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Lack of knowledge among healthcare workers (HCWs) about infectious diseases leads to

delayed diagnosis of new cases, spread of infection, and poor infection control practices.

Therefore, HCWs based in hospitals must be equipped with good knowledge about the

pathogen and disease to put up a robust fight against the virus. The aim of this study

was to assess knowledge, attitude, and practices (KAP) of HCWs about coronavirus

disease 2019 (COVID-19) at multiple public and private hospitals in Riyadh, Saudi Arabia.

A cross-sectional, online questionnaire-based study was conducted between July and

August of 2020. Logistic regression was used to investigate differences in the level

of KAP among different participants. A total of 510 HCWs in hospitals completed the

questionnaire. Only two-thirds of the participants (67.8%) had adequate knowledge

about COVID-19, 72.2% of the participants had a positive attitude toward COVID-19, and

80.2% of the participants were practicing appropriately most of the time. Poor KAP was

associated with a low education level. The females had better knowledge and attitude,

whereas the males were more likely to practice appropriately most of the time. Notably,

the participants from the nursing profession demonstrated a less favorable attitude

compared with medical staff from other professions, but that did not prevent them from

being the best when it comes to applying appropriate practices. The inadequate level

of KAP among HCWs with the continuation of the pandemic and the possibility of a

second wave demonstrates the need for continuous COVID-19-specific infection control

training and emotional well-being supporting programs, especially for HCWs with a low

education level.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19) is the third and largest
outbreak of coronavirus of this century (1). COVID-19 is
caused by the novel coronavirus, namely, severe acute respiratory

syndrome-coronavirus-2 (SARS-CoV-2). The first case in Saudi
Arabia was reported on March 2, 2020 (2). There has been

a relentless progression in numbers since day one after the
first detection, despite the efforts being devoted to combating

the pandemic situation. Till the day of finalizing this piece
of research, there is no specific curative treatment, and few
vaccines are available with limited supply; however, plenty of
research and development activities are underway at national and
international levels to explore a permanent curative treatment or
vaccine to limit the impact of COVID-19 on the world.

In the absence of safe and effective treatment and a sufficient
quantity of vaccines, enhanced awareness and infection control
measures, along with other mitigation strategies, such as social
distancing and face masks, are important tools in terms of
COVID-19 pandemicmanagement. Healthcare workers (HCWs)
are at a higher risk than the general public in contracting the
infection for multiple reasons, such as long working hours,
suboptimal handwashing when meeting patients, and improper
use of personnel protection equipment (PPE); in addition,
this risk is not consistent among all HCWs as working in
high-risk departments increases the risk of having the disease
(3). The pivotal role of HCWs in pandemic control warrants
good knowledge of infectious disease and hard work. Lack of
knowledge and inadequate infection control training among
HCWs delay diagnosis of new cases and are conducive to the
spread of infection among HCWs (4). A retrospective national
Saudi study revealed that 12.5% of all COVID-19 cases were
among HCWs, and that 17.3% of these cases were asymptomatic
(5). Additionally, HCW-related infections comprised 19.1% of
Middle East respiratory syndrome (MERS) cases in Saudi Arabia
(6). The reasons for infection transmission amongHCWs include
poor institutional infection control measures, lack of awareness
or training, and poor compliance with PPE (7). Despite that
COVID-19 has a lower fatality rate compared with MERS and
SARS (8, 9), COVID-19 has resulted in more deaths than MERS
and SARS combined.

The requirement of infection control training for all HCWs
and the enforcement of strict infection control measures in
hospitals can limit the spread of infection to HCWs and
other hospitalized patients. After implementing strict infection
control preparedness measures, a hospital in Hong Kong was
able to have zero infection among HCWs, providing care for
patients with COVID-19 over a 42-day observation period (10).
Another large university hospital in Italy introduced infection
prevention measures that were able to limit the spread of
infection among HCWs to only 0.4% of employees over a 30-day
observation period (11). In addition, the risk of being infected
with SARS-CoV-2 was dependent on the ability of HCWs ability
to follow implemented protective behavior measures, while
contacts tracing among HCWs limited the spread of infection
among HCWs (12). Furthermore, no nosocomial infection
occurred in hospital wards characterized by higher biological risk

and number of hospitalized patients with COVID-19. Instead,
nosocomial infection occurred in areas with less hygiene practice
(non-use of PPE and hand shaking), reflecting that low-risk
perception results in higher rates of inappropriate practices
among HCWs (12). In an English hospital, the incidence of
COVID-19 among HCWs with direct patient contact was similar
to those without, implying that community-acquired disease or
transmission among HCWs was more likely than nosocomial
transmission from patients (13). This implies that protective
behavior measures were more likely to be followed in areas with
high-risk perceptions. Furthermore, two studies examined the
association between risk perception and adherence to protective
behavior measures and found that the increase of risk perception
to have the infection was an effective strategy to increase public
adherence to protective measures (14, 15).

