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Background and aim: Healthcare workers (HCWs) remain at increased risk of 
occupational exposure to COVID-19, making effective infection prevention and 
control (IPC) essential for protecting healthcare personnel and patients. Evidence 
about HCWs’ knowledge, practices, perceptions, and institutional preparedness 
remains limited in Yemen. This study aimed to assess HCWs’ knowledge, prac-
tices, perceptions, and organizational preparedness regarding COVID-19 IPC 
measures in public hospitals in Sana’a City, Yemen, and examine demographic 
and professional factors associated with these outcomes.
Methods: A descriptive cross-sectional study was conducted among 386 HCWs 
selected using stratified random sampling from five public hospitals in Sana’a 
from September to November 2023. Data were collected using a validated struc-
tured questionnaire assessing knowledge, practices, perceptions, and workplace 
factors, complemented by an observational checklist evaluating institutional IPC 
preparedness. Descriptive statistics and chi-square tests were used to analyze the 
data. A p-value of < 0.05 was considered statistically significant.
Results: Overall, 39.7% of participants demonstrated good knowledge, with sub-
stantial deficiencies observed in knowledge of SARS-CoV-2 transmission (7.5%), 
despite relatively better knowledge of disease concepts (61.9%) and treatment 
(54.5%). Good preventive practice was observed in 55.4% of participants, although 
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compliance with personal protective equipment varied considerably. Only 8.0% 
demonstrated an overall positive perception toward COVID-19 prevention. 
Knowledge was significantly associated with age, educational level, profession, 
and years of experience (all p < 0.05), whereas practice was associated with sex, 
age, and profession. Observational findings revealed important institutional defi-
ciencies, including the absence of negative-pressure isolation rooms, alcohol-
based hand hygiene stations, routine HCW screening, and COVID-19-specific 
IPC guidelines.
Conclusion: HCWs in Yemeni public hospitals demonstrated moderate preventive 
practices but insufficient knowledge, predominantly negative perceptions, and 
substantial institutional preparedness gaps. Strengthening competency-based 
IPC training, ensuring continuous access to updated guidelines and essential 
resources, and improving organizational preparedness are critical for enhanc-
ing HCW safety and strengthening resilience against future infectious disease 
outbreaks.
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Introduction

Coronavirus disease 2019 (COVID-19), caused by severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2), emerged in late 
2019 and rapidly evolved into a global public health emergency (1, 2). 
Although the World Health Organization (WHO) declared the end of 
COVID-19 as a Public Health Emergency of International Concern in 
May 2023, SARS-CoV-2 continues to circulate worldwide, with peri-
odic outbreaks and the emergence of new variants posing ongoing 
challenges to healthcare systems and infection prevention pro-
grams (3).

COVID-19 is primarily transmitted through respiratory droplets 
and aerosols generated during coughing, sneezing, speaking, or 
breathing, particularly in crowded or poorly ventilated indoor envi-
ronments (4, 5). The incubation period typically ranges from 2 days 
to 14 days (6), and clinical manifestations vary from asymptomatic 
infection to fatigue, exertional dyspnea, concentration or memory 
disturbance, and sleep problems (7).

Healthcare workers (HCWs) have remained among the occupa-
tional groups at greatest risk of COVID-19 because of their continu-
ous exposure to infected patients and contaminated clinical 
environments (8). Beyond increasing the likelihood of infection, occu-
pational exposure has contributed to healthcare-associated transmis-
sion, workforce shortages, psychological distress, burnout, and 
disruption of essential healthcare services (9, 10). Consequently, pro-
tecting HCWs has remained a cornerstone of pandemic preparedness 
and health system resilience (11).

The implementation of effective infection prevention and control 
(IPC) measures is essential for minimizing occupational transmission 
of SARS-CoV-2 within healthcare facilities. International guidelines 
recommend a comprehensive IPC strategy that includes appropriate 
use of personal protective equipment (PPE), strict hand hygiene, 
respiratory etiquette, environmental cleaning and disinfection, ade-
quate ventilation, patient triage, vaccination, and continuous educa-
tion and competency-based training of healthcare personnel (3, 
12, 13).

Evidence from recent systematic reviews indicates that constant 
adherence to IPC recommendations is connected with reduced 
healthcare-associated transmission, enhanced HCW care, and sup-
ported health system awareness for infectious disease outbreaks 
(14, 15).

Despite the availability of evidence-based IPC guidelines, adher-
ence among HCWs remains suboptimal and inconsistent. This gap is 
particularly evident in low- and middle-income countries, where 
structural and systemic constraints, such as shortages of PPE, inade-
quate IPC training, limited financial and material resources, and heavy 
clinical workloads, continue to compromise the effective implementa-
tion of IPC practices. Recent systematic reviews have consistently 
highlighted these barriers as key determinants of poor compliance in 
resource-limited healthcare settings. Furthermore, HCWs’ knowledge, 
attitudes, perceptions, and workplace environment have been identi-
fied as critical factors influencing adherence to IPC recommendations, 
playing a central role in reducing occupational exposure to infectious 
diseases and improving patient and provider safety (16, 17).

These challenges are particularly evident in fragile and conflict-
affected settings such as Yemen. Years of armed conflict have severely 
weakened the country’s healthcare infrastructure, resulting in short-
ages of healthcare personnel, essential medical supplies, diagnostic 
capacity, and infection prevention resources. These longstanding sys-
temic deficiencies have complicated the implementation of IPC mea-
sures during the COVID-19 pandemic and increased occupational 
risks among HCWs (18, 19).

Although few studies have investigated COVID-19-related knowl-
edge, attitudes, and practices among Yemeni HCWs, most were web-
based cross-sectional surveys conducted during the early phases of the 
pandemic. These studies largely relied on self-reported data and pri-
marily assessed perceived knowledge and attitudes, with limited eval-
uation of actual clinical practices and workplace environmental 
conditions, thereby restricting a comprehensive understanding of IPC 
implementation in real-world healthcare settings (20, 21).

Moreover, evidence derived from direct observation within public 
hospitals remains scarce because most studies in low- and middle-
income settings rely on self-reported data, thus creating a knowledge 
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gap regarding real infection prevention practices in daily clinical set-
tings (17).

Therefore, this study aimed to comprehensively assess occupa-
tional health and IPC practices among HCWs in public hospitals in 
Sana’a City, Yemen. Specifically, the study evaluated: (1) the availability 
and appropriate utilization of PPE; (2) HCWs’ knowledge, practices, 
and perceptions regarding COVID-19 infection prevention; and (3) 
environmental and occupational risk factors associated with infection 
control practices. Furthermore, the study examined whether demo-
graphic and professional characteristics, including age, sex, educa-
tional level, occupation, and years of professional experience, were 
associated with variations in knowledge, practices, and perceptions 
related to COVID-19. The null hypothesis was that no significant asso-
ciations exist between these demographic or professional characteris-
tics and HCWs’ knowledge, practices, or perceptions regarding 
COVID-19 IPC measures.

Materials and methods

Study design and setting

A descriptive cross-sectional study was conducted to assess occu-
pational health and infection prevention and control (IPC) practices 
related to COVID-19 among healthcare workers (HCWs) in public 
hospitals in Sana’a City, Yemen. The study focused on knowledge, 
practices, perceptions, and environmental determinants of IPC com-
pliance. Data were collected from five public hospitals from September 
2023 to November 2023.

Study setting, population, and eligibility 
criteria

The study population included all licensed male and female 
HCWs employed in five major public hospitals in Sana’a City. The 
selected facilities represented major tertiary and secondary healthcare 
facilities and served a large proportion of the population. Participants 
who did not meet the inclusion criteria or whose questionnaires con-
tained substantial incomplete responses were excluded.

Ethical considerations

Ethical approval was obtained from the Faculty of Medical 
Sciences at Al Razi University, Yemen (Reference No. RU/16/FMHS, 
4/8/2020), prior to commencement of the study. Official permissions 
were secured from the administrations of the participating hospitals 
before data collection. Participants provided written informed consent 
after the study objectives and procedures were explained. Participation 
was voluntary, and participants were informed that they could with-
draw from the study at any stage without consequences. Confidentiality 
and anonymity were maintained by removing personal identifiers. 
Data were stored securely in password-protected systems and were 
accessible only to the research team.

Sample size and sampling technique

An a priori power analysis was performed to determine the mini-
mum sample size required for the planned analyses of associations 

between healthcare workers’ (HCWs’) demographic and professional 
characteristics and the main study outcomes, including knowledge, 
practices, and perceptions regarding infection prevention and control 
(IPC). The calculation was based on a chi-square test of independence, 
assuming a small-to-moderate effect size (Cohen’s w = 0.20), a two-
sided significance level of 0.05, 80% statistical power, and 3 degrees of 
freedom. Under these assumptions, the minimum required sample 
size was estimated at approximately 273 participants. The target 
sample was increased to 386 HCWs to provide adequate representa-
tion across the participating hospitals and professional categories and 
to account for potential nonresponse and incomplete 
questionnaires.

The total population of eligible HCWs across the five selected 
public hospitals was 5,933 and served as the sampling frame for pro-
portional allocation. A stratified random sampling technique was 
used, with hospital and professional category serving as stratification 
variables. Hospitals constituted the primary sampling strata, while 
HCWs were further stratified according to professional category. The 
required sample of 386 HCWs was allocated proportionally according 
to the number of eligible HCWs in each hospital–professional stratum.

Within each stratum, eligible HCWs were selected using a random 
sampling procedure from the available staff lists provided by the par-
ticipating hospitals. This approach was used to minimize over- or 
under-representation of particular hospitals or professional groups 
and to ensure that the sample broadly reflected the underlying distri-
bution of eligible HCWs across the participating hospitals and profes-
sional categories.

The final numbers of HCWs selected from the five hospitals were 
189, 50, 19, 86, and 42, respectively, giving a total sample of 386 par-
ticipants. No sampling or post-stratification weights were applied 
during the statistical analysis because proportional allocation was 
incorporated into the sampling design. Consequently, the reported 
estimates represent the observed study sample and were not subse-
quently weighted to reproduce the underlying distribution of HCWs 
across hospitals or professional categories.

Potential nonresponse bias was considered because participation 
was voluntary and some eligible HCWs may have declined participa-
tion or may not have been available during the data-collection period. 
Questionnaires were distributed during both morning and evening 
shifts to maximize coverage of HCWs working different schedules and 
to reduce potential nonresponse related to shift patterns. However, 
individual-level information on nonrespondents was not available; 
therefore, a formal statistical comparison between respondents and 
nonrespondents could not be performed. Consequently, residual non-
response bias cannot be completely excluded. Participants who 
responded may have differed from those who declined or were 
unavailable, particularly with respect to workload, IPC training, pro-
fessional responsibilities, knowledge, or practices. The 39 participants 
involved in the pilot study were separate from the main study sample 
and were not included among the 386 HCWs included in the main 
study or in the final statistical analysis.

Study instrument and questionnaire 
development

The study questionnaire was developed on the basis of an exten-
sive review of previously published literature and relevant WHO guid-
ance documents, including the WHO clinical management guidelines 
for COVID-19 and occupational risk assessment frameworks for 
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HCWs. In addition, more recent WHO updates on IPC practices and 
HCW safety during respiratory infectious disease outbreaks were con-
sidered to ensure alignment with current evidence-based standards 
(22, 23).

The questionnaire was initially developed in English and subse-
quently translated into Arabic using a standardized forward–back-
ward translation process conducted by two independent bilingual 
translators to ensure conceptual equivalence, linguistic accuracy, and 
cultural relevance. The pre-final Arabic version was reviewed by the 
research team.

A pilot study was conducted among 39 participants, correspond-
ing to approximately 10% of the planned sample size. These partici-
pants were not included in the final analysis. The pilot study was 
conducted to assess the clarity, relevance, comprehensibility, and 
acceptability of the questionnaire items and to identify any ambiguous 
or difficult-to-understand questions. Based on the participants’ feed-
back, minor modifications were made to improve the wording and 
clarity of the questionnaire before the final version was administered 
in the main study.

The initial item pool was compiled and subsequently reviewed by 
a multidisciplinary expert panel to assess content validity, clarity, and 
relevance to the study objectives. The final instrument consisted of 
closed-ended questions covering key domains of knowledge, percep-
tions, practices, and environmental factors related to COVID-19.

Observational checklist

In addition to the self-administered questionnaire, an observa-
tional checklist was used to assess selected infection prevention and 
control (IPC) measures in each participating hospital. The checklist 
was developed based on relevant World Health Organization (WHO) 
recommendations and previously published IPC assessment instru-
ments addressing COVID-19-related infection prevention and occu-
pational safety measures (22, 23). It primarily assessed observable 
institutional, environmental, and organizational IPC measures, 
including the availability of personal protective equipment (PPE), 
hand hygiene facilities, environmental and workplace safety measures, 
triage arrangements, masking provisions, and other institutional IPC 
resources. The checklist was intended to complement the question-
naire-based assessment and was not designed to systematically mea-
sure individual healthcare workers’ adherence to specific IPC 
behaviors.

