tactics they can afford. Their implementation must
be weighed carefully against their feasibility and societal cost.
COVID-19 now seems likely to be with us for the long term –
that means that effective treatments or vaccines will be critical
to solving the crisis. There should be equitable delivery without
prejudice, across the globe.
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Introduction: Medical students have been serving as a key part of the frontline

health workforce responding to the coronavirus disease 2019 (COVID-19) pandemic

globally. Their contribution is especially important in the resource-scarce settings

of developing nations such as Vietnam. Yet, the intention of medical students, in

particular, nursing students, to participate in COVID-19 frontline prevention activities

has not been well-understood. This study aimed to examine factors associated with

the intentionto participate in COVID-19 frontline prevention activities among Vietnamese

nursing students.

Methods: A cross-sectional study was conducted on a total of 597 students

in December 2020 in Hanoi, Vietnam. Information regarding the socioeconomic

characteristics of participants, their source of COVID-19 related knowledge, and

their perception and attitude toward participating in COVID-19 frontline activities

[based on Theory of Planned Behavior (TPB)] was collected. A hierarchical regression

model was employed to examine the association between intentions of students and

associated factors.

Results: A positive intention to participate in COVID-19 frontline prevention activities

was found (mean score of 25.3 over 35; SD = 4.4; min = 5; max = 35). Attitude

toward behavior, subjective norms, and perceived behavioral control (PBC) was

found to be significantly associated with the intention of students. These variables

explained the 37% variation in the intention of students in the model. Among

three factors, subjective norm showed the strongest correlation with intention of

students (β = 0.358; p < 0.001). Obtaining information from official sources and

community was also found to be positively correlated with intention to participate.
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Conclusion: Most of the respondents reported a positive intention to participate

in COVID-19 frontline prevention activities. The findings suggested that the TPB was

a good instrument to predict the intention to perform behavior among Vietnamese

students. Enhancing the positive attitude of students, encouraging family and community

supports, and providing adequately essential resources will contribute to optimizing the

participation of students to confront COVID-19.

Keywords: intention, COVID-19, frontline, nursing students, the theory of planned behavior

INTRODUCTION

OnMarch 11, 2020, the WHO formally declared the coronavirus
disease 2019 (COVID-19) a pandemic (1), reflecting an inability
to contain its spread, and as of March 28, 2021, over 126 million
confirmed cases, including over 2.7 million deaths, have been
reported worldwide (2). Facing the shortage of health workforce
as a result of the COVID-19, expanding the health workforce by
the recruitment of retirees or final year of healthcare students is
a possible solution for many countries. In Denmark, final-year
medical students have been employed as temporary residents
at hospitals (3). In the United Kingdom, the hospitals have
successfully integrated medical students into nursing teams (4).
The experiences of the COVID-19 pandemic in Poland have
shown that medical students who have worked voluntarily in
frontline health services reported a low level of fear and received
positive feedback from family, friends, patients, and healthcare
workers (5). In the US, medical students can deploy to local
health agencies to implement rapid testing, join student outbreak
response teams, implement critical preventive policies, or be
staff of community call centers that offer guidance and services
to individuals with symptoms of or exposed to COVID-19 (6).
Recent studies reported factors influencing the intention of
medical students to work in the frontline during the COVID-
19 pandemic including family support (7), the availability of
protective personal equipment, and the risk of infection (8). A
study in Denmark revealed that 80% of medical students in a
university had decided to join the COVID-19 pandemic frontline
healthcare workforce (9).

The first case of COVID-19 in Vietnam was declared on
January 23, 2020, and as of March 28, 2021, over 2,500
confirmed cases and 35 deaths were reported (10). Vietnam
has been acknowledged as one of the most successful countries
in the world in controlling morbidity and mortality due
to COVID-19 through the integration of resources from
multiple sectors, such as health, mass media, education, public
affairs, and defense (11). The Vietnam Ministry of Health
has announced to mobilize the entire health workforce for
the prevention and control of the COVID-19 pandemic, in
which students at healthcare universities and colleges, including
medical students, nursing students, or pharmacy students, have
to be trained on disease prevention, patient care, surveillance,
detection tests, and measures to prevent epidemics in the
community. Furthermore, these students should be ready to
voluntarily participate in COVID-19 prevention tasks when
assigned (12).

According to the Theory of Planned Behavior (TPB), human
behavior could be predicted by the intention to perform
that behavior (13). This behavioral intention is determined
by three components (Figure 1): attitude toward the behavior
(the degree to which a person has a favorable or unfavorable
evaluation of the behavior), subjective norm (perception of an
individual about the particular behavior, which is influenced
by the judgment of significant others such as parents or
friends), and perceived behavioral control (PBC) (the perceived
ease or difficulty of performing the behavior of interest) (14).
The more favorable the attitude and subjective norm, and
the greater the perceived control, the stronger should be the
intention of the person to perform the behavior (15). This
psychological theory was developed by Icek Ajzen to improve
the predictive power of the Theory of Reasoned Action by
adding the factor of PBC in the model (14). The TPB has been
applied in many research worldwide to explain a variety of
health-related behaviors, for example, taking HPV vaccination
(16), using mental health services (17), or participating in
physical activities (18). Furthermore, the TBP has been used
to predict the behaviors of health professionals in previous
studies, including the intention to care for patients with emerging
infectious diseases (19) or to care for patients with severe acute
respiratory syndrome (SARS) among nurses in Korea (20) and
Taiwan (21). Previous studies also have demonstrated that three
factors of TPB explained a 20–50% variation in the intention
of the participants to perform study behavior (16, 19, 21,
22).

Although Vietnam has achieved certain success in the fight
against the COVID-19 pandemic, the potential risk of new
epidemic waves requires the readiness of the entire healthcare
workforce, including university and college students. The nursing
students are young people trained to be nurses in the future, who
care directly for patients in clinical settings. This study aims to
examine how TPB factors are associated with the intention to
participate in COVID-19 frontline prevention activities among
a sample of nursing students in Hanoi, Vietnam.

METHODS

Study Setting and Participants
A cross-sectional study was conducted on nursing students at
the Hanoi Medical College in 2020. The inclusion criteria of
participants in this study were as follows: (1) students in the
3-year nursing training program at Hanoi Medical College, (2)
students agreeing to participate in the study through the consent
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FIGURE 1 | The Theory of Planned Behavior (TPB).

form, and (3) students having the full ability to answer the
question. Students who reported to be ill or unwell on the
survey day were excluded. There have been about 30 classes each
year with an estimated number of 25 students per class at the
Hanoi Medical College. First, we randomly selected eight classes
per year of education and then invited all students available in
classrooms on the survey day to participate in the survey. A total
of 597 students from the first year to the third year of the nursing
training program completed the self-anonymous questionnaires.
The response rate was 100%.

Measurement
The self-anonymous questionnaires have been developed to
measure the intention of students and three associated factors
based on the guideline of constructing TPB questionnaires
(14, 15) and references from previous studies (19–21). The
questionnaires were reviewed by three experts in the fields of
nursing, behavioral sciences, and public health. Before the main
survey, a pilot survey was conducted with 30 students to examine
the clarity of the items, the completion of the questionnaires, and
the time required. Based on the pilot study and consultation with
experts, some changes were made to increase the quality of the
questionnaires. All measures use a 7-point Likert scale, ranging
from 1 (strongly disagree) to 7 (strongly agree). Negative items
were coded reversely before scoring the scales.

The study instrument has been used to collect the
following information:

Socioeconomic characteristics include age, sex, year of
education, residence of the family (urban/rural), having
family/relatives working in the health sector (yes/no), having

elderly in the family (yes/no), living with parents/relatives
(yes/no), and information sources about COVID-19.

The intention of students toward behavior was measured
by a scale of five items in which respondents reported their
perception of whether they would like to participate in COVID-
19 frontline prevention activities in different levels such as be
always ready to participate, participate when it is needed, or
consider participating. Intention score of each respondent was
calculated by the sum of five items. A higher score showed a
more positive intention about the behavior. The intention toward
behavior scale had a moderate internal consistency (Cronbach’s α

is 0.64). Three components predicted the intention of students:
Attitude of students toward participating in COVID-19

frontline prevention activitieswasmeasured by their belief about
the benefits and disadvantages of performing the behavior (e.g.,
“Participating in COVID-19 frontline prevention activities is
a good opportunity for learning by doing,” and “Participating
in COVID-19 frontline prevention activities will increase the
infection risk for me”). The attitude score of each student was
calculated by the sum of eight items on the scale. A higher score
indicated a more positive attitude toward behavior. The attitude
scale had a relatively high internal consistency (Cronbach’s α

is 0.76).
Subjective norm was measured by the normative beliefs of

students in participating in COVID-19 frontline prevention
activities by considering the support from family (parents,
siblings, neighbors, and community where they are living), school
(teachers, school policies), and peers (girlfriends/boyfriends,
close friends, and classmates). Individual subjective norm score
was calculated by the sum of seven items on the scale. A higher
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score presented a greater normative belief about the behavior.
The subjective norm scale had a high internal consistency
(Cronbach’s alpha is 0.90).

Perceived behavioral control was measured by the confidence
of students in their knowledge and skill to perform the behavior.
This knowledge and skill refer to the availability of institutional
resources, including updated information, personal protective
equipment, and assistance from other health professionals. PBC
indicates the perception of students of how easy or difficult
it would be to participate in COVID-19 frontline prevention
activities. Individual PBC score was calculated by the sum of
seven items on the scale. A higher score showed greater perceived
control of the behavior. The PBC scale had a relatively high
internal consistency (Cronbach’s α is 0.76).

Data Analysis
Data were analyzed using STATA version 15. The intention
toward behavior was treated like a dependant variable, while
attitude, subjective norm, and PBC were treated as independent
variables. Descriptive statistics were used to analyze the general
characteristics of participants and the mean of the intention
scale. The Pearson correlation was applied for scales of the TPB.
The hierarchical linear regression was performed to examine
the association among three TPB components and the intention
of students to participate in COVID-19 frontline prevention
activities controlled by general characteristics variables of the
students and the sources of knowledge about COVID-19.
The associations were tested using α < 0.05 as the level of
statistical significance.

The formula for a multivariable linear regression is as follows:
Y = a+ b1 ∗ X1 + b2 ∗ X2 + . . . + bi ∗ Xi,

where Y is the dependent variable, Xi is the independent
variable, a is the intercept, and bi is the regression coefficient of
the variable Xi.

We applied the hierarchical linear regression with
four models:

Model 1: Students’ intention= a+ Attitude
Model 2: Students’ intention = a + Attitude +

Subjective norm
Model 3: Students’ intention = a + Attitude + Subjective

norm+ PBC
Model 4: Students’ intention = a + Attitude + Subjective

norm + PBC + General characteristics of the participants +

Sources of knowledge about COVID-19.

RESULTS

General Characteristics of the Participants
and the Scales
Table 1 shows that, of the 597 students who completed the
questionnaires, most were females (79.1%); the average age is
19.6; two-fifth of the students (39.5%) reported family relatives
working in the health sector; three-fifth of the students (61.7%)
reported having family residence in urban areas; half of the
students (50.8%) reported living with their parents/relatives; over
a half of the students (57.8%) reported having elderly in the
family. Regarding the sources of knowledge about COVID-19;

58.0% of respondents reported that they receive information
from the Ministry of Health, 56.0% from the community, and
23.6% from the universities.

Table 2 presents the characteristics of four scales used to
measure the intention of the participants and three associated
factors. Descriptive statistics show that the average score is
relatively high across all assets. Among four scales, three scales
measuring independent variables have high internal consistencies
and normal distributions. The mean score of the intention to
participate in COVID-19 frontline prevention activities was 25.3
of 35, indicating a positive attitude.

Table 3 shows statistically significant positive relationships
between the intention to participate in COVID-19 frontline
prevention activities and the attitude toward behavior (r = 0.361,
p < 0.01), subjective norm (r = 0.542, p < 0.01), and PBC (r
= 0.491, p < 0.01). Besides, bivariable correlations among three
associated factors were positive and significant.

Association Between TPB Factors and the
Intention of Students
Table 4 presents the relationship between three factors of TPB
and the intention of students to participate in COVID-19
frontline prevention activities by hierarchical linear regression
analysis. Model one showed that attitude explained a 12.9%
variance in the intention of students (β = 0.361, p < 0.001).
In model two, attitude and subjective norms explained 31.5%
variance in the intention of students (β = 0.167 and 0.474,
respectively; p < 0.001). In model three, three components of
TPB explained a 35.9% variance in the intention of students.
The last model explained a 37% variance in the intention of
students with the entry of background variables and sources
of information (R2 = 0.370; F = 23.99, p < 0.001). Receiving
knowledge of COVID-19 from the Ministry of health (β = 0.146,
p < 0.01) and community (β = 0.114, p < 0.01) were significant
variables with model changes.

DISCUSSION

To our knowledge, this is the first study to explore the intention
of students to participate in the COVID-19 frontline prevention
activities and associated factors based on the TPB in Vietnam.
The findings revealed a positive intention to participate in
COVID-19 frontline prevention activities among a sample of
nursing students in Hanoi (mean score 25.3 of 35). This level
of intention is higher than the intention to care for patients
with SARS among nurses in Taiwan (21) and Korea (20). This
difference explained by the COVID-19 mortality is relatively
low in Vietnam compared to other countries in the world
(10), while SARS was known as a life-threatening emerging
disease with higher mortality (23), and the participation in
prevention activities has a lower risk than in caring for patients.
However, the mean score of the intention scale in this study
is in line with the study on the intention to care for patients
with emerging infectious diseases among the sample of Korean
nurses (19), suggesting a similarity in risk perception among the
two populations.
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TABLE 1 | General characteristics of the participants and the intention score (n = 597).

n % Intention (ranged score: 1–35)

Mean ± SD p

Gender

Male 125 20.9 25.1 ± 4.4 >0.05

Female 472 79.1 25.3 ± 4.6

Age (mean ± SD; min; max) 19.6 ±1.5; 18; 28

Year of education

First-year students 198 33.2 25.8 ± 4.1 >0.05

Second-year students 202 33.8 25.4 ± 3.9

Third-year students 197 33.0 24.7 ± 5.0

Having family relatives work in the health sector

Yes 236 39.5 25.5 ± 4.3 >0.05

No 361 60.5 25.1 ± 4.5

Family’s residence

Urban area 362 61.7 25.1 ± 4.5 >0.05

Rural area 225 38.3 25.6 ± 4.3

Living with

Parents/relatives 303 50.8 25.6 ± 4.0 >0.05

Others 294 49.2 24.9 ± 4.8

Elderly people in the family

Yes 345 57.8 25.1 ± 4.5 >0.05

No 252 42.2 25.5 ± 4.3

Sources of knowledge about COVID-19 (A question with many answers)

Ministry of health 346 58.0 25.9 ± 3.7 <0.01

University/College 141 23.6 26.2 ± 3.9 <0.01

Relatives/friends 109 18.3 26.1 ± 3.9 <0.05

Community 334 56.0 25.4 ± 4.4 >0.05

Others 23 3.9 25.8 ± 4.4 >0.05

TABLE 2 | Characteristics of the scales.

Scale Number of items Mean; SD Min; Max Skewness; Kurtosis Cronbach’s α

Intention 5 25.3 ± 4.4 5–35 −1.2; 5.4 0.64

Attitude 8 38.7 ± 6.2 14–56 −0.01; 3.6 0.76

Subjective norms 7 36.2 ± 8.3 7–49 −0.7; 3.5 0.90

PBC 7 35.7 ± 5.8 11–49 −0.7; 4.2 0.76

The TPB was selected as a theoretical framework for this
study because it has been used successfully to understand health-
related behaviors and other professional behaviors in many
countries; however, it has not been applied in Vietnam. With
the aim of the study to examine the association between three
components of TPB and the intention to participate in the
COVID-19 frontline prevention activities, we found that attitude,
subjective norm, and PBCwere significant factors associated with
the intention. Students who reported a more positive attitude,
greater perceived support from surrounded people, and stronger
PBC were more likely to have greater intention to participate in
the COVID-19 frontline prevention activities when needed. The
linear regression model including these three factors, controlled
by the general characteristics of the respondents, has explained

a 37% variance in the intention. Previous studies reported
different results. A systematic review and meta-analysis on food
safety behavioral intention revealed that the accumulated TPB
explained 22% of the total true effect variance (22). Another
study found an explanation for the 35% variance in the intention
of nurses to care for patients with SARS (21) while this figure
increased to 54 and 55.1% on the intention of taking HPV
vaccination and the intention of nurses to care for patients with
emerging infectious diseases, respectively (16, 19). Collectively,
these results suggested the applicability of the TPB in predicting
behavioral intention among the general population and health
professionals as well.

In this study, the subjective norm was found to be the
most significant among predictor variables. Subjective norm,
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TABLE 3 | Correlations between the scales of the Theory of Planned Behavior

(TPB).

Intention Attitude Subjective norms PBC

Intention 1

Attitude 0.361* 1

Subjective norms 0.542* 0.409* 1

PBC 0.491* 0.447* 0.512* 1

*p < 0.01; Pearson’s r-values are presented.

TABLE 4 | Hierarchical linear regression of study variables.

Model 1 Model 2 Model 3 Model 4

Attitude 0.361* 0.167* 0.093** 0.083**

Subjective norms 0.474* 0.372* 0.358*

Perceived behavioral control 0.259* 0.247*

Gender (vs. female)

Male −0.034

Year of education (vs. first-year students)

Second-year student −0.017

Third-year student −0.034

Having family relatives work in the health sector (vs. no)

Yes 0.015

Family’s residence (vs. urban)

Rural areas 0.005

Living with (vs. parents/relative)

Other 0.048

Elderly people in the family (vs. no)

Yes 0.019

Sources of knowledge about COVID-19

Ministry of health (vs. no)

Yes 0.146*

University (vs. no)

Yes 0.005

Relatives/friends (vs. no)

Yes −0.020

Community (vs. no)

Yes 0.114*

Others (vs. No)

Yes 0.063

R2 0.129 0.315 0.359 0.370

p <0.001 <0.001 <0.001 <0.001

F 88.93 137.93 112.16 23.99

**p < 0.01, *p < 0.05; Standardized coefficients are presented.

a perception about behavior influenced by the judgment of
significant others, was reported as the most influential factor to
predict the intention to practice food safety in the US (22). In
a study, Feng and Wu (24) explained the influence of Chinese
and Taiwanese culture on subjective norms that then influence
the behaviors of nurses in caring for patients. Taiwanese people,
like many Asian people including Vietnamese, tend to be less

individualistic than Western people and so their behaviors are
more influenced by the values and points of view of other people
(24). However, previous studies on the intention of nurses to care
for patients with SARS and patients with emerging infectious
diseases reported that PBC was the strongest predictor of
intention (19, 21), not the subjective norm. This can be explained
that nurses had experiences in their professional field then they
understood better about the advantages and disadvantages of
the performing behaviour than nursing students. In contrast,
nursing students in our study are young people (mean age
of 19.6), therefore the support of families, peers, schools, and
communities is very important and strongly influenced to their
normative beliefs.

The study found that obtaining COVID-19 related
information from the Ministry of Health and from the
community positively influences the intention of nursing
students to participate in frontline prevention work. This
provides some insights into the relationship between the source
of information regarding COVID-19 and the desire to join
the frontline medical workforce of medical students, which
has otherwise been under-researched. Existing literature on
the intention of medical students to participate in COVID-19
prevention activities has investigated the correlation between
other factors and intention to participate. A study on Chinese
medical students cited pressure and the extent of support from
family as correlating factors (7), while others found sense of
purpose (25, 26), desire to help (8, 25), and to learn and gain
professional experience (8, 27) to be some of the most common
reason for medical students to participate in frontline COVID-19
prevention activities. Knowing the possible influence of source of
knowledge about COVID-19 on the intention of participation of
nursing students implies that such intention can be encouraged
by managing the content of information distributed through
official (Ministry of Health) and community channels. It is crucial
for students to receive accurate and timely information about
the pandemic, particularly on issues that relate to their possible
participation in prevention work, including the availability of
personal protective equipment, the implementation of necessary
procedures at health facilities and communities to identify and
isolate possible positive case, and how participation can affect
their study and possible compensation.

In the context of the COVID-19 pandemic, the mobilization
of all health workforce, including medical students, nursing
students, and other healthcare students, is essential to
confront the shortage of human resources for both developed
and developing countries. Student response teams were
initially formed at the country like the US (28) and
Vietnam (29) with the participation of a limited number
of students and schools. In Vietnam, the capacity of local
authority and community on epidemics was identified to be
moderate (30). Therefore, to mobilize students effectively
and broadly, understanding predictors of the behavioral
intention of students will provide evidence for education
and communication programs. University teachers play an
important role in improving the attitudes of students to
participating in COVID-19 frontline prevention activities as
good opportunities for learning by doing. Communication
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programs should encourage family and communities to support
the activities of students. Besides, providing adequately essential
resources such as protective personal equipment and updated
information about the disease is needed to increase the PBC
of students.

This study has some limitations. First, it is considered
that other important associated factors with students might
not be included in this study, for example, knowledge of
students about COVID-19 prevention. This weakness should
be improved in further research. Second, participants recruited
from a college located in Hanoi, the capital of Vietnam, may
not represent a majority of students throughout the whole
country. Third, the instrument developed for the first time
in Vietnamese with limited items needs to be tested further
to increase the consistency and reliability of scales. Further
studies are needed to overcome these limitations and examine
the behavioral changes corresponding to the different stages of
the epidemic.

In conclusion, this study found that most of the respondents
reported a positive intention to participate in COVID-19
frontline prevention activities. Three components of TBP,
namely, attitude toward behavior, subjective norm, and
PBC, were significantly associated with the intention of the
student, suggesting that the TPB was a good instrument to
predict the intention to perform behavior among Vietnamese
students. The education program should consider these
factors to encourage the participation of students to confront
COVID-19.
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The Indonesian Government has issued various policies to fight Coronavirus Disease

(COVID-19). However, cases have continued to fluctuate over a year into the pandemic.

There is a need to assess the country’s healthcare system’s capacity to absorb and

accommodate the varying healthcare demands. We reviewed the current capacity of

Indonesia’s healthcare system to respond to COVID-19 based on the four essential

elements of surge capacity: staff, stuff, structure, and system. Currently available medical

staffs are insufficient to deal with potentially increasing demands as the pandemic

highlighted the human resources challenges the healthcare system has been struggling

with. The pandemic has exposed the fragility of medical supply chains. Surges in the

number of patients requiring hospitalization have led to depleted medical supplies. The

existing healthcare infrastructure is still inadequate to deal with the rise of COVID-19

cases, which has also exposed the limited capacity of the healthcare infrastructure to

manage medical waste. The COVID-19 pandemic has further exposed the weakness of

the patient referral system and the limited capacity of the healthcare system to deliver

essential health services under prolonged emergencies. The Indonesian Government

needs to ramp up the country’s healthcare capacity. A wide range of strategies has

been proposed to address those mounting challenges. Notwithstanding, the challenges

of increasing healthcare capacity highlight that such efforts could represent only one

part of the pandemic response equation. Effective pandemic response ultimately

requires governments’ commitment to increase healthcare capacity and flatten the

curve concurrently.

Keywords: COVID-19, pandemic, Indonesia, healthcare, surge capacity

INTRODUCTION

The Coronavirus Disease (COVID-19) pandemic has been an unprecedented test of healthcare
systems worldwide, especially in low- and middle-income countries (1). There have been
160,813,869 confirmed cases of COVID-19 globally reported by WHO as of May 14, 2021 (2).
COVID-19 has escalated demands for screening and testing suspected cases, contact tracing and
isolation of cases, and managing severe cases in hospitals, including in intensive care units (ICUs)
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(3). Healthcare systems generally have not been designed to
meet the demands of large-scale disasters, such as pandemics
(1). Even healthcare systems in high-income countries have been
overwhelmed (4, 5). Therefore, a critical aspect of a country’s
response is the healthcare system’s ability to expand quickly to
meet an increased demand for medical care, commonly referred
to as surge capacity (6).

Indonesia is an important bellwether for the state of
democracy in the era of COVID-19 (7). It is the world’s fourth
most populous nation and a Muslim-majority democracy with
hundreds of ethnic groups and substantial numbers of religious
minorities. Alongside its size and diversity, the country shares
some common features with other populous democracies like
India, Brazil, and the United States (7). The first COVID-19
cases in Indonesia were confirmed on March 1, 2020 (8). The
Government has since issued various policies to fight COVID-
19 (9). However, over 1 year into the COVID-19 Pandemic, cases
continued to fluctuate. By June 4, 2021, Indonesia had reported
1,837,126 cases and 51,095 deaths (2). The most crowded island
of Java (56.1% of the country’s population) has the highest
caseload, with all six provinces in the island making up around
66.1% of the national tally (10). Concerns remain as to the future
trajectory of COVID-19 in the country Concerns remain as to
the future trajectory of COVID-19 in the country (11). Thus,
there is a need to assess Indonesia’s healthcare system’s capacity
to absorb and accommodate increasing healthcare demands.
In this article, we review the current capacity of the country’s
healthcare system to respond to COVID-19 based on the four
essential elements of surge capacity, namely, staff (e.g., healthcare
workers), stuff (e.g., supplies), structure (e.g., hospital beds and
medical waste treatment), and system (e.g., referral and essential
health services) (12).

HEALTHCARE CAPACITY ASSESSMENT

Staff (Healthcare Workers)
Currently available medical staff in Indonesia are insufficient to
deal with potentially increasing demands for managing COVID-
19 cases. This pandemic highlighted the human resources
challenges the country’s health system has been struggling with,
characterized by an inadequate physician-to-population ratio,
an inequality of physician geographical distribution, and a
significant shortage of nurses and midwives (13). The ratio
of physicians to population stands at only 0.38 physicians
per 1,000 population (14). The country’s population of 264
million is currently served by only 1,206 pulmonologists, 4,134
anesthesiologists, 350 intensivists, 6,084 pediatricians and 1,811
clinical pathologists. Indonesia’s COVID-19 rapid response task
force has estimated that the country will need an additional 1,500
doctors (especially pulmonologists, anesthetists, and general
physicians) and 2,500 nurses to manage the surge of COVID-19
patients (14). Furthermore, 22–26% of all active pulmonologists,
internists, anesthesiologists, and radiologists work in DKI
Jakarta, a province with 3% of the total population (15). The
Ministry of Health (MoH), during the pandemic has recruited
2,785 volunteers that were assigned to two field hospitals and
four other MoH-owned hospitals. The volunteers were general

practitioners (62%) and nurses (27%). Only 24 (1%) of the
volunteers were specialist doctors, and the rest were other
healthcare professionals (16).

The shortage of healthcare professionals has been further
aggravated by the deaths of healthcare professionals, which
have been reported worldwide (17). High mortality and many
infections have also been reported among physicians managing
COVID-19 patients in Indonesia (18). As of May 3, 2021, the
Indonesian Medical Association has notified 366 COVID-19
fatalities among physicians (19). Fatalities among Indonesia’s
frontline health workers are expected to remain high if no
improvements are made. Lack of personal protective equipment
(PPE) has been commonly cited as a cause of death among
healthcare professionals globally (20, 21). Such lack of PPE,
including coveralls, N95 masks, and face shields, has also been
reported in Indonesia (18).

By May 15, 2021, the government had vaccinated 1,502,037
healthcare workers, covering practically all registered workers
in the sector. Of that figure, 1,369,098 workers, or 93.15%,
have received double doses of the CoronaVac, the COVID-
19 vaccine made by the Beijing-based pharmaceutical company
Sinovac (22). From January to March 2021, the MoH monitored
128,290 healthcare workers in Jakarta province who received the
CoronaVac shot. The MoH officials reported that the vaccine
was 94% effective in protecting the healthcare workers from
symptomatic cases, a far higher figure than those of previous
large-scale clinical trials (23).

With the escalating number of confirmed and suspected
cases, the workload of healthcare workers in Indonesia has
also been overwhelming, leading to long and irregular hours of
continuous work, consequently triggering psychological distress
(24). Indonesian healthcare workers with direct contact and
responsibility to treat COVID-19 patients have reportedly
exhibited a higher risk of experiencing depressive symptoms
and burnout (25). It has been reported that 83% of healthcare
workers in Indonesia experienced moderate to severe burnout
(26). The study also found that 41% of healthcare workers were
emotionally fatigued; 22% lost their sense of empathy; 52%
lost their self-confidence. The most significant stressors among
Indonesian healthcare workers are necessity of wearing PPE
every day, hearing reports of new cases in the media, lack of staff,
not knowing when COVID-19 will be brought under control,
and feeling that there are no adequate protective measures
(27). They also fear transmitting Covid-19 to their families.
Coping mechanisms among Indonesian healthcare workers so
far mainly encompass adopting a positive attitude; reading about
COVID-19, how to prevent it, and how it spreads; following
the appropriate steps for protection (mask, gown, etc.); avoiding
public places to minimize exposure to COVID-19; and keeping
busy at home to stay away from COVID-19 (27).

