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Abstract

Introduction

In hospital settings, awareness of, and responsiveness to, COVID-19 are crucial to reducing

the risk of transmission among healthcare workers and protecting them from infection.

Healthcare professionals can offer insights into the practicalities of infection prevention and

control (IPC) measures and on how the guideline aimed to ensure adherence to IPC, includ-

ing use of personal protective equipment (PPE), could best be delivered during the pan-

demic. To inform future development of such guideline, this study examined the

perspectives of healthcare professionals working in a large hospital during the pandemic

regarding their infection risks, the barriers or facilitators to implementing their tasks and the

IPC measures to protect their safety and health and of their patients.

Method

In-depth interviews were conducted with 23 hospital staff coming into contact with possible

or confirmed cases of COVID-19, or were at potential risk of contracting the disease, includ-

ing medical doctors, nurses, virology laboratory staff, and non-medical workers. This quali-

tative study was carried out as part of a knowledge, attitudes and practice survey to prevent

COVID-19 transmission at Ramathibodi Hospital in Thailand. We used content analysis to

categorize and code transcribed interview data. Existing IPC guideline and evidence synthe-

sis of organisational, environmental, and individual factors to IPC adherence among health-

care workers were used to guide the development of the interview questions and analysis.
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Finding

Factors identified as influencing the use of, and adherence to, prevention measures among

healthcare workers included knowledge, perceived risk and concerns about the infection.

The extent to which these factors were influential varied based on the medical procedures,

among other features, that individuals were assigned to perform in the hospital setting.

Beyond availability of PPE and physical safety, ease of and readiness to utilize the equip-

ment and implement IPC measures were crucial to motivate hospital staff to follow the prac-

tice guideline. Having a ventilated outdoor space for screening and testing, and interaction

through mobile technology, facilitated the performance of healthcare workers while reducing

the transmission risk for staff and patients. Adequate training, demonstration of guided prac-

tices, and streamlined communications are crucial organisational and management support

factors to encourage appropriate use of, and adherence to, implementation of infection pre-

vention and control measures among healthcare workers.

Conclusion

This finding could help inform the development of recommendations to optimise compliance

with appropriate use of these measures, and to improve guidance to reduce HCW’s risk of

disease in hospital settings. Further study should explore the perceptions and experiences

of health professionals in smaller health facilities and community-based workers during the

pandemic, particularly in resource-limited settings.

Background

During the multiple waves of COVID-19 transmission, healthcare workers (HCWs) play a

central role in saving lives. These professionals are the driving force to achieving effective clini-

cal management of patients during the pandemic. They are also among the population with

highest risk of infection with COVID-19 due to their contacts with high-risk individuals and

working environment [1]. Of the 3.45 million global deaths due to COVID-19 reported to the

World Health Organization (WHO) from January 2020 to May 2021, only 6,643 were among

HCWs with the true figure estimated to be much higher at around 80,000–180,000 [2]. In

Thailand, suspected cases of infection with emerging infectious disease caused by SARS-CoV-

2 were identified during early January 2020 [3]. In April 2020, 102 HCWs, or 4 percent of total

cases at the time, were infected with COVID-19; 28 of which had been providing direct care to

patients, six had close contact with other HCWs, and one had been conducting screening and

triage [4]. Indigenous cases of COVID-19 were found to be minimal during the first wave [5];

however, a larger second wave occurred from mid-December 2020 onwards [6]. Subsequent

waves of the pandemic in 2021, during which the number of cases increased in Bangkok and

across the country [7], represented a significant rise in the burden for hospitals, with over 600

HCWs reported to be infected with COVID-19 despite receiving two doses of Sinovac vaccine

[8]. Most recently, in early 2022, there has been a rise in cases and staff absences due to the

Omicron variant with potential for rapid spread including in healthcare settings. With the

ongoing uncertainty and possibilities of new outbreaks in the future, COVID-19 remains a

dangerous infectious disease, particularly for HCWs involved in managing infected patients.

In hospital settings, infection prevention and control (IPC) programmes are crucial to

reducing the risk of health care-associated infections among HCWs [9]. To protect HCWs,
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WHO’s guideline for COVID-19 IPC in healthcare settings recommends use of personal pro-

tective equipment (PPE), hand hygiene and IPC training [10]. To inform the identification of

risk factors for COVID-19 infection, WHO has investigated the extent of infection in health

care settings and risk factors for infection among HCWs [11]. A survey of HCWs in 57 coun-

tries found that an overall high level of awareness and preparedness among HCWs who

received training courses during the first wave of the pandemic, with variation regarding gen-

der, type of HCWs, and prior experience with outbreaks [12]. HCWs can provide insights into

the practicalities of IPC measures, which have seen insufficient attention. To optimise compli-

ance with appropriate use of PPE and IPC training, additional information is needed to under-

stand the experience of HCWs during the pandemic and their opinions on how the PPE and

IPC training could best be delivered. Considering the ongoing need for protection from

COVID-19 and the high level of risk among HCWs, it is critical to explore the views and per-

ceptions of this population towards their occupational safety.

Through in-depth interviews, this study aimed to examine the perspectives of healthcare

professionals working in a large hospital during the pandemic regarding their infection risks,

the barriers or facilitators to implementing their tasks and adhering the IPC measures. This

was done to inform the development of future guidance to reduce future risk of disease among

HCW.

Method

Study design

This qualitative component was carried out as part of a knowledge, attitudes and practice

(KAP) survey to prevent COVID-19 transmission at Ramathibodi Hospital in Thailand in

2020 [13]. We used qualitative in-depth interviews (IDIs) to provide detailed information on

perspectives of HCWs on their risks of infection and concerns about working in the pandemic

in a hospital setting [14]. Open-ended questions and probing techniques were employed to

elicit perceptions and experiences from the interview participants [15]. All interview data

underwent qualitative content analysis [16]. The COREQ (COnsolidated criteria for REport-

ing Qualitative research) Checklist was employed to report this study (see S1 File).

Study setting

The study was conducted at Ramathibodi Hospital which is a public tertiary medical school hos-

pital in Bangkok, Thailand. Since the beginning of the pandemic, the hospital has provided

COVID-19 testing and care for suspected and confirmed COVID-19 patients. The virology lab-

oratory at the hospital performed virology testing services for the hospital as well as other hospi-

tals or clinics that sent their samples. An extended campus, Chakri Naruebodindra Medical

Institute (CNMI), was subsequently designated to admit patients with confirmed COVID-19.

Approximately 300 medical workers at the hospital were reported in July 2021 to be infected

whilst the hospital provided care for approximately 1,000 COVID-19 hospitalized patients, 350

patients in home isolation and 200 others waiting to be admitted for treatment [17].

Participants and recruitment

Participants were recruited through a combination of purposive and convenience sampling. Eli-

gible participants included any hospital staff coming into contact with possible or confirmed

cases of COVID-19, and who were at potential risk of contracting COVID-19. This included

medical doctors and nurses who cared for suspected and/or confirmed COVID-19 patients in

the hospital, laboratory staff who handled clinical specimens from patients with suspected or
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confirmed COVID-19, and IPC nurses who designed the IPC guidelines and trained hospital

staff. Potential participants were identified from among those who had participated in the KAP

survey [13]. They were informed about the study and invited to join the in-depth interviews

either by telephone or face-to-face at the hospital. Study information, including rationale and

objectives, were provided to potential participants. Location at the hospital and time of the

interviews were arranged with those who provided consent. The interviews were conducted

one-on-one in a quiet meeting room or other location preferred by participants, for example a

bench at a communal outdoor space within the hospital. Purposive sampling was used to ensure

that healthcare workers with diverse roles, experiences and age groups in the hospital were

interviewed. Additional participants were identified via a snowballing technique in various

medical units, hence, we were able to reach non-medical staff who did not come in contact with

people (possibly) having COVID-19 and thus may not have been captured in the initial phase.

The total number of interviews was determined by a point of saturation whereby no further

novel information was forthcoming from subsequent data collected [18]. The data analysis pro-

cess was conducted iteratively with interviews, which enabled the researchers to determine the

point of saturation. Although the total sample size was not predetermined, 15–20 participants

were estimated for the interview data to be theoretically saturated.

