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Abstract: Frontline healthcare workers (HCWs) involved in the COVID-19 response have a higher
risk of experiencing psychosocial distress amidst the pandemic. Between July and September 2020, a
second wave of the COVID-19 pandemic appeared in Vietnam with Da Nang city being the epicenter.
During the outbreak, HCWs were quarantined within the health facilities in a bid to limit the spread
of COVID-19 to their respective communities. Using the stress component of the 21-item Depression,
Anxiety and Stress Scale (DASS-21), we assessed the level of stress among HCWs in Da Nang city.
Between 30 August and 15 September 2020, 746 frontline HCWs were recruited to fill in an online
structured questionnaire. Overall, 44.6% of participants experienced increased stress and 18.9% severe
or extremely severe stress. In multivariable analysis, increased stress was associated with longer
working hours (OR = 1.012; 95% CI: 1.004–1.019), working in health facilities providing COVID-19
treatment (OR = 1.58, 95% CI: 1.04–2.39), having direct contact with patients or their bio-samples
(physicians, nurses and laboratory workers; OR = 1.42, 95% CI: 1.02–1.99), low confidence in the
available personal protective equipment (OR = 0.846; 95% CI: 0.744–0.962) and low knowledge on
COVID-19 prevention and treatment (OR = 0.853; 95% CI: 0.739–0.986). In conclusion, many frontline
HCWs experienced increased stress during the COVID-19 outbreak in Da Nang city. Reducing
working time, providing essential personal protective equipment and enhancing the knowledge on
COVID-19 will help to reduce this stress. Moreover, extra support is needed for HCWs who are
directly exposed to COVID-19 patients.
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1. Introduction

In December 2019, an outbreak of the novel coronavirus 2019 disease (COVID-19)
was declared in Wuhan, China and rapidly spread to other countries. By March 2020,
COVID-19 had evolved into a pandemic that subjected healthcare systems and workers
to tremendous pressure [1]. Within a short period of time, COVID-19 became a global
crisis and significantly impacted all aspects of life. Indeed, as of 2 May 2021, more than
152 million confirmed COVID-19 cases and 3.2 million related deaths had been reported.

The first case of COVID-19 was reported in Vietnam on 23 January 2020, and the
Vietnamese government urgently rolled out emergency policies across the entire country.
During the first wave of the outbreak, almost all infected cases were imported and quar-
antined, with no deaths reported. Although Vietnam has experienced many infectious
disease outbreaks in the past, COVID-19, as a new entity, constituted a crucial challenge
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for the local healthcare system and healthcare workers (HCWs). After 99 days without any
community cases, a second wave of the COVID-19 pandemic appeared in Vietnam on 17
July 2020 with an epicenter in Da Nang city, a tourist city in the central coastal region. From
17 July to 10 September 2020, a total of 551 cases were reported countrywide. Most of these
cases were related to a history of a recent visit to Da Nang. During the second COVID-19
wave in Vietnam, the Da Nang general hospital became an infection hotspot with at least
246 COVID-19 cases reported among inpatients, caregivers and HCWs (19 cases). Moreover,
secondary infections spreading from the hospital to the community were observed [2].
This outbreak resulted in an increased workload and prolonged working time for frontline
HCWs. Adding to the overwhelming work burden, many HCWs were also quarantined
within health facilities together with COVID-19 patients and care givers in a bid to limit
the spread of the COVID-19 to their respective communities [3]. HCWs were kept away
from their families and children for an average of 30 days but food supplies and necessities
were provided to them by the government while they were in quarantine.

HCWs constitute a high-risk group during the ongoing COVID-19 pandemic. Indeed,
high morbidity and mortality due to COVID-19 have been reported among HCWs across
the globe. In May 2020, it was estimated that about 150,000 HCWs had contracted COVID-
19, with an estimated 1400 deaths worldwide [4]. Since then, these numbers have been
increasing rapidly. By 7 April 2021, only in the United States, more than 3600 HCW
deaths were reported, and the majority of them died under the age of 60 (mean age
59) [5]. Confronted with the COVID-19 pandemic, HCWs are exposed to both physical
and psychological stressors that affect their mental health. Factors such as insufficient
personal protective equipment (PPE), long working hours, heavy workload, and anxiety
about getting sick and possibly infecting loved ones would likely compound the stress
experienced by HCWs involved in the COVID-19 response. In addition, stigma against
HCWs working in high-risk environments can have a profound effect on their mental
health [6]. Several studies have shown a high prevalence of stress among HCWs, ranging
from 2.2% to 41.2% depending on their specialization, type of activity and proximity to
COVID-19 patients [7–9]. Prolonged stress not only will have a negative effect on the
physical and mental health of HCWs, but also affect their work performance [10].

In this study, we investigated the stress level and factors associated with stress among
frontline HCWs who were involved in the COVID-19 response in the epicenter of Da
Nang in Vietnam. In addition, this study aimed to provide evidence for policymakers to
implement effective interventions to reduce stress and increase resilience among frontline
HCWs during the COVID-19 pandemic.