An acceptable level of knowledge about COVID-19 among
HCWs was observed in multiple countries around the world (16–
20). However, unreliable sources of information, such as social
media, were used as the main source of information instead of
more reliable sources (16, 17). Moreover, a study from China
found an association between the level of knowledge and the
level of attitude, whereas a Greece study concluded that the level
of knowledge was associated with both the level of attitude and
practice (16, 19). Therefore, the greater the knowledge of HCWs,
the more confident they were in defeating the virus; and the
low level of knowledge among HCWs was a major risk factor
in failure in following infection control measures (16, 19). In
addition, the lower level of education among HCWs was found
to be associated with a lower level of knowledge about COVID-19
(20, 21).

As with any infectious disease, there is always a possibility
of a second wave in which the number of cases increases again
after transient decline (22, 23). A thorough review of published
evidence suggests that pandemic situations throughout history,
including the Spanish flu, came in waves, and higher rates of
mortality were associated with subsequent waves (24–26). On
the other hand, the second waves of more recent outbreaks,
such as SARS and MERS, have been avoided due to the minimal
severity of those outbreaks when compared with COVID-19
(27). However, a second wave of COVID-19 is highly expected
and has already started in other regions of the world (23,
28). Individuals who do not fully understand the importance
of preventive measures are always deemed a liability when
it comes to the implementation of protective restrictions and
protocols, social distancing, wearing of masks in public places,
and practicing hand hygiene. This, in turn, puts more pressure
on the medical staff.

Understanding the current level of knowledge and attitude
about COVID-19 among HCWs based in hospitals and assessing
their practices would help in the containment of the pandemic.
Therefore, this study aimed to investigate the knowledge,
attitude, and practices (KAP) of HCWs related to COVID-
19 at work and in their personal life 4 months after the
beginning of the pandemic in Saudi Arabia. The findings of
this research will help us identify pitfalls and plan corrective
measures to curb further outbreaks in healthcare institutions and
the community.
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MATERIALS AND METHODS

Study Design and Subjects
A cross-sectional questionnaire-based study was conducted
to assess KAP of HCWs regarding COVID-19. HCWs from
multiple public and private hospitals providing care for
hospitalized patients with COVID-19 in Riyadh, Saudi Arabia,
were invited for participation. The KAP of the participants
regarding COVID-19 was assessed, using an online questionnaire
that was developed and scaled for this study. All workers in
hospitals were eligible for participation in the study, including
medical staff, such as physicians, nurses, pharmacists, laboratory
technicians, and non-medical support staff in these hospitals,
such as nonmedical administrators, security, maintenance, and
housekeeping staff. All the participants gave their informed
consent for inclusion in the study, and the study protocol was
approved by the Institutional Review Board in the Riyadh First
Health Cluster, Ministry of Health, Saudi Arabia (H1RI-29-
Jul 17-01).

Questionnaire
The questionnaire consisted of four parts (Appendix A). The first
part included questions about the demographic characteristics of
the participants (age, gender, marital status, highest educational
level, being part of a medical or a nonmedical department, and
the specific department for the medical staff), in addition to
an item that inquired about the source of information of the
participants about COVID-19. The age variable was assessed
as a categorical variable where the participants were divided
into five categories: 21–30 years, 31–40 years, 41–50 years,
51–60 years, and 61–70 years. Data on gender (female vs.
male) and marital status (married vs. single) were captured
and assessed as dichotomous variables. The highest educational
level was assessed as a categorical level and broken down
into four categories: high school or less, associate degree
(diploma), bachelor or professional degree, postgraduate study
or training. In addition, the participants were categorized based
on their department or specialty as medical staff or non-medical
supporting staff; and the medical staff were further broken
down into medical or surgical, nursing, pharmacy, laboratory
services, and other paraclinical services, such as physical therapy,
respiratory therapy, radiology, etc.

The other three parts in the questionnaire included questions
about the KAP of the participants KAP toward COVID-19. The
knowledge section inquired about the etiology, epidemiology,
pathogenesis, and management aspects of COVID-19. The
attitude section gathered information about the fear of human-
to-human transmission, endurance to emergency, personal
commitment, responsibility, and optimism. The practice section
included questions related to personal practices relating to
appropriate usage of PPE at work, as well as the social and
personal life of the participants.

Since no previous scales were available for this purpose, the
questionnaire was constructed and approved by an international
team from Saudi Arabia and India to ensure its face validity and
to conduct the same study in both countries. The development
of the questionnaire was mainly based on literature review

and COVID-19 measures recommended by the World Health
Organization and Ministry of Health. Six authors from the
collaborative international team have individually revised the
items for clarity and validity, and then it was revised by four
researchers with experience in epidemiology, infectious diseases,
and public health to ensure the appropriateness of the items and
the validity of the scales. Overall, 10 researchers have individually
revised the items inmultiple rounds to ensure its internal validity.
The questionnaire was then sent to a small group of respondents
(n = 30) to pilot the questionnaire and take feedback on the
items; minor changes were made at that time, and three items
were removed from the initial questionnaire to improve the
readability and clarity of the overall questionnaire. The final
knowledge, attitude, and practice scales in the questionnaire had
acceptable internal reliability with a Cronbach’s α of 0.7, 0.6, and
0.8, respectively.