Stuff (Supplies)
Surges in patients requiring hospitalization have led to depleted
medical supplies and escalating the utilization of limited medical
equipment (e.g., ventilators). Shortage of high-flow oxygen
devices and mechanical ventilation, especially in small cities
and outside Java, has been reported (18). Lack of PPE for
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healthcare workers such as coveralls, N95 masks, and face
shields across healthcare facilities in the country is particularly
worrying (18). Such shortage has been reported even in COVID-
19 referral hospitals (28). In healthcare facilities where hazmat
suits are severely limited, healthcare personnel must wear thin
plastic raincoats when transporting patients under observation
for COVID-19 (13). Some healthcare workers have had to
reuse masks and gloves. This shortage was the worst when the
public was panic buying and stockpiling medical-grade masks,
hand sanitizers, and gloves, which caused the price to increase
drastically (28). To better manage the limited supply of PPE and
essential equipment, the MoH has also introduced guidelines for
hospitals to differentiate distribution of PPE based on the level of
risk of the hospital service area, i.e., red zone (COVID-19 areas)
and green zone (Non-COVID-19 areas) (29).

The pandemic has exposed the fragility of medical supply
chains in Indonesia. The medical supply system in Indonesia
has so far relied mainly on the global supply chain. The People’s
Republic of China (PRC) produced approximately half the
world’s face masks (30). About 80% of active ingredients required
for pharmaceutical compounding hail from China and India
(31). Amid the COVID-19 outbreak in the PRC, travel bans,
export bans, and factory shutdowns have put significant strain
on PPE supply chains (32). To encourage business actors to
support the procurement of the necessary medical equipment
to halt the spread of COVID-19, the government has issued
several regulations to relax licensing requirements for the
importation and production of medical devices. The MoH has
expedited the application process for the licenses required to
produce domestically and distribute specific medical devices and
household supplies to deal with COVID-19. It (i) has accelerated
certification services for production and distribution certificates
and (ii) offers a one-day service for marketing authorization
(33). TheNational COVID-19 Task Force has distributed supplies
across the provinces assisted by the Indonesian Armed Forces.
When these supplies have reached the province, distribution to
the health facilities is then managed by the provincial COVID-19
task force. By December 29, 2020, the government had already
distributed 9.7 million PPE items, 25.1 million surgical masks,
7.8 million N95 masks, 1,310 portable ventilators, 1.1 million
rapid tests, 5.8 million PCR reagents, and 3.8 million RNA
reagents (34).

Structure (Hospital Beds and Medical

Waste Treatment)
The existing healthcare infrastructure in Indonesia is inadequate
to deal with the increasing demands for healthcare services. Based
on data from the Health Ministry website accessed on March 7,
2021, Indonesia has 2,925 hospitals with a bed capacity of 388.106
(35). This makes the ratio of hospital beds to population 1.49
beds for every 1,000 inhabitants. Such a ratio is significantly lower
than neighboring economies such as Malaysia (1.9 per 1,000
inhabitants), Thailand (2.1 per 1,000 inhabitants), and Vietnam
(2.6 per 1,000 inhabitants) (13). Moreover, the hospitals and
bed capacities are not evenly distributed throughout Indonesia
(36). Notably, five provinces in Indonesia have not even met

the ratio of 1:1,000 for the number of hospital beds compared
to the population. Two hundred and twenty-six districts cannot
meet this ratio, and 10 districts do not even have hospitals (36).
Moreover, Indonesia, at the beginning of the pandemic only
had 1,910 ICUs with 7,094 critical care beds, which translates to
about 2.7 critical care beds per 100,000 population, significantly
lower than neighboring countries such as Malaysia (3.4 per
100,000 population), Thailand (10.4 per 100,000 population), and
Singapore (11.4 per 100,000 populations) (37). Lack of adequate
facilities for treating COVID-19 cases, particularly negative
pressure wards and ICU rooms, especially outside Java, has been
reported (18). Many non-ICU isolation wards in Indonesian
hospitals are also not in line with required standards (e.g.,
negative pressures, no anteroom, and no protocol).

At the beginning of the pandemic, only three hospitals
in Jakarta were readily designated as referral hospitals for
COVID-19 patients (18). The government since then has
prepared many more additional referral hospitals (including
police hospitals, military hospitals, and hospitals operated by
state-owned enterprises) to manage COVID-19 patients (13).
In addition to COVID-19 referral hospitals, which has been
established by the MoH and the local governments, the central
government at the beginning of the Pandemic has opened
COVID-19 Emergency Hospital in Jakarta, which occupies a
building complex that used to be athletes’ residences with 10,161
beds, Indrapura Field Hospital Surabaya with 242 beds, and
a special hospital on Galang Island, Batam with 360 beds.
Towers 4 and 5 of athletes’ residences in Kemayoran were
modified into self-isolation facilities. The two towers have more
than 3,000 beds. Both buildings accommodate asymptomatic
patients or those with mild symptoms. Towers 6 and 7 were also
modified into a COVID-19 emergency hospital, equipped with
2,878 beds for patients with mild to moderate symptoms. The
emergency hospital does not have critical care facilities. Patients
who experience worsening of the condition must be referred
immediately to the nearest COVID-19 referral hospital. Towers
8 and 9 were modified into self-quarantine facilities with a total
capacity of 4,167 beds. Meanwhile, other cities with many cases
have built COVID-19 emergency hospitals utilizing government
buildings, sports arenas, and hotels (38).

OnMarch 10, 2020, 132 hospitals were designated as COVID-
19 referral hospitals through the Decree of the Minister of
Health No. 169/2020. The MoH subsequently issued a Circular
Letter requesting the directors of hospitals owned by the MoH
to convert 20–40% beds from the general ward into COVID-
19 wards to increase care capacity, of which 10–25% should
be allocated for critical care (39). Currently, the MoH website
reports 13,854 critical care beds in ICU and 6,644 in other
intensive care rooms (40). The MoH reported that the bed
occupancy rate for COVID-19 patients in the second week of
May 2021 was around 33%. However, the current capacity and
occupancy rate still varies across provinces, and in some contexts,
geographical access to these hospitals persists as a significant
barrier (40).

The surge of COVID-19 cases has also exposed the limited
capacity of the Indonesian healthcare infrastructure to manage
medical waste. Improper disposal of medical waste has been
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a major environmental problem in Indonesia even before the
pandemic (41), when the estimated amount of medical waste
generated from 2,813 hospitals was ±366 tons per day (42).
The number has been estimated to be five times higher during
the pandemic (41). Notably, only 82 hospitals (out of a total
of 2,899) have licensed incinerators on their premises. The
remaining hospitals have to contract private waste management
companies, mostly (92%) operating on Java (43). Most of these
third-party companies operated without proper procedures even
before the pandemic (41). The risk of illegal dumping, cross-
contamination, and disease transmission increases due to the
extended distance from the hospital to the final disposal site
(43). Laid-back regulation and weak monitoring have created
loopholes in the medical waste management system.

The government has accordingly released a circular note
2/2020 to allow hospitals to operate unlicensed incinerators
during the finalization stage of the permit attainment process in
response to the concerns raised above (43). The government has
also recommended that healthcare facilities should coordinate
with industries to manage their medical waste disposal under
the supervision of Provincial and District Health Offices. Within
the next 5 years, the government will build 32 medical waste
treatment facilities equipped with incinerator technology at
several locations. Development in the five locations had begun in
2020, with a total capacity of 1,200 kilograms per hour, followed
by development at six other locations in 2021 and seven locations
for the 2022–2024 period. Notably, there has been a rise in
the number of companies that offer hazardous waste treatment
services, from only six companies in 2018 concentrated in Java
to 20 companies, as of February 2021, with a total capacity of
384,120 kilograms of waste per day (44).

System (Referral and Essential Health

Services)
The COVID-19 pandemic has exposed the weakness of the
patient referral system in Indonesia. In theory, the country’s
referral system provides a pathway for patients to be referred
from primary care facilities to secondary care facilities and
subsequently to tertiary care facilities (45). However, in practice,
the referral system in Indonesia, even before the pandemic,
has been hampered by a shortage of specialists and poorly-
equipped referral facilities, as well as weak coordination. The
backbone for the referral system is SISRUTE. This internet-
based service connects patient data from primary health services
to higher services (horizontal and vertical), which has been
implemented nationally since 2016 (46, 47). By 2020, SISRUTE
has been implemented in 11,388 healthcare facilities across
Indonesia, including 2,962 hospitals and 7,588 primary health
care centers (47).

Unfortunately, SISRUTE implementation for COVID-19
referrals has been much less than optimal, as shown by the
widespread use of other referral methods (e.g., WhatsApp
messaging, phone calls); the number of hospitalized patients
not in line with hospitalization criteria; and lack of real-
time information (47). These deficiencies are likely to be
associated with challenges for implementing SISRUTE, which

include healthcare providers’ commitment to real-time data
entry and quick response; readiness of supporting facilities
and infrastructure; and lack of supervision (47). Thus, the
government urgently needs to improve SISRUTE utilization
by ensuring adequate resources, training, supervision, and
monitoring and evaluation. The government should also explore
ways to enhance the existing referral system by adopting a digital
triage system (48).

The pandemic has also revealed the limited capacity of
Indonesia’s healthcare system to deliver essential health services
under prolonged emergencies. Health workers have reported
health service disruption at the community level, with closures of
nearly 76% of village health posts and suspension of over 41% of
home visits (49). Health workers have also reported disruptions
in various services at the primary healthcare level, including
family planning, immunization, and other routine maternal and
child healthcare services. Reasons for suspension of services
included community safety concerns, mobility restrictions, and
health workers’ anxiety. Immunization services, in particular,
have been disrupted in more than 90% of village health posts
and 65% of primary health care centers (50). The immunization
service interruption has various causes, including the high risk
of local transmission of COVID-19 in the catchment areas, the
limited number of dedicated vaccinators who have also been
diverted to respond to COVID-19, and mobility disruptions due
to travel restrictions (50).

The government had issued a recommendation to postpone
routine health checks to prevent older people from being exposed
to COVID-19. However, older people tend to have more chronic
conditions, and fewer opportunities for health checks could
undermine their health status. A recent survey showed that about
11% of older people who needed to go to health facilities during
the interview found difficulty doing so (51). Nearly half of the
respondents answered that they were afraid of being infected
with COVID-19. About a quarter of the respondents stated that
the health facilities were closed or services for older people were
not available. Almost one-third of the respondents who needed
consultation in health facilities postponed consultations to avoid
COVID-19 exposure. About 12% of the respondents experienced
a shortage of routine medicine during the pandemic. Almost
half of the respondents who experienced a lack of routine drugs
during the pandemic stated that they did not have money to
buy medicine. The following most typical reason was the closure
or absence of services for older people at health facilities or
pharmacies, followed by “no one takes them to buy medicines at
health facilities/pharmacies” and “no stock of medicine in health
facilities” (51).

Disruption in essential health services threatens progress in
the achievement of health targets. Modeling of the indirect
impact of the COVID-19 pandemic on maternal and newborn
health in India, Indonesia, Nigeria, and Pakistan over 12 months
has projected as many as 31,980 additional maternal deaths,
395,440 additional newborn deaths, and 338,760 additional
stillbirths (52). Indonesia, notably, has also experienced a
significant drop by 25–30% in the reported number of people
diagnosed with tuberculosis (TB) between January and June
2020 as the pandemic has reduced access to TB diagnosis and
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treatment due to extra pressure on health services and impacts
on care-seeking behavior (53).

DISCUSSION

Our assessment suggests that although the Indonesian
Government has made considerable effort to strengthen
the country’s COVID-19 response, much remains to be done
to improve surge capacity. While the COVID-19 pandemic is
extraordinary, shortages of healthcare workers in Indonesia
have been a longstanding problem. The country’s physician-to-
population ratio is much lower than in neighboring countries
such as Vietnam (0.8 physicians per 1,000 population), Thailand
(0.8 physicians per 1,000 population), and Malaysia (1.5
physicians per 1,000 population) (13). Nevertheless, shortages of
healthcare workers are experienced by other countries as well.
At the time of writing, India faces a severe shortage of nurses
to fight the Covid-19 outbreak. India’s Central Government
claims it has recruited 2,206 specialist doctors, 4,685 medical
officers, and 25,593 staff nurses in public hospitals across the
nation under the National Health Mission since June 2020. These
appointments, however, still fall short of the level the country
needs (54). Workforce shortages in the UK have left the National
Health Service (NHS) vulnerable to the COVID-19 outbreak.
Healthcare worker shortages are a critical barrier to increasing
NHS capacity and are why the Nightingale field hospitals have
not been fully mobilized, despite the intense pressure on health
services. The imminent risk of the NHS being overwhelmed has
led to a third lockdown (55).

Thus, the Indonesian Government urgently needs to consider
potentially effective human resources strategies, such as task-
shifting, which have been used successfully elsewhere for chronic
conditions like HIV (56). Through task-shifting, residents can be
given the authority to perform tasks of pulmonologists. One ICU
(Intensive Care Unit) attending could also potentially lead a team
of five trained general practitioners to manage a large ICU in a
COVID-19 referral hospital (57). Similar arrangements can also
be considered for High Care units (HCU), Neonatal Intensive
Care Units (NICU), or Pediatric Intensive Care Units (PICU) to
address the limited availability of specialists. Another potential
strategy is fast-tracking clinical training through an accelerated
program to enable qualified personnel to enter service after a
shorter intensive training period, as is implemented elsewhere for
nursing (58). There have also been recommendations to consider
recruiting final-year medical students to join the task force
within their limits of competence (59). Meanwhile, recruiting
more volunteers, especially trained nurses, and redistributing
healthcare professionals within the region could optimize the
allocation of existing clinical personnel. Implementation of these
potential human resources strategies needs to be complemented
with supervision and standing order acts to ensure effective
implementation and outcomes.

Increasing mental health risks among healthcare workers
handling COVID-19 patients reported in Indonesia have also
been documented in other countries. A study in China reported
high rates of depression (50%), anxiety (45%), insomnia (34%),

and distress (72%) (60). Studies from Italy and France reported
a high prevalence of depressive symptoms, post-traumatic
stress disorder, and burnout (60). The long-term effect on
the health of those working in healthcare remains to be
seen. Thus, the Indonesian Government needs to consider
potential strategies to help reduce the negative psychological
responses of Indonesian healthcare workers. Resilience training
(training prospectively designed to develop or enhance resilience
among health professionals, e.g., the Stress Management and
Resiliency Training—SMART) program has been shown to
benefit healthcare workers by improving their confidence in
coping with disasters (61, 62). Other strategies which have
been shown to work in different settings include providing
accommodation where staff could temporarily isolate themselves
from their family, managing working time, and organizing
psychological counselors to regularly visit rest areas to listen
to difficulties or stories encountered by staff at work and
provide appropriate support (63). One of the critical challenges
to offer psychological support to healthcare workers is the
shortage of psychologists/psychiatrists. There are only 2,500
clinical psychologists and 600–800 psychiatrists in the country,
serving 260 million. The majority of them are based in Java,
particularly in Jakarta (64). The triple challenges of healthcare
professional shortage, physical health, and mental health could
also be addressed by further harnessing telemedicine to tap
into healthcare professionals in facilities not yet burdened with
COVID-19 cases (13). Healthcare professionals who need to
self-quarantine could also still attend to patients remotely via
telemedicine. Intensive care physicians could also be deployed
remotely through e-ICU solutions. Telemedicine can also be
utilized for mental health education, psychological counseling
services, and psychological self-help intervention systems for
healthcare professionals (65).

As in virtually every country globally, Indonesia has also
been seeing severe shortages of PPE and other healthcare
supplies throughout the pandemic. Ensuring PPE availability for
healthcare workers is critical for preventing further deaths among
healthcare workers (66). Dissemination of PPE can be optimized
based on risk assessments to high-contact/ transmission areas
(67). This can be coupled with regular monitoring to avoid
complete shortages. Additionally, there is an urgent need to
improve PPE supply chains, train staff on prudent PPE use,
and develop guidelines for decontamination and reuse of N95
respirators (68). The use of PPE could also be reduced for
high-volume procedures with high-risk patient contact, such
as throat swabbing, by adapting low-cost innovations such as
swab chambers (69). The pandemic, however, has disrupted
the healthcare supply chain globally. Shortages of raw materials
are universal and have led to catastrophic price increases
(70). Thus, the existing medical supply systems need to be
enhanced to source and deliver essential commodities, including
vaccines, medicines, and PPE for healthcare workers (32). The
Indonesian Government needs to further increase the national
production of medical supplies and equipment by encouraging
domestic manufacturers of non-medical devices to reorient for
the production of PPE and medical devices by further facilitating
the licensing process. The government also needs to strengthen
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the supply chain by managing a safer level of buffer stocks for
a more extended period, coupled with introducing a real-time
monitoring system to allow early warning of potential shortages.
Simplification of administration and bureaucracy on logistics in
times of crisis is necessary to accelerate the availability of supplies
in all regions. Scaled-up implementation of telemedicine could
also reduce the use of already diminishing PPE by physically
separating providers from patients.

Indonesia is also not the only country struggling with
the challenge of medical waste. More than 20 cities across
mainland China have been overwhelmed with medical waste
as of March 2020 (71). The epicenter of the COVID-19
outbreak, Wuhan, generated more than 240 tons of medical
waste daily during the epidemic’s peak, compared to 40 tons
before COVID-19 struck. India faced the same challenge, with
data shared by the Central Pollution Control Board and Uttar
Pradesh, Haryana, Delhi, and Rajasthan states showing that
Delhi has the highest daily rate of biomedical waste. The
lockdown also disrupted sewage treatment services in the UK.
Traditional waste management practices such as landfills and
incinerators, which have detrimental effects on the environment,
replaced more sustainable measures such as recycling. The UK
Environment Agency then permitted the temporary storage of
waste and burning ash on sites that had not been granted
permission (71). The Indonesian Government has planned
to construct a provincial-based medical waste management
facility, placing incinerators in five locations, which up to 2024
will be followed gradually by additional provinces that do
not have direct access to a waste management facility (43).
Such a plan needs to be supplemented by accelerating the
development and implementation of non-incineration medical
waste treatment technology (72). The government should also
consider promoting the development and broader adoption of
environmentally friendly PPE (73).

Indonesia also joined many other countries reporting
disruption to essential health services over 1 year into the
COVID-19 pandemic (74). Millions of people globally are still
missing out on vital health care. Long-term care for chronic
conditions, rehabilitation, and palliative end-of-life care is still
severely disrupted, seriously affecting older people and people
living with disabilities (75). The government urgently needs to
safeguard essential health services. Modifying essential health
services by implementing triage to separate patients from the
risk of COVID-19 transmission could also be considered a
strategy to maintain essential health services. Implementation of
telemedicine should be scaled up as it allows the delivery of health
services under pandemic circumstances (13). Telemedicine has
been emerging as one of the most critical tools in Indonesia’s
fight against COVID-19, with telemedicine firms seeing a surge
of service transactions during the pandemic (13). Therefore,
the government should consider collaborating with these
firms to support health services provision. Digital technology
could also be harnessed to support virtual monitoring and
evaluation of essential health services to allow early detection
of service disruptions. Several hospitals that are ready with
infrastructure and systems have begun to deliver services
through telemedicine.

However, the legal basis for implementing telemedicine
is still lacking. The Ministry of Health has issued Regulation
Number 20 of 2019 on the Implementation of Telemedicine
Services between Health Services Facilities. However, this
regulation only addresses the telemedicine interaction between
healthcare facilities. The Pandemic has prompted MoH
to issue Circular Letter No. HK.02.01/MENKES/303/2020
concerning the Organization of Health Services through the
Utilization of Information and Communication Technology
to Prevent the Spreading of Corona Virus 2019 Disease
(COVID-19) to allow physicians to provide services through
telemedicine (76). The Indonesian Medical Council (IMC)
has also issued KKI Regulation No. 74 of 2020 concerning the
Clinical Authority and Medical Practice through Telemedicine
during the COVID-19 Pandemic. These regulations grant
physicians and dentists the clinical authority to provide
medical services to patients using application/electronic
systems in the form of telemedicine during the COVID-19
emergency (77). Provisions of the abovementioned MoH
Circular Letter and IMC regulation will only remain in
effect until the Indonesian Government officially declares the
end of the COVID-19 state of a public health emergency.
Thus, there is still a regulatory gap to advance telemedicine
implementation beyond the Pandemic. Additionally, the current
state of Indonesia’s telemedicine services reflects the persistent
challenge of the country’s inequitable digital development,
with a digital infrastructure that does not cover remote areas.
If the government intends to harness the full potential of
telemedicine, it must be accompanied by a commitment to
developing digital infrastructure so that benefits would reach
remote areas (75).

The Indonesian Government needs to ramp up the
country’s healthcare capacity. In terms of staff, the number
and distribution of healthcare workers and their well-being
are still areas of concern. Concerning logistics, there is still
disproportionate distribution and a lack of dependence on
imports. There has been commendable progress in terms
of increasing critical bed capacity. However, the capacity
to process medical waste safely is generally still lacking.
Disruption to essential healthcare services also requires more
attention. A wide range of strategies has been proposed to
address those mounting challenges, e.g., ensuring standard
protection, psychological and welfare support for healthcare
professionals, accelerating development, and scaling up
implementation of telemedicine; promote in-country production
of medical technologies and supplies. Notwithstanding, the
challenges of increasing healthcare capacity highlight that
such efforts could represent only one part of the pandemic
response equation. Boosting healthcare capacity should be
coupled with efforts to flattening the curve, e.g., suppress
transmission through the implementation of effective and
evidence-based public health and social measures; reduce
exposure by enabling communities to adopt risk-reducing
behaviors and practice infection prevention and control.
Effective pandemic response ultimately requires governments’
commitment to increase healthcare capacity and flatten the
curve concurrently.
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Introduction: Hypoxia is the main cause of morbidity and mortality in COVID-19. During

the COVID-19 pandemic, some countries have reduced access to supplemental oxygen,

whereas other nations have maintained and even improved access to supplemental

oxygen. We examined whether variation in the nationally determined oxygen guidelines

had any association with national mortality rates in COVID-19.

Methods: Three independent investigators searched for, identified, and extracted the

nationally recommended target oxygen levels for the commencement of oxygen in

COVID-19 pneumonia from the 29 worst affected countries. Mortality estimates were

calculated from three independent sources. We then applied both parametric (Pearson’s

R) and non-parametric (Kendall’s Tau B) tests of bivariate association to determine the

relationship between case fatality rate (CFR) and target SpO2, and also between potential

confounders and CFR.

Results: Of the 26 nations included, 15 had employed conservative oxygen strategies

to manage COVID-19 pneumonia. Of them, Belgium, France, USA, Canada, China,

Germany, Mexico, Spain, Sweden, and the UK guidelines advised commencing oxygen

when oxygen saturations (SpO2) fell to 91% or less. A statistically significant correlation

was found between SpO2 and CFR both parametrically (R = −0.53, P < 0.01) and

non-parametrically (−0.474, P < 0.01).

Conclusion: Our study highlights the disparity in oxygen provision for COVID-19

patients between the nations analysed. In those nations that pursued a conservative

oxygen strategy, there was an association with higher national mortality rates. We discuss

the potential reasons for such an association.

Keywords: COVID-19, SARS-CoV2, oxygen, mortality, treatment, early intervention, rationing, target oxygen

saturation
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INTRODUCTION

SARS-CoV2 causes COVID-19 (Coronavirus Disease 2019). As
of May 2020, the total reported cases of COVID-19 were over 5
million, with 350,000 deaths over 5 months (1). More than half
these deaths have occurred in the last month. Whilst there has
been a slight reduction in the rate of growth for new infections
globally, this is most likely due to strict infection control
policies (e.g., case isolation, social distancing, and “lockdown”)
(2). With the seroprevalence of SARS-CoV2 being reported as
between <1 and 22% (3), it is most likely the majority of
infections are yet to come, and the rate of infections will once
again increase as infection control measures are balanced with
economic pressures.

The true COVID-19 mortality rate is difficult to ascertain
during the outbreak. Background infections, asymptomatic
infections, testing criteria, reporting of fatalities, and the time lag
between new cases and outcome are all potential confounders
(4). This makes measuring the effects of national interventions
difficult. It is reasonable, however, to expect that a nation’s
COVID-19 mortality rate will depend on access to healthcare
and likely will also depend on the type of healthcare offered. The
need for effective healthcare can be reasonably inferred from the
marked disparity between mortality rates during a surge of cases
vs. mortality post-surge (5).

Oxygen is a cornerstone of treatment for patients with
COVID-19 pneumonia. Indeed, the major mechanism for injury
and death in COVID-19 relates to hypoxia (6). It has been
established that a delay in identifying and correcting hypoxia
in pneumonia leads to increased disease severity, increased
rate of mechanical ventilation, and increased mortality (7, 8).
Whilst there are no controlled studies in COVID-19 specifically
examining duration spent hypoxic and subsequent disease
burden and mortality, Sun et al. have reported a reduction in the
need for mechanical ventilation where hypoxia was detected and

corrected early in patients with COVID-19 (9).
In relation to conservative oxygen strategies generally, there

are four keymortality studies. The IOTAmeta-analysis published
in 2018 examined conservative vs. liberal oxygen strategies across

a range of studies. None of the studies analysed related to

pneumonia, and the majority of studies examined oxygen as
a treatment not as a means to correct hypoxia. The authors

suggest that optimal target oxygen saturations (SpO2) for all
acute medical patients “might” be 94–96% (10).

Since the IOTA study, there have been three clinical
studies, two of which were randomised controlled trials (RCTs),
examining the mortality effect of conservative oxygen strategies.
The ICU-ROX trial suggests that there may be no mortality effect
at the higher target levels of SpO2 (actual mean SpO2 96–97%
vs. 95–96%) in mechanically ventilated patients from any cause
(n = 1,000) (11). Another, a retrospective analysis, published in
March 2020 examined over 35,000 intensive care patients and
found the optimum SpO2 target of 94–98%. The authors note
that patients who were in the optimal range for only 40% of the
time had nearly twice the mortality of those who spent 80% of the
time within the optimal target, even after correction for disease
severity (12).

The most recent RCT, and the most well-controlled study of
true conservative oxygen strategies to date (and the most relevant
to COVID-19), examined 204 patients with acute respiratory
distress syndrome (ARDS). Patients were randomised to either
a conservative arm (actual SpO2 of 92–93%) vs. a liberal arm
(SpO2 of 95–97%) and then followed up for 90 days. The study
was halted early due to excessive deaths in the conservative
oxygen group. In those patients with ARDS who were managed
with a conservative oxygen strategy, there was a 27% increase in
intensive care deaths and a 50% increase in 90-day mortality (13).

Despite the critical nature of oxygen therapy in COVID-
19 pneumonia, there remains a marked variation between
national guidelines for when to offer supplemental oxygen.
Many nations seem to have implemented conservative oxygen
strategies during the pandemic, effectively limiting the access of
patients to supplemental oxygen. Others seem to have actively
increased their capacity to offer supplemental oxygen for patients
with COVID-19 pneumonia. Here, we examine the national
guidelines from 29 nations to ascertain whether the national
decision to promote a “conservative” oxygen strategy has any
relationship to that nation’s case fatality rate (CFR).

METHODS

We followed the advice for global reporting on health estimates
as per the GATHER statement (14). All countries with more
than 20,000 cases as of May 18, 2020, were assessed. Three
investigators (DG, AK, and HD) independently identified the
specific national recommendations for the target SpO2 to
commence oxygen in patients with COVID-19. Two investigators
(AK and HD) were blinded as to the reason for the study. Each
nation’s ministry of health, national guideline bodies, respiratory
medicine bodies, and national health service were searched for
relevant COVID-19 clinical guidelines. The European Society
of Respiratory Medicine (15) was a useful resource with direct
links to a number of COVID-19-specific clinical guidelines
from across the world. Literature databases were also used as a
means of identifying links to national guidelines. If guidelines
were not available in one of the languages spoken by the
investigators, online translation services were utilised, specifically
for guidelines on “supplemental oxygen” or “oxygen therapy”—
the entire guideline was not translated. Note, only guidelines
applicable to the majority of the population were extracted,
and guidelines for patients with underlying conditions such as
chronic obstructive airways disease were not recorded.

If guidelines were unclear, instruction was to disregard the
country from further analysis. Where there was more than one
recommendation, the investigatormade a determination as to the
most likely guideline to be followed (Figure 1). Where there was
divergence between the three investigators, the consensus value
was used. Results were tabulated and compared.

CFR and Infection Fatality Rate
CFR is the percentage ratio of deaths to total cases. It is a crude
figure privy to a number of potential confounders. For most
nations, it is likely to be numerically incorrect (4). CFR, however,
is likely to maintain a relationship to actual infection mortality
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FIGURE 1 | Study protocol flowchart. Using the WHO situation report countries with case numbers over 20,000 were selected. These countries were subjected to

analysis via three different, independent investigators for the ascertainment of nationally recommended target oxygen saturations.

rate (IFR) (3, 4) and as such was used in this study. CFR was
calculated and cross-referenced from three different sources—
The WHO, John Hopkins University, and Worldometer. There
was no significant difference between the calculated CFR across
the three sources.

Statistical Analysis
All statistics were performed using SPSS. Both parametric
(Pearson’s R) and non-parametric (Kendall’s Tau B) tests
of bivariate association were performed to identify and
characterised a potential trend between CFR and target SpO2,
as given the small sample size it was not clear whether the
assumptions of linearity, homoscedasticity, and normality of

variables were met. Kendall’s Tau B was used as the test of non-
parametric bivariate association as there were ties in both CFR
and SpO2, which are problematic for Spearman’s Rho.

Scatter plots with linear regression lines of best fit are
also given, as well as the y-intercept and gradient of these
lines reported. Means and standard errors of CFR, SpO2, and
confounding variables are given.