2. Materials and Methods
2.1. Study Setting and Design

This was a cross-sectional online survey conducted from 30 August to 15 September
2020 in Da Nang, Vietnam. This was the 3rd online survey initiated by the ICPCovid
consortium (https://www.icpcovid.com/ accessed on 14 July 2020) to assess the impact of
the COVID-19 pandemic in Vietnam.

2.2. Participants

Frontline HCWs working in the public healthcare system and private hospitals in Da
Nang city during the pandemic period were asked to participate in an online survey. A
frontline worker was defined as a healthcare staff member who was actively involved in the
COVID-19 response (diagnosis, treatment, prevention or public health activities) during the
outbreak in Da Nang city. An official invitation letter to participate in the survey was sent
by the Da Nang health department to all medical facilities, including community health
centers, and the Da Nang general hospital. It is estimated that there are about 10,000 HCWs
in Da Nang city. HCWs received this letter through their local administrative staff. Those
who consented to participate then accessed the online survey tool to submit their responses.

https://www.icpcovid.com/
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Given the sampling approach which we adopted, we opted for a convenient sample size
whereby all eligible responses received within the study period would be analyzed.

2.3. Data Collection

A Google survey form was created using a structured questionnaire. The survey link
was sent to the administrative departments of all health facilities involved in the COVID-19
response in Da Nang city. This questionnaire was based on a questionnaire developed by
the ICPCovid consortium but was adapted to the COVID-19 situation in Vietnam. Data
were collected anonymously. Consenting participants completed the questionnaire and
provided the following data:

• Socio-demographic characteristics: Age, gender, marital status, professional qualifica-
tions, years of working experience, healthcare facility where they practiced, whether
they lived with a vulnerable person (i.e., children < 12 years; elderly persons; chroni-
cally ill persons).

• Working conditions: Total working time per week (in hours); night shift situation
(yes/no). Self-perceived knowledge about infection control specific to COVID-19; self-
perceived confidence in available personal protective equipment (PPE) such as masks,
gloves, hand sanitizers, protective clothing for COVID-19 prevention at the workplace.
Self-perceived data were collected using a 10-point Likert scale (1 = minimal level, to
10 = maximal level).

• Stress level: The stress component (7 questions) of the 21-item Depression, Anxiety
and Stress Scale (DASS-21) was used to evaluate the stress status. Scores were di-
chotomized into normal stress (with scores between 0 and 14) and increased stress
(with scores greater than 14). Increased stress was further classified into mild (with
scores between 15 and 18), moderate (with scores between 19 and 25), severe (with
scores between 26 and 33) and extremely severe stress (with scores greater than
33) [11].

• Self-perceived support for HCWs during the COVID-19 pandemic: A 10-point Likert
scale (1 = not having support, to 10 = enthusiastic support) was used to measure the
perceived support enjoyed by HCWs considering three sources of support: society,
co-workers and HCWs’ families and relatives. A higher score indicated a higher level
of support.

◦ Support from society: HCWs’ perception of the society’s support towards them,
in the form of material support (such as provision of protective equipment)
and non-material support (such as words of appreciation and encouragement
through mail, mass media, social networks).

◦ Support from co-workers: HCWs’ perceptions of support, such as sharing of
workloads, and mutual encouragement of colleagues.

◦ Support from family or relatives: HCWs’ perceptions of receiving encourage-
ment, material support (such as food, bottled water, toiletries) and non-material
support (such as phone calls, prayers) from family and relatives.

2.4. Statistical Analysis

All statistical analyses were performed using Stata 15.0. Descriptive statistics were
used to depict the demographic and occupational characteristics, as well as stress levels of
HCWs using numbers with percentages, means with standard deviation or medians with
interquartile ranges. A multiple logistic regression model was used to determine factors
associated with increased stress among HCWs. Stress outcomes were dichotomized as
follows: no stress (coded as 0) and stress (coded as 1). Covariates included demographic
variables (age, sex, marital status and living with vulnerable groups in the same home),
self-perceived support to HCWs, knowledge about COVID-19 prevention and treatment,
confidence in the available PPE, type of profession and type of healthcare facility.

HCW professions were summarized into two groups, depending on whether the
profession exposed the HCW to direct contact with patients/bio-samples. Accordingly,
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physicians, nurses and laboratory workers constituted one group (high contact), while
pharmacists, public health officers and others formed the group of “low contact” HCWs. We
also compared two groups of healthcare facilities: those that served as COVID-19 treatment
units (public hospitals at the city and district level, and private hospitals within the city)
and facilities not providing COVID-19 treatment such as the city Center for Disease Control
and Prevention (CDC), the emergency transport system, community health centers, contact
tracing units, logistic/administrative support units and testing centers. All inferential
analysis was considered statistically significant at p-value < 0.05.

