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INTRODUCTION

During the start of the initial wave of the
COVID-19 outbreak in Thailand, which began in
January 2020, many healthcare personnel had
limited knowledge of infection control, patient

ABSTRACT

OBJECTIVE The study evaluated the COVID-19 risk control measures in
hospitals and assessed the knowledge, attitudes, and practices of health-
care personnel regarding those measures with emphasis on promoting
awareness and ensuring utilization of proper use of personal protective
equipment (PPE) as urgent measures to safeguard healthcare personnel.

METHODS This cross-sectional study assessed the perception of
COVID-19 risk control measures based on the hierarchy of controls and
examined the knowledge, attitudes, and adherence to safety measures
among healthcare personnel using a structured questionnaire. Participants
were selected based on their roles in patient care and occupational health
management during the COVID-19 pandemic from 30 different Thai hospi-
tals. Data analysis involved mean score comparison and examination of the
maghnitude of relationships using the Generalized Linear Model (GLMs).

RESULTS A total of 3,086 healthcare personnel responded to this study,
with 51.90% employed in regional and general hospitals. Among those per-
sonnel, 95.80% held a bachelor’s degree or lower and 44.50% were nurses,
with 88.00% being responsible for patient care. The study found a high
level of awareness regarding the health risk control measures implemented
by the hospitals. Participants demonstrated high scores in knowledge,
attitudes, and practices (KAP) related to the safety measures. Younger
age, prior infection experience, higher knowledge scores, and positive
perceptions of organizational PPE management were identified as factors
associated with increased PPE adherence scores.

CONCLUSION PPE is an indispensable tool for protecting healthcare
personnel from infectious hazards, particularly in environments where
exposure to infectious patients is unavoidable. The effectiveness of PPE
relies on comprehensive training, proper use and an adequate supply of
PPE within the healthcare setting.

KEYWORDS health risk control measure, personal protective equipment,
personnel health safety, COVID-19

care protocols, and personal protection measures.
By April 2020, a significant number of healthcare
personnel world-wide had succumbed to the
infection, with 708 recorded deaths (accounting
for 0.35% of global COVID-19 mortality at that
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time). Of these fatalities, 365 (51.50%) were
physicians and 126 (17.80%) (1) were nurses. This
alarming situation necessitated urgent measures
to protect and control the spread of COVID-19
among healthcare personnel (2).

COVID-19is caused by anovel strain of the coro-
navirus which is primarily transmitted through
respiratory droplets (3). Consequently, healthcare
personnel who regularly interact with infected in-
dividuals face a higher risk of infection compared
to the general population (2). During the out-
break, implementing hospital-based COVID-19
risk control measures became a top priority for
healthcare personnel (4). One of the most struc-
tured approaches for controlling health risks, in-
cluding infectious diseases, is the Hierarchy of
Controls.

The hierarchy of controls is a fundamental
framework for managing occupational health
risks, including infectious disease exposure, and
includes four primary levels of intervention: (5-7)
(1) Hazard Elimination: modifying work processes
to eliminate or reduce hazardous exposure, e.g.,
remote work policies for healthcare personnel
to minimize unnecessary exposure (5), (2) Risk
Reduction: implementing substitution or engi-
neering controls and isolating individuals from
exposure sources, potentially involving work-
space and ventilation modifications and barrier
use (5-7), (3) Administrative Controls: managing
risk through practice guidelines, reducing the
duration or frequency of exposure, training, job
rotation, and limiting the number of individuals
exposed (7), and (4) personal protective equipment
(PPE) management: the last line of defense to
protect individuals from hazards, including ap-
propriate training and sourcing of suitable PPE
(5-7). The first three levels of control involve
elimination or control of risk at its source. Hos-
pital environmental management, including ven-
tilation adjustment, control of temperature and
humidity control, the use of ultraviolet light, and
frequent cleaning of contact surfaces can help re-
duce infectious exposure and the risk of infection
(8). Occupational health and safety is a critical
aspect of workplace management, particularly in
healthcare settings where personnel are exposed
to numerous risks. Healthcare personnel who
care for patients must use PPE, especially during
droplet-producing procedures (8, 9) which are a
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significant cause of virus transmission. Promoting
the use of PPE among healthcare personnel re-
quires both formal education on its appropriate
use and practical, experience-based learning.
These efforts are crucial for enhancing infectious
disease awareness, fostering positive attitudes,
and developing effective communication skills to
encourage PPE adoption by colleagues (10). Ulti-
mately, this approach builds confidence among
hospital staff, reinforcing the belief that using PPE
effectively reduces the risk of COVID-19 infection
and allows them to work safely (11).