RESULTS

In total, there were 29 countries with a total case number
over 20,000 on May 18, 2020. Of those, 26 countries had
accessible clinical guidelines referring to target oxygen levels for
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FIGURE 2 | Scatter graph of national target oxygen saturations vs. national

case fatality rate with best fit linear line (n = 26). SpO2–oxygen saturations.

the commencement of supplemental oxygen in COVID-19. UAE
(United Arab Emirates) was excluded from further analysis as the
national guidelines advised (at page 9) admitting all patients with
COVID-19 to hospital, and commencing oxygen when “needed”
(16). The Netherlands and Belarus were also excluded due to
all three investigators failing to find clear national guidelines
regarding oxygen targets.

Of the remaining 26 countries, there was concordance
between all three investigators identifying the same national
target oxygen levels in 23 countries. Of the remaining three
countries (UK, Pakistan, and Qatar), determination of national
target SpO2 in COVID-19 was made by consensus. For links to
national guidelines, see Supplementary Material.

Of the 26 nations analysed, six recommended commencing
oxygen if SpO2 fell to below 95% (Singapore, Peru, Switzerland,
Ireland, Qatar, and Pakistan), five made recommendation for
below 94% (Saudi Arabia, Chile, Brazil, India, and Russia), five for
below 93% (Portugal, Iran, Turkey, Bangladesh and Italy), six for
below 92% (Canada, Belgium, France, UK, USA, and China), and
four for below 91% (Germany, Mexico, Spain, and Sweden). CFR
ranged from 0.06% (Qatar) to 16.4% (Belgium). A statistically
significant correlation was found between SpO2 and CFR both
parametrically (R = −0.53, P < 0.01) and non-parametrically
(−0.474, P< 0.01), and no statistically significant correlation was
found with the potential confounders analysed here. A scatter
graph with the linear best-fit line is shown in Figures 2, 3A.

Confounders
National guidelines for target saturations were relatively clear
for most countries. Together with the high rate of consensus
amongst investigators, it seems unlikely that investigator bias was
a significant factor. Themain confounders aremore likely to stem
from the many variables associated with CFR.

We found no correlation between CFR and cases/million
inhabitants (Figure 3B), or tests/thousand inhabitants
(Figure 3C), or overall positivity rate (Figure 3D), suggesting

that the testing strategy between the countries examined did not
have a significant visible relationship with our mortality measure,
CFR (Table 1). We could not examine the potential impact of
national-level reporting bias on the CFR from the data available.

DISCUSSION

National guidelines for when to commence supplemental
oxygen in patients with COVID-19 varied significantly between
the countries examined. Combined, the target SpO2 for the
commencement of oxygen and target SpO2 for ongoing
treatment varied from 90% to 98%. There are a number of
potential reasons for the variation in oxygen policies between
countries and the association with mortality.

Causative Effect
Based on the design of the study, a causal relationship between
national oxygen targets and national CFR cannot be determined.
However, our analysis did reveal an association between national
target oxygen saturations and national CFR—the lower the
national target oxygen saturations, the higher the national CFR.
One possible explanation for the identified relationship is that the
national guidelines have been followed and implemented, and it
is the lower oxygen levels during COVID-19 pneumonia that has
led to an increased mortality.

Based on our current understanding of the effects of hypoxia
on inflammation (17) and coagulation (18), there is good
scientific basis for the increased mortality associated with
suboptimal oxygen strategies and/or a delay in correcting
hypoxia. There are direct effects of hypoxia leading to increased
mortality, such as cardiac arrhythmias and ischemia-related
pathologies [as identified in the aforementioned ARDS study
(13)]. It is also quite plausible, indeed quite likely, given
that hypoxia is pro-inflammatory, the delay in correcting
hypoxia leads to more severe disease. This of course raises the
possibility that rationing, or a conservative oxygen approach, or
a failure to provide access to supplemental oxygen in COVID-
19 pneumonia, actually increases healthcare burden and resource
consumption (19).

The presence of “silent hypoxia”—low oxygen levels without
respiratory distress—is likely to compound the mortality effect
of reduced access to supplemental oxygen. A fall below normal
SpO2 (95% or less) indicates progression of COVID-19 to
pneumonia or pneumonitis. If sent home at this stage despite
evidence for disease progression, around one-third of patients
will be unaware of their own deterioration and therefore will
either fail to re-present and demise at home, or will present
even later (20). This will almost certainly add greater pressure on
ICU facilities and increase morbidity andmortality. Conservative
oxygen strategies are questionable at the best of times (19);
with COVID-19, such strategies likely carry even greater
harm. Optimal oxygen strategies have the additional benefit of
identifying and observing these at-risk “silent hypoxia” patients.

Resource Limitations
An alternative explanation for the relationship between national
oxygen targets and mortality is that the recommendation to
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FIGURE 3 | Scatter graphs with best-fit line for primary measure and confounders vs. CFR (N = 26). CFR is along the vertical axis in each and measured as

percentage ratio. (A) Comparison of national CFR vs. nationally recommended target SpO2 (%) in COVID-19. (B) CFR vs. burden of cases measured by total number

of cases per million inhabitants. (C) CFR vs. Testing Rate measured by total number of tests undertaken per thousand inhabitants (tests/thousand). (D) CFR vs. the

overall positivity ratio (%), measured as the percentage ratio of positive tests to total tests. CFR, case fatality rate; SpO2, oxygen saturations. CFR, case fatality rate;

SpO2, oxygen saturations.

conserve oxygen simply reflects the resource limitations of the
nation, and it is this resource limitation that causes an increase
in mortality. For example, the UK directive to ration oxygen
supply in April 2020 reduced the normal national target for
the commencement of oxygen from SpO2 of 94% to a new
value of 91%. The reason for rationing was related to the
surge of infections and subsequent concern over the supply of
oxygen (21). If such practises are common in other nations,
the relationship between national guidelines’ SpO2 and national
CFR identified here may be a representation of the demands on
healthcare during a surge of COVID-19 cases.

There are a number of reasons why mortality increases during
a surge of infections. Patients are less likely to attend hospital or
seek medical care, for fear of either contracting COVID-19 or
overburdening their health service (22). Triage systems during

a surge can be set with high thresholds for onward referrals
(23). Another mortality factor is a potential lack of resources
both staff and consumables. The overall delay to treatment that
ensues prevents early correction of hypoxia, implementation of
VTE (venous thromboembolism) prophylaxis, readjustment of
medications (e.g., nephrotoxics) and the detection of secondary
bacterial infection, and thus a likely increased mortality (24).

So then, the association between target SpO2 and CFR
identified here may be more related to target SpO2 being an
indicator of an overwhelmed healthcare service.

National Approach
The issuing of national guidelines recommending lower target
oxygen saturations than would be typical for viral pneumonias
(25) may relate more to the overall approach of a national
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TABLE 1 | National CFR, target SpO2, and potential testing confounders in 26 countries.

SpO2 Tests per thousand Positivity ratio Case burden CFR

(%) (%) (cases/million) (%)

Qatar 94 82.3 25.9 20,311 0.06

Singapore 94 57.2 10.5 6,036 0.08

Pakistan 94 2.6 12.9 329 2.1

Peru 94 33.2 15.8 5,163 2.8

Switzerland 94 46.3 7.7 3,569 6.1

Ireland 94 70.6 7.7 5,080 6.4

Saudi Arabia 93 24.6 10.6 2,506 0.79

Russia 93 76.4 3.8 2,843 0.9

Chile 93 32.1 17.5 5,505 1

India 93 2.9 5.2 144 3.1

Brazil 93 4.4 56.9 2,492 6.9

Bangladesh 92 2.0 15.4 301 1.5

Turkey 92 24.9 7.9 1,955 2.8

Portugal 92 83.0 4 3,206 4.2

Iran 92 11.6 16.1 1,841 6

Italy 92 65.5 6 3,857 14

China 91 N/A N/A N/A 5.6

USA 91 56.2 10.2 5,620 6

Canada 91 45.7 5.4 2,431 7.3

UK 91 68.0 6.4 4,072 14.4

France 91 21.2 13.7 2,899 15.2

Belgium 91 76.3 6.7 5,051 16.4

Germany 90 47.1 4.6 2,194 4.5

Spain 90 86.9 7 6,133 10

Mexico 90 2.2 34.4 725 10.5

Sweden 90 27.3 15.8 3,746 10.9

Mean

(Standard Error)

91.9

(1.32)

41.3

(28.3)

12.7

(12.1)

3,242

(1,722)

6.8

(4.8)

Correlation with CFR (Pearson’s R) −0.53 0.121 −0.026 −0.174

2-tailed (p-value) <0.01 0.57 0.91 0.42

CFR, case fatality rate; SpO2, oxygen saturations. Overall positivity ratio—percentage ratio of positive to total cases. Case burden—total number of positive cases per million inhabitants.

Data extracted from WHO, Worldometer and John Hopkins University. Numbers in bold indicate a statistically significant result.

response to COVID-19, and as such, it is this “national approach”
that relates to mortality rate.

All three investigators noted the quite different approaches
between nations, as set out in their national guidelines. Some
followed a “stay home” approach, whereas others defaulted to
clinical assessment of patients either with COVID-19 or with any
risk factor associated with it. For example, Singapore guidelines
default to clinical assessment (26), whereas a country with a
similar prevalence burden, the UK, has much higher thresholds
for referral onward for assessment (27) (Table 2).

In this situation, where the national guideline target SpO2 is
part of an overall strategy of avoiding admissions, then whilst
it does remain possible that conservative oxygen approaches do
contribute to highermortality, it may be the contribution of other
policies to avoid admissions that leads to an increased CFR. In the
UK vs. Singapore example, a target SpO2 of <92% is likely to be
harmful, but equally, failing to account for age of the patient or
duration of fever may also be harmful. As such, the relationship

identified here between CFR and target SpO2 may be more a
relationship between CFR and national strategy; target SpO2 may
be more of an indicator of national policy.

Limitations and Future Studies
This study highlights the variation in national guidelines for
when to commence supplemental oxygen in patients with
COVID-19. In of itself, this raises important questions as to
the optimal response to COVID-19. Attempting to delineate
the interventions and strategies that are potentially beneficial
between nations is difficult without using a mortality estimation,
which carries inherent confounders. CFR depends on many
factors, not least of which is the accurate reporting of COVID-
19-related deaths. Whilst we found no correlation between CFR
and rates of testing or crude case burden, we could not account
for disparities in reporting of deaths, nor did we analyse for
differences in the age of the population, nor the socioeconomic
status of the infected population.
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TABLE 2 | Comparison of the criteria for assessment in suspected or confirmed

COVID-19 between Singapore and the UK.

Singapore UK

Criteria for clinical assessment

SpO2 (%) <95 <92

Age (yrs) >65 Irrelevant

Comorbidity Any Severe

Duration of illness (days) >3 Irrelevant

Epidemiology

Cases/million inhabitants 6,063 4,076

Physicians/10,000 head of capita 24 28

CFR (%) 0.08 13.4

Information is based on the clinical guidelines from each nation and WHO (see

Supplementary Material). SpO2–oxygen saturations. CFR, case fatality rate.

We undertook an analysis of the national guidelines using
three independent investigators. The consensus amongst the
investigators supports the accuracy of the target SpO2 extracted.
The possibility remains that localities within a country, or
individual doctors and nurses, chose not to follow their national
guidelines. Even if such local differences were significant, the
national guidelines permit not implementing oxygen therapy
until the target oxygen level is reached; therefore, triage systems,
nurses, and physicians can avoid admissions and thus limit access
to supplemental oxygen. Despite the prospect of local variations
in following the guidelines, the presence of the guidelines will
shape and likely reflect practise nationally.

Utilising patient-specific data from cohorts from the nations
analysed here would provide greater insight into whether target
oxygen saturation guidelines are both being followed and
having a direct impact on mortality. A further follow-up study
utilising patient-specific data could help determine whether the
relationship identified here is in fact causal. It would also be
useful to undertake further analysis into the cost-effectiveness of
increasing access to supplemental oxygen vs. expanding intensive
care facilities—could more lives be saved by treating more cases
earlier and with optimum oxygen targets?

CONCLUSION

There is clear disparity between national guidelines for target
oxygen saturations (SpO2) in COVID-19 across the countries
analysed here. Those nations that implemented a lower target
oxygen level for when to commence oxygen in patients with
COVID-19 had a significantly higher CFR. Whilst there are
multiple confounders to the CFR, the overall relationship
between increasing CFR with a decreasing target SpO2 warrants
further investigation.

As it stands currently, our results support the position that
managing COVID-19 pneumonia should not differ from the
management of other pneumonias (24), insomuch as access to
supplemental oxygen delivered optimally is necessary to prevent
excessive mortality.
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In India, the “low mortality” narrative based on the reported COVID-19 deaths may be

causing more harm than benefit. The extent to which COVID-19 deaths get reported

depends on the coverage of routine death surveillance [death registration along with

medical certification of cause of death (MCCD)] and the errors in MCCD. In India, the

coverage of routine death surveillance is 18.1%. This is compounded by the fact that

COVID-19 death reporting is focused among reported cases and the case detection

ratio is low. To adjust for the coverage of routine death surveillance and errors in MCCD,

we calculated a correction (multiplication) factor at national and state level to produce

an estimated number of COVID-19 deaths. As on July 31, 2020, we calculated the

infection fatality ratio (IFR) for India (0.58:100–1.16:100) using these estimated COVID-19

deaths; this is comparable with the IFR range in countries with near perfect routine death

surveillance. We recommend the release of excess deaths data during COVID-19 (at

least in states with high death registration) and post-mortem COVID-19 testing as a

surveillance activity for a better understanding of under-reporting. In its absence, we

should adjust reported COVID-19 deaths for the coverage of routine death surveillance

and errors in MCCD. This way we will have a clear idea of the true burden of deaths and

our public health response will never be inadequate. We recommend that “reported” or

“estimated” is added before the COVID-19 death data and related indicators for better

clarity and interpretation.

Keywords: coronavirus, mortality, cause of death ascertainment, death registration, missing deaths

BACKGROUND

On March 11, 2020, COVID-19 (a respiratory illness caused by novel coronavirus—SARS-CoV-
2) was declared as a pandemic by the World Health Organization (WHO) (1, 2). Globally, as on
July 31, 2020, around 675 000 people had succumbed to this disease (3). In India, the first case was
reported on January 30, 2020. On July 31, 2020, the country had the third highest burden globally in
terms of reported cases (1.12 million) (3). A total of 12 003 tests per million (TPM) were conducted
with a test positivity rate of 6.8%. There were 35 747 reported COVID-19 deaths which translated to
26 reported COVID-19 deaths per million (DPM) (4). As perWHO and Indian Council of Medical
Research (ICMR), if it is medically certified that the underlying cause of death is confirmed or
suspected COVID-19, then it should be recorded and reported as a COVID-19 death (5, 6).
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The case fatality ratio (CFR) measures fatality by dividing the
reported COVID-19 deaths by reported COVID-19 cases. The
cases are detected through surveillance (and are highly under-
reported) and this crude method of calculation of mortality gives
rise to variable estimates of CFR by country—from <0.1:100
to over 25:100 (7). The infection fatality ratio (IFR) is a better
measure of fatality as the denominator includes total estimated
infections. Both CFR and IFR can be low if under-reporting
of COVID-19 deaths is high and/or only confirmed COVID-
19 deaths are reported. Globally, many countries have stopped
focusing on CFR as it is not a good predictor of overall mortality
from SARS-CoV-2 and is not recommended for evaluation of
policy or comparison across settings (7–9).

In September 2020, India was in the news for the highest
number of reported COVID-19 cases per day and reached the
second spot globally in terms of the cumulative reported cases
(3). However, the reported COVID-19 DPM and reported CFR
were low (3). The under-reporting of COVID-19 deaths could be
one of the potential reasons. An editorial published in The Lancet
(September 26, 2020) highlighted the issue of transparency of
data on COVID-19 deaths in India and warned against the
dangers of ensuing false optimism due to under-reporting (10).

Hence, we discuss the routine deaths surveillance in India,
the rationale for adjusting the reported COVID-19 deaths for
coverage of the routine death surveillance and its implications on
the estimated IFR for India.

ROUTINE DEATH SURVEILLANCE IN INDIA

The civil registration system report (latest being CRS 2018,
when this perspective piece was written) provides the national
and state-wise coverage of death registration by dividing the
registered deaths with estimated deaths (11). The national
and state-wise coverage of medical certification of cause of
death (MCCD) among registered deaths is provided by the
MCCD report (latest being 2018, when this perspective piece
was written) (12). Estimates of deaths are provided by the
sample registration system where continuous enumeration of
births and deaths is done in a sample of villages/urban blocks
by a resident part time enumerator. This is verified by an
independent six monthly retrospective survey by a full time
supervisor (13).

In India, the coverage of death registration is 86% and
coverage of MCCD among registered deaths in 21% (11, 12).
Populous states like Uttar Pradesh, Bihar, and Jharkhand that
constitute 30% of the population of India and have very low
coverage of death registration (35–61%) (11). Other states with
low death registration are Telangana (58%), Assam (66%),
Arunachal Pradesh (48%), Manipur (28%), and Nagaland (10%)
(11). Many states have 100% death registration but MCCD
coverage lower than the national average (Odisha, Kerala,
Rajasthan, Punjab) (11, 12).

Routine death surveillance includes death registration along
with MCCD (11, 12). We multiplied the coverage of death
registration among estimated deaths (source: CRS 2018) with
the coverage of MCCD among registered deaths (source: MCCD
2018) to obtain the coverage of routine death surveillance
(11, 12). At the national level, this was 18.1%. Therefore, the

prevailing coverage of routine death surveillance in India is
poor. The reason being only 34% received institutional medical
attention at the time of death and not all hospitals have been
brought under the coverage of MCCD (11, 12).

The state-wise coverage of routine death surveillance is
depicted in Table 1. It was <10% in Jharkhand, Nagaland, Uttar
Pradesh, Bihar, Uttarakhand, and Madhya Pradesh; 60–75% in
Delhi, Chandigarh, and Puducherry; and 100% in Goa.

Among deaths undergoing registration along with MCCD,
errors during MCCD are also common in developing countries
like India (14–18). Therefore, the quality of MCCD is also poor.

ADJUSTING FOR ROUTINE DEATH
SURVEILLANCE AND ERRORS IN MCCD

Rationale
Only a minority of all COVID-19 cases are getting recorded
through testing and are reported. The second national
seroprevalence survey in August–September 2020 suggested
that the case detection ratio was around 6–7:100 (19). For the
purpose of this exercise, as on July 31, 2020, it was assumed that
the case detection ratio was at least 5:100. The extent to which
COVID-19 deaths get reported among the large subset (95% or
above) of unreported COVID-19 in the community depends on
(i) the prevailing coverage of routine death surveillance; and
(ii) extent of errors in MCCD (Figure 1). Within the reported
COVID-19 cases also, the COVID-19 deaths could be missed
due to the poor coverage of routine death surveillance and
errors in MCCD. Despite WHO and ICMR guidelines (5, 6), the
suspected COVID-19 deaths are not getting reported in India
(20). The COVID-19 illness also presents a myriad of clinical
presentations post-recovery that may lead to mortality which
may not be captured by the present system in India (21).

Therefore, before we compare and interpret the differences in
the reported COVID-19 deaths and the corresponding indicators
of India with countries having near 100% routine death
surveillance (Supplementary Table 1), we should adjust for the
prevailing coverage and quality of routine death surveillance.
This also applies to interpretation of differences across states
within India.

Correction Factor for the Coverage of
Routine Death Surveillance
At the national and the state level, the correction (multiplication)
factor was inverse of the coverage of routine death surveillance.
This factor varied from state to state. It was 5.5 nationally,
(100/18.1) and ranged from 40 (100/2.5) for Jharkhand, to
none (100/100) for Goa (Table 1). We calculated the estimated
COVID-19 deaths, nationally and state wise, by multiplying the
correction factor with the reported COVID-19 deaths. As on July
31, 2020, the estimated COVID-19 deaths in India were 196 997;
an estimated 144 DPM (Supplementary Table 2).

As on July 31, 2020, Uttar Pradesh, Madhya Pradesh, and
Jharkhand were not in the top 10 states based on reported DPM.
When we adjusted for routine death surveillance and calculated
the estimated DPM (Supplementary Table 2), they were in the
top 10. The ranks of Bihar (25 to 17) and West Bengal (10
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TABLE 1 | The State-wise prevailing coverage of routine death surveillance (death registration along with MCCD) and the correction factor, India (2018) (11, 12).

S. No. States Death registration

among estimated

deaths

MCCD among

registered deaths

Death registration

along with MCCD

Correction

(multiplication) factor

to adjust for routine

death surveillance

Range of combined

correction

(multiplication) factor

to adjust for routine

death surveillance

and errors in MCCD

A B C = A*B D = 1/(C) Lower range = D*1,

Upper range = D*2

1. Andhra Pradesh 1.000 0.149 0.149 6.7 6.7, 13.4

2. Telangana 0.582 0.374 0.218 4.6 4.6, 9.2

3. Arunachal Pradesh 0.478 0.329 0.157 6.4 6.4, 12.8

4. Assam 0.669 0.120 0.080 12.5 12.5, 25.0

5. Bihar 0.346 0.136 0.047 21.3 21.3, 42.6

6. Chhattisgarh 0.835 0.198 0.165 6.1 6.1, 12.2

7. Goa 1.000 1.000 1.000 1.0 1.0, 2.0

8. Gujarat 1.000 0.234 0.234 4.3 4.3, 8.6

9. Haryana 1.000 0.204 0.204 4.9 4.9, 9.8

10. Himachal Pradesh 0.839 0.150 0.126 8.0 8.0, 16.0

11. Jharkhand 0.549 0.046 0.025 39.6 39.6, 79.2

12. Karnataka 1.000 0.311 0.311 3.2 3.2, 6.4

13. Kerala 1.000 0.119 0.119 8.4 8.4, 16.8

14. Madhya Pradesh 0.788 0.105 0.083 12.1 12.1, 24.2

15. Maharashtra 0.984 0.348 0.342 2.9 2.9, 5.8

16. Manipur 0.375 0.514 0.193 5.2 5.2, 10.4

17. Meghalaya 0.897 0.431 0.387 2.6 2.6, 5.2

18. Mizoram 1.000 0.589 0.589 1.7 1.7, 3.4

19. Nagaland 0.097 0.287 0.028 35.9 35.9, 71.8

20. Odisha 1.000 0.111 0.111 9.0 9.0, 18.0

21. Punjab 1.000 0.171 0.171 5.9 5.9, 11.8

22. Rajasthan 0.999 0.131 0.131 7.6 7.6, 15.2

23. Sikkim 1.000 0.425 0.425 2.4 2.4, 4.8

24. Tamil Nadu 1.000 0.450 0.450 2.2 2.2, 4.4

25. Tripura 1.000 0.223 0.223 4.5 4.5, 9.0

26. Uttarakhand 0.707 0.111 0.078 12.7 12.7, 25.4

27. Uttar Pradesh 0.608 0.051 0.031 32.3 32.3, 64.6

28. West Bengal 0.918 0.129 0.118 8.4 8.4, 16.8

29. Andaman and Nicobar 0.729 0.595 0.434 2.3 2.3, 4.6

30. Chandigarh 1.000 0.718 0.718 1.4 1.4, 2.8

31. Delhi 1.000 0.623 0.623 1.6 1.6, 3.2

32. Puducherry 1.000 0.740 0.740 1.4 1.4, 2.8

33. J&K and Ladakh 0.633 – 0.633 1.6 1.6, 3.2

34. DNH, D&D 0.857 1.000 0.857 1.2 1.2, 2.4

35. India 0.860 0.210 0.181 5.5 5.5, 11

MCCD, medical certification of cause of death; J and K, Jammu and Kashmir; DNH, Dadra Nagar Haveli; D and D, Daman and Diu.

*The correction factor to adjust for the prevailing routine death surveillance may be multiplied with a correction factor for errors in MCCD (we have considered an upper limit of two)

to get the combined correction factor to adjust for the prevailing routine death surveillance as well as errors in MCCD. The combined correction factor could be higher than the upper

range if errors in MCCD are higher than our assumptions.

to 6) jumped upward (Supplementary Figure 1). Incidentally,
these were the only five states that had <10 000 TPM. These
five states constitute 43% of the national population. Based on
reported COVID-19 deaths, these five states constituted 12%
of total COVID-19 deaths but based on estimated COVID-19
deaths, they constituted 43% of the total COVID-19 deaths. The

correlation coefficient (r) between TPM and coverage of routine
death surveillance was 0.673 (p < 0.001).

As we used routine death surveillance data from 2018 and
applied it to the year 2020, we also did sensitivity analysis for
the correction factor by assuming different percentage increases
in coverage of routine death surveillance between 2018 and
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FIGURE 1 | The levels/causes of under-reporting of COVID-19 deaths*. MCCD, medical certification of cause of death. *Dotted and shaded boxes related to the

under-reporting of COVID-19 deaths among non-reported cases, Bold and non-shaded box related to under-reporting among confirmed cases.

2020 (Supplementary Table 3). However, we do not expect any
significant improvement as at the national level over the past
9 years, death registration has only increased from 67 to 86%,
while the MCCD among registered deaths has been stagnant at
approximately 20% (11, 12).

Correction Factor for Errors in MCCD
To adjust for under-reporting due to errors in MCCD among
the deaths captured by routine death surveillance, we did not
have an objective state-wise and national estimate of the error.
There were state- and city-specific modeling exercises and media
reports where the reported COVID-19 deaths (due to errors in
MCCD) were as low as 50% (correction factor of two) of the
actual deaths reported from hospitals (22, 23). We assumed two
correction factors for errors in MCCD (1.5 and 2). We arrived
at the estimated COVID-19 deaths after adjusting for errors in
MCCD (Supplementary Table 2). The errors in MCCD explain
why for a state like Goa with 100% routine death surveillance,
under-reporting of COVID-19 deaths is still possible.

Combined Correction Factor
By multiplying the correction factor for error in MCCD and the
correction factor for the prevailing routine death surveillance, we
calculated a combined correction factor for the poor coverage
and the quality of the routine death surveillance (Table 1). At
the national level, the overall under-reporting could therefore
possibly be by a factor as low as 5.5 (5.5∗1) or as high as 11
(5.5∗2) (Table 1). It could be higher than 11 if the upper limit
for correction factor for errors in MCCD is more than two. Using
a correction factor of 11, as on July 31, 2020, the estimated deaths
could be as high as 393 932 (288DPM) (Supplementary Table 2).
Similarly, we calculated the range of combined correction factor
for states (Table 1).

The Estimated COVID-19 Infection Fatality
Ratio in India
We created a matrix to calculate the estimated IFR for
India as on July 31, 2020 taking a range of scenarios for
the estimated COVID-19 deaths and the case detection ratio
(Supplementary Table 4). With a correction factor ranging from
5.5–11 and case detection ratio of 5:100, the estimated IFR ranged
from 0.58:100–1.16:100.

DISCUSSION

Key Message
We arrived at an estimate of the COVID-19 under-reporting in
India using publicly available indicators regarding the coverage
of routine death surveillance and some assumptions in errors
in MCCD. Hence, there are two levels of under-reporting.
First, COVID-19 death not being captured by routine death
surveillance. Second, though the death is captured, the COVID-
19 death is missed due to error in MCCD (Figure 1). This
is also relevant for other countries with poor routine death
surveillance (countries in south-east Asia and Africa). A strong
positive correlation between TPM and the prevailing coverage
of routine death surveillance suggests that states with weak
mortality surveillance were also the ones who had conducted
fewer tests.

To put the estimated COVID-19 deaths in perspective
(around 200 000–400 000 as on July 31, 2020), every year there
are an estimated 127 000 (95% CI: 64 046, 190 139) influenza-
associated deaths in India. With respect to the under-reporting of
deaths, an estimated 450 000 TB- related deaths occur annually in
India which is 5.6 times the reported TB deaths (24–26).
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Cannot Compare Apples With Oranges
As on July 31, 2020, of the top 10 countries (based on
reported cases), eight had 90%−100% coverage of routine
death surveillance (India: 18%, Peru: 57%) and all had higher
reported COVID-19 DPM than India (3, 27). Small countries
like the UK and Belgium with high DPM tested almost 25%
of their population; have a robust routine death surveillance
system and they reconcile COVID-19 deaths from their routine
death surveillance system (3, 27). Other countries like Brazil,
Mexico, Chile, and Peru that have a similar age distribution
and socioeconomic status also have higher reported DPM when
compared to India (28). The difference could be explained by
their better routine death surveillance (Supplementary Table 1).
As on May 13, 2021, when we compared with countries in south-
east Asia, where most of the countries have a poor routine
death surveillance (27), India had the highest reported COVID-
19 DPM (3). Additional factors to consider before comparing
DPM are the estimated cases based on seroprevalence surveys,
death definitions used, testing strategies adopted, response to the
epidemic, prevalence of comorbidities, quality of medical care,
and population density.

Countries with high coverage of routine death surveillance
may also miss COVID-19 deaths due to errors during MCCD or
if they do not reconcile deaths from routine death surveillance.
But the overall extent of under-reporting is expected to be lower
when compared to countries with poor death surveillance as
chances of missing deaths (irrespective of the cause) and cause-
specific deaths are comparatively less due to robust mortality
surveillance systems.