The checklist items were reviewed by the multidisciplinary expert 
panel involved in the development of the study instruments to assess 
their relevance, clarity, and alignment with the study objectives. Before 
the main data collection, the checklist was pretested to identify unclear 
or difficult-to-observe items, and minor modifications were made to 
improve clarity and consistency. Before data collection, the observers 
received standardized instructions regarding the interpretation and 
application of each checklist item. The same assessment procedures 
and criteria were followed across all participating hospitals to promote 
consistency in data collection.

A formal inter-rater reliability assessment was not performed 
during the original data collection; therefore, no inter-rater reliability 
coefficient was calculated or reported. The WHO Infection Prevention 
and Control Assessment Framework (IPCAF) was not used as the 
primary observational instrument, as data collection was conducted 
using the predefined study-specific checklist. The use of a study-spe-
cific checklist and the absence of formal inter-rater reliability 

assessment are acknowledged as methodological limitations of the 
observational component of the study.

Questionnaire parts

The questionnaire was divided into six sections:
Part I: Sociodemographic and occupational characteristics: This 

section included sociodemographic and occupational characteristics, 
including sex, age, educational level, years of professional experience, 
professional category, and specialty. For the primary analyses, age was 
categorized into two groups (20–25 years and >25 years), while years 
of professional experience were categorized as 1–3 years and >3 years. 
These predefined categories were applied consistently in the subse-
quent analyses.

Part II: IPC training and observational assessment: This section 
assessed participation in IPC training programs and institutional IPC 
implementation using four yes/no questions. In addition, an observa-
tional checklist was applied in each participating hospital to assess key 
observable IPC measures, as described above.

Part III: Knowledge of COVID-19: This section consisted of 46 
scored items assessing knowledge of COVID-19, divided into five con-
tent domains: concept (seven items), transmission (seven items), signs 
and symptoms (17 items), prevention (eight items), and treatment 
(seven items). Responses were multiple-choice and categorized as 
“correct,” “incorrect,” or “I don’t know.”

Part IV: Practices related to COVID-19: This section comprised 
14 scored practice items derived from four questions assessing preven-
tive practices. Three questions included multiple response options and 
were further subdivided into several scored items. Responses were 
coded as correct, incorrect, or “I don’t know,” as appropriate.

Part V: Perceptions toward COVID-19: This section comprised 15 
items assessed using a five-point Likert scale ranging from strongly 
disagree to strongly agree.

Part VI: Environmental and workplace factors: This section con-
tained 10 yes/no items assessing environmental and workplace factors 
influencing IPC compliance within healthcare settings.

Data collection

An information sheet explaining the study’s purpose was provided 
to all participants prior to data collection. The questionnaire required 
approximately 15 min to complete. All responses were coded, anony-
mized, and securely stored to ensure confidentiality and facilitate sta-
tistical analysis.

The finalized Arabic, self-administered questionnaire was distrib-
uted directly to eligible HCWs during routine working hours across 
morning and evening shifts to maximize participant coverage. 
Completed questionnaires were collected on the same day and 
reviewed daily for completeness and consistency before data entry. 
Questionnaires with substantial missing data or incomplete responses 
were excluded in accordance with the predefined eligibility criteria.

Scoring system

Knowledge and practice scores were calculated as the percentage 
of correct responses. Each correct response was assigned a score of 1, 
whereas incorrect and “I don’t know” responses were assigned a score 
of 0. For knowledge, the overall score and the scores for the predefined 
knowledge domains were calculated based on the proportion of 
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correct responses across the relevant items within each domain. Thus, 
classification of a participant as having good or poor knowledge 
within a specific domain was based on the aggregate score across all 
items comprising that domain, rather than on any individual item. A 
score of ≥70% was classified as good knowledge or practice, whereas 
a score of <70% was classified as poor knowledge or practice. This 
threshold was prespecified in the study scoring protocol and was 
applied consistently to all participants.

Perceptions toward COVID-19 IPC measures were assessed using 
15 statements rated on a five-point Likert scale ranging from strongly 
disagree (1) to strongly agree (5), yielding a maximum possible score 
of 75. A total score of ≥51 was classified as a positive perception, 
whereas a score of ≤50 was classified as a negative perception. This 
cut-point was prespecified in the study scoring protocol and applied 
consistently across participants. For descriptive analyses of individual 
items, responses of strongly agree and agree were grouped as positive 
responses, whereas neutral, disagree, and strongly disagree responses 
were grouped as negative responses.

Data processing and statistical analysis

The answered questionnaires were screened for completeness 
before data entry. Questionnaires with substantial missing data were 
excluded in accordance with the predefined eligibility criteria. The 
remaining questionnaires were coded and entered into SPSS (version 
20.0, IBM Corp., Armonk, NY, USA) for statistical analysis.

Descriptive statistics were used to summarize participants’ 
sociodemographic and occupational characteristics and their 
responses to the study questionnaire. Categorical variables were pre-
sented as frequencies and percentages, whereas continuous variables 
were summarized as means and standard deviations (SDs). Graphical 
presentations, including bar charts, were used to illustrate selected 
environmental and organizational factors.

The internal consistency of the questionnaire was assessed among 
the main study sample (n = 386) using Cronbach’s alpha coefficient. 
The overall questionnaire demonstrated good internal consistency, 
with a Cronbach’s alpha of 0.81. The knowledge items were organized 
into five content domains (concept, transmission, signs and symp-
toms, prevention, and treatment) to describe different areas of 
COVID-19 knowledge rather than independently validated psycho-
metric scales. The perception section consisted of 15 Likert-
scale items.

Multivariable logistic regression analyses were performed to iden-
tify factors independently associated with good knowledge, good 
infection-prevention practice, and positive perception. Hospital, sex, 
age group, occupation, educational level, and work experience were 
included as explanatory variables, with hospital incorporated as a 
fixed effect. Adjusted odds ratios (aORs) with 95% confidence inter-
vals (CIs) were reported, and statistical significance was set at p < 0.05.

Sensitivity analysis of dichotomization thresholds

To assess the robustness of the prespecified dichotomization 
thresholds, sensitivity analyses were performed using alternative cut-
points of 60 and 75% of the maximum possible score. The original 
classification thresholds were retained as the primary analysis: ≥33/46 
for knowledge, ≥10/14 for practice, and ≥51/75 for perception. For 
the sensitivity analyses, scores corresponding to 60 and 75% of the 
maximum possible score were used as alternative thresholds. The 

resulting proportions of participants classified as having good knowl-
edge, good infection-prevention practice, or positive perception were 
recalculated and compared across the alternative thresholds.

ROC-based threshold derivation and diagnostic sensitivity/speci-
ficity analyses were not performed because no independent external 
criterion or gold-standard outcome was available in the dataset.

Internal consistency and item analysis

In response to the reviewer’s comment, additional post hoc inter-
nal consistency analyses were performed using the item-level data 
from the 386 participants. Cronbach’s alpha coefficients were calcu-
lated separately for each predefined knowledge domain (concept, 
transmission, signs and symptoms, prevention, and treatment) and for 
the 15-item perception scale. For the knowledge domains, items were 
coded as 1 for a correct response and 0 for an incorrect or “I don’t 
know” response. For the perception scale, the original five-point 
Likert responses were retained for reliability analysis. Corrected item–
total correlations and Cronbach’s alpha if item deleted were addition-
ally calculated for the transmission knowledge domain to identify 
items contributing to the observed deficits. These analyses were 
exploratory and were performed to further characterize the internal 
consistency and item-level performance of the study instrument.

Results

Demographic characteristics

Figure 1 presents the demographic and professional characteris-
tics of the participating HCWs. Of the 386 participants, 53.9% were 
female, and 58.5% were older than 25 years. Educational level and 
years of professional experience were broadly comparable across par-
ticipants. Regarding professional category, laboratory personnel con-
stituted the largest group (90, 23.3%), followed by nurses (84, 21.8%), 
whereas midwives represented the smallest group (12, 3.1%).

Questionnaire reliability

The study assessed the internal consistency of the questionnaire 
using Cronbach’s alpha. The overall questionnaire demonstrated good 
internal consistency, with an overall Cronbach’s alpha of 0.81. In the 
post hoc domain-specific analysis, Cronbach’s alpha coefficients were 
0.426 for the concept domain, 0.626 for transmission, 0.746 for signs 
and symptoms, 0.245 for prevention, and 0.369 for treatment. The 
15-item perception scale demonstrated a Cronbach’s alpha of 0.626 
(Table 1).

The knowledge domains were defined primarily as content 
domains covering different aspects of COVID-19 knowledge rather 
than as independently validated psychometric subscales. Therefore, 
the domain-specific alpha coefficients, particularly those for preven-
tion and treatment, were interpreted cautiously.

Because transmission knowledge represented the most prominent 
area of deficit, an exploratory item-level analysis was performed for 
the seven transmission items (Table 2). Correct response rates varied 
substantially across items. Respiratory droplets were correctly identi-
fied by 96.4% of participants, whereas correct responses were consid-
erably lower for airborne transmission (28.2%), wild animals (27.7%), 
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contaminated surfaces or tools (5.7%), and undercooked food or meat 
(37.3%). Correct responses for contaminated water and blood transfu-
sion were 56.5 and 50.0%, respectively.

Corrected item–total correlations ranged from 0.032 to 0.529. The 
respiratory-droplet item had the lowest corrected item–total correla-
tion (0.032), reflecting the very high proportion of participants who 

answered this item correctly. Removing this item would increase 
Cronbach’s alpha for the transmission domain only modestly, from 
0.626 to 0.648. Other items showed corrected item–total correlations 
ranging from 0.134 to 0.529, with alpha-if-item-deleted values ranging 
from 0.513 to 0.636.

These findings indicate substantial heterogeneity in transmission-
related knowledge. Importantly, the low overall performance of the 
transmission domain was driven by poor recognition of several spe-
cific transmission-related items rather than by the respiratory-droplet 
item alone. Domain classification was based on the aggregate score 
across all transmission items rather than on individual item responses.

Organizational factors related to COVID-19 
IPC

Figure 2 summarizes the organizational factors related to COVID-
19 IPC across the participating hospitals on the basis of the observa-
tional checklist. Two of the five participating hospitals had established 
IPC programs and provided regular IPC training for HCWs. By con-
trast, none of the participating hospitals had implemented a routine 
COVID-19 screening strategy for HCWs or had COVID-19-specific 
IPC guidelines at the time of data collection.

Knowledge of HCWs regarding COVID-19

Figure 3 illustrates HCWs’ knowledge of COVID-19. Among the 
assessed knowledge domains, the highest proportion of participants 
demonstrating good knowledge was observed for the concept of 
COVID-19 (61.9%), followed by treatment (54.5%). Knowledge of 
COVID-19 transmission modes was the poorest-performing domain, 
with only 7.5% of HCWs demonstrating good knowledge. Regarding 
overall knowledge, 39.4% (152/386) of participants had good knowl-
edge, whereas 60.6% (234/386) had poor knowledge. Overall, these 
findings indicate variability in knowledge across different domains, 
with relatively stronger understanding of conceptual and treatment 
aspects and notable gaps in transmission-related knowledge.

FIGURE 1

Sociodemographic characteristics of healthcare workers (n = 386).

TABLE 1  Internal consistency of the knowledge domains and perception scale assessed using 

Cronbach’s alpha.

Domain No. of items Cronbach’s α

Concept 7 0.426

Transmission 7 0.626

Signs and symptoms 17 0.746

Prevention 8 0.245

Treatment 7 0.369

Perception 15 0.626

TABLE 2  Item-level analysis of the COVID-19 transmission knowledge domain.

Transmission 
item

Correct 
(%)

Corrected 
item–total 
correlation

α if item 
deleted

Respiratory droplets 96.4 0.032 0.648

Airborne 

transmission
28.2 0.249 0.620

Contaminated water 56.5 0.529 0.513

Blood transfusion 50.0 0.515 0.519

Wild animals 27.7 0.361 0.581

Contaminated 

surfaces/tools
5.7 0.134 0.636

Undercooked food/

meat
37.3 0.436 0.552
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Regarding the concept of COVID-19 disease, most HCWs 
provided correct answers to five questions, with correct response 
rates ranging from 95.10 to 86.8%. Only two questions had lower 
correct response rates at 62.70 and 56.50%. The highest percent-
ages of incorrect answers were observed for “COVID-19 is an 
infectious disease caused by an emerging type of the corona virus 
family” and “The incubation period of COVID-19 is 5–6 days 
and can be up to 14 days,” with incorrect response rates of 4.90 
and 7.80%, respectively (Table 3).

As shown in Table 3, nearly all respondents (96.4%) correctly 
identified respiratory droplets as a transmission route. Others 
believed COVID-19 spreads through air, contaminated water, blood 
transfusion, contact with wild animals, contaminated surfaces and 
tools, and consuming undercooked food, particularly meat, with 

correct response rates of 28.2, 56.5, 50.0, 27.7, 5.7, and 37.3%, 
respectively.

For the signs and symptoms domain, the highest correct responses 
were observed for shortness of breath, cough, and loss of smell (anos-
mia), at approximately 90.0%, whereas the lowest correct response 
rates were observed for nosebleed (14.0%) and rash (9.1%). The high-
est percentages of incorrect responses were observed for rash and 
nosebleed (90.9 and 86.0%, respectively), whereas the lowest percent-
ages of incorrect responses were observed for loss of smell (anosmia) 
or taste, sore throat, cough, and shortness of breath at 10.6, 9.6, 3.9, 
and 2.3%, respectively.