Study procedures and data collection

An interview guide was developed based on a rapid review of literature on barriers and facilitators

to HCWs adhering to infection prevention and control guidelines in healthcare settings [19]. This

review was completed at the beginning of the pandemic and synthesised research relating to other

respiratory infectious diseases to inform IPC guidelines in the context of COVID-19. The review

employed ‘Theoretical Model to Explain Self-Protection Behavior at Work’ as a framework to

investigate perceptions of HCWs and factors affecting their adherence to IPC [20]. We also

reviewed the WHO’s 2020 interim guidance (updated version July 2021) on infection prevention

and control during health care when coronavirus disease (COVID-19) is suspected or confirmed

[10] intended to inform IPC staff in order to minimize COVID-19 transmission in hospital set-

tings among healthcare workers and patients. From these key documents, we defined three broad

categories for the interview guide: organization, environment, and individual (see S2 File).

The guide was semi-structured, and designed in English and translated to Thai, and was

piloted with the first four recruited participants as part of the initial interviews to check for any

miscommunication. In addition to the interview questions, the interviewer was asked to sum-

marized the key interview responses to the participants to validate and capture any important

data that were missed during the interviews.

IDIs were conducted in person in Thai by a single female interviewer and social scientist

(MJ) with the support of one female and one male medical professionals (RRM and RJM) on

the technical knowledge about COVID-19, infection prevention and the hospital system. The

interviews took on average 45–90 minutes. The interviews began with a general discussion of

their work activities during the COVID-19 pandemic and continued with key topic areas and

lists of suggested questions. The interviewer did not have prior contact with and was not

known to the participants but was introduced to the potential participants through established

contacts with two to three hospital staff and initial participants. The interviews were conducted

from June to September 2020, in parallel with the KAP survey data collection.

Data processing and analysis

After participants gave their consent, interviews were audio-recorded and subsequently tran-

scribed verbatim and translated to English or summarised into detailed notes by two
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researchers (MJ and PC). The translated transcripts and notes were imported into NVivo ver-

sion 12 (QSR International Australia) for qualitative content analysis [16] by MJ. An initial

codebook was developed using established categories based on the original research questions

and revised as new themes emerged from reoccurring data and during debriefs where the

codebook was discussed and refined. The codebook was flexible, and the codes were reassessed

during data collection and revised according to the emergence of novel themes. Transcripts

were read several times and coded line-by-line using an inductive and deductive approach (by

MJ and PC): the codebook used was initially based on the main research topics. Subsequently,

during the process of coding, themes that emerged from the data were incorporated into the

codebook (see S3 File).

Ethical considerations

Ethical approval was obtained from the Human Research Ethics Committee, Faculty of Medi-

cine Ramathibodi Hospital, Mahidol University (approval reference: COA. MURA2020/828,

22 May 2020). All respondents provided written informed consent to be interviewed and

audio-recorded. The interview data were encrypted and contained no personally identifiable

information in the recording or transcription itself or the file name. Respondents were

informed that they have no obligations to participate and there will be no consequences for

them, should they decide not to participate; their decision to participate, or not, will be kept

confidential. Interviews were conducted in a quiet location at their places of work. The inter-

viewer (MJ) was granted permission from the hospital authorities to access the hospital during

the data collection period.

Findings

The findings presented are based on individual in-depth interviews with 23 healthcare workers

in various roles including nurses, medical doctors, and laboratory technicians. Table 1 sum-

marises the characteristics of the interview participants. Table 2 shows interview excerpts on

facilitators and barriers to healthcare workers’ adherence with infection prevention and con-

trol (IPC) guidelines

Knowledge, perceptions, and concerns of HCWs regarding risk of COVID-

19 transmission

When asked about their perceptions about COVID-19 transmission, risk related to the roles of

participants were highlighted to most influence HCW’s adherence to IPC guideline. All partic-

ipants were aware of their risk of COVID-19 transmission at work; however the risk was per-

ceived to vary among different units or staff roles in the hospital. Participants described that

those assigned to treatment of COVID-19 patients were at increased risk. Nurse participants

working in the outpatient department (OPD) perceived that they might be at higher risk than

the in-patient department (IPD) staff because they encountered more patients, either sus-

pected or confirmed, and provided care for those patients regardless of their known status.

Virology Laboratory staff who worked with COVID-19 samples reported high awareness of

their risk but described that they are more prepared to protect themselves because of previous

training and experience working with infectious disease samples.

Perceptions towards transmission risks also varied according to the assigned locations of

HCWs within the hospital. Most participants described a temporary OPD that was previously

set up to screen and test suspected COVID-19 patients was somewhat unsuitable; they per-

ceived an outdoor acute respiratory infection clinic (ARIC) to have lower transmission risk.

One OPD nurse participant compared risk of transmission between IPD and OPD whereby
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the latter was perceived to have higher risk of transmission for general staff and visitors. One

IPC participant respondent described IPD to have higher risk for antimicrobial resistance as

there were more patients with clinical symptoms who might receive treatment. Areas with

high density and movement of people in the hospital such as waiting areas, screening points,

and cafeteria, were also perceived to be of increased risk.

Concerns regarding the transmission risk related to certain medical procedures producing

droplets and/or aerosols. This included performing intubation, suction, or resuscitation for

patients in OPD and emergency units. A medical doctor participant compared risk of, and pre-

vention used for, COVID-19 to tuberculosis in healthcare settings, for which the former is per-

ceived to be likely transmitted by droplets and the latter by aerosols. Two laboratory staff

participants also mentioned that they were primarily concerned about probable contamination

of COVID-19 sample delivery packages as they were delivered from multiple sites and might

not be properly wrapped and boxed.

In addition to challenges regarding potential for contracting COVID-19 infection them-

selves, nine nurse participants also expressed concern about subsequently infecting their fam-

ily members, others in the hospital, and others they encountered, such as on public transport

users or neighbours. One participant mentioned feeling distressed from reduced interaction

with a close neighbour who was aware of her work at the hospital. Some however argued that

public spaces with high human density, such as public transport, markets or department

stores, are of higher risk than the healthcare facility as the latter was better screened and

managed.

Table 1. Characteristics of interview respondents. F = Female, M = Male, OPD = Outpatient Department,

IPC = Infection Prevention and Control, ER = Emergency Room.

Sex Age range (years) Type of healthcare worker/hospital department

F 20–29 Nurse/OPD

F 20–29 Nurse/OPD

F 40–49 Nurse/OPD

F 40–49 Nurse/OPD

F 40–49 Nurse/OPD

F 30–39 Nurse/OPD

F 40–49 Nurse/OPD

F 20–29 Nurse/OPD

F 30–39 Nurse/OPD

F 30–39 Nurse/IPC

F 30–39 Nurse/IPC

M 30–39 Scientist/Virology Laboratory

M 20–29 Scientist/Virology Laboratory

F 40–49 Scientist/Virology Laboratory

F 40–49 Medical technician/Virology Laboratory

F 50–59 Senior scientist/Virology Laboratory

F 50–59 Senior scientist/Virology Laboratory

M 50–59 Medical doctor/Infectious Disease

F 30–39 Medical doctor/Anaesthetist (ER)

F 30–39 Medical doctor/Anaesthetist (non-ER)

M 40–49 Medical doctor/Anaesthetist (non-ER)

M 30–39 Non-medical/Auxiliary staff

M 40–49 Non-medical/Auxiliary staff

https://doi.org/10.1371/journal.pone.0267996.t001
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Table 2. Interview excerpts on facilitators and barriers to healthcare workers’ adherence with infection prevention and control (IPC) guidelines; topics and defini-

tion adapted from Hougton et al. 2020 [19].