2.5. Ethical Considerations

Anonymity and informed consent were ensured via online registration of the survey.
The study was officially permitted by the Health Department of Da Nang city and pre-
viously approved by the Ethical Review Committee of Hue University of Medicine and
Pharmacy, Vietnam (No. H202/041).

3. Results

A total of 1011 HCWs voluntarily completed the online questionnaire but after clean-
ing the data and applying the inclusion criteria, only 746 (73.8%) HCWs were included
in the analysis. For the 746 participants, the mean age was 32.8 ± 8.9 years, 72.5% were
women, 64.8% married and 78.3% lived with at least one person from a vulnerable group.
A large proportion (43.4%) were nurses, and the median number of years of working experi-
ence was 6. Of the participants, 68.8% were either a physician, nurse or laboratory workers
and 77.3% worked in COVID-19 treatment units. Nearly half (44.6%) of the HCWs who
participated in the study experienced stress (score > 14) during the COVID-19 outbreak in
Da Nang city.

Stress distribution in occupational groups that have regular direct contact with patients
and bio-samples, such as physician, laboratory worker or nurse, was 50.3%, 50% and 46.3%,
respectively (Table 1).

Table 1. Demographic and occupational characteristics of healthcare workers grouped by the reported
stress levels (n = 746).

p Overall Experienced Stress No Stress

Number of participants (%) 746 (100.0%) 333 (44.6%) 413 (55.4%)
Age in years: mean (SD) 32.8 ± 8.9 32.2 ± 8.7 35.0 ± 9.1

Sex: n (%)
Male 205 (27.5%) 96 (46.8%) 109 (53.2%)

Female 541 (72.5%) 237 (43.8%) 304 (56.2%)
Marital status: n (%)

Married 483 (64.8%) 210 (43.5%) 273 (56.5%)
Single or divorced 263 (36.2%) 123 (46.8%) 140 (53.2%)

Living with vulnerable groups: n
(%)
Yes 584 (78.3%) 254 (43.5%) 330 (56.5%)
No 162 (21.7%) 79 (48.8%) 83 (51.2%)

Work experience (years): median
(IQR) * 6 (2–11) 5 (2–10) 7 (2.5–12)

Profession
Physician

Nurse
Laboratory worker

Pharmacist
Others **

147 (19.7%)
326 (43.7%)
40 (5.4%)
65 (8.7%)

168 (22.5%)

74 (50.3%)
151 (46.3%)
20 (50.0%)
18 (27.7%)
70 (41.7%)

73 (49.7%)
175 (53.7%)
20 (50.0%)
47 (72.3%)
98 (58.3%)

Healthcare facilities
COVID-19 treatment units

Not treatment units (city CDC and
others **)

577 (77.3%)
169 (22.7%)

271 (47.0%)
62 (36.7%)

306 (53.0%)
107 (63.3%)

* IQR: interquartile range; ** public health officers, emergency transport systems, community health centers,
contact tracing unit, logistic/administrative support unit, testing center.
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Up to 116 (15.5%) and 25 (3.3%) of participants experienced severe and extremely
severe stress, respectively (Table 2). The median stress score was 14 (on a scale ranging
from 0 to 42).

Table 2. Stress levels of the healthcare workers in Da Nang (n = 746).

Stress Levels Number (%)

Normal stress (score ≤ 14) 413 (55.4)

Increased stress (score > 14) 333 (44.6)

Mild (15 ≤ score ≤ 18) 108 (14.5)
Moderate (19 ≤ score ≤ 25) 84 (11.3)

Severe (26 ≤ score ≤ 33) 116 (15.5)
Extremely severe (score > 33) 25 (3.3)

Overall stress scale score: median (IQR) 14 (6–22)

IQR: interquartile range.

The median number of working hours per week was 48 h (IQR: 40–56). Only 12.2%
of HCWs reported night shifts during the outbreak period. An increasing number of
working hours per week increased the odds of stress by 12‰ (OR = 1.012; 95% CI: 1.004–
1.019) (Table 3). The odds of stress varied inversely with the level of confidence in the
available personal protective equipment (OR = 0.846; 95% CI: 0.744–0.962) (Table 3). An
increased score of HCWs’ knowledge of COVID-19 reduced the odds of experiencing stress
(OR = 0.853; 95% CI: 0.739–0.986). Physicians, nurses and laboratory staff (high-contact
HCWs) had higher odds of stress (OR = 1.42 (95% CI: 1.02–1.99). Similarly, HCWs working
in treatment units showed significantly higher odds of experiencing stress (OR = 1.58, 95%
CI: 1.04–2.39).

Table 3. Predictors of stress among healthcare workers by multiple logistic regression (n = 746).