The COVID-19 Mortality Rate in India Is
Similar to Global Figures
Using reported deaths in the numerator, the ICMR study (at
around 1:100 case detection ratio in May–June) suggested the
IFR to be 0.15:100 in high stratum districts and 0.01:100
in low stratum districts (29). The IFR estimated by us for
India (0.58:100–1.16:100) is within the range estimated in
countries with near perfect routine death surveillance (0.5:100 in
Switzerland to 1.4:100 in Italy) and similar to the point estimate
(0.68:100) based on a systematic review and meta-analysis (30,
31).

Other Methods to Calculate the Estimated
COVID-19 Deaths
The combined correction factor provides a bird’s-eye view.
The best way to estimate the COVID-19 under-reporting using
publicly available data would be to factor in excess deaths
during the COVID-19 epidemic as compared to previous years
with a sub-group analysis of age groups and cause of death (if
available). The difference between excess deaths and reported
COVID-19 deaths will give an idea about the possible extent
of under-reporting (32). Subject to availability of granular data,
exact number of excess deaths attributed to COVID-19 may
be calculated by adjusting for rate of change in the number of
registered deaths over the past few years, decrease in accident-
and pollution-related deaths during COVID-19, and a possible

increase in deaths due to disruption in routine health services.
Another option is to look for excess home deaths (33). In India,
the place of death (home or health facility) is a variable collected
during death registration (11). The “Excess deaths” analysis is a
practical option for cities, districts and states with high coverage
of death registration. However, with few exceptions, the excess
deaths data has not been made public like elsewhere (34, 35).

In countries with high coverage of routine death surveillance,
missed suspected deaths (due to error in MCCD) can also be
identified based on an increase in deaths due to pneumonia,
respiratory failure, sepsis or ill-defined causes higher than the
maximum limit for the number of weekly occurrences of each
cause (36).

In addition to excess deaths analysis, another feasible option is
post-mortem surveillance. This would mean testing all registered
deaths in a surveillance area for a specific surveillance period for
COVID-19 at frequent intervals. This is feasible and not resource
intensive. A study from Zambia (2020) suggested that of the 364
deaths around the tertiary health facility of capital city Lusaka,
70 were COVID positive (51 in community and 19 in facility)
based on post- mortem polymerase chain reaction testing. Of 70,
only six were tested pre-mortem for COVID giving an under-
reporting by a factor of 10 (37). Zambia has not reported the
routine death surveillance coverage data to WHO indicating its
routine death surveillance is poor (27).

Policy Implications
The coverage of routine death surveillance cannot be improved
overnight but errors in MCCD can be prevented among the
captured deaths. We can ensure that all suspected COVID-19
deaths are tested and we do not wrongly assign co-morbidity as
the cause of death in confirmed COVID-19 patients.

In India, by using reported deaths to infer mortality, we
are indirectly encouraging states with poor surveillance and
discouraging states with relatively good surveillance. This also
does not create an environment of data transparency. This false
optimism of “low mortality” based on reported deaths could
result in laxity among the administrators where appropriate
mitigation measures may not be implemented. The health
infrastructure may not be appropriately strengthened. The public
health messaging based on this narrative may result in laxity
among the public in following COVID19 appropriate behavior
(10). The second wave that we witnessed in April–May 2021 in
India could be a result of this “false optimism.” This could prove
to be disastrous in states with poor routine death surveillance.

The administrators (local/state/national) should be
encouraged to monitor and track the estimated COVID-19
deaths and act accordingly. If the administrators act only based
on the reported deaths or only when the hospital infrastructure
is over-stretched (only 34% deaths happen in hospitals in India)
(11), it will be too little and too late.

LIMITATIONS

There are some limitations. First, on July 31, the COVID-19
epidemic was relatively an urban phenomenon (with relatively
better death surveillance) in India and our correction factor
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was at state level. Therefore, our correction factor could be an
overestimate and it will be more representative of the true picture
as the epidemic spreads from urban to rural areas (say late
2020 and 2021). On May 13, 2021, there were 258 317 reported
COVID-19 deaths (reported 186 DPM) (4). This translates to an
estimated 1023–2046 DPM if we apply the combined correction
factor ranging from 5.5 to 11. Second, the CRS and MCCD
reports only provide state-level estimates of coverage because
the sample registration system (source for the denominator
in the coverage indicators) is designed to provide state-level
estimates (11–13). Finally, there is an inherent limitation in
the death registration coverage indicator reported by CRS. The
deaths registered in CRS (numerator) are based on the place of
death while the estimated deaths from sample registration system
(denominator) are based on place of usual residence (11, 13).

CONCLUSION

The estimated COVID-19 deaths in India after adjusting for
the coverage and quality of the routine death surveillance may
be 5.5–11 times the reported COVID-19 deaths. The estimated
COVID-19 deaths using IFR and DPM of India COVID-19
is comparable to the range in countries with robust death
surveillance systems. Therefore, the COVID-19 fatality (rate and
absolute numbers) in India does not appear to be lower than
global figures.

The reported COVID-19 DPM and reported CFR/IFR of
India cannot be compared with countries with robust death
surveillance. We urge that “reported” or “estimated” be added
before the COVID-19 death data and related indicators for better

clarity and interpretation. The WHO should release country
specific estimates for COVID-19 cases and deaths (like it does
for other diseases); this will help in making meaningful and
reliable comparisons.

In India, the epidemic is far from over and understanding
the true picture of mortality will aid in eliciting an appropriate
public health response and the masses adhering to the mitigation
strategies (10). The “low mortality” narrative based on the
reported COVID-19 deaths may be causing more harm than
benefit. This should be treated as a unique window of opportunity
to improve routine death surveillance.
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The rapid spread of the coronavirus disease 2019 (COVID-19) into a global pandemic

caught the world unprepared. Previously effective measures for containing disease

outbreaks were overwhelmed, necessitating strict controls such as lockdowns or

curfews. Among the disease control interventions, community mass masking was one

of the highly controversial issues with differing opinions on its indications or effectiveness

from different health authorities around the world. Regions where community mass

masking was timely introduced were associated with lower transmission rates, and more

effective disease control. In this article, we discuss the evidence on the effectiveness, and

rationale for community mass masking to prevent the COVID-19 transmission. Areas for

further research to define the role of mass masking in light of the COVID-19 pandemic

will be suggested. This would help policy makers in formulating mass masking policies.

Keywords: COVID-19, pandemic, public health, public health policy, face mask, infection control, mass masking

INTRODUCTION

The coronavirus disease 2019 (COVID-19) is the result of infection by the novel severe
acute respiratory syndrome coronavirus 2 (SARS-CoV2), making this the third coronavirus to
have crossed species and cause severe disease in humans. In the absence of effective vaccine
distribution or specific antiviral agents, the only means of limiting transmission is through physical
interventions such as mask wearing, physical distancing, and isolation of infectious individuals.
Although the routes of transmission via respiratory droplets or aerosols and direct contact are
similar to other coronaviruses, COVID-19 has defeated the control measures of many high-income
nations with well-funded health infrastructures.

There are several characteristics of the COVID-19 infection that has enabled it to spread
efficiently and rapidly developed into a global pandemic. COVID-19 has a wide spectrum of
presentations that range from asymptomatic or having onlymild symptoms, to systemic illness with
multiorgan involvement (1–4). Severity of illness is generally increased in those at a more advanced
age, while the younger carriers have only mild symptoms and are consequently able to spread the
virus undetected. Another feature of the COVID-19 infection is the long presymptomatic phase,
with a median incubation period of 5–6 days and can be as long as 19 days (5–8). Transmission
can occur during the latter part of the presymptomatic phase, and 48–62% of infections were
attributed to presymptomatic carriers (9). Moreover, these presymptomatic carriers were able
to pass undetected through temperature screening, a previously dependable process for disease
control at border checkpoints, and therefore facilitating the rapid spread globally.

As one of the key factors for limiting the transmissibility of COVID-19, community mass
masking was one of the public health measures used to mitigate its rapid spread. Initially, this
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practice is not universally adopted, whichmay account for poorer
infection control outcomes for some regions (10, 11). The issue
of community mass masking at the time of the emergence
of COVID-19 has been highly controversial, with conflicting
recommendations issued by health authorities around the world.
In an earlier guideline during the spread of the pandemic
from East to West, the World Health Organization (WHO)
conservatively recommended against community mass masking
with medical masks due to the lack of concrete evidence, while
stressed on reserving the scarce resources for the healthcare
workers (12). Although explicable, it seemed to reduce the chance
to limit the substantial spreading of the disease in the early
stage. This early recommendation was also accompanied by a
speculative suggestion of risk compensation with mass masking,
leading to the reduced attention in other effective protective
behaviors such as performing hand hygiene (6, 12). On the
contrary, Mantzari et al. (13) systematically reviewed previous
studies on wearing mask with hand hygiene in community
settings for controlling respiratory infections. They concluded
that wearing masks did not reduce the frequency of hand
sanitizing while two studies reported higher hand washing rates
in the groups with mask wearing.

Notably, the recommendations on mass masking were made
based on the evidence from studies on influenza outbreaks,
which were not necessarily applicable to the present coronavirus.
Given the little amount that was known about the COVID-19
disease and its modes of transmission, many health authorities
in Asia (e.g., China, Hong Kong, Singapore etc.) exercised
caution by implementing communitymasking recommendations
(12). Subsequent recommendations based on the experience of
successful control of early COVID-19 outbreaks in China also
advocated for mass masking (14). Generally, Asian societies
appear more inclined to wear masks voluntarily when unwell,
or for protection during disease outbreaks, given the previous
close encounters with epidemics such as the severe acute
respiratory syndrome (SARS) in 2003 that predominantly
affected Asia. Consequently, compliance with community mass
masking recommendations has been high in these regions.
In a global survey conducted across 15 countries during the
pandemic (April 9–12, 2020) (15), countries with significant
proportions of mask wearers included Vietnam (91%), China
(83%), Italy (81%), Japan (77%), and India (76%). By comparison,
this was lower in Western countries including United Kingdom
(16%), Germany (20%), Australia (21%), Canada (28%), and
France (34%).

Evidence from epidemiological data show that with a timely
introduction of community mass masking in conjunction
with infection prevention and control strategies were more
effective in containing the COVID-19 transmission (10, 16, 17).
Escalation of stricter controls such as lockdowns or curfews
were subsequently not necessary (10), as exemplified in
Taiwan (18). The aim of this article is to discuss the current
evidence on the effectiveness, and rationale for community
mass masking in preventing COVID-19 transmission.
Areas for further research in order to define the role of
mass masking in light of the COVID-19 pandemic will
be discussed.

RATIONALE FOR MASS MASKING

Before examining the role of masks in mitigating the COVID-
19 transmission, its function and basic mechanism of protection
should first be considered. A mask provides a semipermeable
barrier to limit the passage of particles or substance through it.
The relative size of the particle to that of the pores is important.
Thus, the purpose of use should be considered before a type
of mask is selected. Medically speaking, surgical masks were
originally used as source control to prevent contamination by
droplets or aerosols containing microbes from the nose and
throat of theater staff to the patient’s site of operation. The use
of surgical masks nowadays also protect staff from potential
biohazards encountered in the operating theater, where N95
respirators are also used. Surgical masks and N95 respirators are
made of high filtration materials with efficacy of ≥95% (0.3µm).
The protective effect of a medical mask is rated based on its
filtration efficacy and the ability to provide an airtight fit to the
face. When loose fitting and therefore permitting the passage of
air around the edges, there is a drop in overall rated filtration
efficacy to<70%, according to the US National (N10SH) N95 test
(19). For this reason, the surgical mask is not classified as personal
protective equipment (PPE) (20), whereas a well-fitted respirator
with a N95 rating fulfills the designation of PPE due to its airtight
design, and has a filtration efficacy of ≥95% (19).

When coughing or sneezing, aerosols, and droplet particles are
exhaled, which range from 0.1 to 1,000µm in size (11). Aerosols
are particles sized <5µm and they remain airborne for a longer
period. The spread of these particles is determined by numerous
factors including size, ambient temperature, air movement, and
humidity. Droplets may partially evaporate, which cause them to
gain more buoyancy and remain airborne for longer to spread
over a greater area (11). The smaller submicron (<1µm) aerosol
particles are considered to be more dangerous as they can be
inhaled and lodged deeper into the lung parenchyma, leading
to more severe infections due to interference with gas exchange
(20, 21).

DISCUSSION

Recent studies (21, 22) have reported that the COVID-19 virus
detected in both droplets and aerosols can be propelled further
than the recommended one meter of social distancing by the
WHO (13, 23), or six feet recommendation by the US Centre for
Disease Control and Prevention (CDC) (24).

The WHO previously recommended against wearing masks
in the community due to a lack of evidence on its effectiveness.
However, the evidence underlying this recommendation was
drawn from 10 randomized studies on transmission of the
influenza, and other human coronaviruses in the community
(6).These findings could be not applicable to the transmission
of a novel coronavirus which spreads more surreptitiously than
influenza due to the presymptomatic carriers and those with
mild symptoms that evaded detection. The basic reproductive
rate of COVID-19 was estimated to be between 2.2 and 2.7
(23, 25), while the rate of the 2009 influenza H1N1 pandemic
was estimated to be 1.7 (26). Subsequently in June 2020, the
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WHO guideline was revised to suggest mass masking as part
of the comprehensive strategy if there is limited capacity of
measures in light of ongoing transmission by asymptomatic
carriers in the community settings, and the potential difficulties
in maintaining physical distancing and containment measures
(27). The importance of mass masking in mitigating COVID-19
pandemic is summarized in Table 1.

Reports of transmission by asymptomatic carriers with a
high viral load at the initial stage of infection emerged as early
as February 2020 (5, 36), with the peak viral load occurring
during symptom onset (37, 38). A recent meta-analysis of 9
published reports concluded that 15% of COVID-19 infections
were asymptomatic (39), and the incubation period was reported
to be 5–6 days, but can be as long as 19 days (5–8). Virus shedding
in the upper respiratory tract is high among presymptomatic
patients (40), while those with asymptomatic influenza usually
have a lower viral load in the upper than the lower respiratory
tract (41). This is the new challenge posed by the COVID-19
virus that distinguishes it from most other infectious diseases.
Asymptomatic carriers were reported to play a significant role
in the community spread. Li et al. (42) estimated that 86%
(95% CI: 82–90%) of all infections were undocumented before
travel restrictions were implemented in China. Although the
transmission rate of undocumented infections was lower than the
documented ones, it is estimated to be responsible for 48–62% of
the COVID-19 infections (1). A recent study conducted by Hong
et al. (28) reported a significantly higher incidence of COVID-19
among individuals who had close contact with presymptomatic
patients without wearing masks (19.0 vs. 8.1%, p < 0.001).

Aerosol particles are smaller, and depending on the physical
conditions such as humidity, temperature or wind, can linger
in the air for considerably longer compared to droplets (20),
thus enabling the virus to spread more efficiently despite physical
distancing. The decay rates ranged from 0.4 to 2.27% per minute
and the half-lives 30–177min under different conditions with
lower relative humidity as a factor for longer half-lives (43).
Ultimately, the likelihood of infection with COVID-19 is highly
dependent on the contaminating viral dose during transmission
(44, 45). The rationale for mask wearing is firstly recognized as
a source control to minimize the amount of virus exhaled by
carriers to the atmosphere. With masking, both the amount and
velocity of droplets or aerosols expelled in a breath will be smaller,
thus reducing the area of spread. Secondly, the mask will protect
healthy individuals from exposure to droplets or aerosols (29, 46).

Leung et al. (30) prospectively evaluated the transmission
of coronavirus, influenza virus and rhinovirus in droplets and
aerosols of the exhaled breath of patients with acute respiratory
illnesses. They found that while only some carriers exhaled
a detectable viral load, wearing a surgical mask was effective
in blocking the transmission of both droplets and aerosols
completely. Bae et al. (47) investigated the effectiveness of
cotton and surgical masks for preventing virus shedding during
coughing by COVID-19 patients. In contrast, they found that
neither surgical nor cotton masks could filter the virus effectively,
which was attributed to the production of aerosols when
coughing. These findings suggest that although the surgical mask
is adequate as a source control for asymptomatic carriers in

the community, it could be less effective for those who are
actively coughing. Symptomatic individuals will need testing and
isolation; for source control, the N95 respirator may be required.

Meanwhile, the revisedWHO guideline recommended the use
of non-medical cloth or homemade masks in the community
in order to preserve the stock of medical masks for healthcare
workers, and recommended these as a means of source control in
community settings but not for prevention (27). The guideline
also suggested that wearing cloth masks on public transport,
frequent hand hygiene and physical distancing should always
be adopted together with cloth masks. Following the revised
guideline from the WHO in June 2020 on community mass
masking, many countries have adopted this recommendation.
However, cloth masks may have varying filtering efficiencies,
which are generally lower than that of the medical masks (48, 49).
There is a lack of solid evidence to support the effectiveness of
using clothmask as amean of source control to the asymptomatic
carriers. A report conducted by Hendrix et al. (31) described 139
clients with cloth face coverings were not infected with COVID-
19 after contact with two symptomatic hair stylists who also wore
face coverings. The hair stylists were eventually tested positive.
Yet, one laboratory study reported inferior filtering performance
of general masks compared to medical masks (50). Paradoxically,
the only clinical outcome study by Zhang et al. (33) reported a
higher rate of respiratory illness among hospital staff wearing a
cloth mask compared to not wearing a mask for protection at
work. The efficacy of using cloth mask in the community setting
has never been evaluated in an outcome study for COVID-19.

With the easing of lockdown in many areas, it can be seen
that social distancing on its own is inadequate, and the infection
rates have increased considerably. Epidemiological data from
Asian regions or countries such as China, Hong Kong, Japan,
Macau, Singapore, South Korea (14), Taiwan (15) where universal
masking was enforced or recommended showed effective control
of COVID-19 transmission, and implementation of lockdowns
were limited. A number of infections occurred in bars or
restaurants where masks were often removed, which emphasizes
the importance of this measure (32). A recent study analyzed the
trend and mitigation measures in Wuhan, Italy, and New York
City from 23 January to 9 May 2020. The findings concluded
that the single determinant shaping the pandemic trend was
the imposition of mandatory face covering. Surprisingly, other
measures such as social distancing failed to suppress transmission
(33). Miyazawa et al. (34) reported a strong inverse relationship
between the masking rate to the mortality rate from COVID-19;
with a predictive power of 69% based on an analysis of data from
22 countries including 13 western and 9 Asian countries inMarch
2020. Worby and Chang (35) employed mathematical modeling
to evaluate the epidemiological impact of mass masking among
general population by considering resource limitations, supply
and demand dynamics. They concluded that face masks can
reduce total infections and deaths in COVID-19 pandemic even
if the protective effect of face masks is limited. In addition, the
peak time of the epidemic could be delayed. MacIntyre et al.
(16) concluded in a systematic review that wearing a mask in the
community was effective for both protection in crowded areas,
and as a source control for COVID-19 transmission. They added

Frontiers in Public Health | www.frontiersin.org 3 August 2021 | Volume 9 | Article 665708163

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Tam et al. Mass Masking Against COVID-19

TABLE 1 | Summary of the evidence for mass masking in mitigating COVID-19 pandemic.

Evidence Theme(s) References

- Non-pharmaceutical interventions, including population behavioral changes in masking and social distancing, were associated with

reduced transmission of COVID-19 and influenza.

A (10)

- Community mask use by well people was suggested to offer protection to healthy individuals especially in high transmission settings. A (16)

- Presymptomatic transmission contributed to a significant proportion of the COVID-19 transmission.

- Control strategies, such as community masking, should be adjusted to tackle presymptomatic transmission.

B (17)

- Presymptomatic patients with mask-wearing showed significantly lower transmission to close-contact persons. A, B (28)

- Surgical mask partition reduced transmission of COVID-19 in a hamster model.

- Reduction in transmission between the sick and the healthy groups was more significant when the surgical mask partition was placed in

the sick hamsters’ compartment compared to placing it in the healthy hamsters’ compartment.

A (29)

- Surgical face masks reduced viral RNA in respiratory droplets and aerosols from exhaled breath and coughs. A, C (30)

- Use of cloth face coverings by both symptomatic patients and healthy individual might reduce the risk of transmission. A (31)

- The relatively low incidence of COVID-19 in Hong Kong might be contributed by the high compliance of mass masking.

- Transmission clusters in ‘mask-off’ settings were more prevalent than that in ‘mask-on’ settings.

A (32)

- Airborne transmission was showed to be highly virulent and represented the dominant route to spread the disease in confined environment.

- Social distancing alone might be insufficient in protecting the public.

- Mandatory face-covering appeared to reduce transmission.

A, C (33)

- Mask non-wearing rate was shown to be a strong predictor of the numbers of death of COVID-19 pandemic across 22 countries. D (34)

- Mathematical modeling evaluated that mass masking could reduce total infections and deaths in COVID-19 pandemic. Also, it could delay

the peak time of the epidemic.

D, E (35)

A, reduction in transmissibility; B, reduction in presymptomatic spread; C, reduction in droplet and aerosol transmission; D, reduction in death rate; E, delay in peak time of the epidemic.

that mass masking would be more effective if implemented early
during an outbreak, which was the case for many Asian countries.
Cowling et al. (10) supported this notion by suggesting that non-
pharmaceutical interventions including wearing masks among
citizens of Hong Kong may contribute to the suppression of local
transmission of COVID-19.

A recent study conducted in Hong Kong, a population that is
very compliant to community mass masking (94.8%), reported
that the majority of masked individuals (83.7%) wore surgical
masks. From the online questionnaire respondents, 76.3% reused
their masks (51). The low infection rate at the initial stage
of outbreak may imply that the reuse of surgical masks in
community settings is not as harmful as anticipated, and that
the benefits of masking outweigh the risks of reusing masks. A
cross-sectional study in Brazil also showed similar percentage of
mask reuse (71.1%) (52). However, it is notable that the efficacy
or performance of reused masks is not evaluated. There was one
Canadian study evaluating on the reuse of N95 respirators by
autoclaving (53). Findings suggested that reusing N95 respirators
was feasible in hospitals with successful reuse rate ranging from
48.8% to 79.6% in 12 sterilization cycles. The issue of early global
medical mask shortage could be addressed by rationing, such as
in South Korea (52) and Taiwan (53), or by the provision of free,
high efficacy reusable masks in Hong Kong (54) and Singapore
(54). Recently, the worldwide supply shortage of medical mask
has eased considerably, and this is no longer an issue impeding
the implementation of mass masking policy for transmission
control in many developed countries.

FURTHER RESEARCH AND DIRECTIONS

The COVID-19 pandemic has exposed a number of weaknesses
in the readiness and competence of many health authorities
around the world in handling a novel infectious disease. The

Chinese government resorted to the use of draconianmeasures to
bring control to the transmission, yet many countries remained
complacent and underprepared for its malignant spread. Health
authorities will benefit from reviewing their capabilities in order
to formulate a better epidemic response plan. Although mass
masking was recommended based on lessons gained from the
experience in China, this was not closely followed in many
countries possibly due to the WHO’s earlier guidelines against
community masking. Reports of presymptomatic carriers and
also transmission via aerosol route were largely disregarded.
Prompt and continuous re-evaluation and adoption of newly
evident recommendations by health authorities would be
essential to savagely control the outbreak of the novel virus.

Future research should be directed to address these deficits.
The effectiveness of repeated used cloth masks in limiting the
spread of respiratory diseases, which address the shortage of
disposable surgical masks. The filtration efficiency and safety test
using a standardized protocol worldwide should be adopted to
facilitate interpretation and comparison. The reusable copper
mask that incorporates antimicrobial properties to its filter is an
example of innovation, spurred by the mask shortage in Hong
Kong (55). The mask complies with the American Society of
Testing and Materials (ASTM) F2100 Level 1 standard and can
be used in community settings. While Gilbert et al. (56) proposed
an inexpensive ultraviolet system for filtering facepiece respirator
decontamination that may ease the respirator demand. Efforts
should be directed to the design of masks made to improve
protection against aerosols that can be easily mass-produced, and
safely reused by appropriate decontamination devices.

CONCLUSIONS

We have summarized and discussed the evidence on community
mass masking as a public health measure for controlling the
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COVID-19 transmission. Regions where mass masking was
timely introduced were effective with disease control (10),
potentially leading to fewer cases of mortality (57). As a source
control, the surgical mask is effective, but only if carriers are
asymptomatic and do not cough. With easing of lockdowns,
the role of mass masking becomes more vital and remains an
essential measure for controlling transmission. Lastly, the most
important lesson to learn from the COVID-19 pandemic is to
focus on better preparation, communication, and international
cooperation to effectively limit the spread of emerging infectious
diseases in the future.
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Background: To develop an effective countermeasure and determine our susceptibilities

to the outbreak of COVID-19 is challenging for a densely populated developing

country like Bangladesh and a systematic review of the disease on a continuous basis

is necessary.

Methods: Publicly available and globally acclaimed datasets (4 March 2020–30

September 2020) from IEDCR, Bangladesh, JHU, and ECDC database are used for this

study. Visual exploratory data analysis is used and we fitted a polynomial model for the

number of deaths. A comparison of Bangladesh scenario over different time points as

well as with global perspectives is made.

Results: In Bangladesh, the number of active cases had decreased, after reaching

a peak, with a constant pattern of death rate at from July to the end of September,

2020. Seventy-one percent of the cases and 77% of the deceased were males. People

aged between 21 and 40 years were most vulnerable to the coronavirus and most of

the fatalities (51.49%) were in the 60+ population. A strong positive correlation (0.93)

between the number of tests and confirmed cases and a constant incidence rate (around

21%) from June 1 to August 31, 2020 was observed. The case fatality ratio was between

1 and 2. The number of cases and the number of deaths in Bangladesh were much lower

compared to other countries.

Conclusions: This study will help to understand the patterns of spread and transition

in Bangladesh, possible measures, effectiveness of the preparedness, implementation

gaps, and their consequences to gather vital information and prevent future pandemics.

Keywords: COVID-19, pandemic, Bangladesh, SARS-CoV-2, first wave

INTRODUCTION

Severe acute respiratory syndrome coronavirus (SARS-CoV-2) causes coronavirus disease 2019,
widely known as COVID-19 (1). COVID-19 is the third emergence of the virus related to
severe acute respiratory syndrome (SARS). SARS in 2002–2003 and the Middle East respiratory
syndrome (MERS) (2012-present) are the first two inceptions of the coronavirus disease (2). The
Coronaviruses were first described in 1966 (3).
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Tyrrell and Bynoe first described Coronaviruses as enveloped
single-stranded large RNA viruses, those infects humans and a
number of animals, and were cultivated from a high proportion
of patients with cold (3). Corona is a Latin word meaning crown.
With a core shell of spherical virions (entire virus particles), the
coronavirus has a surface projection like a solar corona. There are
mainly four subfamilies of coronaviruses (alpha, beta, gamma,
and delta coronavirus). Alpha and Beta coronavirus originated
from mammals (particularly Bats) and Gamma and Delta
coronaviruses originated from pigs and birds. From the seven
subtypes of coronavirus infecting humans, the beta-coronavirus
causes serious fatalities and the gamma-coronavirus causes mild
infection. SARS-Cov-2 is a type of beta-coronavirus (4).

After its first spread in Wuhan, the capital city of China’s
Hubei province on December 1, 2019, the infectious COVID-19
started spreading globally (4). With only one confirmed COVID-
19 patient globally on 30 December 2019, the number of patients
increased to 219 on 20 January 2020, and on February 24, 2020,
the total number of cases increased to 79,565 cases globally. After
February 2020, the exponential growth of the infectious virus is
still irresistible (4, 5). On January 30, 2020, the World Health
Organization (WHO) declared the outbreak a Public Health
Emergency of International Concern (PHEIC) and named it a
Global pandemic on March 11, 2020 (6, 7). Up to September 30,
2020, more than 214 countries and territories, and 33.5 million
confirmed cases of COVID-19 have been reported all over the
world (4). About 1M deaths were caused by the virus during
this period and 25.9 million people recovered from COVID-19
(4, 5, 8).

Bangladesh observed the first COVID-19 cases on March
8, 2020, as reported by the Institute of Epidemiology, Disease
Control and Research (IEDCR), Bangladesh (9, 10). The country
observed the first death due to Covid-19 on March 18, 2020 (9,
10). The deceased was a 70-year-old man who had comorbidities
including cardiac problems, high blood pressure, kidney diseases,
and diabetes (9). Bangladesh faced a total of 50,000 confirmed
cases on June 1, 2020; 100,000 on the 18th of June, 150,000 on
the 1st of July, 200,000 on the 17th of July, 300,000 on the 25th of
August, and 350,000 confirmed cases on the 20th of September.
Up to September 30, Bangladesh tested, a total of 1.95 million
samples and 364.9 thousand of themwere reported positive cases.
A total of 277 thousand people recovered and 5,272 died of
COVID-19 during that period (11).

Li et al. analyzed the first 425 cases from Wuhan, Hubei
Province, China to ascertain the epidemiological characteristics
of the COVID-19 patients (12). The median age of the cases was
59 years, 56% of the confirmed cases were male and the mean
incubation period was 5.2 days; the elderly and the patients with
other coexisting conditions had higher morbidity (12).

As an infectious disease, primarily the virus spreads between
the people who are in close contact and the affected persons
have some common symptoms like fever, cough, shortness of
breath and loss of sense of smell, dyspnea, headache, sore throat,
and rhinorrhea, etc. (13). Studies revealed that the transmission
dynamics of COVID-19 is based on two mechanisms such as
human to human transmission which is measured with density of
population and air pollution to human which is the airborne viral

infectivity. People of all ages are at risk, but elderly people and
people with pre-existing medical conditions are at greater risk
(14, 15). Studies found that COVID-19 related deaths are highly
associated with being male, greater age, and medical conditions
like diabetes, obesity, cardiovascular diseases, and severe asthma
(13, 16).