In relation to the prevention domain, 95.3% or more of partici-
pants provided correct responses regarding the prevention of COVID-
19 through hand washing and personal hygiene. Correct response 

FIGURE 2

Organizational factors related to COVID-19.

FIGURE 3

Distribution of knowledge levels across assessed domains among participants.
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TABLE 3  Distribution of healthcare workers’ knowledge regarding COVID-19 (n = 386).

Knowledge items Correct Incorrect/I do not 
know

n (%) n (%)

Concept

Covid-19 is an infectious disease caused by an emerging type of the corona virus family. 367 (95.10) 19 (4.90)

COVID-19 is a disease similar to a respiratory system disease, such as SARS and MERS, in terms of symptoms and 

prevalence. 335 (86.80) 51 (13.20)

The incubation period of COVID-19 is 5–6 days and can be up to 14 days. 356 (92.20) 30 (7.80)

The clinical manifestations of COVID-19 are generally milder in children than in adults. 242 (62.70) 144 (37.30)

All persons with suspected, probable, or confirmed COVID-19 should be immediately isolated. 341 (88.30) 45 (11.70)

All suspect cases should be tested to determine if they are a confirmed case. 350 (90.70) 36 (9.30)

A mild case is a symptomatic patient meeting the case definition for COVID-19 without evidence of viral pneumonia 

or hypoxia. 218 (56.50) 168 (43.50)

Transmissions

Respiratory droplets of infected individuals during coughing and sneezing 372 (96.4) 14 (3.6)

Air 109 (28.2) 277 (71.8)

Contaminated water 218 (56.5) 168 (43.5)

Blood transfusion from affected person 193 (50.0) 193 (50.0)

Contact with infected wild animals 107 (27.7) 279 (72.3)

Contact with contaminated surfaces and tools as a direct method of transmission 22 (5.7) 364 (94.3)

Eat foods, especially meat and eggs, without cooking them well 144 (37.3) 242 (62.7)

Signs and symptoms

Sore throat 349 (90.4) 37 (9.6)

Cough 371 (96.1) 15 (3.9)

Shortness of breath 377 (97.7) 9 (2.3)

Chills 247 (64.0) 139 (36.0)

Vomiting 153 (39.6) 233 (60.4)

Nausea 169 (43.8) 217 (56.2)

Diarrhea 175 (45.3) 211 (54.7)

Headache 330 (85.5) 56 (14.5)

Rash 35 (9.1) 351 (90.9)

Conjunctivitis 138 (35.8) 248 (64.2)

Muscle ache 258 (66.8) 128 (33.2)

Joint ache 289 (74.9) 97 (25.1)

Loss of appetite 297 (76.9) 89 (23.1)

Loss of smell (anosmia) or taste 345 (89.4) 41 (10.6)

Nosebleed 54 (14.0) 332 (86.0)

Fatigue 225 (58.3) 161 (41.7)

Seizures 123 (31.9) 263 (68.1)

Prevention

COVID-19 can be prevented by hand washing and personal hygiene. 368 (95.3) 18 (4.7)

For persons without symptoms, wearing a mask of any type is not recommended. 77 (19.9) 309 (80.1)

In the triage, a spatial distance of at least 1 m must be maintained, and no PPE is required. 224 (58.0) 162 (42.0)

In the patient room, HCWs must wear the following PPE

Respirator N95 or FFP2 372 (96.4) 14 (3.6)

(Continued)
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rates for the use of appropriate PPE in patient rooms ranged from 88.1 
to 96.4%.

Table 3 presents the findings for the treatment domain of 
COVID-19. Correct responses were recorded for 93.3 and 92.7% of 
participants regarding “WHO recommends screening all persons at 
first point of contact with the healthcare system” and “WHO recom-
mends providing basic mental health and psychosocial support for 
all persons with suspected or confirmed COVID-19,” respectively. 
For the statement “WHO recommends patients with mild COVID-19 
to,” 88.1, 96.9, and 75.4% of participants correctly identified symp-
tomatic treatment such as antipyretics for fever and pain, adequate 
nutrition, and appropriate rehydration, respectively.

Overall, knowledge was highest in the conceptual and treatment 
domains, whereas substantial gaps remained in transmission and 
symptom recognition.

Practice of HCWs regarding COVID-19

Overall, 182 (47.2%) HCWs demonstrated good practice toward 
COVID-19, whereas 204 (52.8%) exhibited poor practice according 
to the prespecified 70% cut-off (Figure 4). As presented in Table 4, 
adherence to recommended hand hygiene practices was reported by 
298 (77.2%) participants. Regarding WHO’s “Five Moments for 
Hand Hygiene,” the highest level of compliance was observed after 
touching a patient (85.8%), followed by before touching a patient 
(84.5%), after the risk of body fluid exposure (80.6%), and before 
clean/aseptic procedures (80.1%). Compliance with IPC standard 
precautions when in contact with any patient was reported by 252 
(65.3%) HCWs.

With respect to PPE, the highest proportion of participants 
reported routinely wearing gloves (79.0%), followed by medical/surgi-
cal masks (71.0%) and face shields (60.6%). Lower compliance was 
observed for gowns (53.9%), head covers (52.6%), coveralls (51.0%), 

and goggles/glasses (46.1%), with the latter representing the least fre-
quently used PPE item.

Regarding knowledge of the WHO-recommended number of 
hand hygiene moments, only 41 (10.6%) participants correctly identi-
fied the recommended five moments. By contrast, 142 (36.8%) par-
ticipants reported that they did not know the recommended number, 
and 120 (31.1%), 35 (9.1%), and 48 (12.4%) participants incorrectly 
reported three, four, and six moments, respectively.

Perception of HCWs regarding COVID-19

Figure 5 illustrates the overall perception of HCWs toward 
COVID-19. Overall, only 31 (8.0%) participants demonstrated a posi-
tive perception, whereas the vast majority, 355 (92.0%), exhibited a 
negative perception.

As shown in Table 5, HCWs’ perceptions varied across different 
aspects of the COVID-19 pandemic. Most participants recognized 
that COVID-19 could affect individuals of all age groups and indi-
cated their willingness to undergo isolation in healthcare facilities if 
infected. Although misconceptions remained regarding the availabil-
ity of an effective cure for COVID-19, most respondents acknowl-
edged the importance of quarantine, participation in 
COVID-19-related training programs, and adherence to social dis-
tancing measures.

Perceptions regarding the likelihood of recovery from COVID-19 
were not consistent, with a significant percentage of HCWs expressing 
neutral opinions. However, many HCWs reported their willingness to 
remain in their communities during the pandemic, participate in 
patient care programs, and contribute to national efforts aimed at con-
trolling the spread of COVID-19.

Furthermore, most participants indicated that they would encour-
age their family members and friends to adopt preventive measures 
against COVID-19 and recognized the important role of media in 

TABLE 3  (Continued)

Knowledge items Correct Incorrect/I do not 
know

n (%) n (%)

Gown 354 (91.7) 32 (8.3)

Gloves 378 (97.9) 8 (2.1)

Eye protection 355 (92.0) 31 (8.0)

Apron 340 (88.1) 46 (11.9)

Treatment

Is WHO recommend screening all persons at first point of contact with the health system 360 (93.3) 26 (6.7)

Patients with mild and moderate illness may not require emergency interventions or hospitalization 254 (65.8) 132 (34.2)

WHO recommend for severe COVID-19 patients to use cautious fluid management 307 (79.5) 79 (20.5)

WHO recommends providing basic mental health and psychosocial support for all persons with suspected or 

confirmed COVID-19
358 (92.7) 28 (7.3)

WHO recommends patients with mild COVID-19 to

Be given symptomatic treatment such as antipyretics for fever and pain 340 (88.1) 46 (11.9)

Have adequate nutrition 374 (96.9) 12 (3.1)

Have appropriate rehydration 291 (75.4) 95 (24.6)
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increasing public awareness. Although concerns about occupational 
exposure to infection were evident, only a small proportion of HCWs 
reported that such concerns would make them consider resigning 
from their jobs (Table 5).

Association between demographic 
characteristics and HCWs’ knowledge

A statistically significant association was found between the over-
all level of knowledge regarding COVID-19 and age, occupation, and 
years of experience (all p < 0.001). By contrast, no significant associa-
tion was observed between knowledge level and sex (p = 0.411), as 
shown in Table 6.

Association between demographic 
characteristics and HCWs’ practice

Table 7 presents the association between demographic character-
istics and HCWs’ practice toward COVID-19. A statistically signifi-
cant association was observed between the level of practice and sex 
(p = 0.020), age (p = 0.020), and professional category (p = 0.030). By 
contrast, no statistically significant associations were found between 
practice level and educational level (p = 0.190) or years of work experi-
ence (p = 0.440).

Association between demographic 
characteristics and HCWs’ perception

Table 8 summarizes the association between demographic char-
acteristics and HCWs’ perception of COVID-19. A statistically signifi-
cant association was observed only between age and perception level 
(p  = 0.020). No statistically significant associations were found 
between perception level and sex (p  = 0.310), educational level 
(p = 0.920), years of work experience (p = 0.480), and professional 
category (p = 0.630).

To account for the risk of false-positive findings arising from 
multiple comparisons, Benjamini–Hochberg (BH) correction was 
applied to the 15 chi-square tests examining associations between 
five demographic/professional characteristics and the three study 
outcomes (knowledge, practice, and perception). After BH adjust-
ment, age, occupation, educational level, and work experience 
remained significantly associated with knowledge (all adjusted 
p < 0.0038). For practice, sex and age remained statistically sig-
nificant (adjusted p = 0.0429 for both), whereas the association 
with professional occupation was no longer significant after cor-
rection (adjusted p = 0.0563). For perception, age remained sig-
nificantly associated with the outcome (adjusted p  = 0.0429), 
while sex, occupation, educational level, and work experience 
were not significant after adjustment. These findings indicate that 
most of the principal associations were robust to correction for 
multiple testing, although the originally significant association 
between occupation and practice should be interpreted cautiously 
(Table 9).

Environmental factors related to COVID-19 
preparedness

The environmental preparedness of the participating hospi-
tals was assessed using an observational checklist, and the find-
ings are presented in Table 10. Four of the five hospitals had 
adequate room ventilation, maintained appropriate spacing 
between patient beds, and ensured the availability of PPE. Three 
hospitals had an adequate supply of PPE and a well-equipped 
triage station at the hospital entrance. Only two hospitals 
ensured that patients with suspected COVID-19 wore face masks 
upon arrival and provided soap and water for hand hygiene. 
Universal masking policies were implemented in only one hos-
pital. Notably, none of the participating hospitals had alcohol-
based hand rubs readily available or negative-pressure isolation 
rooms for infection control.

FIGURE 4

Overall practice and perceptions of participants in relation to COVID-19.
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Multivariable logistic regression analysis

Multivariable logistic regression analysis identified several inde-
pendent predictors of the study outcomes (Table 11). The overall 
model for good knowledge was statistically significant (likelihood-
ratio χ2 = 78.04, df = 9, p < 0.001; McFadden’s R2 = 0.151). HCWs 
working at Zaid Hospital had significantly higher odds of demonstrat-
ing good knowledge than those working at Al-Thawrah Hospital 
(aOR = 5.03, 95% CI: 1.62–15.60, p = 0.005). Doctors also had sub-
stantially higher odds of good knowledge than other HCWs 
(aOR = 6.32, 95% CI: 3.11–12.84, p < 0.001). In addition, HCWs with 
more than 3 years of professional experience had higher odds of good 
knowledge than those with 1–3 years of experience (aOR = 2.65, 95% 
CI: 1.45–4.83, p = 0.001).

The multivariable model for good practice was also statistically 
significant (likelihood-ratio χ2  = 26.96, df = 9, p  = 0.001; 
McFadden’s R2  = 0.051). Compared with HCWs at Al-Thawrah 

Hospital, those working at Zaid Hospital had higher odds of good 
practice (aOR = 3.96, 95% CI: 1.21–12.92, p = 0.023), as did those 
working at Al-Kuwait Hospital (aOR = 1.99, 95% CI: 1.04–3.83, 
p = 0.038). Male HCWs had higher odds of good practice than 
female HCWs (aOR = 1.88, 95% CI: 1.22–2.91, p  = 0.004). 
Conversely, HCWs aged >25 years had lower odds of good practice 
than those aged 20–25 years (aOR = 0.56, 95% CI: 0.32–0.98, 
p = 0.041).

The overall model for positive perception was not statistically sig-
nificant (likelihood-ratio χ2 = 10.40, df = 9, p = 0.319; McFadden’s 
R2 = 0.048). Nevertheless, age was independently associated with per-
ception: HCWs aged >25 years had significantly lower odds of positive 
perception than those aged 20–25 years (aOR = 0.28, 95% CI: 0.10–
0.74, p = 0.011).