Topics Definition and key points Excerpts from interviews on facilitators or barriers

Organisational factors

Safety climate What management support is needed to create a

safe workplace (workload, staffing)

“[At the virology lab] Everyone has their own assigned tasks to work on in addition to
our routine work. Apart from this, there’s also a meeting during emergency outbreak
where we decide with the department head how to manage workload during the
outbreak. We will separate our work in sections where some amplify the sample, some
inactivate the virus, etc. Everyone will practice their section until they become quite
proficient at it, then all the staff switch position in a loop, thus allowing this unit to work
for 24 hours every day including holidays. . . To be honest, it is quite hard to do this
because we don’t really know when the samples will come in, and how many there will be
so this process is quite tricky.” (IDI-HCW001 female)
“Mostly in our laboratory we have a closed operating system, which means the only way
for hospital staff to interact with us is to send samples or specimens. For example, there
are a specific cleaning staff who were responsible for collecting the infectious waste. Or
when the other laboratory delivered us their samples, we have a biosafety cabinet to store
them, rather than meeting the delivery person directly.” (IDI-HCW002 male)
“I think the [infection] risk is all over the hospital . . . starting from the carpool officer,
medical record nurses, nurses, laboratory staff, cleaners. . . It’s like a flow where everyone
could be affected. However, we do have a risk management unit to examine whether
each area is contaminated, or not. For example, every time a patient uses a wheelchair,
that wheelchair will need to be cleaned and sterilized.” (IDI HCW011 female)

Communication of IPC

guidelines

How best to communicate the guidelines “In terms of communication, we really needed collaboration from many departments.
Medical doctors could explain to staff about the disease and its transmission route . . .

infection control nurses would give training on how to use prevention measures. Fellow
doctors would need to demonstrate how to do a swab test. We also needed to
communicate with laboratory staff about how the samples will be taken and they
informed us about how to transport them . . . training was clear and well-delivered so
that most nurses are able to do a swab test now.” (IDI HCW012 female)

Availability of training

programmes

What the training needs are and who should

deliver the training

“At the infection control unit, we normally provide training or suggestions to staff and
not always by the book. We also observed their working environment and asked about
their needs . . . to make them feel less worried, make ourselves part of their work, that we
were in this together and also let the staff participate in adapting the guideline for their
own use” (IDI-HCW017 female)
“There is a yearly plan for all of us to train . . . our supervisors would assign the slots . . .

which turned out quite well but for the very busy individual, the training could delayed
. . . I enjoyed the training, to keep updated about the equipment and technologies. These
sessions largely supported our work because if we do not follow any news or have time to
read academic papers, our work may be stationary.” (IDI-HCW012 female)

Environmental factors

Physical environment Whether space, ventilation, and facilities are

adequate

“We were fortunate that the number of patients did not outnumber our capacity, our
equipment. So as long as the equipment is sufficient, we are OK. Patients were very well-
taken care off. I could not imagine what would happen if the patients outnumbered the
negative pressure rooms we have. We might be in trouble . . . even though we are
prepared, there could be situations that might put us at risk” (IDI-HCW010 male)
“COVID was very dangerous because it could be airborne, so we can easily get infected.

Wearing a mask is a must, best if it is N95, and if possible put extra coverage on yourself,
even a DIY one. For me at the [virology] lab, after unboxing COVID samples, we need to
take extra caution . . . discarding all the masks, PPE, and testing materials every time.”
(IDI-HCW001 female)

Availability of PPE Whether supply of PPE is adequate “We were trained how to use PPE, of course, but when it happened it was more difficult
. . . especially when we needed to take the PPE off. Putting it on was simple because there
was help from the staff. I learned to take it off in steps . . . the educational poster on the
wall helped a lot . . . but my eyesight did not. After a few days you will get a hold of it
and learn not to contaminate yourself.” (IDI-HCW011 male)
“I believe we are ready and have enough experience to face another wave [of
transmission]. But I am a bit concerned about the equipment . . . we might not have
enough equipment for the second wave. For instance, if the virus mutated we wouldn’t be
able to treat the patients like we could now. Most of our equipment is also from other
countries, so I think in order to be even more ready we should start producing our own
equipment.” (IDI HCW021 male)

(Continued)
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Beyond infection risk, nurse and laboratory staff participants also expressed concern about

contingent cost from performing their work related to COVID-19. A few respondents

described avoiding the use of public transport and needing to pay more for a private vehicle.

One laboratory staff mentioned renting accommodation close by to avoid traveling and reduce

the risk of infecting his family members at home. The majority of participants described loss

of their private or personal time, particularly with their families. One nurse participant

described sending their children to stay temporarily with their parents. Some participants

described receiving compensation for their occupational risk from the government and hospi-

tal to compensate for their increased risk and additional working hours.

To address some of these concerns, participants discussed the importance of cooperation

from others including co-workers, patients, and visitors to effectively implement the IPC mea-

sures. Those who provided direct care for patients reported feeling anxious and needing to iso-

late themselves from colleagues and family members for fear of inadvertently transmitting the

disease to them. Nurse participants who were tasked with caring for patients with confirmed

COVID-19 and/or worked in a COVID-19 ward mentioned having to self-quarantine for 14

days after their shift to self-monitor and reduce the risk of transmission to their co-workers

when returning to their ward.

Some were also challenged by patients when they failed to report their risk of COVID-19

infection, either because they were unaware of their own risk or they felt stigmatized to dis-

close this information to the staff during screening (or both). For example, two nurse partici-

pants described that they and her colleagues were not informed that their patient had contact

Table 2. (Continued)

Topics Definition and key points Excerpts from interviews on facilitators or barriers

Individual factors

Individual knowledge How knowledge of IPC guidelines and their

importance influence adherence

“It’s really important to always do a fit test . . . not only one time a year but regularly,

especially when dealing with airborne transmission. Tuberculosis, for example. Fit test
for N95, which brand or type, you need to check and be aware of this to be safe.”
(IDI-HCW018 female)
“To be honest, I think the COVID-19 ward is quite safe at this time because we already
know the patients are positive with COVID. The risk is highest when we don’t know
whether the patients are infected or not. Many OPD and IPD staff were concerned but
they could not wear full protection then . . . those who cared for positive cases are safer
because they could fully protect themselves.” (IDI-HCW008 female)

Individual attitudes How HCW perceive the value of IPC guidelines in

protecting them, their families, and patients

“I just tried to avoid contact with other people; normally I drive a motorcycle to work but
since COVID-19 I started to drive a car to work instead. Sometimes I avoid returning
home and stay at the hospital so that I can make sure that I’m not putting family at risk.

My mother is pretty old so she will be quite vulnerable to COVID-19. Especially during
March, there were way too many COVID samples back then and we had a lot of work to
do.”(IDI-HCW004 male)

Individual beliefs How HCW’s fears, concerns, and duty of care

influence adherence to IPC guidelines

“There were two cases I provided care for . . . an old lady and her daughter. The old lady
was admitted first with respiratory symptoms but she reported no contact with a high
risk person . . . we did a PCR test for her and it was positive so we asked her daughter to
come in for the test as well. At first she was very scared and refused to come. I had to
convince her on the call to let us send the ambulance to pick her up from her apartment
but she refused because she was concerned that the residents in her apartment would
know and damage her place. In the end she decided to drive herself . . . the mother had
diabetes, became severely ill and did not survive . . . so it’s important that we always ask
patients to provide us information so we can help them in time.” (IDI-HCW018 female)
“I feel like every area that a patient touches could become a threat, every individual who
takes care of the patient directly will be at risk. Even taxi driver could be at risk driving
the patient here. As for laboratory staff, we don’t meet the patient directly but we take
care of all the samples so we need to be very careful not to spill them.” (IDI-HCW022
female)

https://doi.org/10.1371/journal.pone.0267996.t002
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with a high-risk person, consequently staff implemented a minimal level of prevention. Nurse

participants described that this caused delay in giving the right treatment to the patient as well

as increasing the transmission risk for the patient and the staff themselves. Some also discussed

how the patient might have received more appropriate care and experienced a quicker recov-

ery if she had reported her travel and contact history when initially assessed. For another

patient, staff described how they only agreed to disclose his information to the doctor in a

closed room to maintain his privacy.

To provide quality care, nurse participants highlighted that their most crucial role was to

provide accurate information to patients with a positive COVID-19 test in a clear and empa-

thetic way. Making notes of those conversations with patients was described as useful to keep

track of the patient’s concerns and emotional state. This was also mentioned as a way to pro-

vide patients with better care and to substitute for limited contact staff may have with patients.

Participants also reported doing so in different languages, particularly in Chinese and English,

in the early phase of the pandemic before state quarantine was implemented. IPC nurses

described that they were aware of the importance of these tasks; however, they felt over-

whelmed by the number of phone calls and were unable to continue their training work. Set-

ting up a call centre with staff tasked to professionally communicate and allocate time for the

task was mentioned to be a solution preferred by the staff.