Several studies reported association between COVID-19 and
climatic factors (17–19). Studies showed that, environmental
pollutants has significant correlation with COVID-19 patients
(20, 21). Population density, temperature and absolute humidity
affects the spread of the outbreak (22). A negative association
was found between wind speed and covid-19 cases (23). Cities
with high air pollution and high atmospheric stability has higher
number of COVID patients (24, 25). Also there are apparent
differences in terms of COVID-19 response among different
countries probably because of their different histories, cultures
and political systems and hence there is no straightforwardmodel
that could be designated as an Asian or aWestern model (26, 27).
Countries with low population density as well as efficient and
non-corrupted progressive Governments and high health care
spending achieved quicker success as compared to the countries
not having such characteristics (28, 29).

At the beginning of the outbreak in Bangladesh, the country
severely lacked the preparedness to tackle the spread of COVID-
19 with both short and long-term implications for health as
well as the economy and good governance (30) and that the
health care facilities in Bangladesh are inadequate to deal
with the pandemic (31). The fragile healthcare system will
be in unprecedented pressure with COVID-19 pandemic, in
presence of climate hazards such as floods, heat waves, etc. and
disease outbreaks like dengue, cholera, and diarrhea (32). On
the other hand, during an ongoing pandemic, the livelihood
opportunities may reduce to a significant extent resulting in
partial or complete loss of income with a significant change in
the financial status or consumption behavior (33, 34). Under such
circumstances, increased health care practices such as mobile
sanitization, temporary quarantine sites, health care facilities, and
empathic collaborations between government and locals were
suggested (35) instead of a continuation of complete lockdown
or shutdowns to reduce the problem.

Strong implementation of the lockdown resulted in success
for several countries. New Zealand, being one of the successful
eliminators of the COVID-19 pandemic, started implementing
their influenza plan in early February, 2020 (36). The state of
Kerala in India used their prior experience of handling the Nipah
virus through extensive testing, contract testing, and community
mobilization resulted in controlled spread of COVID-19 (37).
Taiwan and South Korea also suppressed the COVID-19 disease
successfully by quickly responding to the disease and with clear
and consistent decisions to combat the threat (38).

Every outbreak and health emergencies provides a window
of opportunity to gain knowledge and to develop an effective
countermeasure and determine our susceptibilities to those
measures. Literature shows that most of the countries that
succeeded in controlling the pandemic has used their previous
experience in handling the infectious disease. So a systematic
review of the COVID-19 pandemic in Bangladesh on a
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continuous basis is always necessary and a proper analysis
of the effectiveness of the preparedness, transparency of the
situation and knowledge sharing can ease out the way to make
a safer future.

Unfortunately, although the first wave of Covid-19 pandemic
had severe impact of health of people, a large number of
countries were neither capable enough to make an efficient
national planning nor timely application of the best practices for
management of crisis (39). We believe that the lessons learned
from the first phase of COVID-19 from the perspective of
Bangladesh will be insightful while Bangladesh is experiencing
another wave of Covid-19 as well as future pandemics.

What this study adds to the current literature is a systematic
analysis of the overall patterns in terms of number of cases,
number of deaths, and impacts of Coronavirus disease in
Bangladesh, a developing country. The death patterns of
Bangladesh and other countries as well as the trends over time
were analyzed to compare the COVID 19 situation of Bangladesh
with those countries. This study focused light on the underlying
causes that resulted in a continuous outbreak. The preparedness,
effectiveness of the preparedness and possible steps amid further
waves are also suggested in this study.

METHODS

Sample and Data
The data for the daily tests, cases, recoveries, deaths, and age-
specific death rates are collected from the daily press release
of the Directorate General of Health Services, Ministry of
Health & Family Welfare of Bangladesh (10). The demographic
distribution of the cases is collected from The International Data
Rescue (I-DARE) portal (40). The daily number of reported new
cases of COVID-19 by country worldwide is collected from the
European Centre for Disease Prevention and Control (ECDC)
and Johns Hopkins University (JHU) database (41). The data are
extracted from 4 March 2020 to 30 September 2020.

Measures of Variables
The data consists of the number of confirmed COVID-19
cases, deaths, recoveries, daily tests, total test, and demographic
characteristics (Age, Sex) of the cases and deaths.

Data Analysis Procedure
Visual exploratory data analysis (V-EDA) is used to analyze
the characteristics of the COVID-19 pandemic situation in
Bangladesh. We have compared the situation in Bangladesh
with other countries using several EDA tools such as scatter
plots, histograms, bar plots, and geographical representation is
shown by plotting the administrative maps using R package
“mapReassy” (42). A systematic flow chart given below (Figure 1)
summarizes the methodology of this study.

To test the inhomogeneity’s in the data, in absolute
homogeneity methods, we performed Normal Homogeneity
Test (SNHT) (43), Buishand range test (44), Pettitt’s test for
single change-point detection (45), and Von Neumann ratio
test (46) for number of confirmed cases and number of deaths.
The alternative hypothesis, for the first three tests equals
existence of a stepwise shift, whereas Von Neumann test checks

FIGURE 1 | Systematic flowchart.

the randomness in the data. The results shows the data is
heterogeneous and not randomly distributed. The test results are
added in the Table A3 (Supplementary Material).

Model
In absence of homogeneity, we proposed a curvilinear trend (6th
order polynomial) for deaths in Bangladesh. The order of the
model is selected based on goodness of fit measures. We used
Akaike’s Information Criteria (AIC) and Bayesian Information
Criteria (BIC) to select the model.

The regression equation is given by:

Y = β0 + β∗1x+ β∗2x
2
+ β∗3x

3
+ β∗4x

4
+ β∗5x

5
+ β∗6x

6
. . . . (1)

• Y= No of deaths; x= No of days.
• The incidence rate, Case fatality are calculated as follows:
• Incidence Rate= cases ∗100,000 / (161.4∗1,000,000)
• Case-Fatality Ratio (CFR) (%)=Number recorded deaths∗100

/ Number of cases.
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RESULTS AND DISCUSSION

The trends in cases, recoveries, mortality, and active cases
are studied thoroughly to capture the actual picture in
Bangladesh. In addition to the situational reports from
Bangladesh Government and the World health organization
(WHO), this study highlighted the prime aspects of the first wave
of COVID-19 situation in Bangladesh.

Figure 2 reflects the overall trend of COVID-19 patients in
Bangladesh. Up to September 30, the total recovered patients
in Bangladesh have increased resulting in a decreasing pattern
in the number of active cases. The number of confirmed cases
followed an increasing pattern fromMarch to June and decreased
afterward (Figure 3). The number of Recovered people was
increasing over time from the last week of June and thereafter.

The number of COVID 19 deaths in Bangladesh has increased
over time from March to mid of July (Figure 4). The death rate
has a peak in the period from the last week of June to the second
week of July with a constant pattern thereafter.

The deaths were limited in the lockdown period (26th March
2020 to 16th May 2020) and the death toll raises rapidly after
that. From June to September the deaths among the younger
people increased alongside the elderly deaths (Figure 4). The
death trend in Figure 4 are fitted using 6th order polynomial
regression (Equation 1) and a detailed table is attached in the
Table A3 (Supplementary Material).

The demographic characteristics of the COVID-19 patients
indicate (Figure 5) that young people aged from 21 to 40 were
the most affected by novel coronavirus disease and 71% of the
affected were males are rest were women (29%). In the case of
deaths, the elderly people (60+) were the most vulnerable and
77% of the deaths were among the male (Female 23%) (Figure 5).

In Bangladesh, the number of male cases outnumbered the
number of female cases (Male: 71%, Female: 29%). Also the
number of male deaths outnumbered the same of female deaths
(Male: 77%, Female: 23%). Similar pattern was observed among
the South Asian countries (for example India, Pakistan, Nepal,
and Afghanistan) [a detailed table is attached in the Table A1
(Supplementary Material)]. Although the world data suggests
both males and females are equally likely to corona-virus-disease
(47). However, the gender role in mortality is also observed
in SARS patients (14). In the pandemic period including the
lockdown period the males more prone to roaming outside as
they are the bread earners mostly, resulting exposure. Study also
suggests higher tobacco consumption rate and comorbidity in
males are some of the reasons (48).

The COVID-19 confirmed cases in Bangladesh were below
15% in the lockdown period (from 26th March to 16th
May). From June 1 2020 to August 31 the rate remains
constant at around 21%. That is, around 21 persons were
tested COVID-19 positive per 100 test.This constant rate over
time indicates a dubious incidence rate (Figure 6). Whereas,
after the initial decrease of the case fatality ratio (CFR) in
the lockdown period the CFR remains constant in between
1 and 2% with an average of 1.53. That is, out of 1,000
confirmed cases around 15 people die due to COVID-19
(Figure 7).

The statistics on the number of positive COVID cases
and consequently recoveries and deaths are depending on the
number of tests. In Bangladesh, the incidence rate was following
a constant rate (Figure 5) indicating under-reported number
of positive cases. High correlation (0.93) between test and
positive cases indicates if the test could be conducted in higher
numbers, than the actual incidence rate could have been captured
(Figure 8).

In Bangladesh, the infectious virus spread from some
particular cities (mostly Dhaka) to the whole country. While
Bangladesh observed the first COVID-19 confirmed cases on
March 8, 2020, on 16th April, the virus affected 44 districts
out of 64 districts in Bangladesh. Dhaka and Narayanganj had
the most COVID-19 positive cases (Dhaka: 608, Narayanganj:
255). Narayanganj and Dhaka worked as an epicenter for
further spread in this time. On the 1st of June, the virus
outspreaded mostly Cumilla, Noakhali, Chattagram, Cox’s Bazar,
Mymensingh, Jamalpur, Rangpur, and Sylhet. The worst-hit
districts are the eastern, north-eastern, and south-eastern
districts alongside Dhaka district. On the 1st of June, the spread
intensified. The number of total confirmed cases increased
rapidly thereafter. Upto 28th September, most of the districts
have more than 2,000 confirmed COVID-19 cases (Figure 9).

Among the COVID-19 infected countries, Bangladesh
was the 117th country in comparison to other countries
considering cases per million population till September 30, 2020
[detailed figure is in Figure A1A (Supplementary Material)].
In terms of total cases, the USA observed the most COVID-
19 positive cases and Bangladesh was the 16th country
in comparison to other countries till September 30, 2020
(Figure A1B in the Supplementary Material). Whereas, in
terms of total death per million population, Bangladesh
was 111th compared to other countries (Figure A2A in the
Supplementary Material). In comparison to the total number of
deaths, the United States of America (USA) has the most deaths
(2.1 million) and Bangladesh was 29th in total deaths compared
to other countries till September 30, 2020 (Figure A2B in the
Supplementary Material).

From the observed case patterns (Figure 10A), in the USA,
Russia, and Peru the number of cases started increasing again
after decreasing for a period indicating a second wave. Whereas,
in Bangladesh India, Brazil, and Colombia the cases were
decreasing; indicating high risk of a second wave. The graph
(Figure 10B) shows the death pattern in the USA, Brazil, the UK,
Italy, and France already reached a peak point and the death rates
are decreasing over time. But in India, Mexico, and Bangladesh
the death rates were still in the peak position.

Covid-19 and Measures Taken
For a developing country like Bangladesh, COVID-19 is
a challenging catastrophe. Bangladesh observed its peak
positions in the number of cases and deaths. The government
took numerous measures to fight the COVID-19 pandemic
in Bangladesh such as screening, rescuing, and lockdown,
restriction on local and international air travels, and switch
to online educational activities for students instead of on
campus activities.
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FIGURE 2 | Total cases, recovery, and active cases over time in Bangladesh.

FIGURE 3 | Daily change in cases, recovery, and death in Bangladesh.

Fifty-three days after the first identification of COVID-19
in Wuhan, the Dhaka Airport authority started screening
the passengers who arrived from China (49). Up to 30th

September, Bangladesh has screened a total of 9,87,848
passengers. Among them, 5,61,108 are screened in the
International Airports, 3,78,449 in the land ports, 41,262 in
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FIGURE 4 | Death trends over time in Bangladesh.

FIGURE 5 | Age distribution of cases and deaths in Bangladesh.

the seaports, and 7,029 passengers in the cantonment railway
station (10).

The government rescued 312 Bangladeshi citizens from
Wuhan on the 1st of February and quarantined them for
2 weeks in the Ashkona Hajj camp for 2 weeks. None of
them tested positive (50, 51). On 15th March, 417 Bangladeshi
returns from Italy. Two hundred seventy-five of them were
kept under government supervision and 142 were sent to home
quarantine (52).

Bangladesh declared the first National Preparedness and
response plan for COVID-19 on 18th March (53). The
first lockdown was declared on 19th March at Shibchar,
Madaripur (54). On the 9th of April government imposed a
complete “No entry No exist” lockdown in the Cox’s Bazar
District, where most of the Rohingya refugee camps are
located (10, 55).

On the 23rd of March, the government ordered the closure
of public and private offices from March 26 to April 4 and
extended it to April 14th. On 24th March Armed forces are
deployed to ensure social distancing and quarantine (10, 55).
On April 10, the first general holidays are announced on April
15–23 and with several further extensions to 31st of May. On
28th May government declared the nationwide shutdown would
gradually be lifted conditionally from May 31 to 15th June. All
government/semi-government/Autonomous offices will be kept
open to a limited extent to maintain the 13 point directive
declared by DGHS (10). The transportation is also resumed on
a limited scale fromMay 31 (10).

On 24th March a 10-day ban on all passenger travel by
Air, Water, and Rail was imposed (10). Biman Bangladesh
suspended all its domestic and international flights on 27th
March (56). All domestic flights resumed from the 1st of June
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FIGURE 6 | Cases per test (100) rate in Bangladesh over time.

FIGURE 7 | Case fatality ratio in Bangladesh over time.

(1). Biman Bangladesh started its international flights from June
21, 2020 (52).

All the educational institutions were declared closed
on 16th March. The shutdown extended several times
till the 31st of October. The Government also postponed
the Higher Secondary Certificate (HSC) examination
on 22nd March and on 7th October the HSC and
equivalent exams were declared canceled by the Educational
Minister (57, 58).

The government announced a stimulus package of 8.5b USD,
almost 2.5% of GDP on 5th April, 2020, amid COVID-19 impact
on the economy (10). A new stimuli package of 589b USD for
the agricultural sector was declared on 12th April, 2020 (10). On
20th April, 2020 Bangladesh Bank announced 30b taka lending
for low-income groups (10, 55, 59).

Despite government measures, the situation in Bangladesh
is deteriorating. Though some studies state that lockdown has
a significant impact on reducing the spread (60), some other
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showed that in general, the countries with a weak health care
sector apply lockdown for longer duration but longer period of
lockdown does not reduce fatality rate significantly (61) or that
delaying reopening does not reduce the magnitude of the second
peak of cases, but only delays it (62, 63). Studies on Bangladesh
also showed that, in Bangladesh, the lockdown measures were
not much effective with no sign of flattening the curve (31).
Furthermore, since a longer period of lockdown has a negative
impact on economic growth, it is difficult for the people of a
developing country like Bangladesh to continue with lockdown
for long periods (61). During ongoing pandemic livelihood
opportunities has decreased and a lot of people has experienced
significant or complete loss of income (34). With a significant
changes in consumption pattern and financial situation (33),
uncontrolled spread of the COVID-19 pandemic could leave a
bulk vulnerable groups in socioeconomic crisis (64). In addition,
the ongoing pandemic has a severe physiological impact across
Bangladesh especially among the women and younger people

FIGURE 8 | Association between number of COVID-19 tests and confirmed

cases in Bangladesh.

(65), whereas, the older adults are more fearful of COVID-19
(66). The terminated lockdown and relaxation in other measures
(such as transport restriction, mass gathering restriction, and
restriction on people in the mosque at prayer, restriction in super
malls, and theaters) to combat this have endangered the situation.

The mass people in Bangladesh are reluctant to the testing
procedure. Since the rate of complications due to COVID-19 was
low (Serious: 10–15%, Critical: 5% cases), people with moderate
symptoms preferred to stay at home and avoided the tests (67).
Most of them took telemedicine services from home. According
to IEDCR/DGHS, up to September 30, 2020 the total number of
phone calls in various hotlines (16,263, 333, and 10,655) was 21.2
million. And among them, 417, 598 receives COVID treatment
(10, 40). The costly RT-PCR (3,500 tk at hospitals, 4,500 tk for
samples collected from home) was one of the major reasons
for the reluctance to test. Besides, the poor management in the
testing booths, poor hygiene, and lack of social distancing are the
key factors for the reluctance to the testing procedure. There is a
firm belief that the negative people could get transmitted in the
booths and they prefer not to test.

A study conducted by the IEDCR found around 45% of the
Dhaka dwellers are exposed to COVID-19 and carrying antibody
(40, 68, 69). Whereas, 9% (nearly 20 Lacks) could be COVID-19
positive with 78% having asymptotic patients (70). Besides 2 out
of 3 slum dwellers in Dhaka and Chattagram have had COVID-
19 (71). This results indicates the possibility that a small portion
of the actual affected patients are reported.

However, studies showed there concern about probable under
reporting bias in the COVID-19 data of Bangladesh due to
resource constraints (72). Self-reported syndromic data also
suggests an earlier spread of the outbreak in Bangladesh (73).
Besides, study based on mortality rates found massive under
reporting of confirmed cases in many countries (74). Due to
limited testing capacities, confirmed cases data are not exact (74).
Lack of testing kits and test facility (Lab) is one of the prior
reasons for the low number of tests in the initial stage. Up to 30th
May, there was only 50 lab facility for COVID testing which is
106 till now (as of 30th September). Besides, the testing facility

FIGURE 9 | Spread of COVID-19 positive cases in Bangladesh.
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FIGURE 10 | (A) Case pattern over time (7 days average) (top 8 countries and Bangladesh). (B) Death pattern over time (7 days average) (top 8 countries and

Bangladesh).

wasmainly Dhaka concentrated initially. The first COVID testing
started in IEDCRDhaka and the government gradually increased
the testing facility centering Dhaka. Among the 108 Labs, 57% of
labs (60) are in Dhaka as a consequence the testing in other areas
is under-reported. According to the IEDCR/DGHS, 50.11% of
deaths are reported in Dhaka. Lack of awareness among the mass
people and social stigma are the major reasons for low testing
in Bangladesh.

In world’s perspective, the incidence rate in Bangladesh
compared to other countries was apparently controlled during
the first wave. Bangladesh had crossed the peak period and the
cases were decreasing. While after crossing first peak position,
the cases in the USA, Russia, and Peru crossed/reached their
second peak. Compared to them the case rates decreased in
Bangladesh which was a success. The death rate in Bangladesh
was also low compared to many other countries in the world
during the period. The death pattern in the USA, UK, France,
and Italy has crossed the peak and was moving down during
June and afterwards. On the other side, Brazil, Mexico, and
Bangladesh was crossing their peak time. And the death
rate pattern was clustering at the peak for a large period
without decreasing.

The volume of evidence during COVID 19 and at which
it evolves had been a big challenge for policy makers all
over the world (75). A government can break the chains of
transmission and outbreaks using varying restriction policies
including quarantine, social distancing, business closures or full
lockdown, or a combination of any or all of these measures
(38). However, keeping a balance between health and economic
objectives always threw challenges to the policy makers.

Going forward, a country must examine the impact of
COVID-19 in her own ability in order to continue making
significant progress toward Sustainable Development Goals and
solutions need to be created together with Policy makers and
Public (76). And should plan to build resilient communities (77)
and resilient healthcare system (76, 78).

Studies showed that, rather than a longer period of lockdown,
greater healthcare expenditures (as % of GDP) can be more
helpful to reduce COVID-19 fatality rates and hence an
efficient strategy for future pandemics is to increase healthcare
investments (61). Mathematical and computational modeling
efforts have had an enormous impact on public health policy
for the prevention and control of COVID-19 in the US and
abroad (79, 80). However, with poor facilities of contact tracing,
reluctance of people for mass testing for economic or social
reasons, and insufficient investment in health care sector, it is
difficult for a developing country like Bangladesh to suggest
public health policies based on Mathematical or computations
models due to probable underreported data.

Furthermore, studies showed concern regarding public
perceptions regarding the COVID-19 pandemic because it might
affect the policy makers and because of uncertainty. In addition,
the “infodemic” make it even harder for the policy makers
to convince people to “follow” the evidence (75). Examples
of misleading advice on COVID-19 that had been rapidly
and widely spread online creating threats to specific public
health measures (including wearing mask or social distancing)
were also true for Bangladesh (75). General people are often
reluctant and ignore broad public health measures undermining
COVID-19 responses.
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Environmental factors should also be carefully considered in
policy making for Covid-19. COVID-19 is generating substantial
amounts of hazardous waste worldwide and Bangladesh is a part
of it. In Bangladesh, there is an alarming unhealthy practice
of collecting used mask and PPE by the waste collectors who
resale it in the local market illegally as reported by the frontline
newspapers and TV channels. A poormedical wastemanagement
system might increase the risk of spread of Covid-19. On the
other hand, a wastewater surveillance for COVID-19 pandemic
for inclusion of wastewater based epidemiology in policy making
is also very important (81).

Safe mass vaccination is the long term solution for the
current pandemic (82). With limited resources of health system
of Bangladesh, any vaccine providing a protection, at least
against severe COVID-19 cases would reduce the burden on
the scanty hospital and intensive care unit facilities in the
country (83, 84). Also, the mass participation to vaccination
can be ensured through advertising about herd immunity (85).
Fortunately Bangladesh Government has given priority to this
issue and is moving forward with its vaccination strategy. With
an aim of vaccinating 80% of the total adult population, the
vaccination drive was inaugurated on 27th January, 2021 (86).
The Bangladesh government published a priority list for the
first round of vaccine recipients, including frontline workers and
older people aged 40 years and above. A compulsory app-based
registration system was developed for registration of vaccination
against COVID-19. The vaccines, primarily, were distributed
through tertiary healthcare centers in the capital city of Dhaka.
Another proportion were dispersed through district hospitals
and Upazila health complexes (1st referral center at primary
healthcare level) (87).

In conclusion, using the lessons learned from the first wave
of the crisis of COVID-19 pandemic in Bangladesh and in other
countries of the world, this study suggests that, for a developing
country like Bangladesh, a long period of lockdown cannot be a
suitablemeasure to control the spread of the pandemic as it might
give birth to economic crisis. Rather, social awareness regarding
the spread of the disease and its probable impact, usefulness of
using mask, as well as a strong healthcare sector might be helpful
to fight against COVID-19.

Limitations
Our study has a few limitations. The publicly available dataset
could have some misreported or under reported data. In
Bangladesh data, on 15th June there is a sharp increase in the
total number of recoveries due to the change in the definition of
recovery by IEDCR (a patient can be declared recovered if the
fever goes downwithout paracetamol or similar drugs and if there
is a significant improvement in breathing or coughing problems
within 3 days) (88). According to DGHS, over 15,000 patients
recovered from COVID-19 up to June 15, 2020. The patients
who recovered from COVID-19 included both symptomatic and
asymptomatic patients which could not be specified due to lack of
data. The deaths and recoveries occurred not only in the hospital
but also at home. Lack of massive testing and lack of data on such
cases, we could not shed light on that part.

CONCLUSIONS

To combat an infectious disease, it is not only important
to know about the virus biology but also the nature of
the spread, probable measures to prevent the disease,
the effectiveness of measures, and the loopholes in those
measures. In Bangladesh, the COVID-19 confirmed
cases showed an exponential increase after the lockdown
was relaxed.

The Government of Bangladesh had taken numerous
measures to tackle the pandemic situation and consequently
the spread had somewhat been controlled in Bangladesh in the
first phase. However, after a long lockdown of 51 days, the
“not minimized” incidence rates are probable indicators of
implementation gaps of measures taken by the Government.
No proper screening of the cities with international airports
(Dhaka, Sylhet, and Chattagram), delay in starting screening,
improper quarantine of the rescued people including the
confirmed cases, lack of proper testing facilities, poor contact
tracing policies were the major loopholes. In addition to
that, social stigma and non-cooperation and reluctance of
general people due to lack of proper knowledge regarding
the spread of such an infectious disease deteriorated the
situation to some extent. It is difficult to track the amount
of medical waste managed properly in the current health
care system of the country. However, a monitoring might
improve the situation and further studies are required in
this field.

The government could not succeed completely to enact
the importance of the suggested guidelines to prevent the
disease among the mass people. As a result, there was
poor control over the implementation process to maintain
the guidelines. In view of the systematic assessment of the
disease in Bangladesh, we suggest that to prevent further
spread, strict maintenance of the guidelines [that is, (i)
Wearing mask (ii) Sanitization, (iii) Social distancing], proper
lockdown policy optimized with respect to economic issues,
proper screening in the ports, proper quarantine, proper
medical waste management, mass testing, and finally, mass
vaccination. However, mass awareness is the mandatory first
step to implement any of these measures successfully. We
strongly believe that these insights will assist Bangladesh as
well as the other densely populated countries fighting against
future pandemics.
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Background: In middle-income countries such as Vietnam, where healthcare resources

are already constrained, protecting healthcare workers (HCWs) is essential for ensuring

the sustainability of COVID-19 response in Vietnam. This study was conducted to assess

the knowledge and practices regarding the prevention of the COVID-19 among the

HCWs in Vietnam to identify the ways of disseminating information to maximize the safety

of these essential workers.

Methods: An online cross-sectional study, using respondent-driven sampling, was

conducted in Vietnam with 742 participants within 2 weeks. The validity of the

questionnaire was examined by exploratory factor analysis. Descriptive statistics were

used to identify the level of knowledge and practices among the HCWs to prevent

the COVID-19. Inferential statistics and regression modeling were used to identify the

associated factors with results.

Results: Vietnamese HCWs had a high level of knowledge with more than 75% of the

participants demonstrating awareness of all the modes of transmission aside from air.

The mean knowledge score was 3.7 ± 0.8 (range 1–5). Nearly all the participants relied

on the Ministry of Health (98.3%) and the internet (95.5%) for information regarding the

COVID-19. The participants endorsed a moderately high level of self-protective practices

with mean scores of 4.2 and 3.6 (band score 1–5) for the precautionary and psychological

measures, respectively. Nurses were more likely to practice the precautionary measures

than doctors and the HCWs at the central level were more likely to practice the

psychological measures than those at the district level.
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Conclusion: Future education initiatives should consolidate the latest literature in

an accessible format, focusing initially on the gaps of knowledge regarding aerosol

transmission. These initiatives should primarily focus on the doctors, especially those

in emergency and intensive care departments.

Keywords: COVID-19, knowledge, practice, national lockdown, Vietnam

INTRODUCTION

In December 2019, China first reported the cases of pneumonia
caused by SARS-CoV-2, the beginning of the global coronavirus
disease 2019 (COVID-19) pandemic (1, 2). Since the initial
outbreak, the healthcare workers (HCWs) have assumed an
essential role in defending the health of the population and are
at heightened risk of contracting infection (3). Italy, an early
epicenter of the global COVID-19 pandemic, lost 151 doctors
and more than 40 nurses to the COVID-19 by the end of April
2020 (4). In Northern Italy, the infection rate of the HCWs was
documented to be about 20% (5). The US, a later epicenter, was
found to have 62,344 confirmed COVID-19 cases and 291 deaths
among the HCWs by late May 2020 (6).

In contrast to Italy and the US, the effects of the COVID-
19 pandemic in Vietnam have been minimized with proactive
interventions including early detection, timely isolation, and
strict adherence to social distancing (5, 7–9). As a part of the
prevention strategy in Vietnam, the Vietnamese government
also implemented a partial 15-day national lockdown, closing
restaurants and public spaces, stopping public transportation
in high-risk areas, and restricting travel (10). As a result, on
September 23, 2020, there have been only a total of 1,069 reported
COVID-19 cases and 35 deaths in the country, a success story
in terms of pandemic containment (11). In July 2020, only
four Vietnamese HCWs have become infected (12). However,
as of 12:56 GMT, August 28, 2021 (more than 1 year after
the time of the study), a total of 422,469 reported COVID-19
cases and 10,405 deaths in Vietnam (13). Therefore, efforts to
prevent HCW infection are especially crucial in Vietnam given
preexisting constraints on the healthcare resources.

In addition to public health interventions, personal hygiene
practices such as handwashing and adherence to personal
protective equipment (PPE) are essential in efforts to prevent
transmission. Previous studies have described the shortages of
PPE globally (14–16). Vietnam is no different and many health
workers have had to use non-medical grade face masks. In view
of this, new recommendations have been released to guide mask
allocation and usage (10, 17). However, HCW safety requires not
only access to PPE but also sufficient knowledge and practices to
prevent the COVID-19 transmission. Currently, studies on the
latter among the HCWs in Vietnam are lacking.

Previous research on the knowledge and practices of HCWs
in China found that 89% of the HCWs had sufficient knowledge
and 89.7% followed correct practices for disease prevention (18).
A similar study in Italy found overall adequate knowledge of the
COVID-19 control measures among the HCWs (19). In Vietnam,
one study found that the HCWs had a good understanding of

the COVID-19 with a mean knowledge score of 8.17 (range
4–10). These data were collected from a single hospital in Ho
Chi Minh City, Vietnam (20). Utilizing an online questionnaire
to reach more participants, this study aims to characterize
knowledge and practices of COVID-19 prevention among the
HCWs across Vietnam.