Factors OR adj * p 95% CI

Total number of working hours/weeks 1.012 0.002 1.004 1.019
Support from co-workers 1.005 0.943 0.885 1.141

Support from family or relatives 0.987 0.825 0.879 1.108
Support from society 0.916 0.051 0.838 1.001

Confidence in the available personal
protective equipment 0.846 0.011 0.744 0.962

Self- reported knowledge of COVID-19
prevention and treatment 0.853 0.031 0.739 0.986

Profession
Pharmacist, public health officer and others Ref

Physician, nurse, laboratory worker 1.42 0.039 1.02 1.99
Healthcare facilities

Not treatment units (city CDC and others **) Ref
COVID-19 treatment units (public hospitals
in city and district, private hospitals in city) 1.58 0.032 1.04 2.39

* Odds ratio adjusted by age, sex, marital status and living with vulnerable groups; ** public health officers,
emergency transport systems, community health centers, contact tracing unit, logistic/administrative support
unit, testing center.

4. Discussion

Our survey provides insights into the stress experienced by frontline HCWs in Viet-
nam, a country that has been quite successful in controlling the COVID-19 pandemic.
We investigated the working conditions of HCWs and factors associated with stress dur-
ing a COVID-19 outbreak in Da Nang city. Of the 746 HCWs who participated in the
study, 44.6% experienced stress. Increasing working time, confidence in the available
PPE, knowledge about COVID-19 prevention and treatment, work in healthcare facilities
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providing COVID-19 treatment, and being a physician, nurse or a laboratory worker were
independent predictors of stress. A particular aspect of the way the COVID-19 outbreak
was managed in Da Nang and that may have increased the stress among HCWs was the
long quarantine period during which certain HCW were separated from their families to
prevent further community transmission.

Another survey conducted among HCWs in Vietnam shortly after the first COVID-19
wave (end of April 2020) found that 34.3% HCWs experienced stress measured with the
Revised Impact of Event Scale (IES-R) tool [12]. In a survey conducted from April–June
2020 in five countries in the Asia-Pacific region, also using the IES-R tool, a stress prevalence
of 3.3% was reported among HCWs in Vietnam, but only 50 Vietnamese HCWs participated
in this survey [13]. These differences may be explained by the time these studies were
conducted. In April–June 2020, the number of COVID-19 cases nationwide was only
381, while during the outbreak in Da Nang, 551 cases were recorded only in one city [2].
Worldwide, it has been reported that an increase in disease burden increases the concern
about becoming infected and therefore may lead to increased stress [9,12,14]. In a recent
systematic review of 35 papers with data from 25,343 medical staff, a high level of perceived
stress was reported by 56% of them (95% CI = 32–79%) [14]. Using the same stress scoring
system (DASS-21) as in our study, 23.8% of HCWs in Oman experienced stress [15], and
41.2% in Turkey [9]. A much higher prevalence of stress among HCWs was observed in
China, Canada and Pakistan: 71.5%, 85.6% and 90.1%, respectively [16–18]. However, the
latter countries were confronted with a more severe COVID-19 disease burden compared
to Vietnam.

In our study, the prevalence of stress in the group directly in charge of treating and
taking care of patients, who were physicians and nurses, was 50.3% and 46.3%, respectively
(Table 1). Overload of work, contact with severely ill COVID-19 patients, along with the
fear of infection and infecting relatives, are factors that cause stress in this group [19,20].
A high prevalence of stress (50%) was also observed among laboratory workers. In Da
Nang, laboratory workers also draw blood or obtain nose or throat swabs. Handling of
bio-samples from suspected or infected patients increases the risk of exposure, leading to
increased stress [20–22]. In addition, too much work and wearing PPE for long periods of
time in hot weather exposed laboratory workers to heat stress, affecting both cognitive and
physical performance, leading to increased stress [22–24].

The outbreak in Da Nang was mainly a nosocomial outbreak that started in the main
hospitals. This led to a rapid increase in cases of COVID-19. To ensure patient care and
epidemic control in Da Nang, the medical staff had to face a huge workload, often with
limited resources. In addition to providing routine health services, HCWs had to undertake
additional tasks ranging from contact tracing, monitoring, testing and treating COVID-19
patients. Our findings indicated that pharmacists and public health officers experienced
less stress, most likely because they were less likely to have direct contact with patients and
they were not quarantined during the outbreak. In addition, we found that the number
of working hours per day and the number of working days per week both exceeded the
prescribed maximal working duration for employees in Vietnam (48 h/week) (Table 3).
These results were consistent with other studies worldwide showing the overwhelming
workload among HCWs during the pandemic [25,26]. This increase in daily working hours
and number of working days per week increased the risk of stress among HCWs [9,27].

In our study, better knowledge about COVID-19 prevention and treatment was asso-
ciated with less stress. Therefore, training HCWs to improve the clinical management of
persons with COVID-19 disease and training them to protect themselves to decrease the
risk of infection will make them more confident in patient care and will reduce stress. Other
studies reported that occupational protection practices and training people to increase their
COVID-19 occupational protection knowledge reduced stress and prevented psychological
problems [28,29].

Similar to other studies, confidence in the available PPE and protective measures
reduced the likelihood of stress [8,25]. Indeed, being equipped with quality PPE will help
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HCWs to feel protected from contracting the virus, and also limit their risk of infecting
family members when they eventually return home [30].