The IPC team reported that managing the concerns of HCW were highly challenging, par-

ticularly at the early stage. They described COVID-19 as an emerging disease and compared it

to the early years of the AIDS pandemic when the disease was perceived to be unknown and

stigmatizing. A few staff who had had prior experience with MERS described that they felt pre-

pared for this pandemic; however, some respondents felt that the training on PPE could be

provided for a wider group of staff because presumptive COVID-19 patients may be encoun-

tered by general OPD nurses and staff. Training targeting non-medical staff was also suggested

to be important because they also had risk of exposure in the hospital setting. These included

cleaners, receptionists, and security guards who may also not be Thai nationals.

Availability of PPE and other prevention measures

Although the availability of PPE and measures was emphasized, all participants, especially IPC

nurse participants, as crucial to motivate HCW to adhere to guidelines, a majority of partici-

pants described that their practice was influenced by its ease of use and HCWs’ readiness.

Many COVID-19 prevention measures HCWs reported using were N95 and surgical face

masks, face shields, hand washing, PPE, screening for risk factors and symptoms (by taking

temperature and/or contact history), social or physical distancing, ventilation, use of negative

pressure rooms, and self-quarantine or isolation. Participants discussed how wearing face

masks and washing their hands were the most important and practiced measures when work-

ing in the hospital. PPE was identified as crucial for doctors and nurses when testing suspected

cases or caring for confirmed patients, and for laboratory staff when handling samples. Use of

respirators was reported to be essential for anaesthetists and staff in the emergency room (ER)

to perform medical procedures. All categories of staff reported these personal protection mea-

sures made them feel safer at work.

Several reasons for their use and non-use of COVID-19 prevention measures were

reported. Most participants described having high awareness about using the prevention mea-

sures and having received appropriate guidance on how to apply them according to their roles.

Challenges of using certain measures were described by medical staff participant; for example

nurses described taking off the PPE as being a difficult process and they needed help from a

colleague to properly remove the equipment and avoid self-contamination. One participant
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reported that the appropriate use of PPE may depend on experience of the staff and the mate-

rial of the PPE; material with a harder texture was perceived as being more difficult to remove

properly. For masks, participants described the importance of doing a fit test once or twice a

year to ensure correct use; some mentioned also using plastic tape to ensure full protection

from a mask. A few participants reported that wearing an N95 mask and face shield reduced

their ability to see when performing certain medical procedures such as injection or drawing

blood. A few participants mentioned that they were unsure whether ultraviolet light can disin-

fect face masks and for how long.

When faced with inadequate equipment, nurse participants mentioned prolonging use of

N95 and surgical masks, purchasing masks for their own use, wearing two masks in a double

layer, and use of ultraviolet light to disinfect masks. Hospital telephones or chat applications

were used to reduce the time physically interacting with patients and colleagues and reduce

the risk from contaminated paper-based documents. An acrylic box used to cover a patient’s

head and neck was mentioned to be effective and resource-efficient when performing intuba-

tion, resulting in less use of masks and face shields during a shortage. Instructions on how to

use PPE were provided to staff so that they were able to perform their tasks; nurses mentioned

that a newly established swab unit in the ARIC had helped reduce their need to use PPE when

testing for COVID-19.

During the pandemic, donations was described as an alternative to supply necessary mate-

rial and equipment, and for other additional support such as meals. Participants reported that

these had helped to alleviate the period of supply shortage, although important equipment

such as masks and PPE needed to be assessed for quality before use. Other measures, such as

rescheduling appointments with non-emergency patients were implemented to reduce the

number of visitors in the facility. OPD nurses also described specifically designating the task of

caring for patients with suspected COVID-19 to one staff per shift or unit to minimize staff’s

contact with the patients and therefore reduce the risks for other patients receiving care in the

unit.

When asked about the long-term plan for IPC, IPC nurse participants mentioned that keep-

ing the prevention equipment available is important to prepare the staff and alleviate their con-

cerns. IPC nurses also described that demonstrating use of appropriate prevention measures

and helping to care for confirmed patients made staff feel more confident and prepared to take

on the job, and was a way to give them moral support. In addition to the use of prevention

measures, the nurses also reported that HCWs need to monitor themselves under the current

working circumstances and should report for testing if they had symptoms, to avoid risk of

transmission and reduce concerns among staff. One IPC nurse participant also suggested

increasing awareness about some prevention measures, such as correct elevator use, social dis-

tancing and hand hygiene, in the hospital.

Safety of physical environment

Beyond availability, participants also described their use and non-use of certain measures such

as masks as being related to the hospital infrastructure. For example, staff stationed at an ad-

hoc outdoor ARIC found it uncomfortable to wear a face mask and a face shield for long hours

in hot and humid weather. A few nurses also mentioned that it was difficult to communicate

with patients through the mask, face shield, and an acrylic barrier. Use of telecommunication

was described by most staff to be effective for interacting with patients while keeping distance;

some however mentioned that they communicated less effectively with patients given the phys-

ical barriers. One participant also reported observing a patient feeling uncomfortable in an

outdoor waiting area for an extended period of time. Nevertheless, better ventilation at the
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outdoor ARIC was perceived to be positive by an IPC nurse who expressed concern about

overcrowded, indoor environments in the hospital.

Cleaning and sanitising the environment were described to be necessary measures in the

hospital, particularly for units which have suspected and confirmed COVID-19 patients.

Nurse participants mentioned a regular schedule for cleaning medical and auxiliary areas and

changing patient’s bed sheets. Four nurses in the ARIC who participated in the study reported

ventilation to be among the most important measures, especially during periods when a high

volume of patients visited the clinic for COVID-19 testing. However, participants described

inadequate space for staff to socially distance themselves at work, particularly where more staff

worked full-time in a small area. Some also mentioned that patients were sometimes unable to

maintain two-metre physical distancing in a small or crowded space such as a waiting area or

restroom. In addition, participants discussed a lack of necessary material and equipment such

as N95 masks and PPE, especially during the first few weeks of the pandemic. During shortages

of protective equipment, participants described that high-risk HCW were prioritised, specifi-

cally those who had direct contact with confirmed patients.

Communication about IPC guideline and availability of training

programme

The majority of the interviewed staff felt they were well informed about the information

regarding COVID-19 disease and had received necessary training on infection prevention and

control. Interviews with IPC nurses identified that prioritised training included fit testing for

masks and powered air purifying respirators (PAPR), for which only the emergency unit was

usually prepared; training was provided to other units after the initial outbreak. Training on

the use of PPE was also discussed; respondents described that the terms used to identify which

types of PPE were needed had been adapted for COVID-19 related tasks. Formal PPE training

for ARIC staff was prioritized. Laboratory staff described that they had received multiple train-

ing sessions as part of their job, and hence felt that they were well equipped to safely carry out

COVID-19 related tasks.

For this training, nurse participants described the benefit of different learning tools, such as

educational videos and posters. This was described as helping remind staff about the steps for

how to properly don or doff PPE; thus reducing their risk and anxiety about self-contamination.

Management support

Collaboration among units in the hospital was reported to be an important factor to carry out

this training. Participants described how various HWCs contributed to each part of COVID-

19 training: medical doctors provided knowledge about the disease and how it is transmitted

and demonstrated how to do a swab test; IPC nurses provided guidance on how to use the

PPE. IPC nurses also described working with the virology laboratory to determine how swab

samples should be collected and packaged before sending them for analysis.

Communication channels among HCWs were set up to keep staff informed, however, par-

ticipants sometimes felt exhausted from changes in updated guidance and recommended prac-

tice, particularly early in the pandemic. Participants described being aware of the changing

nature of knowledge and practice for a newly emerging disease. Some senior staff emphasized

giving clear instructions and updated information as important ways to avoid fatigue and con-

fusion at work. IPC nurses also described simplifying and shortening some guidelines to make

them more accessible and easier to understand.

Interviews with IPC nurse found that updating protocols contingent on new information

about the disease was a challenge; for example, what symptoms should trigger screening or

PLOS ONE Risks and challenges in COVID-19 infection prevention and control among healthcare workers in a Thai hospital

PLOS ONE | https://doi.org/10.1371/journal.pone.0267996 December 19, 2023 11 / 18

https://doi.org/10.1371/journal.pone.0267996


which countries are high risk. Respondents described the importance of precision when

screening eligibility of suspected patients for government-subsidized testing. This had caused

difficulty for OPD staff who might not be aware of these constantly-updating criteria, such as

addition of high-risk symptoms or countries. The nurse participant who was tasked to manage

the updated criteria for case investigation reported felt pressured to give constant guidance to

other hospital staff and monitor their adherence to the guideline in the beginning.