Assessment of KAP of the Participants
For knowledge (nine items), the participants received 1 point
for each correct answer and 0 point for incorrect answers.
The participants with at least seven points were considered to
have adequate knowledge about COVID-19. For attitude (eight
items), the participants received two points for each positive
response, one point for a neutral response, and zero point for a
negative response. The participants with at least nine points were
considered to have positive attitude. For practice (seven items),
the participants received two points for “yes,” one point for “not
sure,” and zero point for “no.” A minimum score of 11 points
was considered to indicate safe or appropriate practice most of
the time.

Data Collection
Given the application of lockdown and social distancing
measures during the time of the study, a convenience sample of
HCWs from different departments was invited for participation
through text messages or the chatting application “WhatsApp R©.”
At the end of the questionnaire, the participants were asked
to share the link that was sent to them with their colleagues.
Therefore, convenience and snowball sampling techniques were
used in this study to avoid the disruption of the enforced social
distancing measures.

The sent message had a link to the questionnaire, which
could be completed on the cell phones of the participants. Data
were collected over 5 weeks between July 1 and August 5,
2020, using an online survey tool for data collection (Microsoft
Forms). The questionnaire was offered in Arabic and English
for the convenience of the participants, and, when needed,
the researchers were available for assistance in completing the
questionnaire. The purpose of the questionnaire, voluntary
participation and the anonymity of the respondents were clearly
stated on the first page of the online questionnaire.

Statistical Analysis
Descriptive statistics were used to present the demographics
of the participants, frequencies of personnel with adequate or
inadequate knowledge about COVID-19; positive, neutral, or
negative attitude toward COVID-19; and application of safety

Frontiers in Public Health | www.frontiersin.org 3 July 2021 | Volume 9 | Article 643053

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


Almohammed et al. Healthcare Workers’ KAP in SA

practices for COVID-19. Since the accurateness of the scales for
these concepts was not previously validated, the results from
these scales should be considered as proxies for these concepts.
Inferential statistics, the chi-Square test was used to investigate
differences in the level of KAP among different participants,
followed by Bonferroni post hoc tests, when necessary, to
adjust for the effect of multiple groups comparison. Whereas
multivariable logistic regression analysis was used to identify
significant predictors for adequate knowledge, positive attitude,
and appropriate practices while controlling for the effect of the
other factors in the model. The Pearson correlation coefficient
(r) was used to assess the association between the three scales
in the study (knowledge, attitude, and practices toward COVID-
19) in order to determine the relationship between these concepts
under investigation. Assuming that 50% of theHCWswould have
adequate knowledge about COVID-19, with a 95% confidence
level and a 5% margin of error, the calculated sample size was
estimated to be 385 subjects. An α level of <0.05 was used for
statistical significance. The data were coded and analyzed, using
SAS software (version 9.4; SAS Institute Inc., Cary, NC).

RESULTS

A total of 510 participants completed the questionnaire.
Approximately half of the participants (52.3%) were between
the ages of 21 and 30 years, and 27.3% were between the
ages of 31 and 40 years. Women account for 53.7% of the
participants, and 52.3% of all the participants were married.
The majority of the participants (64.9%) had at least a bachelor
or professional degree, and 17.4% had a high school diploma
or less. In addition, the medical staff represented two-thirds of
all HCWs participating in the study. A summary of participant
characteristics is presented in Table 1. More than half of the
study participants (52.7%) relied on multiple sources to obtain
information about COVID-19, with the local ministry of health
being the most common single source (23.3%). However, it
is worth noting that only two-thirds of the study participants
(66.5%) received at least one infection control training (Table 2).

Knowledge
Overall, only two-thirds of the participants (67.8%) had adequate
knowledge about COVID-19. Most were informed about the
causative microbe for COVID-19 and the effectiveness of hand
hygiene in eliminating it. In addition, 82.8% of the study
participants knew that cough and fever were the most frequent
symptoms experienced among infected individuals, and 85.7% of
the participants recognized the actual method of transmission for
the disease. Conversely, approximately half of the participants
believed that there are multiple curative treatment options
currently available for COVID-19. Moreover, 53.5% of the
participants believed the pandemic would be over by summer, as
the high temperature and humidity would destroy the virus. The
knowledge scores were depicted in Table 3.

Attitude
Overall, 72.2% of the participants had a positive attitude toward
COVID-19 management. Most of the participants believed

TABLE 1 | Characteristics of the participants.

Characteristic Number (%)

Age

21–30 years 267 (52.3)

31–40 years 139 (27.3)

41–50 years 69 (13.5)

≥ 51 years 35 (6.9)

Gender

Male 236 (46.3)

Female 274 (53.7)

Marital status

Single 243 (47.7)

Married 267 (52.3)

Highest educational qualification

High school or less 89 (17.4)

Associate degree 90 (17.7)

Bachelor or professional degree 296 (58.0)

Postgraduate study or training (master, residency, or fellowship) 35 (6.9)

Medical staff

No 137 (26.9)

Administrative staff 48 (9.4)

Supporting staff (security, maintenance, and housekeeping) 89 (17.5)

Yes 373 (73.1)

Medical or surgical 40 (10.7)

Pharmacy 59 (15.8)

Laboratory services 67 (18.0)

Nursing 89 (23.9)

Other para-clinical services 118 (31.6)

TABLE 2 | Infection control training and main sources of information for

COVID-19.

Variable Number (%)

Have you received any infection control training?