Notably, PPE played a crucial role in the early
stages of the outbreak when the transmission
source and infection routes were not yet well un-
derstood. Proper use of PPE, such as respiratory
masks and goggles, effectively reduced respira-
tory and mucous membrane exposure. Nonethe-
less, PPE use is the last risk reduction method in
the hierarchy of controls principles (12). The in-
creased use of PPE led to supply shortages during
the initial outbreak due to heightened demand and
panic (13). Misunderstanding and neglect of other
hierarchy of controls measures were observed as
well (14, 15), such as sharing meals and engaging
in conversations without proper protective gear.
Finally, PPE cannot be used continuously all day
because it causes difficulty with breathing and
speaking. There was also some misunderstanding
that after vaccination for COVID PPE use was not
necessary. On the contrary, adherence to the full
hierarchy of controls remains essential regard-
less of vaccination status

The COVID-19 pandemic posed significant
challenges to healthcare systems worldwide, ne-
cessitating the implementation of comprehensive
health risk control measures to prevent infec-
tious spread in hospitals, to protect healthcare
personnel, and to ensure the safety and well-being
of patients. Controlling health risk became an
urgent priority for hospitals seeking to continue
their business as they responded to the rapid in-
crease in patient numbers. Consideration of the
utilization of risk control measures following the
hierarchy of controls is a practice that urgently
needs to be established among healthcare per-
sonnel before the country can secure a sufficient
supply of vaccines for the entire population (16).
This study was conducted during the later stages
of the initial COVID-19 outbreak to evaluate in-
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fection risk control measures within hospitals. It
also assessed the knowledge, attitudes and prac-
tices of healthcare personnel regarding the care
of COVID-19 patients and the proper use of PPE.
By focusing on these aspects, the study aimed to
ensure that healthcare personnel are well-pre-
pared and confident in their ability to manage
infection risks. This preparation is crucial for
maintaining high standards of patient care and
ensuring operational continuity within hospitals,
even during challenging times.

METHODS
Study method

1. A cross-sectional study was conducted in
30 government, community, and private hospitals
in the Bangkok metropolitan area as well as the
central and eastern regions of Thailand. The study
was reviewed and approved by the ethics com-
mittees of Nopparat Rajathanee Hospital and the
hospitals providing data.

2. For this study, a purposive sample of 3,000
healthcare personnel responsible for patient care
and those on the occupational health team was
selected. Informed consent was obtained from
all participants. Data collection was conducted
between April and May 2021, during the post-initial
outbreak period.

3. An assessment tool was used to evaluate
healthcare personnel perceptions of COVID-19
infection risk control measures within the hospi-
tals. This was done using a structured question-
naire developed based on the Guidance on Pre-
paring Workplaces for COVID-19 (OSHA) (17)
and the hierarchy of controls. The questionnaire
covered aspects such as policy, risk reduction,
administration, and PPE management. It was
reviewed for accuracy by three experts, and its
reliability was tested, resulting in a Cronbach’s
alpha coefficient of 0.75.

4. Knowledge, attitudes, and practices related
to the care of COVID-19 patients, as well as PPE
adherence, were assessed using a questionnaire
developed based on the COVID-19 risk contact
assessment by the World Health Organization
(WHO) (18) and the U.S. Department of Health
and Human Services (HHS) COVID-19 Healthcare
Planning Checklist (19). The questionnaire was
reviewed for accuracy by three experts, and its
reliability was tested, resulting in a Cronbach’s
alpha coefficient of 0.82. Participants received
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detailed explanations and provided informed
consent before completing the online assessment
via a Google Form and submitted their data.

Data analysis

After the data collection, the information gath-
ered was analyzed using existing software. Quali-
tative data was analyzed in terms of frequency
and percentage. Quantitative data was analyzed
using mean and 95% confidence intervals (CI).
To compare mean scores and examine the mag-
nitude of relationships between variables, statis-
tical analysis utilized Generalized Linear Models
(GLMs).

RESULTS

The majority of the healthcare personnel in
the study were from regional /general hospitals
(51.90%.), with average age of 35.5 years (Table
1). The healthcare personnel were predominant-
ly female (85.50%) and most had education levels
at or below a bachelor’s degree (95.80%). Most
were nurses (44.50%) and worked in patient care
(88.0%). Regarding the perceptions of the imple-
mentation of exposure risk control measures, or-
ganizational management for PPE usage and ad-
ministrative measures received high scores (4.7
out of 5 and 16.9 out of 19, respectively), as shown
in Tables 2. Conversely, risk reduction measures
had the lowest score at 7.7 out of 9. The mean
scores for knowledge, attitude, and practices as-
sessment by the healthcare personnel were high.
Notably, the mean score for the practice of COV-
ID-19 patient care (6.8 out of 7) was higher than
the mean score for the PPE adherence (6.4 out
of 7).