To support HCWs in practicing IPC measures, performing a demonstration of the written

guidelines enabled staff to get comfortable with the protocols and steps such as screening and

triage, and using PPE, were used by the IPC team. Interviews with IPC nurses described that

this type of demonstration enabled staff to practice in, and be prepared for, real-life situations.

One participant also mentioned that this allowed staff to work together to adapt the guidelines

into practice for the context of each ward or unit, for example, determining specific tasks and

the number of staff needed based on the resources and capacity.

Discussion

This study used in-depth interviews to explore the perceptions of healthcare workers about

perceived risk, use of prevention measures, and implementation of IPC measures to prevent

COVID-19 transmission in a hospital setting in Thailand. Our findings identified the risks and

concerns of healthcare workers at their work, the need for adequate training and appropriate

protection equipment, and the facilitators and barriers to IPC measures in the hospital setting.

Perception of the risk of COVID-19 transmission

Our findings show that HCWs were aware of and used prevention practices in healthcare facil-

ities; however, these were not always easy to implement in daily work routines. Interview par-

ticipants perceived their risk in healthcare settings with regards to their roles. Anaesthetists

and ER staff were perceived to be at an increased risk compared to other medical staff because

of the medical procedures they performed on both confirmed and unconfirmed patients. Simi-

larly, a retrospective analysis of occupational data to determine the differential risk of COVID-

19 by profession showed that healthcare workers involved in procedures which generate aero-

sols had the highest occupational risk from COVID-19 [21]. In our study, some respondents

also described the risk based on location in the hospital and how it may affect their level of pro-

tection used; risk of infection was perceived to be higher in an outpatient unit because the unit

provided care for a mixed group of patients whose COVID-19 status was unknown. In addi-

tion, their use of masks, physical barriers made of plastic or acrylic, and telecommunication

have reduced their ability to provide empathetic care to the patients. This has been seen else-

where in Thailand where one nurse assistant infected from performing routine medical care

on a dengue patient who was later diagnosed with COVID-19 [22]. For tuberculosis, the use of

masks and respirators had alienating or depersonalizing effects on medical staff working in

outpatient departments, HIV clinics, medical wards and tuberculosis clinics in Uganda [23].

Similar to our findings, several concerns about infection and transmission risk of COVID-

19 among healthcare workers were identified elsewhere. In Saudi Arabia, medical staff were

concerned about limited access to appropriate PPE, testing, up-to-date information and com-

munication, ability to provide competent medical care if HCWs were deployed to a new area

(such as non-ICU nurses having to function as ICU nurses), and increased support for other

personal needs (such as meals, accommodation and transportation) [24]. Being exposed to

COVID-19 at work and transmitting it to those at home were the main causes of anxiety

among HCWs in the United States [25]. A multi-country qualitative study found that this is

especially highlighted in Thailand and Malaysia where the workers live within a
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multigenerational household with elderly relatives [26]. HCWs may also be negatively affected

by economic and social impacts from COVID-19 public health measures [27]: in Vietnam,

higher cost of living and decreasing income were the main causes of concern for frontline

HCWs [28]. This implies that HCWs and other staff in healthcare facilities should be priori-

tised for prevention interventions, including COVID-19 vaccination, to reduce their risk of

infection and prevent transmission in healthcare settings [2]. A provision of support package

on well-being [29] and mental health support to HCWs [30, 31] were recommended to help

HCW cope with increased stress, anxiety, depressive symptoms and enhance the capacity of

HCWs during the pandemic. This is particularly necessary for those in low-resource settings

in this region [28], including community-based facility workers in Cambodia [32], Thailand

[33], Vietnam [34].

Use of COVID-19 prevention measures and challenges

As identified by respondents, insufficient physical distancing between patients and co-workers,

and indoor settings, were identified as among the most important risk factors by healthcare

workers in Europe and the UK [35]. Participants also experienced discomfort from the use of

N95 masks, face shields, and coveralls, especially when used outdoors in hot and humid weather.

In the UK, use of PPE has been shown to cause heat stress and may negatively affect perfor-

mance, safety and well-being of HCWs during pandemics [36]. A study on perceptions and

experiences of HCWs in the US reporting several IPC challenges in the context of COVID-19

suggested that the adaptation of physical space and working environment was crucial in

response to some implementation measures, including weather conditions and social distancing

[37]. 2021 study on an outbreak investigation reporting transmission among HCWs at a quaran-

tine facility in Thailand suggested use of thorough prevention measures and setting up private

living quarters to reduce exposure risk for HCWs whilst performing their clinical work [38]. In

Malaysia, HCWs were also found to be particularly at risk at work when COVID-19 was not sus-

pected in patients and insufficient PPE was worn [39], recommending that occupational health

check-ups should be conducted to obtain information about the epidemiology of COVID-19

among HCW. Employment of mobile phone application technology to assist patients to self-

identify their symptoms was also found to be effective in a Thai hospital setting [40].

Insufficient supply of prevention materials is a barrier to adequate or appropriate use of

COVID-19 prevention measures, such as N95 masks and PPE. From the interviews, the acute

shortages in medical supplies like PPE and equipment such as ventilators, were reported to be

one of the main challenges early during the pandemic. Participants reported using coping

strategies in using them, however, these strategies may reduce the preventive effectiveness or

increase chances for self-contamination. IPC nurse participants highlighted the significance of

improving the management of the supply to ensure that all medical professionals have enough

resources to do their jobs as well as protect themselves from the disease. In many countries,

hospitals faced limited operational capacity during the beginning of the pandemic due to a

large demand shock triggered by acute need for healthcare supplies and health equipment, par-

ticularly in low-income countries [41]. In Thailand, 2020 survey among HCWs in public and

private hospitals suggested that adequate supply of PPE and emergency preparedness policies

need to be put in place to alleviate concerns and anxiety of HCWs during the pandemic with-

out compromising the safety of workers and patients [42].

Implementation of infection prevention and control measures

The findings also show that training is crucial to ensure that staff are capable and familiar with

practicing IPC measures. Medical staff participants highlighted that training should also
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include auxiliary staff who are not healthcare workers, such as cleaners, because they often

assist in cleaning contaminated areas in the facility. More importantly, IPC nurses emphasized

the importance of motivating HCWs to implement the prevention measures; support from

and collective adherence to such practices among trainers and other colleagues are crucial to

positively influence HCWs’ motivation. A rapid evidence synthesis on adherence to IPC guide-

lines for respiratory infectious diseases among HCW also highlighted the need to include all

staff including cleaning and kitchen staff in health facilities when implementing such measures

[19]. In Thailand, a recent national survey reporting overuse and underuse of PPE among

HCWs during the pandemic in Thailand highlighted that training programmes should be pro-

vided and continue to ensure appropriate PPE practice in healthcare settings [43]. In addition,

training HCWs on contact tracing and testing among high-risk individuals, supported by the

use of a mobile application for reporting, was found to help mitigate COVID-19 transmission

in Cambodia [44]. Knowledge about the severity of the disease increased Vietnamese frontline

workers willingness to be vaccinated against COVID-19 [45]. Adequate training and appropri-

ate provision of PPE are therefore critical to encourage implementation of prevention mea-

sures and reduce differential access to adequate PPE.

From the interviews, HCWs valued clear and comprehensive guidelines to be able to do

their work effectively; however, some respondents reported feeling overwhelmed by multiple

tasks and practices during the early spread. IPC nurse participants also highlighted that ambig-

uous and repeatedly changing guidelines may lead to additional workload and work fatigue

among HCWs because they needed to take PPE on and off, do additional cleaning, or rear-

range their staff and physical space in their unit. Studies on the 2015 MERS outbreak in South

Korea also showed that ambiguous and frequently changing guidelines [46], and nonstandar-

dised protocols [47] resulted in HCW’s confusion and burnout. Practical steps taken by IPC

nurses suggested that involving staff in adapting the guidelines to the context of each unit, and

communicating them in an accessible and transparent manner are effective measures to

encourage HCW’s adherence to the guidelines.