Yes 339 (66.5)

No 171 (33.5)

The main sources of information for COVID-19

Relying mainly on a single source 241 (47.3)

Ministry of health 119 (23.3)

Social media 46 (9.0)

International health organization websites, like CDC and WHO 39 (7.7)

News media channels 37 (7.3)

Relying on multiple sources 269 (52.7)

All listed sources 91 (17.8)

International health organization websites and ministry of health 75 (14.7)

Ministry of health and social media 30 (5.9)

Less frequent combination of sources 73 (14.3)

in the collaborative role of the community and healthcare
system (88.6%) and the primary role of mass testing (83.9%)
to successfully control the spread of the disease. Moreover,
the majority of the participants (82%) believed that the
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TABLE 3 | Responses of the participants to the knowledge items on

the questionnaire.

Questionnaire items Number (%)

1. COVID-19 is a contagious disease that is caused by?

a. Fungi 7 (1.3)

b. Bacteria 27 (5.2)

c. Virus 459 (90.0)

d. Parasite 2 (0.4)

e. I don’t know 15 (2.9)

2. The most common manifestation for the COVID-19 is?

a. Cough and fever 422 (82.8)

b. Stuffy and runny nose 23 (4.5)

c. Mild headache 25 (4.9)

d. Abdominal pain and diarrhea 22 (4.3)

e. I don’t know 18 (3.5)

3. The disease can easily spread through?

a. Food 28 (5.5)

b. Water 5 (1.0)

c. Close contact with animal 9 (1.7)

d. Respiratory droplets and close contact 437 (85.7)

e. I don’t know 31 (6.1)

4. What is the longest incubation period for COVID-19 before

experiencing any symptoms?

a. 3 days 23 (4.5)

b. 5 days 31 (6.1)

c. 10 days 30 (5.9)

d. 14 days 368 (72.2)

e. I don’t know 58 (11.4)

5. Severe cases and death are more common among?

a. Young children (< 18 years) 14 (2.7)

b. Youth (19-30 years) 6 (1.2)

c. Older adults (31-60 years) 56 (11.0)

d. Elderly (>60 years) 396 (77.7)

e. I don’t know 38 (7.4)

6. Multiple proven curative treatment options are available

now for COVID-19 all over the world? (False)

263 (51.6)

7. Most COVID-19 cases are mild and can recover with no

treatment? (True)

391 (76.7)

8. We know that the pandemic will be over by summer, as

the causative microbe is sensitive to high temperature and

humidity? (False)

273 (53.5)

9. Washing hands with soap and water is effective in

eliminating the causative microbe. (True)

495 (97.1)

Items 1–5 were multiple choice questions, whereas items 6–9 were true/false questions.

The choices in italic represent the correct answers for the item on the questionnaire.

country will contain the virus successfully. However, 78.6%
expressed their fear or felt threatened when providing care
for a patient with a suspected or confirmed case of COVID-
19. Likewise, 56.5% of the responders believed the main
reason for acquiring the infection by HCWs was negligence.
Overall, the study participants showed favorable attitudes toward
COVID-19 (Table 4).

TABLE 4 | Responses of the participants to the attitude items on the

questionnaire.

Questionnaire items Agree Not Sure Disagree

1. In my opinion, all people in the

healthcare system and the community

are part of this battle against

COVID-19, and should be responsible

about their role.

452 (88.6) 49 (9.6) 9 (1.8)

2. I believe that early detection of

COVID-19 cases through mass testing

will facilitate or accelerate the control of

the COVID-19 pandemic.

428 (83.9) 65 (12.8) 17 (3.3)

3. I think people who got infected with

COVID-19, including health care

personnel, were infected due

to negligence.

184 (36.1) 104 (20.4) 222 (43.5)

4. I have a feel of threat or fear when I

become close or provide care to a

confirmed or suspected

COVID-19 patient.

332 (65.1) 69 (13.5) 109 (21.4)

5. I think COVID-19 is just a

communicable disease which is being

given undue importance.

158 (31.0) 100 (19.6) 252 (49.4)

6. I think restricting travels, locking cities,

and quarantining all suspected cases

are an exaggeration for the

current situation.

169 (33.1) 78 (15.3) 263 (51.6)

7. The country’s efforts will succeed in the

battle against COVID-19 pandemic.

418 (82.0) 78 (15.3) 14 (2.7)

8. I think when COVID-19 pandemic is

over many benefits and good things will

be seen.

403 (79.0) 68 (13.3) 39 (7.7)

The responses in the table are represented as numbers (%).

The underlined responses represent the positive attitude response for each item, and the

not-sure responses represent the neutral attitude response.

Practices
Among all the participants, 80.2% reported complying with
appropriate infection prevention and control practices most of
the time. Approximately, 75% of HCWs donned PPE in the
correct order, and 83.9% disposed of it appropriately most of
the time. In addition, 80% of HCWs were avoided touching
personal things while working and restricted their contact with
people from external environments to limit the spread of the
disease. Moreover, 89% of the study participants were willing
to seek medical attention or advise others to do so when
symptomatic. The practice items questionnaire and responses
were summarized in Table 5.