By examining the sources of information of the HCWs,
this study aims to identify ways to disseminate information to
the HCWs. Moreover, due to the heterogeneity of the HCW
population, this study also seeks to identify characteristics
associated with gaps in knowledge and practices of COVID-19
prevention to guide the opportunities for further education.

METHODS

Study Setting and Respondents
A cross-sectional study was conducted on 2 weeks of early April
2020 during the partial national lockdown in Vietnam. At this
point during the epidemic in Vietnam, more than 60% of the
COVID-19 cases were brought from foreign countries including
Hubei, Wuhan, and China, the initial epicenter of the COVID-
19 pandemic. The eligibility criteria for the participants were
the following: (1) occupation as an HCW, (2) agreement to
participate through an online informed consent, and (3) ability
to access the web-based questionnaire.

Sample and Sampling
Respondent-driven sampling was used to recruit the
respondents. At the beginning of the recruitment process,
a core group at the Hanoi Medical University was created.
Members of this group were chosen based on the high likelihood
of knowing HCWs at various hospitals throughout Vietnam.
They were also selected to reflect a diverse range of characteristics
including gender, age, and occupation. The core group sent the
questionnaire link to their close contacts via platforms such
as Facebook or Zalo. Respondents were able to access the
questionnaire on computers, tablets, and smartphones, and
they were also asked to invite the other Vietnamese HCWs to
participate. A total of 742 HCWs participated in this study, which
consisted of staff at the hospitals and the medical universities
throughout all the 63 provinces.

Instruments and Measures
An online questionnaire was created by using the SurveyMonkey
platform, which collected the data on the demographics and
occupation of the participants along with knowledge and
practices of the COVID-19 prevention. The questionnaire in
Vietnamese was developed by the public health experts of

Frontiers in Public Health | www.frontiersin.org 2 October 2021 | Volume 9 | Article 658107181

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Nguyen et al. Self-Protective KAP Against COVID-19

TABLE 1 | Participant demographics.

Characteristics Geographical hospital divisions p-value

Central level Provincial level Others Total

n % n % n % n %

Total 167 31.6 159 30.1 203 38.4 529 100.0

Region

Northern 151 90.4 85 53.5 144 70.9 380 71.8 < 0.01

Central 11 6.6 63 39.6 38 18.7 112 21.2

South 5 3.0 11 6.9 21 30.3 37 7.0

Gender

Male 63 37.7 56 35.2 72 35.5 191 36.1 0.87

Female 104 62.3 103 64.8 131 64.2 338 62.9

Marital status

Single/Separated/Widowed 32 19.2 37 23.3 42 20.7 111 21.0 0.66

Married 135 80.8 122 76.7 161 79.3 418 79.0

Living with

Family/friends 154 92.2 147 92.5 189 93.1 490 92.6 0.94

Alone 13 7.8 12 7.6 14 6.9 39 7.4

Education

University and lower 71 42.5 102 64.2 141 69.5 314 59.4 < 0.01

>University 96 57.5 57 35.9 62 30.5 215 40.6

Occupation

Doctor 104 62.3 76 47.8 113 55.7 293 55.4 < 0.01

Nurse 30 18.0 54 34.0 40 19.7 124 23.4

Others 33 19.8 29 18.2 50 24.6 112 21.2

Department

Emergency-intensive care 6 3.6 20 12.6 17 8.4 43 8.1 < 0.01

Internal medicine 28 16.8 20 12.6 20 9.9 68 12.9

Surgery-obstetrics-pediatrics 24 14.4 22 13.8 20 9.9 66 12.5

Radiology-scientific laboratory-clinic 34 20.4 16 10.1 39 19.2 89 16.8

Administrative offices 14 8.4 32 20.1 28 13.8 74 14.0

Infectious disease-infection control 10 6.0 6 3.8 9 4.4 25 4.7

Preventive medicine-public health-nutrition 29 17.4 5 3.1 33 16.3 67 12.7

Others 22 13.2 38 23.9 37 18.2 97 18.3

Mean SD Mean SD Mean SD Mean SD p-value

Age 35.8 9.1 34.7 8.3 36.4 9.0 35.7 8.9 0.17

Durationof career (years) 10.5 8.5 10.6 8.2 11.5 8.9 10.9 8.6 0.54

the Institute of Preventive Medicine and Public Health, Hanoi
Medical University. It was based on the questionnaires regarding
the perception of risk of the HCWs and the preventive
measures for SARS in Singapore. Demographic characteristics
consisted of information such as age, gender, marital status,
religion, ethnic group, education level, and home environment.
Occupational characteristics included job title and current
work status.

Finally, to evaluate for the knowledge and practices of the
COVID-19 prevention, the questionnaire asked participants to
rate the statements on knowledge and self-protective actions
to prevent the COVID-19 on a 5-point Likert scale in
which 1 representing “strongly disagree” and 5 representing
“strongly agree.”

Data Analysis
The collected data were analyzed by using STATA 15.0 (StataCorp
LP, College Station, Texas, United States). Characteristic data
including mean, SD, frequency, and percentage were examined
by using descriptive statistics. Inferential statistics were used to
compare the HCWs at the central hospitals, provincial hospitals,
and other hospitals. The Fisher’s exact or chi-squared tests were
used for the qualitative variables and ANOVA or Kruskal–Wallis
test were used for the quantitative variables. A multivariable
linear regressionmodel was used to identify the factors associated
with knowledge and practices of COVID-19 prevention. The
stepwise forward selection was utilized to obtain reduced models
with a log-likelihood ratio test at a p-value of 0.2. Statistical
significance was set at a p < 0.05.
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TABLE 2 | Knowledge, sources of information, preferences for training platform, and practice on the transmission and self-prevention against the coronavirus disease

2019 (COVID-19).

Characteristics Level of hospital p-value

Central level Provincial level Others Total

n % n % n % n %

Knowledge of transmission

Air 64 52.5 65 60.8 90 57.7 219 26.9 0.44

Close contact with COVID-19 patients 88 72.1 77 72.0 1,126 80.8 291 75.6 0.15

Colleagues with contact with COVID-19 patients 91 74.6 84 78.5 131 84.0 306 79.5 0.15

Surface with nasal/throat secretions of COVID-19 patients 93 76.2 83 77.6 115 73.7 291 75.6 0.76

Source of information about COVID-19

WHO 118 70.7 93 58.5 115 56.7 326 61.6 0.01

Ministry of Health 164 98.2 157 98.7 199 98.0 520 98.3 0.92

CDC 103 61.7 82 51.6 115 56.7 300 56.7 0.18

University/ Hospital 119 71.3 90 56.9 101 49.8 310 58.6 < 0.01

Colleague 109 65.3 99 62.3 121 59.6 329 62.2 0.54

Friends 70 41.9 65 40.9 77 37.9 212 40.1 0.72

Others 19 11.4 14 8.8 28 13.8 61 11.5 0.34

Mass media channel for information seeking

Internet 162 97.0 151 95.0 192 94.6 505 95.5 0.50

Television 130 77.8 135 84.9 177 87.2 442 83.6 0.05

Radio 55 32.9 61 38.4 90 44.3 206 38.9 0.08

Newspaper 95 56.9 96 60.4 124 61.1 315 59.6 0.69

Other 14 8.4 9 5.7 14 6.9 37 7.0 0.63

Information about COVID-19 that you want to know more

Nothing 31 18.6 19 12.0 37 18.2 87 16.5 0.19

Epidemiology 73 43.7 65 40.9 86 42.4 224 42.3 0.88

Infection control and prevention 90 53.9 89 56.0 102 50.3 281 53.1 0.54

Disease management 80 47.9 74 46.5 83 40.9 237 44.8 0.35

PPE use 61 36.5 71 44.7 81 39.9 213 40.3 0.32

Forms of training desired

Direct training 27 16.2 39 24.5 39 19.2 105 19.9 0.16

Online lecture 83 49.7 61 38.4 81 39.9 225 42.5 0.07

Online seminar/webinars 49 29.3 38 23.9 47 23.2 134 25.3 0.35

Phone application 66 39.5 67 42.1 63 31.0 196 37.1 0.07

Text documents 53 31.7 65 40.9 54 26.6 172 32.5 0.02

Mean SD Mean SD Mean SD Mean SD p-value

Adequate knowledge of transmission (band score 1–5) 3.7 0.8 3.7 0.7 3.7 0.9 3.7 0.8 0.63

Self-protective actions

Seek information about COVID-19 4.5 0.6 4.4 0.7 4.4 0.9 4.4 0.7 0.48

Comply with recommendations and preventive measures of the Ministry of Health 4.6 0.6 4.5 0.6 4.4 0.8 4.5 0.7 0.46

Avoid crowded places 4.5 0.6 4.5 0.6 4.3 0.9 4.4 0.7 0.17

Avoid contact with colleagues at risk of COVID-19 exposure 3.7 0.9 3.6 0.9 3.4 1.0 3.6 1.0 0.02

Nutritional supplements, vitamins 4.0 0.8 4.0 0.8 4.0 0.9 4.0 0.8 0.58

Exercise regularly 4.0 0.8 4.0 0.8 3.9 0.9 4.0 0.8 0.80

Try not to think about the risks of COVID-19 3.3 1.0 3.2 1.0 3.3 1.0 3.3 1.0 0.41

Stay positive and convince yourself that you will not be infected with COVID-19 3.9 0.8 3.8 0.9 3.8 0.8 3.8 0.8 0.73

Accept the risk of COVID-19 infection 3.8 0.7 3.7 0.8 3.7 0.8 3.7 0.7 0.30

Ethical Consideration
This project was ethically approved by the Review Committee
at the Institute of Preventive Medicine and Public Health,

Hanoi Medical University on March 28, 2020. The research
purpose and informed consent were provided on the web-based
survey before participation. Participation was anonymous and
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TABLE 3 | Measures taken to self-protect from COVID-19.

I have prevented COVID-19 when I Strongly agree Precautionary measures Measures toimprovepsychological

well-being
n %

Comply with Ministry of Health

recommendations and preventive

measures

298 56.3 0.92

Avoid crowded places 273 51.6 0.90

Seek information about COVID-19 267 50.5 0.88

Nutritional supplements, vitamins 155 29.3 0.65

Exercise regularly 143 27.0 0.60

Avoid contact with colleagues at risk

of exposure to COVID-19

83 15.7 0.42

Stay positive and convince yourself

that you will not be infected with

COVID-19

95 18.0 0.78

Accept the risk of COVID-19 infection 50 9.5 0.54

Try not to think about the risks of

COVID-19

46 8.7 0.77

Cronbach’s alpha 0.83 0.55

Mean 4.2 3.6

SD 0.6 0.6

voluntary and respondents could withdraw from this study at
any point.

RESULTS

Table 1 shows the demographic characteristics of the participants
in this study. Most of the respondents (62.9%) were females and
they worked in Northern Vietnam (71.8%). More than half of the
respondents were doctors (55.4%) and they were educated at the
lower university level (59.4%). Regarding department, 16.8% of
the participants worked in radiology, scientific laboratories, or
clinic; 14.0% of the participants worked in the administrative
offices; and only 4.7% of the participants worked in infectious
disease and infection control.

Table 2 summarizes the knowledge, source of information,
and practices regarding COVID-19 prevention among the
participants. The majority of the participants knew that close
contact with colleagues who have cared for the patients with
the COVID-19 (79.5%), directly caring for the patients with
the COVID-19 (75.6%), or touching surface containing nasal or
salivary secretions of the patients with the COVID-19 (75.6%)
could increase the risk of developing the COVID-19. Less than
half of the participants (41.4%) knew that the SARS-CoV-2 virus
could be transmitted by air. On a scale of 1–5, the average
knowledge score of the respondents was 3.7 (SD = 0.8). The
internet (95.5%) and television (83.6%) were the most popular
media channel for seeking information. Moreover, the Ministry
of Health was the most widely used source of information with
98.3% of all the participants obtaining information. Regarding
the practices, the average score was relatively high ranging from
3.3 to 4.5. Practices with the highest rates of engagement were

seeking information about the COVID-19, complying with the
Ministry of Health preventive recommendation, and avoiding
crowded places (average scores 4.4, 4.5, and 4.4, respectively).

The construct validity of self-protection from the COVID-19
is displayed in Table 3. Self-protective actions were subdivided
into two categories: precautionary measures to prevent disease
transmission and psychological measures to promote mental
well-being. Table 4 demonstrates the values of Cronbach’s alpha
for those categories that were 0.83 and 0.55, respectively.

Table 4 represents the relationships between the demographic
characteristics and source of information with the perceived
knowledge and practices of the respondents against the COVID-
19. Aside from those who worked in the preventive medicine,
public health, and nutrition departments, we found that the
HCWs in all the other departments were more likely to have
adequate knowledge of SARS-CoV-2 virus transmission and the
COVID-19 prevention than those in the emergency and intensive
care unit.

Nurses were more likely to practice precautionary measures
against the COVID-19 compared to doctors (Coef. = 0.18, 95%
CI = 0.02–0.34). HCWs with an education level higher than
university (Coef. = 0.18, 95% CI = 0.05–0.30) and who had
adequate knowledge of transmission (Coef. = 0.20, 95% CI =
0.13–0.27) were also more likely to engage in the precautionary
measures than their counterparts.

In terms of psychological well-being, the HCWs at the district
level health centers were less likely to engage in self-protective
practices than working at the central hospitals (Coef.= 0.18, 95%
CI = 0.31–0.04). Meanwhile, using the internet for information
about the COVID-19 was correlated with greater implementation
of the measures to improve psychological well-being (Coef. =
0.57, 95% CI= 0.22–0.92).
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TABLE 4 | Associated factors of the knowledge and practices against the COVID-19.

Factors Self-protection from COVID-19

Adequate knowledge

ofSARS-CoV-2transmission

Precautionary measures Measures to improve

psychological well-being

Coef. 95% CI Coef. 95% CI Coef. 95% CI

Region (vs. Northern)

Central 0.12 −0.04; 0.28

South 1.47** 1.08; 2.00

Gender (vs. Male)

Female −0.12* −0.24; 0.00

Education (vs. University and lower)

> University 0.18*** 0.05; 0.30

Occupation (vs. Doctor)

Nurse 0.18** 0.02; 0.34 0.25*** 0.10; 0.40

Others 0.81* 0.66; 1.00

Level of hospital (vs. Central level)

District health center −0.18** −0.31; −0.04

Others −0.12 −0.29; 0.05

Department (vs. Emergency-Intensive care)

Surgery-obstetrics-pediatrics 0.74** 0.57; 0.97 −0.14 −0.33; 0.04

Administrative offices 0.75** 0.58; 0.96

Infectious disease-infection control 0.76** 0.58; 0.98

Preventive medicine-public health- nutrition 0.78 0.54; 1.12 −0.26* −0.52; 0.00

Others 0.73*** 0.58; 0.92

Adequate knowledge of transmission 0.20*** 0.13; 0.27 0.07* −0.00; 0.15

Source of information about COVID-19

CDC 0.09 −0.03; 0.22

University/Hospital 0.1 −0.02; 0.22

Mass media channel for information seeking (vs. television)

Internet 1.19 0.92; 1.55 0.57*** 0.22; 0.92

Radio 0.13** 0.01; 0.25

Newspaper 0.84** 0.70; 1.00 −0.13** −0.26; −0.00

Other 1.36* 0.99; 1.86

Aspect of COVID-19 that respondents wanted to know more about

Epidemiology COVID-19 0.11* −0.01; 0.22 0.35*** 0.22; 0.48

Case management 1.18* 0.99; 1.41

Using PPE −0.21*** −0.34;−0.08

***p < 0.01; **p < 0.05; *p < 0.1.

DISCUSSION

To the best of our knowledge, this study is among the first
to examine both the knowledge and self-protective practices
to prevent the COVID-19 among the HCWs in Vietnam.
Overall, the results showed that Vietnamese HCWs have a high
level of knowledge with more than 75% of the participants
demonstrating awareness of all the modes of transmission
aside from air. The mean knowledge score was 3.7. The
HCWs in the emergency and intensive care departments
had lower knowledge scores than those in nearly all other
departments. Further, participants endorsed a high level of

self-protective practices with mean scores of 4.2 and 3.6 for
the precautionary and psychological measures, respectively.
Nurses were more likely to practice the precautionary measures
than doctors and the HCWs at the central level were more
likely to practice the psychological measures than those at the
district level.

The knowledge levels in this study are lower than those found
among the HCWs in Pakistan (21) and higher than nurses in
Iran (22). In comparison to a prior study conducted at a hospital
in Ho Chi Minh City, Vietnam, the knowledge score in this
study was slightly lower. However, with respect to transmission,
a greater proportion of the participants in this study was aware
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of disease spread through close contact (20). Overall, the level
of knowledge regarding transmission by contact with infected
people and surfaces echoes findings from prior studies (23, 24).
A knowledge gap on aerosol transmission was also found. It
is likely due to the limited data on the aerosol transmission
during the pandemic when this study was conducted. Since then,
research has emerged to suggest the possibility of short-range
aerosol transmission (25, 26). As such, future initiatives among
the HCWs in Vietnam should focus on education regarding
the COVID-19 transmission by air and its implications on self-
protective clinical practices.

Compared to hospital staff in the other departments, those
in emergency and intensive care units had lower knowledge
about the COVID-19 transmission. Precluding them from
seeking up-to-date literature about the COVID-19 may be
due to the longer shifts and overall higher stress from caring
for the severe patients (27–31). Given the time constraints
of the HCWs, interventions should focus on consolidating
information efficiently to ensure that the healthcare providers
have access to updated data in the midst of high clinical
demands, specifically those in emergency and intensive care
units. The most popular sources of information reported
by the participants were the Ministry of Health and the
Internet that are reflective of findings from the previous
studies (23, 32). Therefore, those mediums should be the
primary focus channels of future educational campaigns.
Moreover, our data emphasize the importance of keeping the
Ministry of Health website routinely updated to ensure that
healthcare providers have access to the latest data to guide
patient care.

Regarding self-protective practices, our study found that
the participants had higher levels of engagement with the
precautionary measures compared with the psychological
measures. This finding may represent the prioritization of
physical health over mental well-being during the initial
phases of the COVID-19 outbreak. The higher levels of
the precautionary practices are likely attributable to the
strict control measures by the Vietnamese government
with significant fines for violations (33). However, as the
course of the pandemic progresses and its psychological
effect becomes more apparent (34), our data suggests the
need for the healthcare systems to facilitate the targeted
efforts to promote the mental and emotional well-being of
the HCWs.

As well-documented in literature with the COVID-19
(35) and the other disease outbreaks (36, 37), knowledge
scores were positively associated with practice scores. This
finding emphasizes the pivotal role of education in promoting
compliance with public health interventions. Nurses practiced
precautionary measures at greater rates than doctors. It is
likely due to the greater levels of interaction with the COVID-
19 patients on a daily basis. Future interventions should
continue to focus on the doctors to ensure that they are
leading as team leaders. With respect to psychological measures,
the HCWs at the central level hospitals had higher practice
scores than those at the district level. This likely relates
to greater levels of staff support available at the central

level. Future interventions should ensure equitable distribution
of the resources for health workers at all levels of the
health system.

Our research had several limitations. A cross-sectional study
had conducted at the beginning of the COVID-19 pandemic
in Vietnam. Further research will be needed to identify trends
in the knowledge and practices of HCWs in later phases
of the COVID-19 pandemic. Second, despite a high number
and diversity of the participants, our respondents were not
randomly selected and are not representative of the Vietnamese
HCWs population. Lastly, though the questionnaire is the first
national survey to provide a glimpse into the knowledge and
practices of the HCWs in Vietnam, the number of items
assessed for the knowledge and practices was limited. Further, the
internal validity of the psychological measures was low. Future
studies will be needed to better characterize these variables,
particularly the psychological practices among the HCWs to
guide future interventions.

CONCLUSION

This study found that the Vietnamese HCWs had a high
level of knowledge and practices to prevent the COVID-19,
though there was some room for improvement. Future education
initiatives should focus initially on the COVID-19 virus aerosols
that fill an important gap of knowledge. The Ministry of
Health website should be considered for rapid dissemination
of information. Doctors, especially those in emergency and
the intensive care departments, should be a primary focus
of these initiatives. At the same time, greater efforts will be
needed to promote HCW engagement with the psychological
self-protective practices, particularly among those working at the
district levels.
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The COVID-19 pandemic is striking the world with serious public health and

socioeconomic complications. The pandemic has influenced all forms of daily life,

including educational institutions. Therefore, this cross-sectional survey was conducted

to understand knowledge, attitudes, and practices related to COVID-19 among the

students of the University of Veterinary and Animal Sciences, Lahore. The data was

collected using an online self-directed questionnaire. The survey form includes six

items about sociodemographic characteristics, 14 knowledge-based questions, seven

questions on attitude, and eight questions on practices. The sample number was

calculated using the Raosoft sample size calculator. A total number of 3,854 students,

including 1,823 men and 2,031 women, were engaged in this survey, having student

representation from all the provinces in the country. The data were analyzed using

a chi-square test. A total of 97% of the students knew that the etiological agent of

COVID-19 is a virus and that it is a disease of the respiratory system (94%). Many students

kept visiting their relatives during the lockdown (45%), and their relatives kept visiting

them at home (59%). The responses from the students varied a lot on specific questions

about the transmission of the virus. Women tended to have less information regarding

precautionary travel measures (p < 0.01), but supplemental knowledge of prevention

of disease transmission from positive patients (p < 0.01). Conclusively, the majority of

the university students surveyed had imperative knowledge, a good attitude, and active

practice in response to the COVID-19 outbreak. Moreover, the KAP scores have varied

by demography, gender, and the number of family members. Therefore, continuous

awareness of preventative behaviors should be disseminated regularly in emergencies.

Keywords: COVID-19 pandemic, KAP survey, health, education, Pakistan
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INTRODUCTION

In December 2019, an outbreak of respiratory disease erupted

in Wuhan market, P.R. China. The initial few cases had the

history of working in the fish market in Wuhan, where wet
animals including bats were being sold (1). The outbreak is
believed to have started from the transmission of the virus from
animals to humans. The disease was very contagious and human-
to-human spread was very swift. The virus was preliminarily
named as a novel coronavirus (n-CoV) which was renamed as
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
(2). The disease spread to 18 countries within 2 months which
prompted the World Health Organization (WHO) to declare it
as Public Health of International Concern on January 30, 2020
(3). The number of cases persistently increased, which resulted
in the WHO declaring it as a pandemic on March 11, 2020. As of
April 17, 2021, the total number of people who have been infected
with COVID-19 is 140,598,841 while 3,014,240 people have died
of the disease. The cases in Pakistan increased rapidly as well with
the first case reported on February 26, 2020 (4), while 750,158
cases have been reported and 16,094 people have lost their lives
to COVID-19 as of April 17, 2021.

The infectious period of COVID-19 has not been completely
elucidated at the time of this study, and the incubation period
of SARS-CoV-2 varies from 5 to 14 days (5). The virus affects
the lower respiratory tract leading to pneumonia although it can
also affect the gastrointestinal tract, liver, kidney, and multiple
organs (6). Scientists from multiple countries have collaborated
under the Coalition for Epidemic Preparedness Innovations
(CEPI) on the development of a vaccine. Many scientists have
worked on the repurposing of already available drugs. Approval
and availability of vaccines and drugs require time to ensure
their safety before mass production and widespread use (7).
Some antiviral drugs including hydroxychloroquine, favipiravir,
lopinavir, and remdesivir are being tested in Phase III and Phase
IV trials. Currently, the most effective way to prevent the spread
of disease is to follow the Standard Operating Procedures and
guidelines shared by the WHO and the Center for Disease
Control (CDC).

At time of writing, Pakistan is tackling the fourth wave of
COVID-19. The positivity rate of COVID-19 varies from 4
to 11 percent. The management strategies include awareness
campaigns regarding the transmission and prevention of the
disease. Before vaccine availability, the smart lockdown strategy
of Pakistan has let the economy keep moving and kept the
disease under control. Cities showing high positivity rates are
brought under lockdown, and public gatherings are banned.
The intermittent lockdown strategy is one of the success stories
of Pakistan. After vaccine availability, the mass vaccination
of people has played its role in controlling of the disease. A
total of 25,493,964 people in Pakistan have at present been
completely vaccinated. Nevertheless, much of the population
does not believe in the existence of coronavirus, therefore, there
is a continuous need to educate people both conventionally
and non-conventionally.

In Pakistan, the National Institute of Health has also shared
the guidelines and arranged training sessions to strengthen

preventive measures, which emphasized frequent hand washing,
mandatory face mask use, and maintaining social distancing.
Government and non-government organizations and print,
electronic, and social media have done massive awareness
campaigns regarding prevention measures (8). Nevertheless, the
cultural norms of Pakistan having a cordial community make
it difficult to maintain social distancing over a longer period
of time. As with the disease spreading fast, scientific data
evolved rapidly on a daily basis. On another aspect, there is
mixed information available the disease, further much of the
incorrect information available through social media creates
an “infodemic”, which develops unnecessary fear among the
community (9).

It is evident from previous pandemics that lack of knowledge
and intention to practice SOPs mitigates the efforts to control
the spread of disease (10). Several previous studies based on the
KAP survey provide insight into COVID-19 information and
practices of the students of universities, colleges, and general
people in society. This helps policymakers tomake efficient policy
considering the results of the survey in order to control the spread
of the disease (11–13). Amidst the infodemic, Universities are
opening, although, the battle is still going on against COVID-19.
Multiple studies have been done to know the response of the
community to the COVID-19 disease, but few studies were
planned for the students of universities. University students can
reflect the view of the educated youth of diverse communities. A
delicate balance between the Knowledge, Attitude, and Practices
(KAP) of a community is required; therefore, there was the
need for a survey that could reflect students’ understanding of
COVID-19 during December 2020. The perceived efficacy of
KAP will help to underpin the thorough guidelines and SOPs
for universities. This may help the government to devise effective
SOPs and awareness campaigns.

MATERIALS AND METHODS

Study Designs and Participants
A cross-sectional study was conducted in December 2020 among
the students of the University of Veterinary and Animal Sciences
(UVAS), Lahore with approval. The collection of the data
was according to the regulations of the Institutional Ethical
committee based on the Helsinki declaration. Anonymity was
ensured while the collection of information. The sampling
technique for the study was non-probability convenience
sampling. Data were obtained from the students of UVAS,
Lahore. The campus is located in the heart of Lahore city, which
is the capital of the Punjab province, Pakistan. The students
of university have inclusiveness from all the provinces along
with representation from foreign countries. The sample size was
attained through the Raosoft sample size calculator. The total
estimated size is 3,854 with a 95% confidence level, ±1% margin
of error, and 50% response distribution.

The participants were categorized by gender, location, age,
and degree program. The participants included 1,823 students
who were men, and 2031 students who were women. A total of
2,871 students were from the cities while 983 students were from
villages or rural areas. The majority of the students were studying
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in undergraduate degree programs (2,853), followed by Masters
(817), and PhD (184) programs.

As the students were studying in the online mode of teaching
due to the restrictions of the pandemic and the implementation
of social distancing, data were obtained by an online Campus
Management Software (CMS) tool. The questionnaire was shared
through the personal login IDs of the software. The software
was secured for data confidentiality and the information was
obtained as anonymous data. The participants were ensured
that the information will only be used for research purposes.
The language of the questionnaire was English. Students were
informed about the objectives and purpose of the study by a
description provided before the questionnaire. The consent of
participants was taken and students who agreed were asked to fill
out the questionnaire during the period of online enrollment. All
the preventivemeasures were followed during the data collection.

Data Collection Instrument
After a thorough literature review, a self-administered
questionnaire was developed following the questionnaires
of those studies. The draft of the questionnaire was approved
by the senior scientists of the institute. After the review, the
questionnaire was finalized. A pilot study was performed on 40
students of different degree programs to know the difficulties
faced by participants. Participants of the pilot study were able
to understand and attempt the questionnaire comfortably. A
questionnaire was prepared which was comprised of three
parts (i) knowledge about the transmission of COVID-19
disease, knowledge about the prevention of COVID-19 disease,
(ii) Attitude about the disease, and (iii) practices about the
prevention of disease.

The knowledge section (i) contained 14 questions (K1-K14),
the attitude section (ii) contained 7 questions (A1-A7), while the
final section on practices (iii) comprised 10 questions (P1-P10).
The questions on Knowledge and Practices had three options:
Yes, No and Not Sure; though questions of Attitude contained
four options: Yes, No, Maybe, and Not Sure. In the questions
relating to knowledge, the correct option was scored as one
incorrect options were scored as zero. In the attitude segment,
+1 point was given for true and−1 was given for the false answer.
For questions on practices, two points were awarded for the yes
option, one for sometimes and zero for no.

Statistical Analysis
The collected data were analyzed with SPSS R© software. The
number of students answering the particular category variables
was converted into a percentage frequency. We used the Chi-
square test to analyze the answers of knowledge, attitude, and
perception questions across different variables like gender, age,
province, degree, number of family members, and area of
residence. The statistical significance was considered at p < 0.05
while high significance was considered at p < 0.001.