Our research showed that HCWs who worked in health facilities treating COVID-19
patients had a higher risk of stress than HCWs working in facilities not providing COVID-
19 treatment (Table 3). Close and frequent contact with COVID-19 patients, working longer
hours than usual and working in isolation units have been recognized as factors that
increase the likelihood of infection, affecting the health and lives of HCWs, and increasing
the risk of stress [17,31–33]; all these conditions were fulfilled in the COVID-19 treatment
centers in Da Nang.

Thanks to the rapid implementation of drastic preventive measures and the efforts
of the HCWs, the COVID-19 outbreak in Da Nang was rapidly controlled. More than
a fifth of Da Nang city residents (208,028) were tested for COVID-19; 454 people were
quarantined in healthcare facilities; 15,120 in centralized quarantine facilities; and 15,079
self/home-quarantined. By 4 September 2020, all lockdown measures were lifted and on
23 September the last COVID-19 patient in Da Nang was discharged from the hospital.
However, in May 2021, a new COVID-19 outbreak appeared in Vietnam, mainly in the
city of Hanoi but also with community transmission in other cities, including Da Nang.
Lockdown measures were reinstituted. By 13 May, only nearly 0.98% of the population in
Vietnam had received at least one dose of a COVID-19 vaccine. Therefore, to control this
new wave as well as future COVID-19 outbreaks, scaling up the COVID-19 vaccination
campaign will be needed.

We acknowledge that our study had several limitations. As data were collected via an
online survey, we do not know whether the HCWs who participated in the survey were
representative of all HCWs in Da Nang. We were able to analyze only the responses from
less than 10% of the estimated 10,000 HCWs in Da Nang city. Moreover, we cannot verify
the validity of the answers to the survey questions. Recall bias and social desirability may
have affected the quality of data provided by some HCWs. Moreover, several potential
stress factors, such as perceived job demand, job control, economic reward and personal
reward, were not investigated. Finally, due to some unavoidable limitations in terms of
convenient sampling technique and small sample size, in our multiple logistic regression
we could not include each occupational group, but we classified them into two categories
based on criteria of direct and indirect contact with patients and bio-samples.

5. Conclusions

Stress was commonly experienced by frontline HCWs during the COVID-19 outbreak
in Da Nang city, Vietnam. Keeping HCWs quarantined in health facilities was most likely
an important factor in containing the outbreak in Da Nang. However, this approach may
have increased the stress experienced by HCWs. Given the key role frontline HCWs play
in fighting the COVID-19 pandemic, it is of great importance to implement strategies to
improve their well-being. Reducing working time, providing full PPE and increasing
HCWs’ knowledge about COVID-19 prevention and treatment will help to reduce stress
and to increase their effectiveness to control the COVID-19 outbreak. Moreover, extra
support is needed for HCWs who are directly exposed to COVID-19 patients. HCWs and
persons at risk for severe COVID-19 disease should be priority populations for COVID-19
vaccination.

Author Contributions: T.V.V., N.P.T.N. and R.C. contributed to the study design and conceptual-
ization. N.P.T.N., T.V.V., D.D.L. and T.D.T. carried out the statistical analysis, interpretation, data
and drafting of the initial manuscript. N.P.T.N. and T.V.V. coordinated the study design and data
collection. N.P.T.N., T.V.V., R.C., D.D.L., T.D.T. and J.N.S.F. critically revised the draft manuscript. All
authors have read and agreed to the published version of the manuscript.

Funding: R. Colebunders received support from VLIRUOS (Flemish Interuniversity Council for
University Development Cooperation).



Int. J. Environ. Res. Public Health 2021, 18, 7378 8 of 9

Institutional Review Board Statement: This study was conducted according to the guidelines of the
Declaration of Helsinki and was officially permitted by the Health Department of Da Nang city and
previously approved by the Ethical Review Committee of Hue University of Medicine and Pharmacy,
Vietnam (No. H202/041).

Informed Consent Statement: Anonymity and informed consent were ensured via online registra-
tion of the survey.

Data Availability Statement: All responses were anonymous and securely stored in a password-
protected computer at the Institute for Community Health Research, Hue University of Medicine
and Pharmacy.

Acknowledgments: We are grateful to the respondents for their participation, and we thank all
the HCWs of Da Nang city for the work they have done during the COVID-19 outbreak in Da
Nang. The authors would also like to thank all institutions and stakeholders across Da Nang city for
supporting us in collecting data via questionnaires. Finally, we would also like to acknowledge Ngo
Thi Kim Yen, Director of Da Nang city health department and her staff Tran Thi Hoai Vy for their
wonderful support in conducting this study in the difficult time of the COVID-19 pandemic. Our
sincere thanks also go to Hue University for the partial support under the core research program,
grant no. NCM.DHH.2018.12.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Salari, N.; Hosseinian-Far, A.; Jalali, R.; Vaisi-Raygani, A.; Rasoulpoor, S.; Mohammadi, M.; Rasoulpoor, S.; Khaledi-Paveh, B.