KAP Based on the Demographics of the
Participants
The proportions of HCWs with adequate knowledge differed by
age (p <.001), and the participants younger than 30 years were
more likely to have adequate knowledge than the participants
from the age categories of 41–50 or older than 50 years (p
< 0.0001), after adjusting for the effect of multiple groups
comparison in the Bonferroni post hoc analysis. In addition,
when compared with HCWs older than 40 years, the younger
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TABLE 5 | Responses of the participants to the practice items on the

questionnaire.

Which of the following practices you can say

that you are practicing most or all of the time?

Yes Not sure No

1. If I or anyone close to me develop any

COVID-19 symptoms, I will seek or recommend

to others to seek medical attention.

454 (89.0) 38 (7.5) 18 (3.5)

2. When I am putting on the personal protective

equipment (PPE), I follow the

following order: Suit—Mask—Goggles—Gloves

384 (75.3) 48 (9.4) 78 (15.3)

3. I have been careful not to carry my mobile

phone/pen, etc.… inside the COVID-19 ward.

411 (80.6) 41 (8.0) 58 (11.4)

4. I don’t go out unless it is necessary. 404 (79.2) 37 (7.3) 69 (13.5)

5. When I finish my shift, I dispose the PPE and

scrub thoroughly before entering home/quarters.

453 (88.8) 38 (7.5) 19 (3.7)

6. I sanitize my hands with alcohol-based solution

before attending to each patient.

455 (89.2) 45 (8.8) 10 (2.0)

7. After using my PPE, I dispose them in the

appropriate color-coded bins.

428 (83.9) 53 (10.4) 29 (5.7)

The responses in the Table are represented as numbers (%).

HCWs were more likely to follow appropriate practices most
of the time. Besides that, the differences in the proportions
of the participants with positive attitude from different age
categories were not significant, after adjusting for the effect of
multiple groups comparison. Moreover, the participants with
higher levels of education documented adequate knowledge and
positive attitude compared with the participants with lower
levels of education (p < 0.001). In the post hoc analysis,
this was significant when HCWs with an associate degree or
less were compared with the participants with higher degrees
and when the participants with high school or less were
compared with HCWs with an associate degree. Besides that,
only the participants with high school or less were less likely
to follow appropriate practices most of the time. The results
from the main analysis were presented in Table 6, whereas
the results from the post hoc analysis were presented in
Supplementary Tables 1A–6A.

Gender did not affect knowledge or attitude, but the
males were more likely to adhere to appropriate practices
compared with the females (p = 0.009). Moreover, single
HCWs were more likely than married to have adequate
knowledge, positive attitude, and follow appropriate practices
most of the time. Interestingly, the attendance of infection
control training did not affect knowledge or attitude but had a
positive impact on practices among HCWs (86.7 vs. 67.3%; p
< 0.001).

In addition, medical staff were more likely to exhibit
adequate knowledge (80.4 vs. 33.6%; p < 0.001), positive
attitude (79.9 vs. 51.1%; p < 0.001) and comply with
appropriate infection prevention and control practices most
of the time compared with non-medical support staff in
the study (90.1 vs. 53.3%; p < 0.001). Among medical
staff, nurses were less likely to have adequate knowledge
compared with workers from pharmacy or other para-clinical

services departments, and favorable attitude compared with
workers from all other departments. However, that did not
hinder nurses from following appropriate practices most
of the time, especially when compared with HCWs from
medical or surgical departments (p = 0.0017). The results
from the main analysis were presented in Table 6, whereas
the results from the post hoc analysis were presented in
Supplementary Tables 7A–9A.

In the multivariable logistic regression, after adjusting for
the interrelated effect of all variables on the KAP, some of the
previous correlations have changed. Females were more likely
to have adequate knowledge (AOR 1.86; 95% CI 1.20–3.00)
and positive attitude (AOR 1.58; 95% CI 1.00–2.48) than males,
but, when it comes to practice, they were less likely to follow
appropriate practices (AOR 0.50; 95% CI 0.29–0.87). The level
of educational achievement was a clear predictor for adequate
knowledge, positive attitude, and appropriate practices; HCWs
with higher educational achievements were more likely to have
adequate knowledge, positive attitude, and practice appropriately
most of the time compared with HCWs with lower educational
achievement. As for the infection control training, HCWs who
have attended these training did not have better knowledge
(AOR 0.48; 95% CI 0.28–0.84), but they were more likely to
have positive attitude (AOR 2.6; 95% CI 1.53–4.45) and practice
appropriately most of the time (AOR 2.15; 95% CI 1.26–3.66)
compared with HCWs who did not attend this training. The
medical staff were more likely to have adequate knowledge
(AOR 2.67; 95% CI 1.45–4.90) and comply with appropriate
infection prevention and control practices most of the time
(AOR 2.66; 95% CI 1.34–5.31) compared with non-medical
support staff in the study. When controlled for all other variables,
nursing staff did not have a lower level of knowledge than
other medical staff, but they were much less likely to have a
positive attitude than the medical and surgical staff. However,
this low level of positive attitude did not hinder them from
practicing appropriately as they were more likely to comply with
appropriate infection prevention and control practices most of
the time compared with the staff from the medical or surgical
department (Table 7).