RESULTS

Total 97% of the students answered that the etiological agent of
COVID-19 is a virus, and that it is a disease of the respiratory

system (94%). The majority of the students had the wrong
concept that direct contact (87%) can transmit the disease,
although they also considered respiratory droplets (92%) to be
the mode of transmission of COVID-19. A total of 87% of the
students had the view that only older persons or those with weak
immunity had a risk of severe symptoms. A total of 95% of
students could identify the correct signs and symptoms of the
COVID-19 (Supplementary Table 1). In total, 37% of students
were not sure if COVID-19 can be transmitted by livestock,
poultry, and their products, whole 33% of students ruled out the
possibility of asymptomatic transmission (Figure 1).

The majority of the students believed (97%) that personal
hygiene is the best way to prevent the disease, however, they were
not sure if they (>9%) and their family members (>15%) were
observing the necessary hygienic practices (Figure 2). Nearly,
25% of the people in the locality of students were not taking
enough precautionary measures. Many students kept visiting
their relatives during the lockdown (45%) and their relatives kept
visiting them at home (59%), and 10% of students did not wear a
mask while visiting outside (Figure 3).

Among the Knowledge-based questions, the response of the
students differed significantly for the categories of age and
Provinces (p < 0.05). Students in the age groups of 25–34 and
35–44 had more adequate knowledge (90–91%) as compared
to the age group of 18–24 (86%). Participants from KPK
had less adequate knowledge (53%) than those of Punjab,
Sindh, Balochistan, and Gilgit Baltistan (>80%). The Knowledge
response of the participants did not differ significantly by
the categories of gender, degree, family members, and area
of residence (p > 0.05). However, there were fewer correct
answers (85%) from the students who had more than 10
family members so the difference in knowledge was significant
based on family members. There was not any significant
difference in the knowledge of students from cities and villages
(Supplementary Table 2).

For the attitude based questions, students knew that hygiene
is essential for prevention but they had a varied response
and were not confident that their family members and people
in their locality were observing the precautionary measures.
Male students showed significantly more precautionary measures
(69%) than female students (66%) (p < 0.05). There was a more
positive attitude toward the disease in the participants from
ICT (77%), and the least positive response was received from
the KPK (42%) (p < 0.05). No significant difference was found
based on the students’ degrees in regard to attitude response.
Nevertheless, PhD students were following more precautionary
measures as compared to Masters students, who were in turn
observing more precautions than undergraduate students (p >

0.05) (Supplementary Table 2). To our surprise, students from
villages mentioned that the community in villages was reporting
cases more than in cities.

For the practices-based questions, people did not observe
the practice of precautionary measures to the extent that
they claimed in the knowledge and attitude-based questions.
Nearly 92% of students were washing their hands frequently
and regularly, however, only 79% were washing their
hands for 20 s. Students wearing a face mask before going
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FIGURE 1 | Percentage response of participants on important questions regarding the knowledge for COVID-19 (N = 3,854).

FIGURE 2 | Percentage response of participants on important questions regarding the attitude for COVID-19 (N = 3,854).

out totaled 90%. In all 55% were likely to visit relatives
during the lockdown. Almost half of the community
were not following the guidelines to prevent COVID-19
(Supplementary Table 1). The practices for participants

from different categories did not differ significantly other
than in the provinces. Practices were good in Baluchistan
participants (70%) and poor from KPK (30%) (p < 0.001)
(Supplementary Table 2).
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FIGURE 3 | Percentage response of participants on important questions regarding the practices for COVID-19 (N = 3,854).

DISCUSSION

The coronavirus disease 2019 (COVID-19) outbreak appeared
in the fourth quarter of 2019 from Wuhan, Hubei province,
China. Soon after its emergence COVID-19 had spread to

most parts of the world and became a threat to public health.
COVID-19 lead to significant socioeconomic damages to the

whole world. More than 138 million cases have been reported

with more than 2.9 million deaths globally till April 15, 2021.
Along with the vaccine, strict precautionary measures are the
only option to counter the rapid spread of the disease. COVID-19
vaccines are available now from international manufacturers
in the developed world; however, they are less accessible in
developing countries for mass vaccination for the reason that
the government/administration is unable to cope with the cost
associated with vaccine procurement from an international
source. Therefore, strict precautionary measures need to be
opted for in the communities of the developing world to stop
the spread of COVID-19. In Pakistan, the first two confirmed
COVID-19 cases were reported on February 26, 2020, in two
individuals having a travel history to Iran (4). Till October 04,
2021, 1,252,656 cases and 27,947 deaths have been reported
by Pakistan.

In this study, students were assessed for knowledge, attitude,
and practices toward COVID-19 in UVAS, Lahore, Pakistan.
A total of 3,854 students participated in this survey. Among
these 1,823 were men and 2,031 were women. This survey
showed that most of the students were well informed about
COVID-19 and exhibited a proactive approach during the
outbreak. This indicates an effective public health campaign

of the local government to deliver public health knowledge in
the community.

In our study results, 97% of the university students are aware
that COVID-19 is a viral disease. However, a previous Pakistani
study found that 59.3% of the survey participants from the
general public know that SARS-CoV-2 causes COVID-19 (14).
The difference in results of both studies could be due to the
fact that the participants of the current study are students from
medical, health, and allied sciences backgrounds. Therefore, their
knowledge and understanding of COVID-19 is much better
than that of the general population. However, our findings are
justified by the studies from China and Japan that depict the
critical role of education in the understanding of COVID (15, 16).
Nearly 57% of the participants were satisfiedwith the government
efforts to control the current pandemic. Interestingly, 50% of
the participants believe that the government did not handle the
pandemic crisis well, which is in line with one of the previous
studies from the general population where only 48% of the
participants were satisfied with the government efforts to control
COVID-19 (14).

The majority of the participants in the current survey are
well informed about the transmission of COVID-19. Similar
knowledge about the transmission of COVID-19 was observed
in KAP studies from Pakistan and China (14, 16). A majority
of survey participants (95%) believe that frequent hand washing
with soap and wearing masks are the best practices to avoid
COVID-19 infection. The above findings are supported by
three other Pakistani studies (17–19). We found 92% of
the participants believe that only systematic and supportive
treatment is considered best for patients who have recovered
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from COVID-19. Our results agree with the other study
conducted in Nepal (20). The majority of the participants (73%)
know that COVID-19 is not transmitted by animals, especially
poultry, livestock, and their products. This result clarifies that the
students do not believe in the rumors that animal products can
be a source of COVID-19 viral spread. Most of the participants
(95%) believe that social distancing and avoiding crowded palaces
are a good way to avoid COVID-19 infection. Our results
agree with previous studies conducted in China, the UK, South
Korea, Indonesia, and the United Arab Emirates on KAP among
students during various outbreaks (11, 15, 16, 21). In this study,
social media was the leading source of information spread about
coronavirus, outstripping print and electronic media. In the same
line, social media remains the largest source of information
in other studies from different countries (22, 23). This study
has shown that participating women had more knowledge and
were more aware of disease knowledge in comparison to men.
Moreover, women proved superior to men in terms of practicing
social distancing, hand hygiene, and wearing masks. A similar
leading behavior in women was observed in the previous studies
during various outbreaks (16).

Most of the participants were agreed that they were taking
ample precautions to tackle this outbreak. But only half of the
participants believed that other people in their vicinity were
taking precautions, therefore nearly 50% of the participants
believed that people in their vicinity are not taking precautions
for COVID-19. This depicts that strict actions should be taken
using law enforcement for the implementation of COVID-19
preventive measures. Moreover, only half of the participants
agreed that COVID-19 patients were taking enough precautions
during the course of the disease. Similar results were observed
in a survey conducted on a different population (23). This shows
that government needs to launch a campaign using social media
about the precautions that should be taken by the COVID-19
patients. This will be helpful to reduce the spread of the disease
in the community. Interestingly, 50% of the participants had
visited the relatives during the lockdown period, which shows
that people are not taking preventive measures seriously, which
may lead to an increase in the number of cases in the near future.

Nearly 80% of the participants were confident that Pakistan
can counter the disease spread, however, more than 30% of
the participants were not satisfied with the approach of the
government in handling COVID-19. Almost the same number
of participants wanted the government to revise its strategies
in controlling COVID-19 in the country. Currently, Pakistan
has been adopting the strategy of smart lockdown, however the
survey participants believe that a complete lockdown strategy is

better than the smart lockdown strategy. Additionally, 90% of
the participants believe that country will win the battle against
COVID-19. In the culmination of the above survey findings, it
is concluded that government should use social media platforms
to spread knowledge about COVID-19 disease prevention in
society and formulate a comprehensive program to deal with the
COVID-19 pandemic.

The major limitation of this study is that the sample size
is limited to the students of one government institution only,
hence the results based on the current survey could not be
generalized to the whole population of the country, however,
current study findings can predict the thoughts of the university
students. Moreover, the present study data will be helpful for the
country to focus on the gaps that need to be strengthened to curb
this disease.
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Background: The rapidly growing imbalance between supply and demand for ventilators

during the COVID-19 pandemic has highlighted the principles for fair allocation of scarce

resources. Failing to address public views and concerns on the subject could fuel distrust.

The objective of this study was to determine the priorities of the Iranian public toward the

fair allocation of ventilators during the COVID-19 pandemic.

Methods: This anonymous community-based national study was conducted from May

28 to Aug 20, 2020, in Iran. Data were collected via the Google Forms platform, using

an online self-administrative questionnaire. The questionnaire assessed participants’

assigned prioritization scores for ventilators based on medical and non-medical criteria.

To quantify participants’ responses on prioritizing ventilator allocation among sub-groups

of patients with COVID-19 who needmechanical ventilation scores ranging from−2, very

low priority, to +2, very high priority were assigned to each response.

Results: Responses of 2,043 participants, 1,189 women, and 1,012 men, were

analyzed. The mean (SD) age was 31.1 (9.5), being 32.1 (9.3) among women, and 29.9

(9.6) among men. Among all participants, 274 (13.4%) were healthcare workers. The

median of assigned priority score was zero (equal) for gender, age 41–80, nationality,

religion, socioeconomic, high-profile governmental position, high-profile occupation,

being celebrities, employment status, smoking status, drug abuse, end-stage status, and

obesity. The median assigned priority score was+2 (very high priority) for pregnancy, and

having<2 years old children. Themedian assigned priority score was+1 (high priority) for

physicians and nurses of patients with COVID-19, patients with nobel research position,

those aged<40 years, those with underlying disease, immunocompromise status, and

malignancy. Age>80 was the only factor participants assigned −1 (low priority) to.

Conclusions: Participants stated that socioeconomic factors, except for age>80,

should not be involved in prioritizing mechanical ventilators at the time of resources

scarcity. Front-line physicians and nurses of COVID-19 patients, pregnant mothers,

mothers who had children under 2 years old were given high priority.

Keywords: coronavirus infections, health care rationing, ethics, health policy, resource allocation, SARS-CoV-2,

mechanical ventilators
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INTRODUCTION

The coronavirus disease (COVID-19) pandemic continues to
place extraordinary demands on healthcare systems and has
resulted in severe shortages of essential resources and services (1).
In the pandemic’s early days, the face masks’ shortages became
increasingly concerning (2). Nevertheless, among all the medical
resources, scarcity of ventilators could be the most challenging,
as there is typically limited time if mechanical ventilation is
essential (3). Another limiting factor is the availability of trained
healthcare professionals to operate ventilators safely, especially
considering the catastrophic casualty of COVID-19 of healthcare
professionals (4).

The rapidly growing imbalance between supply and demand
for ventilators has raised the question of how to allocate
them during the COVID-19 pandemic fairly. Research has
been ongoing to investigate the main principles for allocating
scarce medical resources during pandemics (5–7). In this sense,
physicians should not be faced with situations where they must
decide which patient to treat due to the risk of human error
and the life-long emotional toll (8). Therefore, prioritization
recommendations and guidelines have been developed in the
hope of helping physicians, especially those less experienced, with
the real-time decision-making process based on the resources and
contexts (1, 9).

The proposed principles for resource allocation could become
controversial in the eyes of the public. Even the seemingly
most holistic approaches for resource allocation proposed by
healthcare systems could result in inequalities among patients
(10). This could raise serious concerns about their fairness and
result in loss of public trust in health care systems. Therefore,
people need to be involved in developing and evaluating such
policies as stakeholders. Failing to address public views and
concerns could fuel distrust and negatively affect compliance to
health-promoting measures (11).

The objective of this study was to determine the priorities of
the Iranian public toward the fair allocation of ventilators during
the COVID-19 pandemic via an online survey.

METHODS

This community-based national study was approved by the
Ethical Committee of Shahid Beheshti University of Medical
Sciences under code IR.SBMU.RETECH.REC.1399.167.
Participation was anonymous and upon the participant’s
own decision.

Setting and Sampling
This anonymous network-sampling survey was conducted from
May 28 to Aug 20, 2020, in Iran. Data were collected via the
Google Forms platform, using an online self-administrative
questionnaire. An invitation post with a link to the questionnaire
was circulated online on popular social networks in Iran,

Abbreviations: COVID-19, Coronavirus disease; SD, Standard deviation; 95% CI,

95% confidence interval; IQR, Interquartile range; ANOVA, One-way analysis of

variance.

TABLE 1 | Socio-demographic characteristics of participants.

Variable N (%)

Sex

Female 1,122 (54.9)

Male 921 (45.1)

Marital status

Never married 823 (40.2)

Engaged 45 (2.2)

Married 1,127 (55.2)

Divorced 40 (2.0)

Widowed 8 (0.4)

Ethnicity

Fars 1,145 (56.1)

Turk/Azari 449 (22.0)

Kurd 129 (6.3)

Lor 88 (4.3)

Other 232 (11.3)

Literacy

High school diploma 475 (23.2)

Associate degree 121 (5.9)

Bachelor 861 (42.1)

Master 375 (18.4)

Ph.D. and higher 197 (9.8)

Other 14 (5.6)

Healthcare worker

Yes 274 (13.4)

No 1,769 (86.6)

including Telegram, Instagram, WhatsApp, Twitter, and
LinkedIn. Participants were Iranian adults currently living in
Iran who agreed to participate in the study.

Variables and the Questionnaire
Variables included socio-demographic characteristics and the
criteria for prioritizing the ventilators during the pandemic.
Socio-demographic characteristics included participants’ age,
sex, ethnicity, religion, literacy, the province of residence in
Iran, being a healthcare professional, marital status, number
of alive children, smoking status, having underlying diseases,
previous history of COVID-19, being tested for COVID-19, being
admitted for COVID-19, and knowing someone with COVID-19.

The criteria for prioritizing the ventilators during the
pandemic included age, nationality, religion, occupation,
socioeconomic status, smoking status, drug abuse, and
underlying diseases.

A panel of ten experts, including two public health experts,
two anesthesiologists, two emergency medicine experts, two
pulmonologists, and two infectious diseases specialists, evaluated
the questionnaire’s content validity. An item discrimination
analysis was conducted for each scale to eliminate too tricky or
easy items. Factor analysis was performed for factor structure.
Separate test-retest over 2 weeks were held for the three
scales of the questionnaire. The test-retest correlation was 0.91;
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Kuder-Richardson-20 was used to prevent internal consistency
overestimation; the coefficient was 0.87. The pilot survey was
conducted on twenty men, and twenty women recruited online
via convenience sampling method.

Data Analysis
To quantify participants’ responses on prioritizing ventilator
allocation among sub-groups of patients with COVID-19 who
need mechanical ventilation scores were assigned to each
response: “very low priority” was considered as “−2,” “low
priority” was considered as “−1,” “equal priority” was considered
as “0,” “high priority” was considered as “+1,” and “very high
priority” was considered as “+2.” To measure the distribution
of responses, mean, standard deviation (SD), 95% confidence
interval (95% CI), median, interquartile range (IQR), mode, and
skewness were reported. Categorical variables were analyzed by
the Chi-Square test. For analyzing the differences among means
of two groups and three groups or more, independent-sample t-
test and one-way analysis of variance (ANOVA) test were used.

Statistical analyses were performed using IBM SPSS Statistics 21.
A probability level of <0.05 was considered significant.

RESULTS

Responses of 2,043 participants were analyzed. There were no
missing values. The mean (SD) age was 31.1 (9.5) [range =

18–80, being 32.1 (9.3) among women, and 29.9 (9.6) among
men]. Among participants, 259 (12.7) smoked. Other socio-
demographic characteristics are presented in Table 1.

Among all participants, 151 (6.9%) said they had a history of
COVID-19, 268 (12.2%) said they smoked, 332 (15.1%) reported
having underlying diseases, 13 (0.6%) reported being intubated
due to COVID-19, and 899 (40.8) said they knew someone who
had been admitted due to COVID-19.

The majority of participants believed that socioeconomic
determinants including gender, age below 80, nationality,
religion, and employment should not be involved in
prioritizing mechanical ventilators at the time of resource
scarcity. Participants also did not consider smoking and

TABLE 2 | Participants’ responses on prioritizing ventilator allocation among sub-groups of patients with COVID-19 who need mechanical ventilation.

Factor Very low priority (n%) Low priority (n%) Equal priority (n%) High priority (n%) Very high priority (n%)

Female gender 12 (0.6) 8 (0.4) 1,515 (74.2) 269 (13.2) 239 (11.6)

Age (years)

<40 14 (0.7) 99 (4.8) 870 (42.6) 538 (26.3) 522 (25.6)

41–60 15 (0.8) 74 (3.6) 936 (45.8) 756 (37.0) 262 (12.8)

61–80 123 (6.0) 483 (23.6) 801 (39.2) 287 (14.1) 349 (17.1)

>80 585 (28.6) 463 (22.7) 534 (26.1) 164 (8.0) 297 (14.6)

Iranian nationality 26 (1.3) 30 (1.5) 1,300 (63.6) 213 (10.4) 474 (23.2)

Muslim religion 61 (3.0) 13 (0.6) 1,792 (87.7) 64 (3.1) 113 (5.6)

Physician profession

of COVID-19 patients 10 (0.5) 6 (0.3) 509 (24.9) 578 (28.3) 940 (46.0)

not for COVID-19 patients 26 (1.3) 30 (1.5) 1,388 (67.9) 427 (20.9) 172 (8.4)

Nurse profession

of COVID-19 patients 9 (0.4) 8 (0.4) 490 (24.0) 651 (31.9) 885 (43.3)

not for COVID-19 patients 25 (1.2) 26 (1.3) 1,404 (68.7) 425 (20.8) 163 (8.0)

Other healthcare professionals 27 (1.3) 23 (1.1) 1,535 (75.1) 324 (15.9) 134 (6.6)

High socioeconomic status 142 (7.0) 86 (4.2) 1,743 (85.3) 43 (2.1) 29 (1.4)

High-profile governmental position 637 (31.2) 124 (6.1) 1,182 (57.9) 62 (3.0) 38 (1.8)

Nobel research position Zero Zero 939 (42.6) 631 (28.7) 631 (28.7)

High-profile occupation 77 (3.8) 39 (1.9) 1,560 (76.3) 274 (13.4) 93 (4.6)

Celebrities 87 (4.3) 46 (2.3) 1,735 (84.9) 123 (6.0) 52 (2.5)

Unemployment 24 (1.2) 24 (1.2) 1,799 (88.1) 97 (4.7) 99 (4.8)

Pregnancy 9 (0.4) 3 (0.1) 198 (9.7) 651 (31.9) 1182 (57.9)

Having <2 years old child 7 (0.3) Zero 274 (13.4) 655 (32.1) 1107 (54.2)

Smoking 114 (5.6) 212 (10.4) 1,517 (74.3) 116 (5.7) 84 (4.0)

Drug abuse 332 (16.3) 390 (19.0) 1,209 (59.2) 73 (3.6) 39 (1.9)

Having underlying disease 15 (0.7) 54 (2.6) 564 (27.6) 815 (39.9) 595 (29.2)

Immunocompromise 30 (1.5) 70 (3.4) 509 (24.9) 753 (36.9) 681 (33.3)

Malignancy 78 (3.8) 172 (8.4) 520 (25.5) 639 (31.3) 634 (31.0)

End-stage status 428 (20.9) 510 (25.0) 802 (39.3) 137 (6.7) 166 (8.1)

Obesity 16 (0.8) 43 (2.1) 1,649 (80.7) 210 (10.3) 125 (6.1)
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TABLE 3 | Dispersion measures of participants’ responses on prioritizing ventilator allocation among sub-groups of patients with COVID-19 who need mechanical

ventilation.

Factor Mode Mean (SD) 95% CI Median (IQR) Skewness

Female gender Equal 0.4 (0.7) 0.3 to 0.4 0 (0 to 1) 1.2

Age (years)

<40 Equal 0.7 (0.9) 0.7 to 0.8 1 (0,2) Zero

41–60 Equal 0.6 (0.8) 0.5 to 0.6 0 (0,1) 0.1

61–80 Equal 0.1 (1.2) 0.1 to 0.2 0 (−1,1) 0.2

>80 Very low −0.4 (1.4) (−0.5) to (−0.3) −1 (−2,0) 0.5

Iranian nationality Equal 0.5 (0.9) 0.5 to 0.6 0 (0,1) 0.5

Muslim religion Equal 0.1 (0.6) 0.06 to 0.11 0 (0,0) 0.7

Physician profession

of COVID-19 patients Very high 1.2 (0.9) 1.1 to 1.2 1 (0,2) −0.6

not for COVID-19 patients Equal 0.3 (0.7) 0.3 to 0.4 0 (0,1) 0.6

Nurse profession

of COVID-19 patients Very high 1.2 (0.8) 1.1 to 1.2 1 (1,2) −0.6

not for COVID-19 patients Equal 0.3 (0.7) 0.3 to 0.4 0 (0,1) 0.7

Other healthcare professionals Equal 0.3 (0.7) 0.2 to 0.3 0 (0,0) 0.8

High socioeconomic status Equal −0.1 (0.6) (−0.2) to (−0.1) 0 (0,0) −1.2

High-profile governmental position Equal −0.6 (1) (−0.6) to (−0.5) 0 (−2,0) −0.2

Nobel research position Equal 0.9 (0.8) 0.8 to 0.9 1 (0,2) 0.3

High-profile occupation Equal 0.1 (0.7) 0.1 to 0.2 0 (0,0) Zero

Celebrities Equal 0 (0.6) −0.01 to 0.04 0 (0,0) −0.4

Unemployment Equal 0.1 (0.5) 0.08 to 0.13 0 (0,0) 1.4

Pregnancy Very high 1.5 (0.7) 1.4 to 1.5 2 (1,2) −1.3

Having <2 years old child Very high 1.4 (0.7) 1.3 to 1.4 2 (1,2) −1

Smoking Equal −0.1 (0.7) (−0.1) to 0 0 (0,0) −0.1

Drug abuse Equal −0.4 (0.9) (−0.5) to (−0.4) 0 (−1,0) −0.3

Having underlying disease High 0.9 (0.9) 0.9 to 1 1 (0,2) −0.5

Immunocompromise High 1 (0.9) 0.9 to 1 1 (0,2) −0.6

Malignancy High 0.8 (1.1) 0.7 to 0.8 1 (0,2) −0.6

End-stage status Equal −0.4 (1.1) (−0.5) to (−0.4) 0 (−1,0) 0.4

Obesity Equal 0.2 (0.6) 0.17 to 0.22 0 (0,0) 1.3

drug abuse to be determinants of prioritization. Nevertheless,
participants responded that patients aged above 80 receive
very low priority. Front-line physicians and nurses of
COVID-19 patients were given very high priority, along
with pregnant mothers and those who had children under 2
years old. While end-stage status and obesity were considered
unimportant in resource allocation, having underlying diseases,
malignancy, and immunocompromised status were given high
priority (Tables 2, 3).

Compared with men, women assigned higher scores to the
female gender, age 41–60, having underlying disease, being
immunocompromised, having malignancy, or having an end-
stage disease. In addition, they assigned lower scores to Iranian
nationality compared with men (Table 4).

Among all participants, 274 (13.4%) were healthcare
workers. Most healthcare workers believed that socioeconomic
determinants, including gender, age below 80, nationality,
religion, and employment, should not determine ventilator
prioritization. They also did not consider smoking and drug
abuse to be determinants of prioritization. Although they said

that patients with underlying diseases, immunocompromise,
or malignancy should receive the same priority as others, they
assigned very low scores to patients with end-stage disease.

Compared with non-healthcare workers, healthcare workers
assigned higher scores to age<40, healthcare workers, and Nobel
researchers. They also assigned lower scores to having underlying
disease, being immunocompromised, having malignancy, or
having an end-stage disease (Table 5).

No correlations were observed with participants’ responses
on resources allocation and their age, ethnicity, religion, literacy,
the province of residence in Iran, marital status, number
of alive children, smoking status, having underlying diseases,
previous history of COVID-19, being tested for COVID-19, being
admitted for COVID-19, and knowing someone with COVID-19.

DISCUSSION

The study showed that most participants believed that
socioeconomic factors, including gender, age below 80,
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TABLE 4 | The mean priority score assigned to each sub-group of patients with COVID-19 among men and women.

Factor Women Men p

(n = 1,189) (n = 1,012)

Mean (SD) 95% CI Mean (SD) 95% CI

Female gender 0.4 (0.7) 0.4 to 0.4 0.3 (0.7) 0.2 to 0.3 <0.001

Age (years)

<40 0.8 (0.9) 0.7 to 0.8 0.6 (0.9) 0.6 to 0.7 N/S*

41–60 0.6 (0.8) 0.6 to 0.7 0.5 (0.8) 0.4 to 0.5 <0.001

61–80 0.2 (1.1) 0.1 to 0.2 0.1 (1.2) 0 to 0.2 N/S

>80 −0.4 (1.3) (−0.5) to (−0.3) −0.4 (1.5) (−0.5) to (−0.3) N/S

Iranian nationality 0.5 (0.9) 0.4 to 0.5 0.6 (0.9) 0.5 to 0.7 <0.001

Muslim religion 0.1 (0.5) 0.1 to 0.1 0.1 (0.7) 0 to 0.1 N/S

Physician profession

of COVID-19 patients 1.2 (0.8) 1.1 to 1.2 1.2 (0.9) 1.2 to 1.3 N/S

not for COVID-19 patients 0.4 (0.7) 0.3 to 0.4 0.3 (0.8) 0.3 to 0.4 N/S

Nurse profession

of COVID-19 patients 1.1 (0.8) 1.1 to 1.2 1.2 (0.9) 1.1 to 1.2 N/S

not for COVID-19 patients 0.3 (0.7) 0.3 to 0.4 0.3 (0.7) 0.3 to 0.4 N/S

Other healthcare professionals 0.3 (0.6) 0.3 to 0.3 0.2 (0.7) 0.2 to 0.3 0.004

High socioeconomic status −0.1 (0.5) (−0.1) to (−0.1) −0.2 (0.7) (−0.2) to (−0.1) N/S

High-profile governmental position −0.5 (0.9) (−0.6) to (−0.5) −0.7 (1.1) (−0.7) to (−0.6) 0.04

Nobel research position 0.8 (0.8) 0.8 to 0.9 0.9 (0.8) 0.9 to 1 <0.001

High-profile occupation 0.1 (0.6) 0.1 to 0.2 0.1 (0.8) 0.1 to 0.2 N/S

Celebrities 0.1 (0.5) 0 to 0.1 0 (0.7) (−0.1) to 0 0.01

Unemployment 0.1 (0.5) 0.1 to 0.1 0.1 (0.6) 0.1 to 0.1 N/S

Pregnancy 1.5 (0.7) 1.4 to 1.5 1.5 (0.7) 1.4 to 1.5 N/S

Having <2 years old child 1.4 (0.7) 1.4 to 1.5 1.3 (0.8) 1.3 to 1.4 <0.001

Smoking 0 (0.7) (−0.1) to 0 −0.1 (0.8) (−0.2) to (−0.1) <0.001

Drug abuse −0.4 (0.9) (−0.5) to (−0.4) −0.5 (0.9) (−0.5) to (−0.4) 0.02

Having underlying disease 1 (0.8) 1 to 1.1 0.8 (0.9) 0.8 to 0.9 <0.001

Immunocompromise 1.1 (0.9) 1 to 1.1 0.8 (1) 0.8 to 0.9 <0.001

Malignancy 0.9 (1) 0.9 to 1 0.6 (1.1) 0.5 to 0.7 <0.001

End-stage status −0.3 (1.1) (−0.4) to (−0.3) −0.6 (1.2) (−0.6) to (−0.5) <0.001

Obesity 0.2 (0.6) 0.2 to 0.3 0.1 (0.6) 0.1 to 0.2 <0.001

*Not significant.

nationality, religion, employment; smoking and drug abuse;
medical conditions including end-stage status, and obesity,
should not be involved in prioritizing mechanical ventilators at
the time of resources scarcity. Front-line physicians and nurses
of COVID-19 patients, pregnant mothers, mothers who had
children under 2 years old, patients with underlying diseases,
malignancy, or immunocompromised status were given high
priority. On the contrary, participants assigned age above 80 very
low priority.

Participants did not consider age<80 to be a deciding factor in
resource allocation. However, a study on the general public in the
US reported that participants favored allocating more ventilators
to patients of younger age groups (10). This conforms with
the current proposed guidelines that prioritize younger patients
to receive scarce medical resources (9, 12, 13). Nevertheless,
there are controversies in the literature and ethical guidelines
regarding using age as a screening factor for resource allocation

(14). Although higher age groups are associated with higher
mortality rates due to COVID-19 (15, 16), poor outcomes among
the elderly could be attributable to comorbidities with a higher
prevalence among older age groups (16, 17). Thus, some studies
argue that age should only be used as a tiebreaker criterion among
patients with similar severity of COVID-19, not the only criterion
to determine screening decisions (18–20). In this context, it is
the duty of health authorities and the media not to disseminate
fear among the older age groups and ease their concerns via
effective communication.