Prevalence of stress, anxiety, depression among the general population during the COVID-19 pandemic: A systematic review and
meta-analysis. Glob. Health 2020, 16, 57. [CrossRef]

2. WHO. Situation Reports in Vietnam 10. Available online: https://www.who.int/vietnam/emergencies/coronavirus-disease-
(COVID-19)-in-viet-nam/COVID-19-situation-reports-in-viet-nam (accessed on 19 March 2021).

3. Vietnam Ministry of Health. Medical Isolation for the Entire da Nang Hospital from Now to 9 August. Available online:
https://ncov.moh.gov.vn/-/cach-ly-y-te-toan-bo-benh-vien-a-nang-tu-nay-en-9-8 (accessed on 12 April 2021).

4. Bandyopadhyay, S.; Baticulon, R.E.; Kadhum, M.; Alser, M.; Ojuka, D.K.; Badereddin, Y.; Kamath, A.; Parepalli, S.A.; Brown, G.;
Iharchane, S.; et al. Infection and mortality of healthcare workers worldwide from COVID-19: A systematic review. BMJ Glob.
Health 2020, 5, e003097. [CrossRef]

5. Guardian, T. Our Key Findings about US Healthcare Worker Deaths in the Pandemic’s First Year. Available online: https:
//www.theguardian.com/us-news/ng-interactive/2020/dec/22/lost-on-the-frontline-our-findings-to-date (accessed on 18
May 2021).

6. Giorgi, G.; Lecca, L.I.; Alessio, F.; Finstad, G.L.; Bondanini, G.; Lulli, L.G.; Arcangeli, G.; Mucci, N. COVID-19-Related Mental
Health Effects in the Workplace: A Narrative Review. Int. J. Environ. Res. Public Health 2020, 17, 7857. [CrossRef]

7. Benfante, A.; Di Tella, M.; Romeo, A.; Castelli, L. Traumatic Stress in Healthcare Workers during COVID-19 Pandemic: A Review
of the Immediate Impact. Front. Psychol. 2020, 11, 569935. [CrossRef]

8. Bohlken, J.; Schömig, F.; Lemke, M.R.; Pumberger, M.; Riedel-Heller, S.G. COVID-19-Pandemie: Belastungen des medizinischen
Personals. Psychiatr. Prax. 2020, 47, 190–197. [CrossRef]

9. Elbay, R.Y.; Kurtulmuş, A.; Arpacıoğlu, S.; Karadere, E. Depression, anxiety, stress levels of physicians and associated factors in
COVID-19 pandemics. Psychiatry Res. 2020, 290, 113130. [CrossRef]

10. Preti, E.; Di Mattei, V.; Perego, G.; Ferrari, F.; Mazzetti, M.; Taranto, P.; Di Pierro, R.; Madeddu, F.; Calati, R. The Psychological
Impact of Epidemic and Pandemic Outbreaks on Healthcare Workers: Rapid Review of the Evidence. Curr. Psychiatry Rep. 2020,
22, 1–22. [CrossRef] [PubMed]

11. Lovibond, S.H.; Lovibond, P.F. Manual for the Depression Anxiety Stress Scales, 2nd ed.; Psychology Foundation: Sydney, Australia,
1995.

12. Nguyen, P.T.L.; Le Nguyen, T.B.; Pham, A.G.; Duong, K.N.C.; Gloria, M.A.J.; Van Vo, T.; Van Vo, B.; Phung, T.L. Psychological
Stress Risk Factors, Concerns and Mental Health Support Among Health Care Workers in Vietnam During the Coronavirus
Disease 2019 (COVID-19) Outbreak. Front. Public Health 2021, 9, 628341. [CrossRef] [PubMed]

13. Chew, N.W.S.; Ngiam, J.N.; Tan, B.Y.-Q.; Tham, S.-M.; Tan, C.Y.-S.; Jing, M.; Sagayanathan, R.; Chen, J.T.; Wong, L.Y.H.; Ahmad,
A.; et al. Asian-Pacific perspective on the psychological well-being of healthcare workers during the evolution of the COVID-19
pandemic. BJPsych Open 2020, 6, e116. [CrossRef]

14. Yan, H.; Ding, Y.; Guo, W. Mental Health of Medical Staff During the Coronavirus Disease 2019 Pandemic: A Systematic Review
and Meta-Analysis. Psychosom. Med. 2021, 83, 387–396. [CrossRef] [PubMed]