Strengths and limitations

To our knowledge, this is the first study that has used qualitative research methods to specifi-

cally address perceptions of healthcare workers during the COVID-19 pandemic in a hospital

setting in Thailand. The findings are mainly drawn from self-reported information and might

be subject to desirability bias, however, observations and a previous survey [13] provided addi-

tional information in the context of healthcare setting and on sensitive topics, such as anxiety.

Most participants were female, which reflects the proportion of female nurses in the health

facility, and were a diverse group of medical staff, drawn from a range of units and roles. Two

non-medical staff were interviewed; however, findings regarding their perception may be less

diverse because the study did not include other groups of staff such as cleaning and security

personnel. High awareness and preparedness of participants in the study may also be related to

the advanced health facility they were working in, which may limit the generalisability of the

findings to other facilities. Further research should ideally explore the experience of HCWs in

a variety of health facilities, particularly in resource limited settings.

To maintain trustworthiness of the study, it was ensured that interview data were tran-

scribed and read by two researchers (MJ and PC) who are independent from the hospital and

that their responses were anonymized and de-identified prior to analysis. Although researchers

may have personal (a patient in the hospital) and/or professional (working at the hospital)

experiences with the hospital, there was no clear bias at the time of the study. Data saturation

was employed to ensure that the interview data is sufficient to described the target topics in
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depth. Having two researchers transcribe and translate the interviews before coding them line-

by-line using software reduced the confirmation bias that may arise from interpretation during

the data analysis process. Interview transcripts and coded data were also stored systematically

to reduce any potential bias that may arise from individual coding and interpretation by a sin-

gle researcher. In addition, the findings benefit from additional information from previous

KAP study [13]; however triangulation of the findings is limited, and the findings of this study

derived wholly from the qualitative interviews.

Implications of the findings for policymakers are summarised in Table 3.

Conclusion

Healthcare workers perceived themselves as at increased risk of COVID-19 infection in hospi-

tal settings during the early phase of the pandemic. Several factors influenced the use of multi-

ple prevention measures: concerns about infection, availability of consumables and

equipment, barriers to work performance, and physical limitations in the hospital setting. Ade-

quate training, clear guidelines, streamlined communications, and management support are

crucial to encourage appropriate use of, and adherence to, implementation of IPC measures

among HCW. Factors to effectively implement prevention measures and practical guidelines

may vary between health facilities. Further studies should thus explore the perceptions and

experiences of HCW about how best to protect HCW and patients from COVID-19 transmis-

sion or other (re) emerging infectious diseases in a variety of types of health facility during the

epidemic or pandemic.

Supporting information

S1 File. ISSM COREQ Checklist.

(PDF)

S2 File. In-depth interview guide.

(DOCX)

S3 File. Codebook.

(DOCX)

Acknowledgments

The authors would like to thank the respondents who participated in the study and took time

to share their experiences and opinions with members of the research team. We would also

like to thank a team of staff from Ramathibodhi hospital, including Keetakarn Taleangkaphan,

Saowalak Khongsamrit, Sumawadee Sakuntaniyom, and Suthunyapat Maleehual who

Table 3. Implications for policymakers on COVID-19 prevention in healthcare settings.

1. Staff should be prioritised for prevention interventions, including vaccination, to reduce their risk of infection

and prevent transmission in healthcare settings

2. The physical environment in may need to be adapted to permit adequate physical distancing

3. Supply of prevention materials must be sufficient for all staff to do their jobs safely

4. Training in use of infection prevention and control measures is crucial and must include auxiliary staff e.g.

cleaners

5. Support from colleagues and collective adherence to prevention measures by healthcare workers increase

motivation

6. Clear and comprehensive guidelines facilitate good prevention practices whereas ambiguity or changing guidance

can cause additional work and fatigue

https://doi.org/10.1371/journal.pone.0267996.t003

PLOS ONE Risks and challenges in COVID-19 infection prevention and control among healthcare workers in a Thai hospital

PLOS ONE | https://doi.org/10.1371/journal.pone.0267996 December 19, 2023 15 / 18

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0267996.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0267996.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0267996.s003
https://doi.org/10.1371/journal.pone.0267996.t003
https://doi.org/10.1371/journal.pone.0267996


supported the ethics application and recruitment of respondents, and Worarat Khuenpetch

and Arissara Krataijun for their help with data management. In addition, we are grateful for

Christopher Pell for the comments that he provided on the earlier version of the article.

Author Contributions

Conceptualization: Monnaphat Jongdeepaisal, Rapeephan Rattanawongnara Maude, Richard

James Maude.

Data curation: Monnaphat Jongdeepaisal.

Formal analysis: Monnaphat Jongdeepaisal, Puri Chunekamrai.

Funding acquisition: Rapeephan Rattanawongnara Maude, Richard James Maude.

Investigation: Monnaphat Jongdeepaisal, Rapeephan Rattanawongnara Maude.

Methodology: Monnaphat Jongdeepaisal, Rapeephan Rattanawongnara Maude, Richard

James Maude.

Project administration: Monnaphat Jongdeepaisal, Rapeephan Rattanawongnara Maude,

Richard James Maude.

Resources: Richard James Maude.

Software: Monnaphat Jongdeepaisal.

Supervision: Rapeephan Rattanawongnara Maude, Richard James Maude.

Validation: Monnaphat Jongdeepaisal.

Writing – original draft: Monnaphat Jongdeepaisal, Puri Chunekamrai.

Writing – review & editing: Rapeephan Rattanawongnara Maude, Richard James Maude.

References
1. Nguyen LH, Drew DA, Graham MS, Joshi AD, Guo C-G, Ma W, et al. Risk of COVID-19 among front-

line health-care workers and the general community: a prospective cohort study. The Lancet Public

Health. 2020; 5(9):e475–e83. https://doi.org/10.1016/S2468-2667(20)30164-X PMID: 32745512

2. WHO. The impact of COVID-19 on health and care workers: a closer look at deaths. Geneva: World

Health Organization; 2021.

3. Okada P, Buathong R, Phuygun S, Thanadachakul T, Parnmen S, Wongboot W, et al. Early transmis-

sion patterns of coronavirus disease 2019 (COVID-19) in travellers from Wuhan to Thailand, January

2020. Euro Surveill. 2020; 25(8). https://doi.org/10.2807/1560-7917.ES.2020.25.8.2000097 PMID:

32127124

4. WHO. Coronavirus disease 2019 (COVID-19) WHO Thailand Situation Report– 17 April 2020. World

Health Organization; 2020.

5. Tantrakarnapa K, Bhopdhornangkul B, Nakhaapakorn K. Influencing factors of COVID-19 spreading: a

case study of Thailand. Z Gesundh Wiss. 2020:1–7. https://doi.org/10.1007/s10389-020-01329-5

PMID: 32837844

6. Control DoD. Thailand Covid-19 Situation Reports: Ministry of Public Health; [Available from: https://

ddc.moph.go.th/viralpneumonia/index.php.

7. Leerapan B, Kaewkamjornchai P, Atun R, Jalali MS. How systems respond to policies: intended and

unintended consequences of COVID-19 lockdown policies in Thailand. Health Policy and Planning.

2022; 37(2):292–3. https://doi.org/10.1093/heapol/czab103 PMID: 34435199

8. Reuters. Hundreds of Thai medical workers infected despite Sinovac vaccinations: Reuters; 2021

[Available from: https://www.reuters.com/world/asia-pacific/hundreds-thai-medical-workers-infected-

despite-sinovac-vaccinations-2021-07-11/.

9. WHO. Guidelines on core components of infection prevention and control programmes at the national

and acute health care facility level. Geneva: World Health Organization; 2016.