Sensitivity analysis of classification 
thresholds

Sensitivity analyses were performed to assess the robustness of the 
prespecified dichotomization thresholds using alternative cut-points 
corresponding to 60 and 75% of the maximum possible score 
(Table 12). For knowledge, 304 participants (78.8%) were classified as 
having good knowledge at the 60% threshold (≥28/46), compared 
with 152 (39.4%) at the original prespecified threshold of ≥33/46 
(70%) and 99 (25.6%) at the 75% threshold (≥35/46). For practice, 214 
participants (55.4%) met the 60% threshold (≥9/14), compared with 
182 (47.2%) at the original prespecified threshold of ≥10/14 (70%) 
and 151 (39.1%) at the 75% threshold (≥11/14).

For perception, 17 participants (4.4%) met the 60% threshold 
(≥45/75), compared with 31 participants (8.0%) at the original pre-
specified threshold of ≥51/75 and none (0.0%) at the 75% threshold 
(≥57/75). For reference, applying a strict 70% threshold to the percep-
tion scale (≥53/75) also resulted in 0 participants being classified as 
having a positive perception.

Overall, the proportion of participants classified as having good 
or positive outcomes varied substantially across alternative cut-points, 
particularly for knowledge and perception, indicating sensitivity of the 
classification to the selected threshold.

ROC-based empirical threshold derivation and diagnostic sensi-
tivity/specificity analyses were not performed because no independent 
external criterion or gold-standard outcome was available in the 
dataset.

Discussion

This study provides one of the few comprehensive evaluations of 
COVID-19 IPC measures among HCWs in public hospitals in Yemen, 
integrating their knowledge, practices, and perceptions KAP direct 
observations of institutional preparedness. To the authors’ knowledge, 
this study is among the first studies in the Yemeni context to combine 
individual-level behavioral assessments with facility-level environ-
mental observations, thereby providing a more comprehensive under-
standing of multiple factors influencing IPC implementation.

Overall, the findings reveal substantial deficiencies in COVID-19 
preparedness despite more than 3 years of experience managing the 
pandemic. Fewer than half of the participating HCWs demonstrated 
adequate overall knowledge, preventive practices were only 

TABLE 4  Distribution of healthcare worker practice regarding COVID-19 (n = 386).

Practice items Good practice Poor practice

n (%) n (%)

Do you follow 

recommended hand 

hygiene practices?

298 (77.2) 88 (22.8)

Do you use alcohol-based hand rub or soap and water in 
the following cases?

Before touching a patient 326 (84.5) 60 (15.5)

Before cleaning/aseptic 

procedures
309 (80.1) 77 (19.9)

After (risk of) body fluid 

exposure
311 (80.6) 75 (19.4)

After touching a patient 331 (85.8) 55 (14.2)

Do you follow IPC 

standard precautions 

when in contact with any 

patient?

252 (65.3) 134 (34.7)

Do you wear the following PPE when dealing with 
patients?

Medical/surgical mask 274 (71.0) 112 (29.0)

Face shield 234 (60.6) 152 (39.4)

Gloves 305 (79.0) 81 (21.0)

Goggles/glasses 178 (46.1) 208 (53.9)

Gown 208 (53.9) 178 (46.1)

Coverall 197 (51.0) 189 (49.0)

Head cover 203 (52.6) 183 (47.4)

What is the WHO-recommended number of hand hygiene 
moments for healthcare workers?

I do not know 142 (36.8%)

Three times 120 (31.1%)

Four times 35 (9.1%)

Five times 41 (10.6%)

Six times 48 (12.4)
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FIGURE 5

Forest plot of adjusted odds ratios for factors independently associated with good knowledge, good practice, and positive perception among 
healthcare workers.

TABLE 5  Summary of healthcare workers’ attitudes toward COVID-19.

Attitude items Positive
n (%)

Neutral
n (%)

Negative
n (%)

Mean ± (SD)

If the COVID-19 virus spread to the country, it will infect all ages 138 (35.8) 133 (34.5) 47 (12.2) 2.13 ± (1.12)

I will accept isolation in health facilities if I catch corona virus 164 (42.5) 138 (35.8) 32 (8.3) 1.99 ± (1.17)

I think there is a cure for the virus available on the market 36 (9.3) 55 (14.2) 96 (24.9) 3.36 ± (1.19)

I could go into quarantine with my family if asked 155 (40.2) 130 (33.7) 49 (12.7) 2.04 ± (1.14)

I am willing to participate in trainings for corona virus 207 (53.6) 115 (29.8) 47 (12.2) 1.68 ± (0.89)

I think social estrangement is necessary to limit the spread of the virus 242 (62.7) 103 (26.7) 30 (7.8) 1.52 ± (0.80)

I think traveling to a virus-free zone is an effective means to reduce infection 81 (21.0) 80 (20.7) 84 (21.8) 2.84 ± (1.31)

I think all patients are recovering from infection with COVID-19 44 (11.4) 97 (25.1) 113 (29.3) 2.90 ± (1.08)

I will stay in my area at the time of the COVID-19 pandemic 151 (39.1) 149 (38.6) 48 (12.4) 1.97 ± (1.05)

I will participate in programs related to the treatment and care of those infected with COVID-19 187 (48.4) 130 (33.7) 43 (11.1) 1.78 ± (0.95)

I think Yemen can win the fight against COVID-19 156 (40.4) 96 (24.9) 84 (21.8) 2.13 ± (1.19)

I will provide advice to friends and family about preventing COVID-19 258 (66.8) 106 (27.5) 19 (4.9) 1.40 ± (0.65)

I think the media can play a big role in reducing the infection 227 (58.8) 107 (27.7) 27 (7.0) 1.64 ± (0.97)

I will be afraid if someone in my residential area or around my work says he is sick with COVID-19 85 (22.0) 114 (29.5) 62 (16.1) 2.69 ± (1.32)

I may resign from my work in fear of being exposed to COVID-19 45 (11.7) 27 (7.0) 51 (13.2) 3.73 ± (1.32)
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moderate, and positive perceptions toward COVID-19 prevention 
remained uncommon. The observational assessment identified con-
siderable shortcomings in healthcare facility preparedness, including 
inadequate application of masking policies, limited availability of 
alcohol-based hand hygiene services, and the complete absence of 
isolation rooms. These findings indicate that important gaps persist 
at the individual and institutional levels.

HCWs represent the cornerstone of IPC because they are con-
tinuously exposed to respiratory pathogens in high-risk clinical envi-
ronments. Therefore, effective IPC depends not only on HCWs’ 
knowledge and adherence to evidence-based preventive practices but 
also on the availability of adequate institutional resources, supportive 
organizational policies, and a resilient healthcare infrastructure capa-
ble of responding to emerging infectious diseases (24). In 

TABLE 6  Association between demographic characteristics and healthcare workers’ knowledge toward COVID-19.

Characteristics Category Poor 
knowledge

n (%)

Good 
knowledge

n (%)

Total
n (%)

χ2 OR (95% 
CI)

p value

Sex
Male 104 (58.4%) 74 (41.6%) 178 (100%)

0.67
0.84 (0.56–

1.27)
0.411Female 130 (62.5%) 78 (37.5%) 208 (100%)

Total 234 (60.6%) 152 (39.4%) 386 (100%)

Age groups (years)
˃25 115 (50.9%) 111 (49.1%) 226 (100%)

21.36
0.36 (0.23–

0.55)
<0.00120–25 119 (74.4%) 41 (25.6%) 160 (100%)

Total 234 (60.6%) 152 (39.4%) 386 (100%)

Occupation/profession
Doctor 20 (8.5%) 55 (36.2%) 75 (19.4%)

44.9
0.17 (0.09–

0.29)

<0.001

Other HCWs 214 (91.5%) 97 (63.8%) 311 (80.6%)

Total 234 (100%) 152 (100%) 386 (100%)

Work experience (years)
˃3 103 (52.0%) 95 (48.0%) 198 (100%)

12.6
0.47 (0.31–

0.72)

<0.001

1–3 131 (69.7%) 57 (30.3%) 188 (100%)

Total 234 (60.6%) 152 (39.4%) 386 (100%)

Educational level
Graduate 93 (48.9%) 97 (51.10%) 190 (100%)

21.36
0.37 (0.24–

0.57)

<0.001

Undergraduate 141 (71.90%) 55 (28.10%) 196 (100%)

Total 234 (60.6%) 152 (39.4%) 386 (100%)

Data are presented as n (%). χ2, chi-square test; OR, odds ratio; CI, confidence interval. Statistical significance was considered at p < 0.05.

TABLE 7  Association between demographic characteristics and healthcare workers’ practice toward COVID-19.

Characteristic Category Bad practice
n (%)

Good 
practice
n (%)

Total χ2 OR (95% 
CI)

p

Sex
Male 68 (38.20%) 110 (61.80%) 178 (100%)

5.40
0.62 (0.41–

0.93)
0.020*Female 104 (50.0%) 104 (50.0%) 208 (100%)

Total 172 (44.60%) 214 (55.4.00%) (100%) 386

Age groups (years)
˃25 112 (49.60%) 114 (50.40%) 226 (100%)

5.51
1.61 (1.05–

2.47)
0.020*20–25 60 (37.5%) 100 (62.5%) 160 (100%)

Total 172 (44.6%) 214 (55.4%) (100%) 386

Educational level
Graduate 91 (47.90%) 99 (52.10%) 190 (100%)

1.68
1.31 (0.87–

1.95)
0.190Undergraduate 81 (41.30%) 115 (58.70) 196 (100%)

Total 172 (44.60%) 214 (55.4%) (100%) 386

Occupation/profession
Doctor 42 (24.4%) 33 (15.4%) 75 (19.4%)

4.93

1.77 (1.07–

2.95) 0.030*Other HCWs 130 (75.6%) 181 (84.6%) 214 (100%)

Total 172 (100%) 214 (100%) 386 (100%)

Work experience (years)
˃3 92 (46.50%) 106 (53.5%) 198 (100%)

0.60

1.17 (0.78–

1.75) 0.4401–3 80 (42.60%) 108 (57.40%) 188 (100%)

Total 172 (44.6%) 214 (55.40%) 386 (100%)

Data are presented as n (%). χ2, chi-square test; OR, odds ratio; CI, confidence interval. p < 0.05 indicates statistical significance. Bold values indicate statistically significant results (P < 0.05).
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resource-constrained and conflict-affected health systems such as 
Yemen, deficiencies across these interconnected domains may con-
siderably increase the risk of occupational exposure, healthcare-
associated transmission, and disruption of essential healthcare 
services during future infectious disease outbreaks.

Knowledge on COVID-19 among HCWs

Fewer than half of the participating HCWs achieved an adequate 
overall level of knowledge regarding COVID-19, with only 39.7% 
meeting the predefined threshold for good knowledge. While partici-
pants demonstrated relatively satisfactory knowledge of the disease 
concept (61.9%) and treatment recommendations (54.5%), consider-
able deficiencies were identified in other knowledge domains, particu-
larly the modes of SARS-CoV-2 transmission, where only 7.5% 
demonstrated adequate knowledge. Overall, these findings suggest 
that HCWs possessed a better understanding of the clinical aspects of 
COVID-19 than of the infection prevention and transmission prin-
ciples required for the effective application of IPC measures.

Among the assessed knowledge domains, the concept of COVID-
19 showed the highest rate of correct responses. Most participants 
correctly identified COVID-19 as an infectious disease and recognized 
the importance of isolating suspected cases. This relatively reasonable 
performance may reflect extensive public health campaigns, continu-
ous media coverage, and the widespread dissemination of WHO rec-
ommendations throughout the pandemic. Similar findings were 
reported in a study conducted earlier in Yemen, in which HCWs dem-
onstrated good awareness of the basic characteristics of COVID-19 
despite working in a conflict-affected healthcare system (21). 
Systematic evidence from low- and middle-income countries indicates 
that HCWs generally possess stronger conceptual knowledge than 
operational IPC knowledge (16). However, misconceptions regarding 
disease severity and clinical classification persisted among a 

substantial proportion of participants, suggesting that general aware-
ness alone is insufficient to ensure comprehensive understanding of 
evolving clinical definitions.

In contrast to the relatively satisfactory conceptual knowledge, the 
participants demonstrated remarkably poor knowledge regarding the 
transmission of SARS-CoV-2. Although most HCWs correctly identi-
fied respiratory droplets as the primary route of transmission, miscon-
ceptions regarding airborne, waterborne, bloodborne, foodborne, and 
fomite transmissions remained. These findings likely reflect the rap-
idly evolving scientific evidence and frequent revisions of recommen-
dations during the early stages of the pandemic, which may have 
created uncertainty among frontline HCWs. Still, inconsistent dis-
semination of updated IPC guidelines within healthcare institutions 
may have contributed to the persistence of these misconceptions.

The findings are partially consistent with those reported earlier in 
Yemen (21), that is, although HCWs demonstrated generally satisfac-
tory overall knowledge of COVID-19, important gaps remained in 
specific areas related to disease preparedness and infection control. 
The variances between the two studies may be explained by differences 
in the assessment tools, scoring criteria, healthcare settings, and the 
evolving nature of scientific evidence regarding SARS-CoV-2 trans-
mission throughout the pandemic. This study evaluated detailed and 
comprehensive transmission dynamics routes such as airborne, 
fomite, foodborne, and bloodborne.