15. Alshekaili, M.; Hassan, W.; Al Said, N.; Al Sulaimani, F.; Jayapal, S.K.; Al-Mawali, A.; Chan, M.F.; Mahadevan, S.; Al-Adawi,
S. Factors associated with mental health outcomes across healthcare settings in Oman during COVID-19: Frontline versus
non-frontline healthcare workers. BMJ Open 2020, 10, e042030. [CrossRef] [PubMed]

http://doi.org/10.1186/s12992-020-00589-w
https://www.who.int/vietnam/emergencies/coronavirus-disease-(COVID-19)-in-viet-nam/COVID-19-situation-reports-in-viet-nam
https://www.who.int/vietnam/emergencies/coronavirus-disease-(COVID-19)-in-viet-nam/COVID-19-situation-reports-in-viet-nam
https://ncov.moh.gov.vn/-/cach-ly-y-te-toan-bo-benh-vien-a-nang-tu-nay-en-9-8
http://doi.org/10.1136/bmjgh-2020-003097
https://www.theguardian.com/us-news/ng-interactive/2020/dec/22/lost-on-the-frontline-our-findings-to-date
https://www.theguardian.com/us-news/ng-interactive/2020/dec/22/lost-on-the-frontline-our-findings-to-date
http://doi.org/10.3390/ijerph17217857
http://doi.org/10.3389/fpsyg.2020.569935
http://doi.org/10.1055/a-1159-5551
http://doi.org/10.1016/j.psychres.2020.113130
http://doi.org/10.1007/s11920-020-01166-z
http://www.ncbi.nlm.nih.gov/pubmed/32651717
http://doi.org/10.3389/fpubh.2021.628341
http://www.ncbi.nlm.nih.gov/pubmed/33816419
http://doi.org/10.1192/bjo.2020.98
http://doi.org/10.1097/PSY.0000000000000922
http://www.ncbi.nlm.nih.gov/pubmed/33818054
http://doi.org/10.1136/bmjopen-2020-042030
http://www.ncbi.nlm.nih.gov/pubmed/33040019


Int. J. Environ. Res. Public Health 2021, 18, 7378 9 of 9

16. Mrklas, K.; Shalaby, R.; Hrabok, M.; Gusnowski, A.; Vuong, W.; Surood, S.; Urichuk, L.; Li, D.; Li, X.-M.; Greenshaw, A.J.; et al.
Prevalence of Perceived Stress, Anxiety, Depression, and Obsessive-Compulsive Symptoms in Health Care Workers and Other
Workers in Alberta During the COVID-19 Pandemic: Cross-Sectional Survey. JMIR Ment. Health 2020, 7, e22408. [CrossRef]

17. Lai, J.; Ma, S.; Wang, Y.; Cai, Z.; Hu, J.; Wei, N.; Wu, J.; Du, H.; Chen, T.; Li, R.; et al. Factors Associated with Mental Health
Outcomes Among Health Care Workers Exposed to Coronavirus Disease 2019. JAMA Netw. Open 2020, 3, e203976. [CrossRef]
[PubMed]

18. Sandesh, R.; Shahid, W.; Dev, K.; Mandhan, N.; Shankar, P.; Shaikh, A.; Rizwan, A. Impact of COVID-19 on the Mental Health of
Healthcare Professionals in Pakistan. Cureus 2020, 12, e8974. [CrossRef]

19. Srivastava, A.; Srivastava, S.; Upadhyay, R.; Gupta, R.; Jakhar, K.; Pandey, R. Stressor Combat Strategies and Motivating Factors
Among Health Care Service Providers During COVID-19 Pandemic. Cureus 2021, 13, 14726. [CrossRef]

20. Prasad, K.; McLoughlin, C.; Stillman, M.; Poplau, S.; Goelz, E.; Taylor, S.; Nankivil, N.; Brown, R.; Linzer, M.; Cappelucci, K.; et al.
Prevalence and correlates of stress and burnout among U.S. healthcare workers during the COVID-19 pandemic: A national
cross-sectional survey study. EClinicalMedicine 2021, 35, 100879. [CrossRef]

21. Amri, M.F.; Azizan, N.; Hussain, F.A.; Hayati, F.; Syed Abdul Rahim, S.S.; Azhar, Z.I. The challenges and risk of laboratory
handling on a histology specimen during COVID-19 pandemic. Ann. Med. Surg. 2021, 64, 102242. [CrossRef] [PubMed]

22. Jemal, K.; Deriba, B.S.; Geleta, T.A.; Tesema, M.; Awol, M.; Mengistu, E.; Annous, Y. Self-Reported Symptoms of Depression, Anx-
iety, and Stress Among Healthcare Workers in Ethiopia During the COVID-19 Pandemic: A Cross-Sectional Study. Neuropsychiatr.
Dis. Treat. 2021, 17, 1363–1373. [CrossRef]

23. Davey, S.L.; Lee, B.J.; Robbins, T.; Randeva, H.; Thake, C.D. Heat stress and PPE during COVID-19: Impact on healthcare workers’
performance, safety and well-being in NHS settings. J. Hosp. Infect. 2021, 108, 185–188. [CrossRef] [PubMed]