PLOS ONE Risks and challenges in COVID-19 infection prevention and control among healthcare workers in a Thai hospital

PLOS ONE | https://doi.org/10.1371/journal.pone.0267996 December 19, 2023 16 / 18

https://doi.org/10.1016/S2468-2667%2820%2930164-X
http://www.ncbi.nlm.nih.gov/pubmed/32745512
https://doi.org/10.2807/1560-7917.ES.2020.25.8.2000097
http://www.ncbi.nlm.nih.gov/pubmed/32127124
https://doi.org/10.1007/s10389-020-01329-5
http://www.ncbi.nlm.nih.gov/pubmed/32837844
https://ddc.moph.go.th/viralpneumonia/index.php
https://ddc.moph.go.th/viralpneumonia/index.php
https://doi.org/10.1093/heapol/czab103
http://www.ncbi.nlm.nih.gov/pubmed/34435199
https://www.reuters.com/world/asia-pacific/hundreds-thai-medical-workers-infected-despite-sinovac-vaccinations-2021-07-11/
https://www.reuters.com/world/asia-pacific/hundreds-thai-medical-workers-infected-despite-sinovac-vaccinations-2021-07-11/
https://doi.org/10.1371/journal.pone.0267996


10. Organization WH. Infection prevention and control during health care when COVID-19 is suspected:

interim guidance, 19 March 2020: World Health Organization; 2020 [Available from: https://apps.who.

int/iris/handle/10665/331495.

11. WHO. Protocol for assessment of potential risk factors for 2019-novel coronavirus (COVID-19) infection

among health care workers in a health care setting. World Health Organization; 2020.

12. Huy NT, Chico RM, Huan VT, Shaikhkhalil HW, Uyen VNT, Qarawi ATA, et al. Awareness and pre-

paredness of healthcare workers against the first wave of the COVID-19 pandemic: A cross-sectional

survey across 57 countries. PLoS One. 2021; 16(12):e0258348. https://doi.org/10.1371/journal.pone.

0258348 PMID: 34936646

13. Maude RR, Jongdeepaisal M, Skuntaniyom S, Muntajit T, Blacksell SD, Khuenpetch W, et al. Improving

knowledge, attitudes and practice to prevent COVID-19 transmission in healthcare workers and the

public in Thailand. BMC Public Health. 2021; 21(1):749. https://doi.org/10.1186/s12889-021-10768-y

PMID: 33865342

14. Warren CA. Qualitative interviewing. Handbook of interview research: Context and method. 2002;

839101:103–16.

15. Minichiello V, Aroni R, Hays TN. In-depth interviewing: Principles, techniques, analysis: Pearson Edu-

cation Australia; 2008.

16. Hsieh H-F, Shannon SE. Three approaches to qualitative content analysis. Qualitative health research.

2005; 15(9):1277–88. https://doi.org/10.1177/1049732305276687 PMID: 16204405

17. ThaiPBS. Ramathibodi Hospital suspends some services as 300 medics infected with COVID-19:

ThaiPBS; 2021 [Available from: https://www.thaipbsworld.com/ramathibodi-hospital-suspends-some-

services-as-300-medics-infected-with-covid-19/.

18. Saunders B, Sim J, Kingstone T, Baker S, Waterfield J, Bartlam B, et al. Saturation in qualitative

research: exploring its conceptualization and operationalization. Quality & quantity. 2018; 52:1893–

907.

19. Houghton C, Meskell P, Delaney H, Smalle M, Glenton C, Booth A, et al. Barriers and facilitators to

healthcare workers’ adherence with infection prevention and control (IPC) guidelines for respiratory

infectious diseases: a rapid qualitative evidence synthesis. Cochrane Database Syst Rev. 2020; 4:

CD013582. https://doi.org/10.1002/14651858.CD013582 PMID: 32315451

20. Moore D, Gamage B, Bryce E, Copes R, Yassi A, Group BIRPS. Protecting health care workers from

SARS and other respiratory pathogens: organizational and individual factors that affect adherence to

infection control guidelines. American journal of infection control. 2005; 33(2):88–96. https://doi.org/10.

1016/j.ajic.2004.11.003 PMID: 15761408

21. Zhang M. Estimation of differential occupational risk of COVID-19 by comparing risk factors with case

data by occupational group. Am J Ind Med. 2021; 64(1):39–47. https://doi.org/10.1002/ajim.23199

PMID: 33210336

22. Joob B, Wiwanitkit V. COVID-19 in medical personnel: observation from Thailand. J Hosp Infect. 2020;

104(4):453. https://doi.org/10.1016/j.jhin.2020.02.016 PMID: 32114054

23. Buregyeya E, Mitchell EM, Rutebemberwa E, Colebunders R, Criel B, Kiguli J, et al. Acceptability of

masking and patient separation to control nosocomial tuberculosis in Uganda: a qualitative study. Jour-

nal of Public Health. 2012; 20(6):599–606.

24. Temsah MH, Al-Sohime F, Alamro N, Al-Eyadhy A, Al-Hasan K, Jamal A, et al. The psychological

impact of COVID-19 pandemic on health care workers in a MERS-CoV endemic country. J Infect Public

Health. 2020; 13(6):877–82. https://doi.org/10.1016/j.jiph.2020.05.021 PMID: 32505461

25. Shanafelt T, Ripp J, Trockel M. Understanding and Addressing Sources of Anxiety Among Health Care

Professionals During the COVID-19 Pandemic. JAMA. 2020; 323(21):2133–4. https://doi.org/10.1001/

jama.2020.5893 PMID: 32259193

26. Schneiders ML, Naemiratch B, Cheah PK, Cuman G, Poomchaichote T, Ruangkajorn S, et al. The

impact of COVID-19 non-pharmaceutical interventions on the lived experiences of people living in Thai-

land, Malaysia, Italy and the United Kingdom: A cross-country qualitative study. PLoS One. 2022; 17

(1):e0262421. https://doi.org/10.1371/journal.pone.0262421 PMID: 35061789

27. Osterrieder A, Cuman G, Pan-ngum W, Cheah PK, Cheah P-K, Peerawaranun P, et al. Economic and

social impacts of COVID-19 and public health measures: results from an anonymous online survey in

Thailand, Malaysia, the United Kingdom, Italy and Slovenia. medRxiv. 2020:2020.10.26.20209361.

28. Than HM, Nong VM, Nguyen CT, Dong KP, Ngo HT, Doan TT, et al. Mental health and health-related

quality-of-life outcomes among frontline health workers during the peak of COVID-19 outbreak in Viet-

nam: a cross-sectional study. Risk management and healthcare policy. 2020; 13:2927. https://doi.org/

10.2147/RMHP.S280749 PMID: 33324126

PLOS ONE Risks and challenges in COVID-19 infection prevention and control among healthcare workers in a Thai hospital

PLOS ONE | https://doi.org/10.1371/journal.pone.0267996 December 19, 2023 17 / 18

https://apps.who.int/iris/handle/10665/331495
https://apps.who.int/iris/handle/10665/331495
https://doi.org/10.1371/journal.pone.0258348
https://doi.org/10.1371/journal.pone.0258348
http://www.ncbi.nlm.nih.gov/pubmed/34936646
https://doi.org/10.1186/s12889-021-10768-y
http://www.ncbi.nlm.nih.gov/pubmed/33865342
https://doi.org/10.1177/1049732305276687
http://www.ncbi.nlm.nih.gov/pubmed/16204405
https://www.thaipbsworld.com/ramathibodi-hospital-suspends-some-services-as-300-medics-infected-with-covid-19/
https://www.thaipbsworld.com/ramathibodi-hospital-suspends-some-services-as-300-medics-infected-with-covid-19/
https://doi.org/10.1002/14651858.CD013582
http://www.ncbi.nlm.nih.gov/pubmed/32315451
https://doi.org/10.1016/j.ajic.2004.11.003
https://doi.org/10.1016/j.ajic.2004.11.003
http://www.ncbi.nlm.nih.gov/pubmed/15761408
https://doi.org/10.1002/ajim.23199
http://www.ncbi.nlm.nih.gov/pubmed/33210336
https://doi.org/10.1016/j.jhin.2020.02.016
http://www.ncbi.nlm.nih.gov/pubmed/32114054
https://doi.org/10.1016/j.jiph.2020.05.021
http://www.ncbi.nlm.nih.gov/pubmed/32505461
https://doi.org/10.1001/jama.2020.5893
https://doi.org/10.1001/jama.2020.5893
http://www.ncbi.nlm.nih.gov/pubmed/32259193
https://doi.org/10.1371/journal.pone.0262421
http://www.ncbi.nlm.nih.gov/pubmed/35061789
https://doi.org/10.2147/RMHP.S280749
https://doi.org/10.2147/RMHP.S280749
http://www.ncbi.nlm.nih.gov/pubmed/33324126
https://doi.org/10.1371/journal.pone.0267996


29. Nittayasoot N, Suphanchaimat R, Namwat C, Dejburum P, Tangcharoensathien V. Public health poli-

cies and health-care workers’ response to the COVID-19 pandemic, Thailand. Bull World Health Organ.