Moreover, prolonged healthcare system fragmentation, limited 
access to continuing professional education, and inconsistent imple-
mentation of national IPC policies may have further contributed to 
these knowledge gaps among Yemeni HCWs. Previous reports have 
shown that years of armed conflict have substantially weakened 
Yemen’s healthcare infrastructure, reducing opportunities for continu-
ous training and limiting institutional capacity to implement updated 
infection prevention recommendations (19).

Similar deficiencies have been documented in recent systematic 
reviews, which reported persistent gaps in HCWs’ understanding of 

TABLE 8  Association between demographic characteristics and healthcare workers’ perception toward COVID-19.

Characteristic Category Positive 
perception

n (%)

Negative 
perception

n (%)

Total
n (%)

χ2 OR (95% 
CI)

p value

Sex
Male 17 (9.60%) 161 (90.40%) 178 (100%)

1.03
1.46 (0.70–

3.06)
0.312Female 14 (6.70%) 194 (93.30%) 208 (100%)

Total 31 (8.00%) 355 (92.00%) 386 (100%)

Age groups (years)
˃25 12 (5.30%) 214 (94.70%) 226 (100%)

5.477
0.42 (0.20–

0.88)
0.020*20–25 19 (11.9%) 141 (88.10%) 160 (100%)

Total 31 (8.00%) 355 (92.00%) 386 (100%)

Educational level
Graduate 15 (7.9%) 175 (92.1%) 190 (100%)

0.01
0.97 (0.46–

2.01)
0.923Undergraduate 16 (8.2%) 180 (91.8) 196 (100%)

Total 31 (8.00%) 355 (92.00%) 386 (100%)

Occupation/profession
Doctor 5 (16.1%) 70 (19.7%) 75 (100%)

0.23
0.78 (0.29–

2.11)
0.633Other HWs 26 (83.9%) 285 (80.3%) 355 (100%)

Total 31 (100%) 355 (100%) 386 (100%)

Work experience (years)
˃3 14 (7.1%) 184 (92.9%) 198 (100%)

0.51
0.77 (0.37–

1.60)
0.4861–3 17 (9.00%) 171 (91.00%) 188 (100%)

Total 31 (8.0%) 355 (92.00%) 386 (100%)

Data are presented as n (%). χ2, chi-square test; OR, odds ratio; CI, confidence interval. Statistical significance was defined as p < 0.05. Bold values indicate statistically significant results (p < 0.05).
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SARS-CoV-2 transmission despite generally acceptable awareness of 
the disease itself. These reviews concluded that inadequate knowledge 
of transmission pathways is associated with inconsistent adherence to 
PPE recommendations, suboptimal implementation of IPC measures, 
and an increased risk of occupational and healthcare-associated trans-
mission (16, 25).

Knowledge regarding the clinical manifestations of COVID-19 
varied considerably across symptom categories. HCWs correctly rec-
ognized the classic respiratory symptoms, including fever, cough, 
altered taste, malaise, headache, and myalgia or muscle aches. This 
discrepancy is understandable because public health messaging, clini-
cal guidelines, and HCW training during the early stages of the pan-
demic primarily emphasized respiratory symptoms and severe disease, 
whereas awareness of extrapulmonary manifestations expanded only 
as additional clinical evidence accumulated (18, 23, 26).

The study findings are broadly consistent with those reported in a 
previous Yemeni study, which demonstrated satisfactory knowledge 
on the common clinical features of COVID-19 among HCWs but 
identified important gaps in disease preparedness and several aspects 
of COVID-19-related knowledge. Though that study did not 

specifically evaluate recognition of atypical appearances, both studies 
suggest that HCWs’ knowledge was stronger for respiratory symptoms 
than for less often encountered clinical appearances (21).

These findings are also supported by international evidence. A 
systematic review reported that HCWs consistently demonstrated 
better recognition of common COVID-19 symptoms than atypical or 
extrapulmonary manifestations, reflecting the emphasis of early IPC 
education on respiratory disease (16). Similarly, recent reviews have 
shown that recognition of non-respiratory manifestations, including 

TABLE 9  Environmental factors related to COVID-19 preparedness (N = 5).

Assessed item Yes, n (%) No, n (%)

Are there negative-pressure 

infection isolation rooms?
0 (0.0) 5 (100.0)

Is alcohol-based hand rub 

easily available (i.e., at the 

point of care) for hand 

hygiene within the 

healthcare facility?

0 (0.0) 5 (100.0)

Does the healthcare facility 

adopt a universal masking 

policy for all HWs?

1 (20.0) 4 (80.0)

Are soap and water 

available for hand hygiene 

within the healthcare 

facility?

2 (40.0) 3 (60.0)

Is a medical mask fitted to 

patients with suspected 

SARS-CoV-2 infection 

upon arrival at the 

healthcare facility?

2 (40.0) 3 (60.0)

Does the healthcare facility 

have a well-equipped triage 

station at the entrance?

3 (60.0) 2 (40.0)

Is PPE available in sufficient 

quantity in the healthcare 

facility?

3 (60.0) 2 (40.0)

Does the healthcare facility 

have PPE available?
4 (80.0) 1 (20.0)

Is there is a suitable 

distance between each bed?
4 (80.0) 1 (20.0)

Is there adequate ventilation 

in the isolation rooms?
4 (80.0) 1 (20.0)

TABLE 10  Multivariable predictors of good knowledge, good practice, and positive perception 

among healthcare workers.

Outcome Predictor Adjusted 
OR

95% 
CI

p

Good 

knowledge

Zaid vs. Al-

Thawrah

5.03 1.62–

15.60

0.005

Doctor vs. 

other HCWs

6.32 3.11–

12.84

<0.001

>3 years vs. 

1–3 years

2.65 1.45–

4.83

0.001

Good practice Zaid vs. Al-

Thawrah

3.96 1.21–

12.92

0.023

Al-Kuwait vs. 

Al-Thawrah

1.99 1.04–

3.83

0.038

Male vs. female 1.88 1.22–

2.91

0.004

>25 vs. 20–

25 years

0.56 0.32–

0.98

0.041

Positive 

perception

>25 vs. 20–

25 years

0.28 0.10–

0.74

0.011

Model LR χ2 Df Overall p McFadden 
R2

Good 

knowledge
78.04

9
<0.001 0.151

Good practice 26.96 9 0.001 0.051

Positive 

perception

10.40 9
0.319 0.048

TABLE 11  Sensitivity analysis of alternative classification thresholds.

Domain Original 
cut-off

60% cut-
off

75% cut-off

Knowledge (46 

points)

≥33/46 → 152 

(39.4%)

≥28/46 → 304 

(78.8%)

≥35/46 → 99 

(25.6%)

Practice (14 

points)

≥10/14 → 182 

(47.2%)

≥9/14 → 214 

(55.4%)

≥11/14 → 151 

(39.1%)

Perception (75 

points)

≥51/75 → 31 

(8.0%)

≥45/75 → 17 

(4.4%)

≥57/75 → 0 

(0.0%)

The original cut-offs were prespecified in the study scoring protocol. For knowledge and 
practice, the primary threshold was ≥70% of the maximum score. For perception, the 
prespecified threshold was ≥51/75. Alternative thresholds corresponding to 60 and 75% of 
the maximum possible score were evaluated in sensitivity analyses. Because no independent 
external criterion or gold-standard outcome was available, ROC-based empirical threshold 
derivation and sensitivity/specificity analyses were not performed. Bold values indicate 
statistically significant results (P < 0.05).
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dermatological, neurological, gastrointestinal, and ophthalmological 
symptoms, improved only after accumulating evidence established the 
multisystem nature of SARS-CoV-2 infection (16, 27).

Failure to identify atypical clinical signs may delay early diagnosis, 
patient isolation, diagnostic testing, and application of appropriate 
prevention and control measures, thereby increasing the risk of HCW-
associated transmission. This concern is mainly related in resource-
constrained and conflict-affected healthcare systems, such as Yemen, 
where inadequate diagnostic capacity, shortages of healthcare 
resources, and fragmented health services make early clinical recogni-
tion an essential component of outbreak response (19). So, continuous 
development programs should extend beyond the recognition of clas-
sic respiratory symptoms to include atypical and emerging clinical 
signs, ensuring that HCWs remain ready to identify evolving presen-
tations of COVID-19 and future emerging infectious diseases.

In relation to knowledge of transmission and clinical manifesta-
tions, most HCWs in the present study correctly recognized hand 
hygiene and personal protective measures as effective strategies to 
prevent COVID-19 transmission (95%). Appropriate use of PPE, 
including respirators, gloves, gowns, and eye protection, was generally 
high, with correct response rates ranging from 88.1 to 97.9%. These 
findings suggest that repeated public health messaging and IPC cam-
paigns during the pandemic successfully reinforced awareness of fun-
damental preventive interventions among HCWs. Similar remarks 
have been reported globally, where HCWs frequently verified better 
knowledge of preventive strategies than other domains of COVID-19 
knowledge, reflecting the extensive emphasis placed on hand hygiene, 
PPE, sharp safety, respiratory hygiene, injection safety, sterilization of 
instruments and devices, and environmental cleanliness (16, 28).

However, despite this relatively favorable level of preventive 
knowledge, some uncertainty persisted regarding specific recommen-
dations, mainly mask use among asymptomatic individuals and tri-
age-related precautions (29, 30). This discrepancy may reflect the 
dynamic nature of COVID-19 situations, which evolved considerably 
as evidence regarding viral transmission, asymptomatic infection, and 

aerosol-generating procedures accumulated. Frequent changes in 
international guidance, combined with inconsistent institutional dis-
semination of updated IPC protocols, may have contributed to confu-
sion among frontline HCWs (3). Previous studies have similarly 
emphasized that maintaining HCW competency during emerging 
infectious disease outbreaks requires continuous education rather 
than one-time training interventions, particularly when recommenda-
tions change rapidly (16, 17, 31).

The fairly satisfactory knowledge of PPE-related prevention mea-
sures should be interpreted cautiously because knowledge does not 
always translate into reliable clinical practice. Although PPE knowl-
edge was high, actual adherence to several PPE items were suboptimal, 
particularly for gowns, eye protection, and coveralls. This finding 
highlights the well-recognized gap between awareness and implemen-
tation of IPC measures. Previous systematic reviews have verified that 
PPE compliance among HCWs is influenced by factors such as the 
availability of equipment, comfort, workload, perceived occupational 
risk, and workplace safety (17, 32, 33).

In the context of Yemen, these findings are particularly relevant 
because prolonged conflict and healthcare system fragmentation have 
negatively affected the availability of infection prevention resources, 
continuous training opportunities, and implementation of standard-
ized IPC policies. Therefore, improving preventive practices requires 
not only strengthening HCWs’ knowledge but also addressing orga-
nizational and structural barriers through reliable PPE supply chains, 
regular competency-based IPC training, effective supervision, and 
updated institutional guidelines (3, 18, 19, 34). A sustainable preven-
tion strategy should integrate individual behavioral change with sup-
portive healthcare system interventions to enhance preparedness for 
future respiratory infectious disease outbreaks.

The participants in this study demonstrated relatively satisfactory 
knowledge regarding supportive management of COVID-19, particu-
larly in relation to patient screening at the first point of healthcare 
contact, symptomatic management, nutritional support, and psycho-
social care. This finding may reflect the extensive dissemination of 

TABLE 12  Benjamini–Hochberg-adjusted p-values for associations between demographic characteristics and knowledge, practice, and perception.

Outcome Demographic factor Original p-value BH-adjusted p-value Significance after BH 
correction

Knowledge Age <0.001 <0.0038 Significant

Sex 0.411 0.550 Not significant

Occupation <0.001 <0.0038 Significant

Educational level <0.001 <0.0038 Significant

Work experience <0.001 <0.0038 Significant

Practice Sex 0.020 0.0429 Significant

Age 0.020 0.0429 Significant

Occupation 0.030 0.0563 Not significant

Educational level 0.190 0.3167 Not significant

Work experience 0.440 0.550 Not significant

Perception Age 0.020 0.0429 Significant

Sex 0.310 0.4650 Not significant

Educational level 0.920 0.9200 Not significant

Work experience 0.480 0.5538 Not significant

Occupation 0.630 0.6750 Not significant
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WHO clinical management guidelines during the pandemic, together 
with the progressive accumulation of clinical experience among 
HCWs through successive waves of SARS-CoV-2 infection. Similar 
observations have been reported in previous studies, where HCWs 
showed better knowledge of basic COVID-19 management principles 
than the more complex aspects of clinical decision-making, suggesting 
that repeated exposure to standardized recommendations can improve 
awareness of essential treatment strategies (3, 22, 35).

The high level of recognition of screening and early assessment 
measures observed in this study is particularly important because 
timely identification and clinical evaluation of suspected cases repre-
sent critical components of outbreak control and patient management. 
WHO recommendations have emphasized the importance of early 
triage, severity assessment, and appropriate referral pathways to pre-
vent clinical deterioration and reduce healthcare-associated transmis-
sion (3, 23, 36, 37). In resource-limited settings where diagnostic 
capacity and critical care resources may be constrained, effective 
screening and early clinical assessment become more essential com-
ponents of pandemic preparedness.