24. Loibner, M.; Hagauer, S.; Schwantzer, G.; Berghold, A.; Zatloukal, K. Limiting factors for wearing personal protective equipment
(PPE) in a health care environment evaluated in a randomised study. PLoS ONE 2019, 14, e0210775. [CrossRef] [PubMed]

25. Si, M.; Su, X.-Y.; Jiang, Y.; Wang, W.-J.; Gu, X.-F.; Ma, L.; Li, J.; Zhang, S.-K.; Ren, Z.-F.; Ren, R.; et al. Psychological impact of
COVID-19 on medical care workers in China. Infect. Dis. Poverty 2020, 9, 1–13. [CrossRef] [PubMed]

26. Talaee, N.; Varahram, M.; Jamaati, H.; Salimi, A.; Attarchi, M.; Dizaji, M.K.; Sadr, M.; Hassani, S.; Farzanegan, B.; Monjazebi, F.;
et al. Stress and burnout in health care workers during COVID-19 pandemic: Validation of a questionnaire. J. Public Health 2020,
1–6. [CrossRef] [PubMed]

27. Wang, H.; Liu, Y.; Hu, K.; Zhang, M.; Du, M.; Huang, H.; Yue, X. Healthcare workers’ stress when caring for COVID-19 patients:
An altruistic perspective. Nurs. Ethic. 2020, 27, 1490–1500. [CrossRef] [PubMed]

28. Zheng, R.; Zhou, Y.; Qiu, M.; Yan, Y.; Yue, J.; Yu, L.; Lei, X.; Tu, D.; Hu, Y. Prevalence and associated factors of depression, anxiety,
and stress among Hubei pediatric nurses during COVID-19 pandemic. Compr. Psychiatry 2021, 104, 152217. [CrossRef]

29. Hendy, A.; Abozeid, A.; Sallam, G.; Fattah, H.A.A.; Reshia, F.A.A. Predictive factors affecting stress among nurses providing care
at COVID-19 isolation hospitals at Egypt. Nurs. Open 2021, 8, 498–505. [CrossRef]

30. Munawar, K.; Choudhry, F.R. Exploring stress coping strategies of frontline emergency health workers dealing COVID-19 in
Pakistan: A qualitative inquiry. Am. J. Infect. Control. 2021, 49, 286–292. [CrossRef] [PubMed]

31. Holton, S.; Wynter, K.; Trueman, M.; Bruce, S.; Sweeney, S.; Crowe, S.; Dabscheck, A.; Eleftheriou, P.; Booth, S.; Hitch, D.; et al.
Psychological well-being of Australian hospital clinical staff during the COVID-19 pandemic. Aust. Health Rev. Publ. Aust. Hosp.
Assoc. 2021, 45, 297. [CrossRef]

32. Sanghera, J.; Pattani, N.; Hashmi, Y.; Varley, K.F.; Cheruvu, M.S.; Bradley, A.; Burke, J.R. The impact of SARS-CoV-2 on the mental
health of healthcare workers in a hospital setting—A Systematic Review. J. Occup. Health 2020, 62, e12175. [CrossRef]

33. Lu, W.; Wang, H.; Lin, Y.; Li, L. Psychological status of medical workforce during the COVID-19 pandemic: A cross-sectional
study. Psychiatry Res. 2020, 288, 112936. [CrossRef]

http://doi.org/10.2196/22408
http://doi.org/10.1001/jamanetworkopen.2020.3976
http://www.ncbi.nlm.nih.gov/pubmed/32202646
http://doi.org/10.7759/cureus.8974
http://doi.org/10.7759/cureus.14726
http://doi.org/10.1016/j.eclinm.2021.100879
http://doi.org/10.1016/j.amsu.2021.102242
http://www.ncbi.nlm.nih.gov/pubmed/33815787
http://doi.org/10.2147/NDT.S306240
http://doi.org/10.1016/j.jhin.2020.11.027
http://www.ncbi.nlm.nih.gov/pubmed/33301841
http://doi.org/10.1371/journal.pone.0210775
http://www.ncbi.nlm.nih.gov/pubmed/30668567
http://doi.org/10.1186/s40249-020-00724-0
http://www.ncbi.nlm.nih.gov/pubmed/32787929
http://doi.org/10.1007/s10389-020-01313-z
http://www.ncbi.nlm.nih.gov/pubmed/32837840
http://doi.org/10.1177/0969733020934146
http://www.ncbi.nlm.nih.gov/pubmed/32662326
http://doi.org/10.1016/j.comppsych.2020.152217
http://doi.org/10.1002/nop2.652
http://doi.org/10.1016/j.ajic.2020.06.214
http://www.ncbi.nlm.nih.gov/pubmed/32649990
http://doi.org/10.1071/AH20203
http://doi.org/10.1002/1348-9585.12175
http://doi.org/10.1016/j.psychres.2020.112936

	Introduction 
	Materials and Methods 
	Study Setting and Design 
	Participants 
	Data Collection 
	Statistical Analysis 
	Ethical Considerations 

	Results 
	Discussion 
	Conclusions 
	References