2021; 99(4):312–8. https://doi.org/10.2471/BLT.20.275818 PMID: 33953449

30. Spoorthy MS, Pratapa SK, Mahant S. Mental health problems faced by healthcare workers due to the

COVID-19 pandemic–A review. Asian journal of psychiatry. 2020; 51:102119. https://doi.org/10.1016/j.

ajp.2020.102119 PMID: 32339895

31. Vizheh M, Qorbani M, Arzaghi SM, Muhidin S, Javanmard Z, Esmaeili M. The mental health of health-

care workers in the COVID-19 pandemic: A systematic review. Journal of Diabetes & Metabolic Disor-

ders. 2020; 19(2):1967–78. https://doi.org/10.1007/s40200-020-00643-9 PMID: 33134211

32. Feldman M, Vernaeve L, Tibenderana J, Braack L, Debackere M, Thu HK, et al. Navigating the COVID-

19 Crisis to Sustain Community-Based Malaria Interventions in Cambodia. Global Health: Science and

Practice. 2021. https://doi.org/10.9745/GHSP-D-20-00528 PMID: 33989171

33. Tejativaddhana P, Suriyawongpaisal W, Kasemsup V, Suksaroj T. The roles of village health volun-

teers: COVID-19 prevention and control in Thailand. Asia Pacific Journal of Health Management. 2020;

15(3):18–22.

34. Tran BX, Phan HT, Nguyen TPT, Hoang MT, Vu GT, Lei HT, et al. Reaching further by Village Health

Collaborators: The informal health taskforce of Vietnam for COVID-19 responses. Journal of Global

Health. 2020; 10(1). https://doi.org/10.7189/jogh.10.010354 PMID: 32509285

35. COVID E. Clusters and Outbreaks in Occupational Settings in the EU/EEA and the UK. European Cen-

tre for Disease Prevention and Control.

36. Davey SL, Lee BJ, Robbins T, Randeva H, Thake CD. Heat stress and PPE during COVID-19: impact

on healthcare workers’ performance, safety and well-being in NHS settings. J Hosp Infect. 2021;

108:185–8. https://doi.org/10.1016/j.jhin.2020.11.027 PMID: 33301841

37. Collins N, Crowder J, Ishcomer-Aazami J, Apedjihoun D. Perceptions and Experiences of Frontline

Urban Indian Organization Healthcare Workers With Infection Prevention and Control During the

COVID-19 Pandemic. Front Sociol. 2021; 6:611961. https://doi.org/10.3389/fsoc.2021.611961 PMID:

33996989

38. Atsawawaranunt K, Kochakarn T, Kongklieng A, Panwijitkul P, Tragoolpua R, Jaradilokkul K, et al.

COVID-19 Transmission among Healthcare Workers at a Quarantine Facility in Thailand: Genomic and

Outbreak Investigations. The American Journal of Tropical Medicine and Hygiene. 2021.

39. Nienhaus A, Hod R. COVID-19 among health workers in Germany and Malaysia. International journal

of environmental research and public health. 2020; 17(13):4881. https://doi.org/10.3390/

ijerph17134881 PMID: 32645826

40. Intawong K, Olson D, Chariyalertsak S. Application technology to fight the COVID-19 pandemic: Les-

sons learned in Thailand. Biochem Biophys Res Commun. 2021; 538:231–7. https://doi.org/10.1016/j.

bbrc.2021.01.093 PMID: 33589143

41. McMahon DE, Peters GA, Ivers LC, Freeman EE. Global resource shortages during COVID-19: Bad

news for low-income countries. PLoS Negl Trop Dis. 2020; 14(7):e0008412. https://doi.org/10.1371/

journal.pntd.0008412 PMID: 32628664

42. Apisarnthanarak A, Apisarnthanarak P, Siripraparat C, Saengaram P, Leeprechanon N, Weber DJ.

Impact of anxiety and fear for COVID-19 toward infection control practices among Thai healthcare work-

ers. Infection Control & Hospital Epidemiology. 2020; 41(9):1093–4. https://doi.org/10.1017/ice.2020.

280 PMID: 32507115

43. Moolasart V, Manosuthi W, Thienthong V, Jaemsak U, Kongdejsakda W, Pantool P, et al. Optimized

and Non-Optimized Personal Protective Equipment Use during the COVID-19 Pandemic in Thailand: A

National Cross-Sectional Survey in a Resource-Limited Setting. Environmental Health Insights. 2021;

15:11786302211013545.

44. Nit B, Samy AL, Tan SL, Vory S, Lim Y, Nugraha RR, et al. Understanding the Slow COVID-19 Trajec-

tory of Cambodia. Public Health Pract (Oxf). 2021; 2:100073. https://doi.org/10.1016/j.puhip.2020.

100073 PMID: 33521738

45. Huynh G, Tran TT, Nguyen HTN, Pham LA. COVID-19 vaccination intention among healthcare workers

in Vietnam. Asian Pacific Journal of Tropical Medicine. 2021; 14(4):159.

46. Kang HS, Son YD, Chae SM, Corte C. Working experiences of nurses during the Middle East respira-

tory syndrome outbreak. Int J Nurs Pract. 2018; 24(5):e12664. https://doi.org/10.1111/ijn.12664 PMID:

29851209

47. Kang J, Kim EJ, Choi JH, Hong HK, Han S-H, Choi IS, et al. Difficulties in using personal protective

equipment: training experiences with the 2015 outbreak of Middle East respiratory syndrome in Korea.

American journal of infection control. 2018; 46(2):235–7. https://doi.org/10.1016/j.ajic.2017.08.041

PMID: 29050907

PLOS ONE Risks and challenges in COVID-19 infection prevention and control among healthcare workers in a Thai hospital

PLOS ONE | https://doi.org/10.1371/journal.pone.0267996 December 19, 2023 18 / 18

https://doi.org/10.2471/BLT.20.275818
http://www.ncbi.nlm.nih.gov/pubmed/33953449
https://doi.org/10.1016/j.ajp.2020.102119
https://doi.org/10.1016/j.ajp.2020.102119
http://www.ncbi.nlm.nih.gov/pubmed/32339895
https://doi.org/10.1007/s40200-020-00643-9
http://www.ncbi.nlm.nih.gov/pubmed/33134211
https://doi.org/10.9745/GHSP-D-20-00528
http://www.ncbi.nlm.nih.gov/pubmed/33989171
https://doi.org/10.7189/jogh.10.010354
http://www.ncbi.nlm.nih.gov/pubmed/32509285
https://doi.org/10.1016/j.jhin.2020.11.027
http://www.ncbi.nlm.nih.gov/pubmed/33301841
https://doi.org/10.3389/fsoc.2021.611961
http://www.ncbi.nlm.nih.gov/pubmed/33996989
https://doi.org/10.3390/ijerph17134881
https://doi.org/10.3390/ijerph17134881
http://www.ncbi.nlm.nih.gov/pubmed/32645826
https://doi.org/10.1016/j.bbrc.2021.01.093
https://doi.org/10.1016/j.bbrc.2021.01.093
http://www.ncbi.nlm.nih.gov/pubmed/33589143
https://doi.org/10.1371/journal.pntd.0008412
https://doi.org/10.1371/journal.pntd.0008412
http://www.ncbi.nlm.nih.gov/pubmed/32628664
https://doi.org/10.1017/ice.2020.280
https://doi.org/10.1017/ice.2020.280
http://www.ncbi.nlm.nih.gov/pubmed/32507115
https://doi.org/10.1016/j.puhip.2020.100073
https://doi.org/10.1016/j.puhip.2020.100073
http://www.ncbi.nlm.nih.gov/pubmed/33521738
https://doi.org/10.1111/ijn.12664
http://www.ncbi.nlm.nih.gov/pubmed/29851209
https://doi.org/10.1016/j.ajic.2017.08.041
http://www.ncbi.nlm.nih.gov/pubmed/29050907
https://doi.org/10.1371/journal.pone.0267996