Despite satisfactory knowledge of several supportive care mea-
sures, important gaps were identified regarding the management of 
mild and moderate COVID-19 and fluid management in severe cases. 
These deficiencies may indicate limited understanding of evolving 
clinical management recommendations, particularly as treatment 
strategies changed substantially throughout the pandemic with emerg-
ing evidence regarding disease severity, oxygen requirements, antiviral 
therapies, and supportive interventions. Previous research has high-
lighted that HCWs in low- and middle-income countries frequently 
experience challenges in maintaining updated knowledge during rap-
idly evolving outbreaks due to limited access to continuing medical 
education, inconsistent dissemination of updated guidelines, and 
healthcare system constraints (16, 17, 37).

The observed uncertainty regarding fluid management in severe 
COVID-19 cases is clinically relevant because inappropriate fluid 
administration may contribute to worsening respiratory compromise, 
particularly among patients with severe pneumonia or acute respira-
tory distress syndrome. Current clinical guidelines recommend cau-
tious fluid management in critically ill patients to avoid fluid overload 
and associated adverse outcomes (13). Therefore, targeted compe-
tency-based training focusing on severity assessment, supportive 
management principles, and updates in evidence-based treatment 
protocols remains essential to improve HCWs’ preparedness for future 
respiratory infectious disease emergencies.

In the context of Yemen, maintaining adequate clinical knowledge 
represents a considerable challenge due to prolonged conflict, frag-
mentation of healthcare services, shortages of trained personnel, and 
limited opportunities for continuous professional development. These 
systemic challenges have weakened healthcare capacity and restricted 
the implementation of updated clinical guidelines during health emer-
gencies (19). Consequently, improving treatment-related preparedness 
requires not only individual knowledge enhancement but also sustain-
able institutional strategies, including regular clinical training pro-
grams, access to updated WHO recommendations, and strengthening 
healthcare system resilience.

COVID-19 IPC practices of HCWs

This study demonstrated that 55.4% of HCWs exhibited good IPC 
practice toward COVID-19, indicating a moderate level of adherence 

to recommended preventive measures and highlighting a persistent 
gap in the consistent implementation of evidence-based IPC practices 
among HCWs, particularly within resource-constrained healthcare 
systems. Comparable levels of preventive practice have been reported 
across several countries in the Middle East and Africa, where HCWs 
frequently faced shortages of infection control resources, inconsistent 
access to updated IPC training, and high clinical workloads through-
out the pandemic (21, 38–40). These similarities suggest that the chal-
lenges observed in the present study reflect broader systemic 
constraints affecting healthcare systems across low- and middle-
income settings rather than isolated institutional deficiencies.

Overall, preventive practice exceeded the overall knowledge level 
observed in this study, suggesting that HCWs’ behavior was influ-
enced by not only theoretical knowledge but also institutional regula-
tions, workplace culture, routine supervision, and mandatory 
infection control protocols. Adherence to IPC measures is reinforced 
through organizational policies and continuous monitoring, enabling 
acceptable compliance even when comprehensive theoretical under-
standing is limited. This observation is consistent with behavioral 
models of infection prevention, which recognize organizational sup-
port, perceived occupational risk, and institutional safety culture as 
major causes of IPC compliance alongside knowledge (41).

Hand hygiene represented one of the strongest aspects of pre-
ventive practice, with 77.2% of the participants reporting appropri-
ate hand hygiene behavior. This high level of compliance likely 
reflects the extensive emphasis placed on hand hygiene throughout 
the pandemic because it remains one of the most effective and cost-
efficient strategies for preventing HCW-associated infections and 
limiting viral transmission (16). Similar progresses in hand hygiene 
compliance have been reported among HCWs in Saudi Arabia, 
Ethiopia, and Uganda following intensified infection prevention 
campaigns during the pandemic, although deficiencies in knowl-
edge of evidence-based hand hygiene recommendations remained 
common (16, 40, 42).

Although most of the participants routinely performed hand 
hygiene, only 10.6% correctly identified WHO’s “Five Moments for 
Hand Hygiene.” This finding suggests that hand hygiene may have 
become a habitual workplace behavior driven by institutional expecta-
tions rather than a practice supported by a comprehensive under-
standing of evidence-based IPC principles. Similar discrepancies 
between practical compliance and theoretical knowledge have been 
reported among HCWs in several low- and middle-income countries, 
emphasizing the importance of competency-based educational pro-
grams that strengthen conceptual understanding and practical appli-
cation (16, 43).

By contrast, the adherence to PPE recommendations was incon-
sistent across types of protective equipment. Gloves and surgical 
masks demonstrated the highest utilization rates, whereas compliance 
with gowns, eye protection, coveralls, and head covers remained low. 
While inadequate PPE availability likely contributed to these findings, 
factors such as inconsistent institutional enforcement of IPC policies, 
discomfort associated with prolonged PPE use, heavy clinical work-
loads, staff fatigue, and variations in perceived occupational risk may 
have influenced adherence. Similar patterns have been documented 
in healthcare facilities across Yemen and other low-resource settings 
in the Middle East and sub-Saharan Africa, where shortages of PPE, 
disrupted supply chains, and limited institutional preparedness sub-
stantially affected HCWs’ ability to fully comply with recommended 
IPC measures (17, 44). These findings indicate that inadequate PPE 
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compliance during the pandemic was driven by not only individual 
behavior but also structural and organizational constraints.

Collectively, these findings suggest that improving HCWs’ knowl-
edge alone is unlikely to achieve sustained improvements in infection 
prevention practices. Instead, effective IPC requires a multifaceted 
strategy that integrates continuous professional education, compe-
tency-based training, reliable availability of PPE, supportive institu-
tional leadership, regular supervision, and organizational cultures that 
prioritize patients’ and HCWs’ safety. Such comprehensive interven-
tions are particularly critical in fragile healthcare systems, including 
Yemen and other conflict-affected countries, where resource con-
straints, workforce shortages, and disruptions to healthcare infrastruc-
ture may further hinder adherence to evidence-based infection 
prevention practices.

Perception of HCWs regarding COVID-19

Despite generally acceptable responses to several individual per-
ception items, the overall perception score was predominantly nega-
tive, with only 8.0% of HCWs demonstrating a positive perception 
toward COVID-19 IPC. This discrepancy suggests that although par-
ticipants agreed with specific preventive measures, their overall con-
fidence, risk perception, and attitudes toward COVID-19 prevention 
remained suboptimal. Similar findings have been reported among 
HCWs in low- and middle-income countries, where fear of infection, 
inadequate institutional support, uncertainty regarding evolving 
guidelines, and prolonged occupational stress negatively influenced 
HCWs’ perceptions despite reasonable knowledge of preventive mea-
sures (16, 39, 45).

Interestingly, most participants expressed willingness to undergo 
isolation if infected, participate in training programs, adhere to social 
distancing measures, and educate family members about COVID-19 
prevention. These findings indicate a generally positive attitude toward 
personal and community responsibility despite the low overall percep-
tion score. Such willingness may reflect HCWs’ professional commit-
ment and recognition of their public health role during infectious 
disease outbreaks.

Conversely, misconceptions regarding the availability of an effec-
tive cure and uncertainty about recovery from COVID-19 remained 
common. This finding may reflect the rapidly evolving scientific evi-
dence available during the pandemic and the inconsistent dissemina-
tion of updated recommendations within healthcare institutions. 
Moreover, prolonged exposure to pandemic-related stress, limited 
institutional preparedness, and working under resource-constrained 
conditions may have contributed to reduced confidence in healthcare 
systems and negatively affected overall perceptions.

Association between demographic 
characteristics and knowledge, practice, 
and perception

This study demonstrated that HCWs’ knowledge was significantly 
associated with age, educational level, professional category, and years 
of experience [Table 4]. Older HCWs, those with higher educational 
qualifications, physicians, and participants with longer professional 
experience demonstrated significantly better knowledge. These find-
ings are consistent with previous studies (21, 25, 38, 40) suggesting 
that accumulated clinical experience, postgraduate education, and 
greater exposure to continuing professional development contribute 

to improved understanding of infectious disease prevention and 
control.

Practice was significantly associated with sex, age, and profes-
sional category, with younger HCWs demonstrating better preventive 
practices despite having lower knowledge scores. This finding may 
indicate that recently trained HCWs are more likely to adhere to cur-
rent IPC recommendations because of greater familiarity with updated 
infection control protocols and recent educational curricula empha-
sizing evidence-based practice.

Regarding perception, only age showed a statistically significant 
association. This finding recommends that perceptions toward 
COVID-19 are influenced by not only professional background but 
also personal practices, mental resilience, workplace culture, institu-
tional support, and perceived occupational risk, which are factors that 
have consistently been identified in recent systematic reviews examin-
ing HCWs during the COVID-19 pandemic (46–49).

Organizational and environmental factors

A substantial deficiency was found in institutional preparedness 
for COVID-19 IPC across the participating hospitals. None of the 
hospitals had negative-pressure isolation rooms or alcohol-based hand 
rub available at the point of care, and only one hospital had imple-
mented a universal masking policy. Moreover, routine COVID-19 
screening strategies for HCWs and COVID-19-specific IPC guidelines 
were absent across all participating hospitals. These findings indicate 
considerable structural limitations that likely reduced HCWs’ ability 
to consistently comply with recommended IPC measures.

Although adequate ventilation, appropriate patient bed spacing, 
and general PPE availability were observed in most hospitals, the 
availability of PPE in sufficient quantities remained inconsistent, and 
only a minority of hospitals ensured access to soap and water or pro-
vided face masks to patients upon arrival. These findings suggest that 
partial application of IPC infrastructure alone is insufficient to achieve 
ideal infection prevention without comprehensive institutional poli-
cies, continuous supply chains, and organizational commitment.

The organizational deficiencies identified in this study are consis-
tent with previous evidence from conflict-affected and resource-lim-
ited healthcare systems, where shortages of essential supplies, 
fragmented health services, insufficient IPC governance, and inade-
quate training substantially compromise HCWs’ adherence to IPC 
measures (17, 19, 23, 44, 50–52).

Years of armed conflict have further weakened Yemen’s healthcare 
infrastructure, making sustained implementation of evidence-based 
IPC recommendations particularly challenging. Thus, strengthening 
institutional preparedness should be considered a priority alongside 
improving HCWs’ knowledge and behavior. Continuous IPC training, 
implementation of updated guidelines, reliable availability of PPE and 
hand hygiene resources, establishment of effective screening systems, 
and strengthened administrative support are essential to improve pre-
paredness for future respiratory infectious disease outbreaks.

Strengths and limitations

A major strength of this study is the inclusion of healthcare pro-
fessionals from diverse occupational categories across five public hos-
pitals, enabling a comprehensive assessment of knowledge, IPC 
practices, and perceptions and facilitating the identification of areas 
requiring targeted improvement. The use of stratified random 
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sampling across hospitals and professional categories enhanced rep-
resentation of the participating HCWs within the study setting. In 
addition, the use of an observational checklist alongside the self-
administered questionnaire provided complementary information on 
institutional, environmental, and organizational IPC conditions. The 
study also incorporated several analytical procedures to assess the 
robustness of the findings, including multivariable logistic regression, 
Benjamini–Hochberg correction for multiple comparisons, sensitivity 
analyses using alternative dichotomization thresholds, and post hoc 
assessment of domain-specific internal consistency and item-level 
performance.

Nevertheless, several limitations should be considered. First, the 
cross-sectional design precludes establishing causal relationships 
between participants’ characteristics and their knowledge, practices, 
or perceptions. Associations identified in this study should therefore 
be interpreted as correlational rather than causal.

Second, reliance on a self-administered questionnaire may 
have introduced recall and social-desirability bias, potentially 
resulting in overestimation of reported IPC practices. Although an 
observational checklist was used to provide complementary infor-
mation, it primarily assessed institutional, environmental, and 
organizational IPC conditions rather than systematically observing 
individual-level adherence to IPC behaviors. Therefore, these 
observations should not be considered a direct validation of par-
ticipants’ self-reported practices.

Third, although stratified random sampling was used across 
hospitals and professional categories, the study was limited to five 
selected public hospitals in Sana’a City. Therefore, the findings may 
not be fully generalizable to HCWs in other hospitals, healthcare 
sectors, or geographical regions of Yemen. Because proportional 
allocation was incorporated into the sampling design, no sampling 
or post-stratification weights were applied in the analysis. 
Consequently, the findings reflect the observed study sample and 
may not precisely reproduce the distribution of HCWs across the 
broader healthcare workforce. In addition, potential nonresponse 
bias cannot be excluded. Questionnaires were distributed during 
both morning and evening shifts to improve coverage of HCWs 
with different work schedules; however, individual-level informa-
tion on nonrespondents was unavailable. Therefore, systematic dif-
ferences between respondents and eligible HCWs who declined 
participation or were unavailable cannot be ruled out, particularly 
with respect to workload, IPC training, professional responsibili-
ties, knowledge, or practices.

Fourth, age and professional experience were categorized into two 
broad groups for the primary analyses. Although these predefined 
categories were applied consistently and sensitivity analyses were per-
formed for the outcome classification thresholds, the dichotomization 
of age and experience may have resulted in loss of information and 
may have obscured potentially meaningful gradients within these 
variables. Accordingly, associations involving age and professional 
experience should be interpreted with caution, and future studies 
should examine these variables using more detailed, empirically justi-
fied categories or as continuous variables where appropriate.