The study found that the private hospitals
tended to have higher scores for knowledge and
practice with the highest score for PPE adherence
(p £ 0.05). Males and younger personnel were
also associated with higher scores for knowledge,
practice and PPE adherence (p < 0.05). Addition-
ally, personnel with patient care responsibilities
had higher scores for attitude, practices and PPE
adherence (p < 0.05). Finally, perception scores
of the hierarchy of controls measures showed
statistically significant positive correlations. The
strongest correlation was with practice (r = 0.40),
followed by PPE adherence (r = 0.37), knowledge
(r = 0.33), and care of COVID-19 patients (r = 0.22)
(p £ 0.05) as detailed in Table 3
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Table 1. Demographic characteristics of surveyed healthcare personnel

Variable N (%) Variable N (%)
Hospital type Position
Regional 1,601 (51.88) Doctor 34 (1.10)
Community 818 (26.50) Nurse 1,373 (44.49)
Private 667 (21.61) PN /NA 511 (16.56)
Other 1,168 (37.85)
Gender Age
Male 449 (14.55) <40 2,263 (73.47)
Female 2,637 (85.45) >40 823 (26.53)
Education Mean=34.16 max=63 min=18
< Bachelor 2,957 (95.82)  Patient care
> Bachelor 129 (4.18) Yes 2,717 (88.04)
No 369 (11.96)
PN/NA = practical nurse /nursing assistant
Table 2. Scores for hierarchy of control and knowledge, attitudes and practices
Hierarchy of control N Full Mean (SD) KAP N Full Mean (SD)
score score
Policy 3,086 3 2.90(0.369) Knowledge 3,086 7 6.30 (1.140)
Reduce risk 3,086 9 7.65 (1.494)  Attitude 3,086 4 3.80 (0.555)
Administrative 3,086 19  16.94 (2.885) Practice 3,086 14 13.20 (1.084)
PPE management 3,086 5 4.69 (0.741) Patient care 7 6.83 (0.520)
PPE adherence 7 6.40 (0.824)

KAP, knowledge, attitude, practice; PPE, personal protective equipment

The Generalized Linear Model analysis revealed
that healthcare personnel aged 40 years or
younger, and those with a history of COVID-19
infection had higher PPE adherence scores by 1.12
and 1.3 points, respectively (95%CI: 1.04-1.21 and
1.23-1.45). Furthermore, each 1-point increase in
knowledge scores and PPE management scores
was associated with a 1.3 point and 1.5 point
increase in PPE adherence scores, respectively
(95%CI: 1.26-1.34 and 1.43-1.57), with a statistical
significance level of p < 0.01, as shown in Table 4.

DISCUSSION
The perception scores of infection risk control
measures by hierarchy of controls

The study found that perception scores re-
garding the implementation of infection risk
control measures based on the hierarchy of con-
trols were generally high, ranging from 85.00% to
90.00%. The hierarchy of controls ranks occupa-
tional health control measures by effectiveness,
with elimination of the infection source being the
most effective strategy. However, eliminating the
presence of infectious patients in hospitals is not
feasible. Instead, measures to reduce pathogen
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presence in the hospital environment such as es-
tablishing acute respiratory infection (ARI) clinics,
using negative-pressure rooms, implementing
physical isolation, and improving ventilation sys-
tems are widely recommended (20). Additionally,
technology-based patient management and
strategies to reduce hospital crowding have been
proposed to minimize environmental contamina-
tion (21). These structural measures may require
extensive preparation, which is challenging during
urgent outbreaks. In line with our study’s findings,
infection elimination and pathogen reduction
strategies received the lowest scores (85.00%),
while administrative and exposure risk control
measures were rated higher (89.20%). These con-
trol measures include policy enforcement, hospi-
tal facility management, hygiene protocols, staff
and patient screening systems, and exposure re-
duction strategies such as contact investigation,
quarantine, surveillance, and treatment (5-7).