The results of the correlation analysis revealed a
positive and moderate correlation between the knowledge
and attitude scales (r =.53; p <.001) and between the
knowledge and practice scales (r = 0.51; p < 0.001).
Whereas the relationship between the attitude and practice
scales was positive but weak (r = 0.34; p < 0.001). The
results from the correlation analysis are presented in
Table 8.

DISCUSSION

The COVID-19 pandemic has caused the loss of innumerable
lives and paralyzed the economy of many countries globally (29).
According to the Ministry of Health update from October 19,
2020, the number of COVID-19 cases was ∼342,000 in Saudi
Arabia (30). For a disease without curative treatment, prevention
is the only solution. Until the majority of the population becomes
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TABLE 6 | Distribution of adequate knowledge, positive attitude, and appropriate practices based on the demographics and characteristics of the participants.

Variable Adequate knowledge Positive Attitude Appropriate practices

N (%) P* N (%) P* N (%) P*

Overall (n = 510) 346 (67.8) - 368 (72.2) - 409 (80.2) -

Age

21–30 years 203 (76.0) <0.001 207 (77.5) 0.032 229 (85.8) <0.001

31–40 years 93 (66.9) 94 (67.6) 118 (84.9)

41–50 years 35 (50.7) 43 (62.6) 44 (63.8)

≥51 years 15 (42.9) 24 (68.6) 18 (51.4)

Gender

Male 151 (64.0) 0.087 162 (68.6) 0.100 201 (85.2) 0.009

Female 195 (71.2) 206 (75.2) 208 (75.9)

Marital status

Single 183 (75.3) <0.001 187 (77.0) 0.021 205 (84.4) 0.024

Married 163 (61.1) 181 (67.8) 204 (76.4)

Educational achievement

High school or less 14 (15.7) <0.001 31 (34.8) <0.001 35 (39.3) <0.001

Associate degree 52 (57.8) 59 (65.6) 80 (88.9)

Bachelor or professional degree 249 (84.1) 245 (82.8) 262 (88.5)

Postgraduate study or training 31 (88.6) 33 (94.3) 32 (91.4)

Received infection control training

No 115 (67.3) 0.839 132 (77.2) 0.072 115 (67.3) <0.001

Yes 231 (68.1) 236 (69.6) 294 (86.7)

Medical staff

No 46 (33.6) <0.001 70 (51.1) <0.001 73 (53.3) <0.001

Yes 300 (80.4) 298 (79.9) 336 (90.1)

Department for medical staff (n = 373)

Medical or surgical 34 (85.0) <0.001 36 (90.0) <0.001 33 (82.5) 0.047

Pharmacy 52 (88.1) 50 (84.8) 51 (86.4)

Laboratory services 56 (83.6) 60 (89.6) 59 (88.1)

Nursing 57 (64.0) 52 (58.4) 87 (97.8)

Other para-clinical services 101 (85.6) 100 (84.8) 106 (88.1)

Values in bold represent significant results.

*P-values were from Chi-square test.

vaccinated and the country reaches the needed level of herd
immunity, preventive measures rely heavily upon the KAP of
the population affected. In nations affected by the pandemic,
health systems should house a robust workforce and not only
medical equipment. The knowledge and behavior of HCWs are
of crucial importance in preventing transmission. If neglected,
the HCWs could endanger their own life, in addition to making
themselves potential vectors (3). We timed this study in the
middle stages of the COVID-19 outbreak in Saudi Arabia with
the purpose of investigating the KAP of HCWs as it relates to
the management of COVID-19 at work in hospitals and in their
personal life. Approximately two-thirds of HCWs (67.8%) had
adequate knowledge, 72.2% had a positive attitude, and 80.2%
were practicing precautionary behaviors. Only 66.5% of the
participants received infection control training. After controlling
for the effect of other variables, non-medical staff had a lower
level of knowledge compared with medical staff, and the KAP
were highly dependent on the levels of education of HCWs.

Moreover, the nursing staff had comparatively less favorable
attitudes toward COVID-19 but were more likely to comply
with appropriate practices compared with medical staff from
other professions.

The current study revealed that most participants had
adequate knowledge about the nature of the illness (90%),
common manifestations (82.8%), the mode of spread (85.7%),
and preventive measures (97.1%). However, only 72.3% were
aware of the incubation period of COVID-19. This leaves
an important gap in the knowledge, which might result in
disregarding the isolation rules by HCWs. Although strong
evidence was lacking regarding the possibility of COVID-19
pandemic suppression by high temperatures and humidity and
confirmed COVID-19 cases have been reported in regions with
hot or humid climates, such as the African equatorial region,
the Amazon rainforest regions, and the Middle East (31), myths
still flourish among HCWs as sizeable 53.5% of the participants
believed that the pandemic would be over by summer. These
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TABLE 7 | Multivariable logistic regression for the adequate knowledge, positive attitude, and appropriate practices based on the demographics and characteristics of

the participants.