Fifth, the evolving nature of COVID-19 evidence and IPC recom-
mendations during the pandemic may have influenced HCWs’ knowl-
edge, practices, and perceptions at the time of data collection. The 
findings should therefore be interpreted within the specific epidemio-
logical and healthcare context of Yemen during September–
November 2023.

Sixth, although multiple statistical comparisons were considered 
in the analysis, the relatively large number of demographic-outcome 
comparisons remains a potential source of false-positive findings. To 
address this issue, the Benjamini–Hochberg procedure was applied to 
the 15 chi-square tests examining associations between five demo-
graphic/professional characteristics and the three primary outcomes. 
Most of the principal associations remained statistically significant 
after correction; however, the initially significant association between 
professional category and practice did not remain significant after 
adjustment. Therefore, findings that were sensitive to multiplicity cor-
rection should be interpreted cautiously.

Seventh, although multivariable logistic regression was performed 
to adjust for several potential confounding variables, the models 
included hospital as a fixed effect rather than explicitly modelling the 
hierarchical structure of HCWs nested within hospitals. Consequently, 
potential within-hospital correlation may not have been fully 
accounted for, and residual clustering effects cannot be completely 
excluded. In addition, the relatively small number of hospitals (five) 
limits the feasibility and reliability of more complex multilevel model-
ling approaches. The multivariable models should therefore be inter-
preted as adjusted associations rather than definitive causal effects.

Eighth, the post hoc domain-specific reliability analyses indicated 
variable internal consistency across the predefined knowledge 
domains, with particularly low Cronbach’s alpha coefficients for the 
prevention and treatment domains. These domains were developed 
primarily as content domains rather than independently validated 
psychometric subscales; therefore, their alpha coefficients should be 
interpreted cautiously. Similarly, the transmission-domain item analy-
sis identified substantial heterogeneity in item performance. These 
findings highlight areas for refinement of the questionnaire in future 
studies but do not by themselves establish inadequate content validity.

Ninth, sensitivity analyses demonstrated that the proportion of 
participants classified as having good knowledge, good practice, or 
positive perception varied substantially according to the selected 
dichotomization threshold, particularly for knowledge and percep-
tion. Because no independent external criterion or gold-standard out-
come was available, ROC-based empirical threshold derivation and 
diagnostic sensitivity/specificity analyses could not be performed. The 
findings should therefore be interpreted in light of the prespecified 
primary thresholds and the observed sensitivity to alternative 
cut-points.

Finally, the observational checklist was study-specific and was not 
based primarily on the WHO infection prevention and control assess-
ment framework (IPCAF), and formal inter-rater reliability was not 
assessed during the original data collection. Although observers 
received standardized instructions and the same assessment proce-
dures were applied across hospitals, measurement variability in the 
observational component cannot be completely excluded.

Future studies should address these limitations through larger, 
multicenter investigations involving hospitals from different geo-
graphical regions and healthcare sectors to improve the generaliz-
ability of the findings. Longitudinal studies with repeated 
assessments would help evaluate changes in HCWs’ preparedness 
and determine the sustained effects of IPC training and institutional 
interventions. Structured and repeated direct observation of indi-
vidual IPC behaviors, particularly hand hygiene and appropriate 
PPE use, would provide stronger triangulation of self-reported 
practices and enable more objective assessment of adherence. 
Future analyses should use multilevel or other cluster-adjusted 
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approaches where the number of participating facilities permits 
reliable estimation of hospital-level effects. Where feasible, future 
studies should document and compare respondents and nonre-
spondents and apply appropriate sampling or post-stratification 
weights when the sample distribution differs from the underlying 
HCW population. Age and professional experience should also be 
examined using more detailed, empirically justified categories or as 
continuous variables where appropriate. Future validation studies 
should further evaluate the psychometric properties of the ques-
tionnaire, particularly the knowledge domains with low internal 
consistency, and should consider external criteria that would permit 
ROC-based assessment of outcome thresholds. Finally, studies 
involving multiple simultaneous hypotheses should prespecify 
appropriate multiplicity-control procedures, such as the Benjamini–
Hochberg false discovery rate approach, to reduce the potential for 
false-positive findings.

Conclusion

The findings of this study highlight the need for sustained educa-
tional and institutional efforts to improve HCWs’ preparedness for 
emerging infectious diseases. The identified knowledge gaps empha-
size the importance of continuous professional development pro-
grams, regular updates on evidence-based guidelines, and effective 
dissemination of IPC protocols.

Healthcare institutions should implement targeted training 
strategies tailored to HCWs’ professional roles, educational back-
grounds, and levels of clinical experience. Strengthening IPC infra-
structure, promoting lifelong learning, and ensuring access to 
updated clinical resources are essential for enhancing healthcare 
system resilience.

From a public health perspective, these findings provide useful 
evidence for policymakers in Yemen and similar resource-limited 
settings to develop context-specific preparedness plans. 
Investment in healthcare workforce capacity building and sustain-
able infection control programs is critical to improve response 
readiness and reduce the effect of future infectious disease 
outbreaks.

Data availability statement

The raw data supporting the conclusions of this article will be 
made available by the authors, without undue reservation.

Ethics statement

Ethical approval was not required for the studies involving 
humans because written informed consent was obtained from all par-
ticipants before they participated in the study. As all participants were 
adults and capable of providing consent, no consent was obtained 
from legal guardians or next of kin. The studies were conducted in 
accordance with the local legislation and institutional requirements. 

The participants provided their written informed consent to partici-
pate in this study.

Author contributions

OJ: Conceptualization, Investigation, Writing – original draft. AA-M: 
Conceptualization, Data curation, Formal analysis, Funding acquisition, 
Investigation, Methodology, Project administration, Resources, Software, 
Supervision, Validation, Visualization, Writing  – original draft. MJ: 
Conceptualization, Data curation, Funding acquisition, Writing – review 
& editing. MS: Conceptualization, Data curation, Formal analysis, 
Writing – review & editing. LS: Conceptualization, Validation, Writing – 
review & editing. FHad: Conceptualization, Project administration, 
Software, Writing  – review & editing. AH: Investigation, Resources, 
Software, Writing – original draft. FHaz: Data curation, Funding acquisi-
tion, Software, Writing – original draft. SH: Conceptualization, Data 
curation, Project administration, Writing – original draft. MM: Formal 
analysis, Investigation, Methodology, Software, Supervision, 
Visualization, Writing – review & editing. IM: Formal analysis, Validation, 
Funding acquisition, Writing – review & editing.

Funding

The author(s) declared that financial support was not received for 
this work and/or its publication.

Conflict of interest

The author(s) declared that this work was conducted in the 
absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest.

The handling editor AA declared a past co-authorship with the 
author MM.

Generative AI statement

The author(s) declared that Generative AI was used in the creation 
of this manuscript. The authors used generative artificial intelligence 
(AI) as a writing support tool to improve the clarity, language, grammar, 
organization, and academic style of the manuscript. The AI tool was not 
used to generate, analyze, or interpret the study data, nor to formulate 
the scientific conclusions. All research content, methodology, statistical 
analyses, interpretation of results, and final decisions were performed, 
critically reviewed, and approved by the authors, who accept full respon-
sibility for the accuracy and integrity of the manuscript.

Any alternative text (alt text) provided alongside figures in this 
article has been generated by Frontiers with the support of artificial 
intelligence and reasonable efforts have been made to ensure accuracy, 
including review by the authors wherever possible. If you identify any 
issues, please contact us.

https://doi.org/10.3389/fpubh.2026.1949595
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Jarada et al.� 10.3389/fpubh.2026.1949595

Frontiers in Public Health 21 frontiersin.org

Publisher’s note

All claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their affiliated 

organizations, or those of the publisher, the editors and the review-
ers. Any product that may be evaluated in this article, or claim that 
may be made by its manufacturer, is not guaranteed or endorsed 
by the publisher.

References
	1.	Talbot TR, Hayden MK, Yokoe DS, Malani AN, Amer HA, Kalu IC, et al. Asymptomatic 
screening for severe acute respiratory coronavirus virus 2 (SARS-CoV-2) as an infection 
prevention measure in healthcare facilities: challenges and considerations. Infect Control 
Hosp Epidemiol. (2023) 44:2–7. doi: 10.1017/ice.2022.295

	2.	Khodaie A, Heidarzadeh H. Evaluation of severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) using a high figure-of-merit plasmonic multimode refractive index 
optical sensor. Sci Rep. (2024) 14:25499. doi: 10.1038/s41598-024-77336-3

	3.	Dunn K, Hurwitz HH, Toledo JP, Schwaber MJ, Chu M, Chou R, et al. Summary of 
WHO infection prevention and control guideline for COVID-19: striving for evidence 
based practice in infection prevention and control. BMJ. (2024) 385:q645. doi: 10.1136/
bmj.q645

	4.	Tang JW, Marr LC, Tellier R, Dancer SJ. Airborne transmission of respiratory viruses 
including severe acute respiratory syndrome coronavirus 2. Curr Opin Pulm Med. (2023) 
29:191–6. doi: 10.1097/MCP.0000000000000947

	5.	Geng Y, Wang Y. Stability and transmissibility of SARS-CoV-2 in the environment. J 
Med Virol. (2023) 95:e28103. doi: 10.1002/jmv.28103

	6.	Men K, Li Y, Wang X, Zhang G, Hu J, Gao Y, et al. Estimate the incubation period of 
coronavirus 2019 (COVID-19). Comp Biol Med. (2023) 158:106794. doi: 10.1016/j.
compbiomed.2023.106794

	7.	Peter RS, Nieters A, Göpel S, Merle U, Steinacker JM, Deibert P, et al. Persistent symp-
toms and clinical findings in adults with post-acute sequelae of COVID-19/post-
COVID-19 syndrome in the second year after acute infection: a population-based, nested 
case-control study. PLoS Med. (2025) 22:e1004511. doi: 10.1371/journal.pmed.1004511

	8.	Gülten E, Çinar G, Akdemir İ, Saricaoğlu EM, Taşdan İ, Atmaca E, et al. The impact of 
COVID-19 on healthcare workers: risk factors, sources of infection, and sickness absen-
teeism. Turk J Med Sci. (2026) 56:256–64. doi: 10.55730/1300-0144.6159

	9.	Gaddour A, Nakhli R, Chouchane A, Bouhoula M, Amor KB, Jammeli I, et al. Long-
term psychological impact of the COVID-19 pandemic on healthcare workers. Eur 
Psychiatry. (2025) 68:S623–4. doi: 10.1192/j.eurpsy.2025.1270

	10.	 Patrick A, Pryor R. COVID-19, burnout, and healthcare-associated infections: a focus 
on wellness as a top safety priority. Antimicrob Stewards Healthcare Epidemiol. (2023) 
3:e155. doi: 10.1017/ash.2023.191

	11.	 Andrei NȘ, Elena-Sabina T, Silviu-Mihail T, Ana-Iolanda V, Vladimir P. Layers of 
exposure risk management measures for the prevention and control of infections of 
healthcare workers treating COVID-19 patients. PLoS One. (2025) 20:e0332804. doi: 
10.1371/journal.pone.0332804

	12.	 Organization WH. Infection Prevention and Control in the context of COVID-19: a 
Guideline, 21 December 2023. Geneva: World Health Organization (2023).

	13.	 Bhimraj A, Falck-Ytter Y, Kim AY, Li JZ, Baden LR, Johnson S, et al. 2024 clinical 
practice guideline update by the Infectious Diseases Society of America on the manage-
ment of COVID-19: anti-SARS-CoV-2 neutralizing antibody Pemivibart for pre-exposure 
prophylaxis. Clin Infect Dis. (2024) 81:i6–i12. doi: 10.1093/cid/ciae435

	14.	 Teus JK, Mithen L, Green H, Hutton A, Fernandez R. Impact of infection prevention 
and control practices, including personal protective equipment, on the prevalence of 
hospital-acquired infections in acute care hospitals during COVID-19: a systematic 
review and meta-analysis. J Hosp Infect. (2024) 147:32–9. doi: 10.1016/j.jhin.2024.02.010

	15.	 Kc D, Smith J, Currie K, Ness V. Theoretical models applied to understand infection 
prevention and control practices of healthcare workers during the COVID-19 pandemic: 
a systematic review. J Infect Prev. (2025) 26:33–43. doi: 10.1177/17571774241251645

	16.	 Alhumaid S, Al Mutair A, Al Alawi Z, Alsuliman M, Ahmed GY, Rabaan AA, et al. 
Knowledge of infection prevention and control among healthcare workers and factors 
influencing compliance: a systematic review. Antimicrob Resist Infect Control. (2021) 
10:86. doi: 10.1186/s13756-021-00957-0

	17.	 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) 2020:CD013582. doi: 10.1002/14651858.CD013582

	18.	 Organization WH. WHO’S Response to Health Emergencies: Annual Report 2023. 
Geneva: World Health Organization (2024).