The majority of participants agreed that ventilators should
not be allocated based on non-clinical irrelevant aspects. They
did not consider gender, employment, financial condition, or
social relations as deciding factors. Moreover, almost 90% of
participants said that religion should not be considered a
prioritization factor, which is satisfactory given that crises like
the COVID-19 pandemic tend to fuel conflicts. Some two-thirds
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TABLE 5 | The mean priority score assigned to each sub-group of patients with COVID-19 among healthcare workers and non-healthcare workers.

Factor Healthcare workers Non-healthcare workers p

(n = 274) (n = 1,769)

Mean (SD) 95% CI Mean (SD) 95% CI

Female gender 0.3 (0.6) 0.2 to 0.4 0.4 (0.7) 0.3 to 0.4 N/S

Age (years)

<40 0.8 (0.9) 0.7 to 0.9 0.7 (0.9) 0.7 to 0.7 0.02

41–60 0.6 (0.8) 0.6 to 0.7 0.6 (0.8) 0.5 to 0.6 N/S

61–80 0.1 (1) (−0.1) to 0.2 0.1 (1.2) 0.1 to 0.2 N/S

>80 −0.6 (1.2) (−0.7) to (−0.5) −0.4 (1.4) (−0.4) to (−0.3) 0.01

Iranian nationality 0.5 (0.8) 0.4 to 0.6 0.5 (0.9) 0.5 to 0.6 N/S

Muslim religion 0 (0.5) 0 to 0.1 0.1 (0.6) 0.1 to 0.1 N/S

Physician profession

of COVID-19 patients 1.3 (0.8) 1.2 to 1.4 1.2 (0.9) 1.1 to 1.2 N/S

not for COVID-19 patients 0.6 (0.8) 0.6 to 0.7 0.3 (0.7) 0.3 to 0.3 <0.001

Nurse profession

of COVID-19 patients 1.2 (0.8) 1.1 to 1.3 1.2 (0.8) 1.1 to 1.2 N/S

not for COVID-19 patients 0.6 (0.8) 0.5 to 0.7 0.3 (0.7) 0.3 to 0.3 <0.001

Other healthcare professionals 0.5 (0.7) 0.4 to 0.6 0.2 (0.6) 0.2 to 0.2 <0.001

High socioeconomic status 0 (0.6) (−0.1) to 0 −0.1 (0.6) (−0.2) to (−0.1) <0.001

High-profile governmental position −0.5 (1) (−0.6) to (−0.4) −0.6 (1) (−0.7) to (−0.6) N/S

Nobel research position 1.1 (0.9) 1 to 1.2 0.8 (0.8) 0.8 to 0.9 <0.001

High-profile occupation 0.3 (0.7) 0.2 to 0.3 0.1 (0.7) 0.1 to 0.2 <0.001

Celebrities 0.2 (0.7) 0.1 to 0.3 0 (0.6) 0 to 0 <0.001

Unemployment 0.1 (0.5) 0 to 0.2 0.1 (0.5) 0.1 to 0.1 N/S

Pregnancy 1.4 (0.7) 1.3 to 1.5 1.5 (0.7) 1.4 to 1.5 N/S

Having <2 years old child 1.3 (0.8) 1.2 to 1.4 1.4 (0.7) 1.4 to 1.4 0.02

Smoking −0.1 (0.7) (−0.2) to 0 −0.1 (0.7) (−0.1) to 0 N/S

Drug abuse −0.5 (0.9) (−0.6) to (−0.4) −0.4 (0.9) (−0.5) to (−0.4) N/S

Having underlying disease 0.8 (0.9) 0.7 to 0.9 1 (0.9) 0.9 to 1 <0.001

Immunocompromise 0.8 (1) 0.7 to 0.9 1 (0.9) 0.9 to 1 <0.001

Malignancy 0.4 (1.2) 0.3 to 0.6 0.8 (1.1) 0.8 to 0.9 <0.001

End-stage status −0.7 (1.1) (−0.9) to (−0.6) −0.4 (1.1) (−0.4) to (−0.3) <0.001

Obesity 0.2 (0.7) 0.1 to 0.3 0.2 (0.6) 0.2 to 0.2 N/S

*Not significant.

of participants considered patients of other nationalities to
have equal priority as Iranians. Iran is host to millions of
refugees from neighboring countries, mostly Afghanistan. Given
the vulnerable state of refugees in terms of health and care-
seeking behavior (21), policies need to be directed to avoid the
stigmatization against refugees in resource allocation. Ventilators
should not be allocated based on morally irrelevant aspects.
In this sense, all stakeholders need to bear in mind that the
principles of accessibility, dignity, and equal opportunities need
to be considered in allocating scarce resources.

Participants acknowledged the consideration of the patients’
instrumental value. They assigned higher scores to physicians
and nurses treating COVID-19 patients, as well as high-profile
researchers. Those supporting the role of instrumental value
argue that the prioritization of access to the resources for patients
with essential skills to save others’ lives could potentially multiply
the net benefit to society (12, 22). Participants also assigned

higher scores to pregnant mothers or those who had children
under 2 years old. Some triage models consider having someone
dependent on care as a criterion to lessen the harm caused to
families and society (12).

Participants would prioritize patients with underlying diseases
to access ventilators. Moreover, they would equally allocate
ventilators to patients with end-stage status. On the contrary,
healthcare workers assigned very low scores to patients with
end-stage status. This calls for more effective communication
and knowledge translation by public health authorities and the
media to regularly convey the prognostic factors of COVID-19
based on emerging evidence to justify people’s expectations from
the healthcare systems. The disruption of the resource supply
imposed by the COVID-19 pandemic has challenged the public’s
shared belief that healthcare services are provided whenever
requested. Thus, people need to beware of the catastrophic
aftermaths of not abiding by preventive protocols (23, 24). To
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date, global organizations have proposed no unique criteria for
the fair allocation of mechanical ventilators. Such protocols
need to be developed and implemented regarding each country’s
local context or state (25). As the COVID-19 pandemic is a
rapidly evolving crisis, it is of paramount importance to regularly
reevaluate current practices based on the emerging evidence and
feedback of all stakeholders, including public health authorities,
decision-makers, clinicians the general public.

STRENGTHS AND LIMITATIONS

This is among the few studies to assess the public opinions
on priorities toward fair allocation of mechanical ventilators
during the COVID-19 pandemic. Findings could empower
public health authorities better to understand people’s views
on the matter as stakeholders to avoid public distrust and
improve people’s compliance to health-promoting measures.
Nevertheless, the study does not overshadow the need for
accelerated production and enhanced distribution of ventilators
(26). Operational management aspects of allocating ventilators
also need to be taken into account at all levels to enhance
prompt response to the devastating demands as imposed by the
COVID-19 pandemic (27).

Some limitations must be acknowledged. The study was
conducted via Google Forms, an online survey platform because
there was no representative online platform for rapid surveys
among people in Iran. While the study could be subject to
selection bias, its rapid conduction via an online platform
could outweigh its limitation. Compared to Iran’s most recent
national population statistics, our sample was over-representative
of women and health workers. Considering that healthcare
workers also comprise most of the authorities of the healthcare
system in Iran, their opinions were compared with the public
to gain a deeper understanding of the potential differences in
their points of view. Although the Internet penetration rate
in Iran is high, the elderly and vulnerable groups in rural
areas might not have access to the platform, who might have
gotten underrepresented in the study. Participants were asked
to read the questionnaire to their parents and grandparents
to ensure higher participation of those groups; however, such
voluntary measures are not guaranteed. Some 99.6% of Iranians

are Muslims (28), thus religion had no bearing on the choice of
allocation in this study.

CONCLUSION

Participants stated that socioeconomic factors, except for
age>80, should not be involved in prioritizing mechanical
ventilators at the time of resources scarcity. Front-line physicians
and nurses of COVID-19 patients, pregnant mothers, mothers
who had children under 2 years old were given high priority.
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Introduction: Regular collection and monitoring of data describing the dynamics of

the utilization of healthcare services, especially in teaching hospitals (TH), which provide

model quality medical services, are critical for COVID-19 pandemic preparedness.

Methods: The researchers analyzed data and information derived from service statistics

reports from June 1st to July 15th, 2020 in terms of hospital resources, as well as

utilization patterns of beds, ICU, and ventilators, for 11 screening hospitals affiliated with

the General Organization of Teaching Hospitals and institutes in Egypt assigned by the

Ministry of Health and Population to provide medical care for COVID-19 patients. Hospital

indicators in terms of COVID-19 screening services, as well as utilization patterns of

inpatient beds, ICU beds, and ventilators were computed.

Results: A total of 78,869 non-medical personnel and 2,176 medical personnel were

presented with COVID-19 triage symptoms. Investigations conducted in the targeted

11 hospitals delineated that 22.2% of non-medical personnel and 27.9% of medical

personnel were COVID-19 PCR-confirmed cases. The inpatient bed occupancy rate

was 70% for non-medical patients and 67% for medical staff patients. For ICU, the

bed occupancy rate was 92 % for non-medical patients and 88% for medical patients.

Among the confirmed cases, 38% of medical patients utilized a ventilator vs. 36% of

medical personnel cases. Hospital ranking according to utilization pattern among non-

medical personnel, Hospital H ranked first in terms of the high load of screening services.

Hospital C ranked first regarding the number of confirmed cases, whereas Hospital D

ranked first for high ICU utilization among all teaching hospital ICU cases. With respect

to medical personnel, Hospital G ranked first for the high load of screening services for the

total studied cases. Hospital G ranked first for the number of confirmed cases. Hospital

B ranked first regarding high ICU utilization among all teaching hospital ICU cases.
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Conclusion: Teaching hospitals have demonstrated preparedness for the COVID-19

pandemic by maintaining an inpatient bed occupancy rate of 70% or less and ventilator

utilization at <40% of confirmed cases. However, the ICU bed occupancy rate was

more than 90% indicating a shortage of resources. In addition, there is variance across

hospitals regarding caseload for resource reallocation decisions.

Keywords: COVID-19, ICU, Egypt, service statistics, teaching hospitals

INTRODUCTION

As the world responds to the emerging COVID-19 pandemic,
the change in current global public health priorities is revealing
crucial weaknesses in global health systems (1). Worldwide, there
are growing concerns about the need for hospital beds that
will overwhelm national capacity, placing severe strains on the
health care system and limiting access to essential care (2). A
decrease in the number of hospital beds, intensive care beds,
and ventilators representing weaknesses in healthcare systems
worldwide has been reported (3, 4). Critical care capacity in low-
and middle-income countries (LMICs) was inadequate prior to
the pandemic, and they are at risk of not being able to cope with
the estimated rise in critically ill COVID-19 patients, with current
estimates of 0.1–2.5 ICU beds per 100,000 people are open (3).
However, shortages have spread to even more resourced health
systems around the world (5). Since healthcare systems (mainly
hospitals) are the first line of defense to face this pandemic,
the COVID-19 negative effects imposed exceptional challenges
to these systems and posed a direct threat to their workers (6),
especially in developing countries like Egypt, which suffered
from a lack of resources and a weak health system prior to the
pandemic (7).

The Egyptian government abandoned individual hospitals in

every governorate to be assigned as quarantine hospitals for

COVID-19 patients (Isolation Hospitals) after the first outbreak

of COVID-19 in Egypt on February 14 (8), but infections
continued to rise as the number of confirmed cases in Egypt

increased. These statistics put additional pressure on the already
overburdened public health sector, which has already received the
majority of the cases and is overstretched (9).

As a result, regular collection and review of various
data, such as healthcare capacity and usage, is critical for
informing COVID-19 pandemic preparedness and response
and organizational decision-making on service delivery
(10). In the current study, the researchers attempted to
investigate the situation in some of the COVID-19 screening
hospitals in terms of inpatient beds, ICU beds, and ventilator
utilization rates. Traditionally, the previously mentioned
indicators were to provide policymakers with feedback
on the COVID-19 response and to be used by decision-
makers. We documented the number of hospitalized
patients, either medical or non-medical personnel, with
COVID-19 as a vital pulse on the severity of the disease in
our community.

MATERIALS AND METHODS

A statistical report was written utilizing service statistics from
11 screening hospitals of the General Organization of Teaching
Hospitals and Institutes (GOTHI) in Egypt. The Ministry of
Health and Population (MOHP) assigned the screening hospitals
of GOTHI to provide medical care for patients with COVID-19
infection in Egypt. All adult patients (≥18 years), including
health care providers, who attended the studied Teaching
Hospitals and Institutes with COVID-triage symptoms during
the period from June 1 to July 15, 2020, whether or not they were
admitted to the (GOTHI), were included in the current study.
This range of dates falls within the first wave of the pandemic.
We extracted data, including the numbers of confirmed cases,
discharges, new deaths, and severe cases, during the study
duration. There is no sampling at all, as all Eleven teaching
hospitals in Egypt were included in the study, and all COVID-
19 cases were attended to at teaching hospitals during a specific
period of time.

Operational definitions of variables, terms, and
indicators (11).

We computed the following indicators according to the
following formulas:

1. Inpatient bed occupancy rate=
Total number of inpatient days for a given period× 100
Available beds× Number of days in the period

2. ICU bed occupancy rate=
Total number of ICU days for a given period× 100
Available ICU beds× Number of days in the period

3. Ventilator utilization rate = percent of patients with
confirmed cases who used the ventilator.

4. In-hospital mortality rate for COVID-19 cases.

Percentage of hospital deaths of confirmed COVID-19
cases after 48 hours of admission during the specified
time period to the total number of COVID-19 confirmed
cases admitted to the hospital in the same specified
time period.

COVID-19 CASE DEFINITIONS

The Egyptian Ministry of Health published a comprehensive
guide for diagnosing and treating COVID-19. Patients with the
COVID-19 infection are divided into mild, moderate, and severe
cases (8).
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Mild COVID-19 Cases
Symptomatic case with lymphopenia or leucopenia with no
radiological signs for pneumonia.

Moderate COVID-19 Cases
The patient presents with pneumonia manifestations on
radiology associated with symptoms and/or leucopenia
or lymphopenia.

Severe COVID-19 Cases
If any of the following criteria are present:

1. RR > 30
2. SaO2 < 92 at room air
3. PaO2/FiO2 ratio < 300

Table A | Setting Code for each of the studied teaching hospital.

No. Hospital code

1 A

2 B

3 C

4 D

5 E

6 F

7 G

8 H

9 I

10 J

11 K

4. Chest radiology shows more than 50% lesion or progressive
lesion within 24–48 h.

5. Critically ill if SaO2 < 92, or RR > 30, or PaO2/FiO2 ratio <

200 despite oxygen therapy (12).

Statistical Analysis
Pre-coded data were entered and analyzed using Excel 2010
manufactured by Microsoft. Categorical variables were expressed
in frequency and percentages. All the teaching hospitals and
institutes were coded in letters A, B up to K for easy manipulation
of data as displayed in Table A.

Ethical Approval
The Ethical Review Committee of the General Organization of
Teaching Hospitals and Institutes (GOTHI) in Egypt revised and
approved the study protocol.

RESULTS

Table 1 illustrated these 11 teaching hospitals that provided
screening tests for∼78,869 non-medical personnel who attended
the hospital with COVID-triage symptoms during the period
(June the 1st to July the 15th, 2020). Among the screened
suspected non medical cases, 22% were confirmed as clinical
cases of COVID-19. Among the confirmed cases, 72.2% were
mild and 23.2% were moderate and severe cases. Out of the
confirmed cases, 4.6 % were admitted to the ICU of the
corresponding hospital.

The corresponding figures for Medical Staff cases were as
follows: 10 teaching hospitals provided screening tests for about

TABLE 1 | The percentage of PCR confirmed COVID-19 cases among total suspected cases presented with COVID-19 symptoms to teaching hospitals (June 1st to July

15th, 2020).

Type of patients No. of suspected cases

presented with COVID

triage symptoms

No (%) of confirmed

cases

No (%) Confirmed cases

(mild)

No (%) Confirmed cases

(moderate and sever cases

admitted inpatients)

No (%) Confirmed cases

need ICU

Cases not

including medical

staff

78,869 17,508 (22.2%) 12,643 (72.2%) 4,063 (23.2%) 802 (4.6%)

Medical staff

members

2,176 609 (27.9%) 418 (68.6%) 174 (28.6%) 17 (2.8%)

TABLE 2 | Inpatient bed occupancy and ICU bed occupancy and ventilator utilization rates for COVID-19 confirmed cases admitted to teaching hospitals (June 1 to July

15, 2020).

Type of patients Inpatient bed occupancy rate ICU bed occupancy rate Ventilator utilization rate

Cases not including medical staff 70% 92% 38%

Medical staff members 67% 88% 36%

TABLE 3 | Percent of teaching hospital discharges for COVID-19 confirmed cases and in-hospital mortality rate throughout the period (June 1 to July 15, 2020).

Type of patients Total number of

confirmed cases

No (%) discharged cases Total number of deaths In hospital mortality rate

Cases not including medical staff 17,508 3,454 (20%) 1,290 7.3%

Medical staff 609 368 (60.4%) 18 2.9%
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2,176 medical staff who attended the hospital with COVID-triage
symptoms during the period (June the 1st to July the 15th, 2020).
Among the screened cases, 27.9%were confirmed as clinical cases
of COVID-19. Among the confirmed cases, 68% were mild and
28.6% were moderate and severe cases. Among the confirmed
cases, 2.8% were admitted to the ICU in the corresponding
hospital (Table 1).

Inpatient bed occupancy and ICU bed occupancy and
ventilator utilization rates for COVID-19 confirmed non-medical
and medical admitted to the teaching hospitals (June 1st to July
15th, 2020) are illustrated in Table 2. The bed occupancy rate
for COVID-19 confirmed was 70% for non-medical cases, and
it was 92% for ICU admissions. The percent of confirmed cases
utilizing ventilators was 38%. Corresponding figures for medical
staff member cases were 67% for in-patient cases, 88% for cases
admitted to ICU. The percent of confirmed cases that utilized
ventilators was 36%.

Table 3 showed that 20% were reported as discharged cases
and deaths after 48 h of admission were 7.3% for the total cases of
non medical personnel. Corresponding figures for medical staff
member cases were 60.4%, discharged cases 2.9% deaths after
48 h.

Figure 1 illustrates the caseload per teaching hospital for
screening tests for COVID-19 triage non-medical personnel.
The percent contribution for a hospital in screening tests
services showed the Hospital H ranked first, Hospital B
ranked second, Hospital A ranked third, and Hospital E
ranked last.

On the contrary, the distribution of PCR confirmed
COVID-19 across 11 Teaching hospitals showed the Hospital C
ranked first, Hospital B ranked second, and Hospital J ranked
third for non-medical personnel as shown in Figure 2.

Figure 3 shows the percent distribution of PCR confirmed
COVID-19 across 11 Teaching hospitals among non-medical
cases who utilized ICU—Egypt: (June 1 to July 15, 2020). Hospital
D ranked first, hospital B ranked second and C ranked third.

Figure 4 illustrates the caseload per teaching hospital for
screening tests for COVID-19 triage medical cases. The percent
contribution for a hospital in screening tests services showed
that Hospital G ranked first, Hospital H ranked second, while
Hospital C ranked third. Hospital J ranked last.

The percent distribution of PCR confirmed COVID-19 across
10 Teaching hospitals among medical personnel—Egypt is
shown in Figure 5. Hospital G reported the highest percentage
of confirmed cases, followed by hospital C, while Hospital
I ranked last. Figure 6 illustrates the percent distribution of
PCR confirmed COVID-19 across 10 Teaching hospitals among
medical cases who utilized ICU—Egypt: (June 1 to July 15, 2020).
It is clear from the figure that hospital B ranked first followed by
hospital F (Figure 6).

DISCUSSION

The current study presented a model for hospital care dynamics
for COVID-19 patients in 11 teaching hospitals in Egypt from
June 1 to July 15, 2020. The study focused on the patient cycle

from the triage stage of the COVID-19 conduction of screening
tests, hospital care, and discharge. Additionally, the study used
specific output indicators to present utilization patterns for
hospital resources as in-patient hospital bed occupancy and
ICU bed occupancy, and percent of admitted cases utilized
ventilators. The outcome indicator used in the study was the
percent of discharged cases out of the total admitted hospital
cases. The impact indicator used in the study was the in-hospital
mortality rate. The indicators used to measure the dynamics
of the patient cycle were determined on data derived from 11
hospitals during a specific period of COVID-19-Wave I. The
indicators in the article were organized according to patient cycle
steps. The caseload per teaching hospital for screening tests for
COVID-19 triage for non-medical and medical staff cases could
interpret hospital capacity to conduct screening tests. The percent
contribution for a hospital in screening tests services showed that
Hospital H ranked first, Hospital B ranked second, and Hospital
ranked third. With regard to medical staff cases, Hospital G
ranked first, Hospital H ranked second, and Hospital C ranked
third. These hospitals have priority in providing resources for
COVID-19 screening services to deal with the high caseload
targeting screening.

In contrast, for medical staff cases; Hospital G has priority
for providing in-patient (hospital beds) services resources to
maintain a low bed occupancy to respond to the high flow of
confirmed cases.

The inpatient bed occupancy rate for COVID-19 confirmed
cases has reached 70% for non-medical cases. The corresponding
figure for medical staff cases was 67%. ICU bed occupancy rate
for patients was more than 90%, which is an alarming signal of
a shortage of resources. This was corresponding to the figure
reported by theMinister of Health and Population in Egypt (84%)
by COVID-19 patients (13). In the current study, variance across
hospitals regarding ICU occupancy rate guides for resource
reallocation decisions where a recent study conducted by Labib
et al. (14) in Egypt to assess ICU preparedness during the
COVID-19 pandemic revealed that the overall preparedness in
both pediatric and adult ICUs was 54%. This situation could be
due to the current belief that COVID-19 mainly affects adults
with more severe cases than those observed among children.

Impact indicators and cases of COVID-19 in-hospital
mortality among non-medical and medical staff cases indirectly
reflect multiple independent variables as hospital services and
characteristics of the patients as age, sex, and comorbidities.

The distribution and severity of COVID-19 are substantially
dissimilar in different parts of the world. The in-hospital
mortality rate of cases admitted to the ICU is between 23.4 and
33%. The mortality rate among patients receiving mechanical
ventilation is 43 to 67% and is close to 70% among patients
older than 60 years (15). In the current statistical report,
from 17,508 patients without medical staff, 1,290 cases died
(7.3%). An analysis of American Hospital Association data with
COVID-19 data revealed an association between low hospital
resources and mortality (16). On the contrary, given their daily
interaction with infected patients, medical staffs are at risk
of contracting COVID-19. The average incidence of COVID-
19 infection among healthcare staff has been about 10%. In
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FIGURE 1 | Percent distribution of screened non-medical personnel with COVID-19 triage across 11 Teaching hospitals—Egypt: (June 1 to July 15, 2020)—Rank

ordering.

FIGURE 2 | Percent distribution of PCR confirmed COVID-19 across 11 Teaching hospitals among non-medical personnel—Egypt: (June 1 to July 15, 2020) —Rank

ordering.

the United States, this percentage was 18%, while in China
it was 4% and 9% in Italy (17). The availability of high-
quality personal protective equipment (PPE) kits, proper use
of PPE, and infection prevention training programs are all
important factors in lowering infection rates. As revealed from

the current study, a higher percentage of medical staff 27.9%were
confirmed as clinical cases of COVID-19. This high percentage
came according to the Egyptian government official reports,
as the number of infected and deceased Egyptian doctors as
well as allied health workers increased compared to the general
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FIGURE 3 | Percent distribution of PCR confirmed COVID-19 across 11 Teaching hospitals among non-medical cases who utilized ICU—Egypt: (June 1 to July 15,

2020) —Rank ordering.

FIGURE 4 | Percent distribution of screened medical personnel with COVID-19 triage across 10 Teaching hospitals—Egypt: (June 1 to July 15, 2020) —Rank ordering.
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FIGURE 5 | Percent distribution of PCR confirmed COVID-19 across 10 Teaching hospitals among medical personnel—Egypt: (June 1 to July 15, 2020)—Rank

ordering.

FIGURE 6 | Percent distribution of PCR confirmed COVID-19 across 10 Teaching hospitals among medical cases who utilized ICU—Egypt: (June 1 to July 15,

2020)—Rank ordering.
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population. On the frontlines of protection against the COVID-
19 pandemic protection, health care workers are exposed to not
only COVID-19 infection due to their daily contact with infected
individuals, but also psychological distress, long work hours,
exhaustion, workplace stigma, and physical abuse. Policymakers
in Egypt are acquainted with the high risk of exposure of the
medical teams to COVID-19 infection. They adopted different
strategies to reduce the risk of exposure of medical staff to
COVID-19 infection. The Minister of Health and Population
in Egypt has allocated a floor in each isolation hospital with a
capacity of 20 beds, to treat infected medical staff, as part of
the Ministry’s efforts to protect its medical teams to confront
them with the emerging Coronavirus, providing psychological,
and administrative support. Additionally, infection control teams
in hospitals are working daily to review the stock of preventive
supplies, and to ensure that medical teams are following
precautions to prevent any medical staff from being infected
with the virus. The Egyptian Minister demonstrated that they
distributed large quantities of preventive supplies to hospitals,
besides conducting weekly webinars targeting all health care
workers to keep them updated with COVID-19 management
protocols and infection control measures (18). Despite the efforts
of MOHP, the current study revealed high hospital mortality
among medical staff. This needs further investigations into the
reason behind the high in-hospital mortality rate among HCWs
in Egypt.

The study focused on information derived from 11 teaching
hospitals. Hospitals’ presentation and contribution to providing
specific services to COVID-19 cases were crucial for policy and
decision-makers. The indicators indirectly reflect the demand
side for teaching hospitals. The demand side is measured by the
percent contribution of each hospital in providing screening tests
to COVID-19 triage cases. This indicator delineated caseload at
an outpatient level and was influenced by the catchment area of
each hospital, and the level of acceptability of specific hospital
services by the served community. The availability and quality
of services contribute to the magnitude of such indicators. The
supply side is related to the availability of qualifiedmedical health
human resources, screening Lab services, ICU, and ventilators.
The interaction between demand and supply-side was measured
by outcome and impact indicators as discharged cases and in-
hospital mortality. To avoid overload and saturation, one of the
primary problems was to manage health resources quickly and
efficiently. This is especially relevant in nations where there was
a dearth of accessible beds (which filled quickly in the early days
of epidemics), as well as a shortage of health professionals (who
were overworked) (19, 20).

CONCLUSION

Teaching hospitals have demonstrated preparedness for the
COVID-19 pandemic by keeping the bed occupancy rate at
70% or less and ventilator utilization at <40% of confirmed
cases. However, the bed occupancy rate in ICU was more than
90% indicating a shortage of resources for critical clinical cases
of COVID-19 cases. Impact indicators as in-hospital mortality

among non-medical and medical staff cases indirectly reflect
multiple independent variables as hospital services and patient
characteristics such as age, sex, and comorbidities.

CLINICAL IMPLICATIONS

In clinical areas, the findings of this study can help hospital
administrators and hospital leaders to identify the strengths
and weaknesses of hospital preparedness for suspected and
confirmed cases of COVID-19. The hospital can be guided in
designing a continuing education program that would enhance
hospital preparedness. Identifying the strained aspects of hospital
preparedness is crucial to improving and strengthening their
work in the prevention, control, management, and containment
of the COVID-19 pandemic.

RECOMMENDATIONS

- Hospitals that have priority in providing lab resources for
screening tests were Hospitals H, B, and G. Facilities are
needed to manage clinically confirmed cases of Hospitals G,
C, and H.

- Hospitals that have priority in providing in-patient (hospital
beds) services resources for maintaining low bed occupancy
to respond to a high flow of confirmed cases were Hospitals C,
B, and J.

- Hospitals that have priority in providing in-patient (ICU)
services resources for keeping response to critical cases were
hospital D followed by hospital B and C.

STRENGTHS

- The study was conducted during the pandemic and concerned
with the supply side of hospitals to control comorbidities
and deaths.

- The information included both medical and non-medical
groups regarding diagnostic tests, ICU utilization, and the use
of ventilators.

- The study could measure the preparedness of hospitals during
the pandemic, which is an important issue to be considered in
health care.

- It is a policy-oriented research as it has its implications for
policymakers at hospitals and MOHP-Headquarter.

- The study included different departments of the Ministry
of Health: surveillance of COVID-19, curative care sector,
logistic managements (keeping a good number of ventilators),
and pharmaceutical sector to supply medications according to
the flow of cases.

- The study has specific implications for the medical syndicate,
as the study displayed information about medical staff.

- The study demonstrated different indicators to be used for
monitoring and evaluating the performance of hospitals
during pandemics.

- Future studies in the hospitals may be conducted to monitor
the changes over time.
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LIMITATIONS OF THE STUDY

The current study findings should be viewed with respect to
the following limitations. First, the data were derived from the
hospitals during the pandemic. Therefore, there are a limited
number of variables that may contribute to the analysis and the
development of more indicators. No information is available for
the characteristics of patients such as age, sex, comorbidity to
justify the use of hospital beds, ICU, and ventilators as well as in-
hospital mortality. Further assessment during different phases of
the COVID-19 pandemic is required. Second, the results cannot
be generalized as it is not an epidemiological study, since it is
operation research, health services management-oriented study
only the methodology can be generalized and to be replicated in
other medical settings.
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