Variable Adequate knowledge Positive attitude Appropriate practices

AOR (95%CI)* AOR (95%CI) AOR (95%CI)

Age

21–30 years Reference Reference Reference

31–40 years 0.88 (0.46–1.67) 0.78 (0.42–1.44) 0.86 (0.40–1.84)

41–50 years 0.65 (0.30–1.43) 0.90 (0.42–1.95) 0.51 (0.21–1.22)

≥51 years 0.69 (0.24–2.04) 1.95 (0.70–5.46) 0.35 (0.12–1.06)

Gender

Male Reference Reference Reference

Female 1.86 (1.20–3.00) 1.58 (1.00–2.48) 0.50 (0.29–0.87)

Marital status

Single Reference Reference Reference

Married 0.80 (0.44–1.46) 0.72 (0.40–2.48) 1.29 (0.64–2.59)

Educational achievement

High school or less Reference Reference Reference

Associate degree 4.43 (1.85–10.61) 4.76 (2.06–11.01) 5.69 (2.20–14.75)

Bachelor or professional degree 16.79 (7.47–37.74) 11.10 (5.10–24.18) 4.60 (2.17–9.75)

Postgraduate study or training 36.09 (9.46–137.7) 52.6 (10.31–268.08) 6.02 (1.47–24.59)

Received infection control training

No Reference Reference Reference

Yes 0.48 (0.28–0.84) 2.6 (1.53–4.45) 2.15 (1.26–3.66)

Medical staff

No Reference Reference Reference

Yes 2.67 (1.45–4.90) 1.30 (0.69–2.48) 2.66 (1.34–5.31)

Department for medical staff (n = 373)†

Medical or surgical Reference Reference Reference

Pharmacy 2.06 (0.56–7.63) 0.97 (0.25–3.67) 1.49 (0.43–5.24)

Laboratory services 0.83 (0.25–2.76) 1.21 (0.31–4.77) 2.08 (0.63–6.88)

Nursing 0.55 (0.18–1.67) 0.27 (0.08–0.90) 12.52 (2.56–69.55)

Other para-clinical services 1.19 (0.38–3.70) 0.78 (0.23–2.67) 2.77 (0.92–8.39)

AOR, adjusted odds ratio, 95% CI, 95% confidence interval. Values in bold represent significant results.

*The multivariable logistic is adjusted for age, gender, marital status, educational achievement, being part of the medical staff and receiving infection control training.
†
The comparison is adjusted for age, gender, marital status, educational achievement, and receiving infection control training.

important deficiencies in knowledge are probably owing to a lack
of scientific updating at both individual and community levels,
as well as the lack of training programs. HCWs are burdened
by their pandemic work schedule, which, therefore, mandates
the intervention of administrative authorities to ensure periodic
training for them.

Multiple studies conducted around the world have
documented the average level of knowledge among HCWs
to be >80% [China (16), Uganda (17), and Pakistan (18)]. The
knowledge level in our study participants was strikingly less
than that of the world average. A probable explanation for this
observed phenomenon could be the mixed study population
comprised of both medical and non-medical HCWs based in
hospitals. Moreover, the findings of this study are consistent
with those of Zhang et al., who reported that medical staff in
China had sufficient knowledge about COVID-19 and indicated
that physicians showed higher knowledge compared with nurses
or paramedics (16). In addition, regional studies conducted

in Greece found that the vast majority of medical staff were
informed about COVID-19, but there were inconsistencies
in responses related to the transmission of the disease (19).
Interestingly, the current study results parallel to those of
Nemati et al., who reported that only 56.5% of Iranian nurses
had sufficient knowledge about transmission, symptoms, and
treatment of COVID-19 (32).

In terms of attitude, the majority of the study participants
showed a favorable profile. Most of the participants have imposed
faith on the ability of the government to control the disease
(82%). This is in line with a previous study from Pakistan
that highlighted similar results (18). Previously, Olum et al.
suggested that medical staff exhibited poor attitudes concerning
the SARS-CoV-2 pandemic (17). Our study revealed a positive
attitude prevalent among HCWs, which is probably attributable
to high motivation levels and proper administrative support
from policymakers. Our study also highlighted that adequate
knowledge correlated well with a positive attitude among HCWs.
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TABLE 8 | The correlation between the knowledge, attitude, and practice scales.

Scales Knowledge Attitude Practice

Knowledge r = 0.53 r = 0.51

P < 0.001 P < 0.001

Attitude r = 0.34

P < 0.001

Practice

Values in bold represent significant results.

These findings echoed those of previous studies, in which good
levels of knowledge among HCWs resulted in a positive attitude
regarding COVID-19 (16, 18, 20).

In the practice domain, HCWs based in hospitals
demonstrated good adherence to safety practices most of
the time (80.2%). This was reflected in the frequency of
unnecessary leaves taken, proper usage of PPE and frequency
of handwashing. It is encouraging to compare this figure with
that reported by Saqlain et al., who found that 88.7% of medical
staff followed a good practice to control the disease (18). Our
figure is marginally lower than the estimate of Saqlain et al. but
was much higher than that of Olum et al., thereby proving wide
regional variation in practices. Likewise, our study participants
did not share congruence in practice with the results reported
by Papagiannis et al., whose respondents reported that they
washed hands often or very often, and that 24.9% washed hands
before and after contact with the patient or environment of
the patient (19). This aspect of practice showed wide variations
internationally because it depended not only on knowledge but
also on adequate water supply and infrastructure.