The role of PPE in infection prevention

PPEis considered theleasteffective risk control
measure in the hierarchy of controls (5). However,
in clinical settings, higher-level controls such

Biomedical Sciences and Clinical Medicine 2025,64(4):269-276.
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Table 3. Comparison of mean knowledge, attitude and practice scores among healthcare personnel by other factors

Mean score
Variable N (%) Subgroup of practice
Knowledge Attitude Practice COVID PPE
Patient care adherence

Hospital”

Regional 1,601 (51.90) 6.25 3.75 13.24 6.86 6.38

Community 818 (26.50) 6.13 3.83 13.11 6.76 6.34

Private 667 (21.60) 6.47 3.72 13.37 6.84 6.52
p-value <0.01 <0.01 <0.01 <0.01 <0.01
Gender™

Male 449 (14.50) 6.38 3.80 13.36 6.83 6.51

Female 2,637 (85.50) 6.24 3.76 13.22 6.83 6.38
p-value 0.02 0.09 <0.01 0.85 <0.01
Age™

<40 2,263 (73.47) 6.29 3.75 13.28 6.84 6.43

> 40 823 (26.53) 6.20 3.79 13.13 6.80 6.32
Mean=34.16, max=63, min=18
p-value 0.05 0.11 <0.01 0.09 <0.01
Education™

< Bachelor 2,957 (95.82) 6.28 3.77 13.24 6.83 6.40

> Bachelor 129 (4.18) 5.86 372 13.06 6.79 6.27
p-value <0.01 0.37 0.06 0.34 0.06
Position™

Doctor 34 (110) 6.35 3.68 13.03 6.70 6.32

Nurse /practical nurse / 1,884 (61.10) 6.22 3.76 13.25 6.83 6.41

nurses’ aide

Other 1,168 (37.80) 6.33 3.77 13.22 6.83 6.38
p-value 0.05 0.63 0.40 0.33 0.41
Patient care”

Yes 2,717 (88.00) 6.25 3.79 13.25 6.83 6.41

No 369 (12.00) 6.40 3.58 13.12 6.83 6.28
p-value 0.02 <0.01 0.03 0.96 <0.01
Hierarchy of control scores™” 3,086 (100.00) r=0.33 =-0.004 r=040 r=0.22 r=0.37
p-value <0.01 0.82 <0.01 <0.01 <0.01

“One-way ANOVA, "Independent t-Test, “*Spearman correlation
PPE, personal protective equipment

Table 4. Odds ratio of PPE adherence scores and associated variables analyzed using Generalized Linear Models

95%CI
Variable N (%) SE COR AOR P-value
Lower  Upper
Age <40 2,263 (73.3) 0.040 1157 1123 1.039 1.213 <0.01
History of COVID-19 infection 553 (17.9) 0.046 1561 1.328 1.213 1.454 <0.01
Increased Knowledge score 3,086 (100.0) 0.016 1369 1297 1.258 1.338 <0.01

Increased PPE management score 3,086 (100.0)  0.024 1588 1497 1.429 1.569 <0.01

Adjusted for hospital type, gender, age, education, position, patient care, contact high risk, History of COVID-19
infection, Knowledge Score, Attitude Score, PPE management score (hierarchy of controls), Reduce risk and
Administrative Score (hierarchy of controls)

SE, Standard Error; COR: crude odds ratio, AOR: adjusted odds ratio

as elimination are often impractical. This makes  hospitals prioritized PPE allocation for personnel
PPE essential for protecting healthcare workers  as a primary protective strategy, recognizing its
with direct patient contact. Our study found that role in both rapid implementation and routine

Biomedical Sciences and Clinical Medicine 2025,;64(4):269-276. 273
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infection prevention. PPE is a fundamental part
of universal precautions against infections trans-
mitted via respiratory droplets, such as COVID-19
(22). That virus is known to be highly prevalent in
respiratory tissues, including the upper respira-
tory tract, nasal passages, throat (23), tears, and
feces (24). Therefore, most hospitals emphasized
standard precautions and appropriate PPE usage
to protect healthcare workers (22, 25). Despite
these measures, our study found critical chal-
lenges in PPE implementation. During the early
COVID-19 outbreak, PPE shortages were a signi-
ficant issue, exacerbated by increased demand
from both healthcare personnel and the public
(26). Larger hospitals, such as central and general
government hospitals, scored higher in PPE im-
plementation, while community hospitals faced
challenges due to limited resources. Our findings
support recommendations to strengthen com-
munity hospital capacity and encourage private
hospitals to expand isolation rooms for infected
patients (27). Additionally, private hospitals demon-
strated higher PPE efficiency and workforce
management compared to government hospitals,
primarily due to the necessity of maintaining
continuous business operations.

Factors influencing healthcare personnel prac-
tices

The study also examined how demographics
and prior infection experience influenced PPE
adherence and safety behaviors. Healthcare
personnel in direct patient care roles, particu-
larly nurses, received higher levels of PPE sup-
port than other groups. However, lack of proper
training and inconsistent PPE use limited over-
all effectiveness. Early in the pandemic, limited
knowledge about COVID-19 transmission led to
increased anxiety and fear among healthcare
personnel, affecting their adherence to PPE pro-
tocols (28). Age was identified as a significant
factor. Previous studies have reported that indi-
viduals over 40 years of age who work in direct
patient care roles had higher knowledge, atti-
tudes, and practice (KAP) scores, likely due to
their greater experience (29). This contrasts with
the findings of the present study, which indicated
that while healthcare personnel over 40 had better
attitudes, they demonstrated lower knowledge
of and adherence to PPE guidelines. A possible
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explanation for this discrepancy is that most
participants in this study were in a younger age
group (mean = 34.2). Furthermore, they were part
of patient care teams where they received train-
ing and had ready access to PPE, and they could
readily use technology for better access to infor-
mation (30). Additionally, our study found that
male healthcare personnel had higher KAP scores
than female personnel, which may be attributed
to their higher representation in frontline patient
care roles (99.10%).

Impact of knowledge and hospital management
on PPE adherence and usage

Using a generalized linear model to analyze
factors related to safe behaviors regarding COV-
ID-19 infection, it was observed that individuals
aged 40 years or younger and those with prior
infection experience had higher scores for PPE
adherence, with scores of 1.1 and 1.3, respective-
ly (95%CI: 1.04-1.21 and 1.21-1.45). Further analy-
sis of personnel with prior infection experience
found significantly higher KAP scores (6.7, 3.9,
13.6) compared to non-infected personnel (6.2,
3.7, 13.2), (p < 0.01). Additionally, an increase of
1 point in knowledge and hospital support for
PPE usage scores was associated with a 1.3-point
and 1.5-point increase in PPE adherence scores
(95%CI: 1.26-1.34 and 1.43-1.57). These findings
suggest that increased knowledge of COVID-19
and first-hand infection experience enhance
PPE adherence through improved awareness,
understanding of risks, and practical applica-
tion of safety protocols. Additionally, our study
identified hospital management support for PPE,
including training programs, appropriate equip-
ment selection, and adequate stockpiling, as the
mostinfluential factor in PPE adherence (26). Given
the critical PPE shortages experienced early in
the pandemic, establishing systematic inventory
management and distribution protocols is crucial
for future preparedness (9, 31).

Study limitations and recommendations for
future research

This study was conducted as a rapid response
project to support pandemic preparedness. The
study’s strengths include a sufficiently large sam-
ple size to detect score differences. However,
certain limitations should be acknowledged:

* The sample was limited to frontline health-

Biomedical Sciences and Clinical Medicine 2025,64(4):269-276.
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care personnel, which may have introduced se-
lection bias, making the findings less representa-
tive of the entire healthcare workforce.

* Self-reported survey data may not fully
capture real-world adherence to infection con-
trol measures, as social desirability bias could in-
fluence responses.

* The reliance on online survey methods may
have excluded healthcare personnel with limited
digital access, affecting sample diversity.

Future studies should incorporate direct ob-
servations and interviews to gain a more compre-
hensive understanding of healthcare personnel
safety behaviors and greater adherence to infec-
tion control measures. Additionally, exploring the
long-term impact of infection prevention train-
ing and evaluating systemic improvements in PPE
policies would be beneficial for strengthening
hospital preparedness.

CONCLUSION

This study highlights the critical role of PPE,
administrative controls, and infection risk aware-
ness in mitigating COVID-19 risks in healthcare
settings. While PPE serves as an essential pro-
tective measure, its effectiveness is dependent
on proper training, consistent availability of PPE,
and strong institutional support. Despite PPE be-
ing the least effective measure in the hierarchy of
controls, it remains vital for healthcare person-
nel, particularly in high-risk environments where
exposure to infectious patients is unavoidable.
This study found that increased knowledge, in-
fection experience, and strong hospital support
significantly enhanced PPE adherence and safe
practices among healthcare workers.

The study also highlights the importance of
organizational strategies, such as comprehensive
infection control policies, ongoing training pro-
grams, and efficient PPE supply chain manage-
ment, which are crucial for ensuring sustained
PPE effectiveness. Additionally, administrative
and environmental interventions, including im-
proved ventilation systems, structured hospital
workflows, and digital infection tracking, should
be prioritized to reduce healthcare-associated
infections beyond reliance on PPE alone. Future
pandemic preparedness efforts should focus on
strengthening multi-level risk control measures,
ensuring adequate PPE reserves, and integrat-
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ing evidence-based training programs to en-
hance healthcare worker compliance and safety.
Strengthening hospital infrastructure and re-
sponse systems will be key to improving resil-
ience against future outbreaks, safeguarding both
healthcare personnel and patient populations.
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