Although the difference in age and marital status was initially
a significant predictor for the KAP, when we adjusted for the
effect of other variables in the study, this became an insignificant
predictor. Females were more likely to have adequate knowledge
and a positive attitude toward COVID-19, but males were more
likely to comply with appropriate practices about COVID-19.
Moreover, HCWs with a higher level of education and from the
medical staff were more likely to have adequate knowledge and
practice appropriately in regard to COVID-19 than HCWs with a
lower level of education and non-medical staff in hospitals. These
findings were similar to that fromHubei, China where they found
male residents to have a lower level of knowledge than females
and a lower level of education to be associated with a lower
level of knowledge about COVID-19 (21). Typically, infection
control training is recommended or required on medical staff
in hospitals, who are usually highly educated compared with
other non-medical HCWs in hospitals. This is very important
in the case of COVID-19, as our findings indicate that these
HCWs with a lower level of education and training might
be at higher risk of contracting the disease or spreading it
to others in their institutions or residence. As the finding
from this study and previous studies indicated (20, 21), HCWs
with higher educational achievement were more likely to have
adequate knowledge about COVID-19, probably owing to these
capabilities of HCWs to find the right source of information, such

as published research and good training programs. Therefore,
providing HCWs with lower educational qualification, especially
non-medical staff, with specially designed COVID-19 training
sessions, is highly encouraged to fill the gap in knowledge and
practice between them and the rest of the HCWs.

After controlling for the effect of other variables in the
study, no significant difference was seen among HCWs from
the medical staff working in different departments, except
for the nursing staff who were less likely to have a positive
attitude toward COVID-19, but that did not prevent them
from being the best department when it comes to applying
appropriate practices most of the time. Since only two thirds
of the participants in the study have received any infection
control training, this indicates that these training programs were
not required for all HCWs in hospitals. Although HCWs who
previously participated in infection control training did not
have better knowledge about COVID-19 than the one who did
not, they were more likely to have a positive attitude toward
COVID-19 and follow appropriate infection control practices
most of the time. The study did not specify the type of infection
control training the HCWs received or when they received it.
Thus, this infection control training could have been from the
general training sessions that did not have any aspect about
COVID-19. Usually, infection control training would improve
the KAP of the participants about infections and infection
control practices (33–35), but, in our case, the knowledge items
on the questionnaire were specific about COVID-19, which
might explain why participation in such training did not impact
the knowledge of the participants about COVID-19. Therefore,
HCWs may need to receive distinct infection control training
programs about COVID-19, and these sessions could be provided
once with follow-up materials on the updates.

The major limitation of this study is that the design
is descriptive in nature, which fails to establish the causal
relationship. No specific theory was used in the study; thus, the
findings can only be explained by speculation. No previously
validated tools assessing KAP about COVID-19 among HCWs in
hospitals have determined a cutoff point for adequate knowledge,
positive attitude, and an appropriate level of practice at the
time of the study; therefore, the authors have predefined a
cutoff point for the study purposes. With that in mind, the
findings from the scales in this study should be interpreted
as proxies for these concepts, and the need for validated
scales to measure KAP associated with COVID-19 still existing.
Although the use of a three-level scale to capture variation in
any concept is the least reliable, it was deemed appropriate
by the researchers in this case as it minimizes the burden
on HCWs when completing the questionnaire and the risk
of discontinuing response to items on the questionnaire for
tiredness or busyness. Moreover, relative lack of nationwide
research studies investigating this field hampers comparison
and makes our discussion limited. One more methodological
limitation is that the study used convenience and snowball
sampling techniques, which limits our ability to calculate the
response rate in the study. Therefore, the study external validity
was negatively impacted, and the results from this study cannot
be generalized to other HCWs. Although the questionnaire was
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offered in two languages and the researchers were available to
offer help in explaining questions and options when needed,
most of the participants completed the questionnaire without
assistance. The offering of the questionnaire in two languages
and availability of researchers for assistance were mainly to
be inclusive for non-Arabic speakers in practice. In addition,
<10% of the participants needed assistance in completing the
questionnaire, which we do not believe have impacted our
results. The use of an online questionnaire without asking for
identifiers of the participants should have ensured the anonymity
and confidentiality of the participants to minimize the risk of
social desirability.

The study identified adequate knowledge among two-thirds
of HCWs based in hospitals, which was less than international
levels, but the attitude and practice aspects were parallel to
most other countries. The knowledge deficit and poor training
status warrant a revamp of training programs for HCWs in
hospitals. In addition, the study identified a vulnerable target
group of HCWS who have not received any infection control
training and the ones with a low level of education. This group
of HCWs needs special attention through mandatory enrollment
in infection control training programs in order to protect them
at work and to protect people working or living around them
from having COVID-19 or any other infectious diseases that may
spread in these hospitals. This comes in the light of the fact
that improvement in knowledge positively influences attitudes
and practice. The authors recommend continuous professional
development programs for all HCWs in hospitals targeting
heightened awareness and supporting programs to maintain
the emotional well-being for HCWs with the continuation
of the pandemic. Finally, the directors of hospitals should
take responsibility for offering these training and supporting
programs and keep track of employee enrollment. This might
protect the employees, limit the number of sick leave days, and
create a better work environment.
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