	19.	 Dureab F, Hussain T, Sheikh R, Al-Dheeb N, Al-Awlaqi S, Jahn A. Forms of health 
system fragmentation during conflict: the case of Yemen. Front Public Health. (2021) 
9:659980. doi: 10.3389/fpubh.2021.659980

	20.	 Ghaleb Alrubaiee G, Alsabri M, Abdulrahman Al-Qadasi F, Ali Hussein Al-Qalah T, 
Cole J, Abdullah Ghaleb Alburiahy Y. Psychosocial effects of COVID-19 pandemic on 

Yemeni healthcare workers: a web-based, cross-sectional survey. Libyan J Med. (2023) 
18:2174291. doi: 10.1080/19932820.2023.2174291

	21.	 Al-Ashwal FY, Kubas M, Zawiah M, Bitar AN, Mukred Saeed R, Sulaiman SAS, et al. 
Healthcare workers’ knowledge, preparedness, counselling practices, and perceived bar-
riers to confront COVID-19: a cross-sectional study from a war-torn country, Yemen. 
PLoS One. (2020) 15. doi: 10.1371/journal.pone.0243962

	22.	 Varghese GM, John R, Manesh A, Karthik R, Abraham OC. Clinical management of 
COVID-19. Indian J Med Res. (2020) 151:401–410. doi: 10.4103/ijmr.IJMR_957_20

	23.	 Organization WH. Assessment of risk Factors for Coronavirus Disease 2019 
(COVID-19) in Health Workers: Protocol for a case-Control Study. Geneva: WHO (2020).

	24.	 Mutsonziwa GA, Mojab M, Katuwal M, Glew P. Influences of healthcare workers’ 
behaviours towards infection prevention and control practices in the clinical setting: a 
systematic review. Nurs Open. (2024) 11:e2132. doi: 10.1002/nop2.2132

	25.	 Ibrahim M, Sawyerr H, Afolabi O, Adiama Y, Raimi M. Bridging knowledge and 
practice gaps in Lassa fever prevention: awareness, attitudes, and infection control mea-
sures among healthcare workers and residents in Edo, Ondo, and Kwara States. JMIR. 
(2025) 30:2025. doi: 10.2196/preprints.75233

	26.	 Mercaldo F, Belfiore MP, Reginelli A, Brunese L, Santone A. Coronavirus covid-19 
detection by means of explainable deep learning. Sci Rep. (2023) 13:462. doi: 10.1038/
s41598-023-27697-y

	27.	 El-Kassas M, Alboraie M, Elbadry M, El Sheemy R, Abdellah M, Afify S, et al. Non-
pulmonary involvement in COVID-19: a systemic disease rather than a pure respiratory 
infection. World J Clin Cases. (2023) 11:493–505. doi: 10.12998/wjcc.v11.i3.493

	28.	 Yilma M, Taye G, Abebe W. Magnitude of standard precautions practices among 
healthcare workers in health facilities of low and middle income countries: a systematic 
review and meta-analysis. PLoS One. (2024) 19:e0302282. doi: 10.1371/journal.
pone.0302282

	29.	 Nycz E, Deng Y, Van Dyke ME, Bratcher A, Shi J, Iachan R, et al. School mask policies and 
SARS-CoV-2 seroprevalence among school-age children—United States, September to 
December 2021. Microbiol Spectrum. (2024) 12:e0069124-24. doi: 10.1128/spectrum.00691-24

	30.	 Hirner S, Pigoga JL, Naidoo AV, Calvello Hynes EJ, Omer YO, Wallis LA, et al. 
Potential solutions for screening, triage, and severity scoring of suspected COVID-19 
positive patients in low-resource settings: a scoping review. BMJ Open. (2021) 11:e046130. 
doi: 10.1136/bmjopen-2020-046130

	31.	 Vallet ME, Al Zuwayny H, Kemp CG, Cooper RL, Sorrell EM, Burnham G. Assessing 
retention of pandemic capacities from COVID-19 in humanitarian settings: a cross-
sectional retrospective study of health workers in Honduras, Syria, and South Sudan. 
PLOS Global Public Health. (2026) 6:e0006276. doi: 10.1371/journal.pgph.0006276

	32.	 George J, Shafqat N, Verma R, Patidar AB. Factors influencing compliance with per-
sonal protective equipment (PPE) use among healthcare workers. Cureus. (2023) 
15:e35269. doi: 10.7759/cureus.35269

	33.	 Gholami M, Fawad I, Shadan S, Rowaiee R, Ghanem H, Hassan Khamis A, et al. 
COVID-19 and healthcare workers: a systematic review and meta-analysis. Int J Infect 
Dis. (2021) 104:335–46. doi: 10.1016/j.ijid.2021.01.013

	34.	 Yasin OMA, Rugarabamu S. Infection prevention and control practices among health-
care workers at a national referral hospital in Tanzania. Int J Clin Pract. (2026) 
2026:9276739. doi: 10.1155/ijcp/9276739

	35.	 Nadig N, Bhimraj A, Cawcutt K, Chiotos K, Dzierba AL, Kim AY, et al. 2025 clinical 
practice guideline update by the Infectious Diseases Society of America on the treatment 
and management of COVID-19: abatacept. Clin Infect Dis. (2025) 81:i17–21. doi: 10.1093/
cid/ciaf354

	36.	 Mitchell R, O’Reilly G, Banks C, Nou G, McKup JJ, Kingston C, et al. Triage systems 
in low-resource emergency care settings. Bull World Health Organ. (2025) 103:204–12. 
doi: 10.2471/BLT.23.290863

	37.	 Barros LM, Pigoga JL, Chea S, Hansoti B, Hirner S, Papali A, et al. Pragmatic recom-
mendations for identification and triage of patients with COVID-19 in low- and middle-
income countries. Am J Trop Med Hyg. (2021) 104:3–11. doi: 10.4269/ajtmh.20-1064

	38.	 Nassar AAH, Al Serouri AA, Al-Shahethi AH, Almoayed KA. Effectiveness of train-
ing on health care workers’ knowledge, attitude and practice regarding COVID-19 infec-
tion prevention and control, Yemen, 2021. BMC Health Serv Res. (2024) 24:1411. doi: 
10.1186/s12913-024-11927-8

	39.	 Alrubaiee GG, Al-Qalah TAH, Al-Aawar MSA. Knowledge, attitudes, anxiety, and preven-
tive behaviours towards COVID-19 among health care providers in Yemen: an online cross-
sectional survey. BMC Public Health. (2020) 20:1541. doi: 10.1186/s12889-020-09644-y

https://doi.org/10.3389/fpubh.2026.1949595
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1017/ice.2022.295
https://doi.org/10.1038/s41598-024-77336-3
https://doi.org/10.1136/bmj.q645
https://doi.org/10.1136/bmj.q645
https://doi.org/10.1097/MCP.0000000000000947
https://doi.org/10.1002/jmv.28103
https://doi.org/10.1016/j.compbiomed.2023.106794
https://doi.org/10.1016/j.compbiomed.2023.106794
https://doi.org/10.1371/journal.pmed.1004511
https://doi.org/10.55730/1300-0144.6159
https://doi.org/10.1192/j.eurpsy.2025.1270
https://doi.org/10.1017/ash.2023.191
https://doi.org/10.1371/journal.pone.0332804
https://doi.org/10.1093/cid/ciae435
https://doi.org/10.1016/j.jhin.2024.02.010
https://doi.org/10.1177/17571774241251645
https://doi.org/10.1186/s13756-021-00957-0
https://doi.org/10.1002/14651858.CD013582
https://doi.org/10.3389/fpubh.2021.659980
https://doi.org/10.1080/19932820.2023.2174291
https://doi.org/10.1371/journal.pone.0243962
https://doi.org/10.4103/ijmr.IJMR_957_20
https://doi.org/10.1002/nop2.2132
https://doi.org/10.2196/preprints.75233
https://doi.org/10.1038/s41598-023-27697-y
https://doi.org/10.1038/s41598-023-27697-y
https://doi.org/10.12998/wjcc.v11.i3.493
https://doi.org/10.1371/journal.pone.0302282
https://doi.org/10.1371/journal.pone.0302282
https://doi.org/10.1128/spectrum.00691-24
https://doi.org/10.1136/bmjopen-2020-046130
https://doi.org/10.1371/journal.pgph.0006276
https://doi.org/10.7759/cureus.35269
https://doi.org/10.1016/j.ijid.2021.01.013
https://doi.org/10.1155/ijcp/9276739
https://doi.org/10.1093/cid/ciaf354
https://doi.org/10.1093/cid/ciaf354
https://doi.org/10.2471/BLT.23.290863
https://doi.org/10.4269/ajtmh.20-1064
https://doi.org/10.1186/s12913-024-11927-8
https://doi.org/10.1186/s12889-020-09644-y


Jarada et al.� 10.3389/fpubh.2026.1949595

Frontiers in Public Health 22 frontiersin.org

	40.	 Olum R, Chekwech G, Wekha G, Nassozi DR, Bongomin F. Coronavirus disease-2019: 
knowledge, attitude, and practices of health care workers at Makerere University teaching hos-
pitals, Uganda. Front Public Health. (2019) 8. doi: 10.3389/fpubh.2020.00181

	41.	 Cen Y, Lao C, Li Z, Zhao H, Wang T, Fan C, et al. Association between infection 
prevention and control safety culture and healthcare workers’ compliance with infection 
control measures: a cross-sectional study. Front Public Health. (2025) 13:1668493. doi: 
10.3389/fpubh.2025.1668493

	42.	 Jemal B, Aweke Z, Mola S, Hailu S, Abiy S, Dendir G, et al. Knowledge, attitude, and prac-
tice of healthcare workers toward COVID-19 and its prevention in Ethiopia: a multicenter 
study. SAGE Open Med. (2021) 9:20503121211034389. doi: 10.1177/20503121211034389

	43.	 Mwangi DAK, Barasa DJO. Comparative adoption and contextualisation of compe-
tency-based curricula: evidence from Kenya, Rwanda, and Tanzania. Open J Educ Rese 
Practice. (2025) 2:1–20.

	44.	 Ravaghi H, Naidoo V, Mataria A, Khalil M. Hospitals early challenges and interven-
tions combatting COVID-19 in the eastern Mediterranean region. PLoS One. (2022) 
17:e0268386. doi: 10.1371/journal.pone.0268386

	45.	 El Sharif N, Ahmead M, Imam A. COVID-19 infection prevention and control pro-
cedures and institutional trust: perceptions of Palestinian healthcare workers. Front Public 
Health. (2022) 10. doi: 10.3389/fpubh.2022.947593

	46.	 Sirois FM, Owens J. Factors associated with psychological distress in health-care 
workers during an infectious disease outbreak: a rapid systematic review of the evidence. 
Front Psych. (2021) 11:589545. doi: 10.3389/fpsyt.2020.589545

	47.	 Nowrouzi-Kia B, Sithamparanathan G, Nadesar N, Gohar B, Ott M. Factors associ-
ated with work performance and mental health of healthcare workers during pandemics: 
a systematic review and meta-analysis. J Public Health (Oxf). (2021) 44:731–9. doi: 
10.1093/pubmed/fdab173

	48.	 Billings J, Ching BCF, Gkofa V, Greene T, Bloomfield M. Experiences of frontline 
healthcare workers and their views about support during COVID-19 and previous pan-
demics: a systematic review and qualitative meta-synthesis. BMC Health Serv Res. (2021) 
21:923. doi: 10.1186/s12913-021-06917-z

	49.	 Labrague LJ. Psychological resilience, coping behaviours and social support among 
health care workers during the COVID-19 pandemic: a systematic review of quantitative 
studies. J Nurs Manag. (2021) 29:1893–905. doi: 10.1111/jonm.13336

	50.	 Rispel LC, Marshall C, Matiwane B, Tenza IS. Innovations, contestations and fragili-
ties of the health system response to COVID-19 in the Gauteng Province of South Africa. 
PLoS One. (2021) 16:e0261339. doi: 10.1371/journal.pone.0261339

	51.	 Miyamoto T, Fujita M, Hachiya M, Yokobori Y, Komada K, Murakami H. Overview 
of global governance, capacity, and health systems implication of pandemic prevention, 
preparedness, and response: a narrative review and descriptive analysis of open-source 
data. Glob Health Med. (2025) 7:112–26. doi: 10.35772/ghm.2025.01018

	52.	Okomo U, Fitzgerald F, Feasey N, Mehtar S, Dramowski A. Infection preven-
tion and control in low- and middle-income countries: policy, practice, and imple-
mentation challenges in sub-Saharan Africa. Clin Microbiol Rev. (2026) 
39:e00142-22. doi: 10.1128/cmr.00142-22

https://doi.org/10.3389/fpubh.2026.1949595
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.3389/fpubh.2020.00181
https://doi.org/10.3389/fpubh.2025.1668493
https://doi.org/10.1177/20503121211034389
https://doi.org/10.1371/journal.pone.0268386
https://doi.org/10.3389/fpubh.2022.947593
https://doi.org/10.3389/fpsyt.2020.589545
https://doi.org/10.1093/pubmed/fdab173
https://doi.org/10.1186/s12913-021-06917-z
https://doi.org/10.1111/jonm.13336
https://doi.org/10.1371/journal.pone.0261339
https://doi.org/10.35772/ghm.2025.01018
https://doi.org/10.1128/cmr.00142-22

	COVID-19 infection prevention and control preparedness among healthcare workers in public hospitals in Yemen: a comprehensive assessment of knowledge, practices, perceptions, and institutional readiness
	Introduction
	Materials and methods
	Study design and setting
	Study setting, population, and eligibility criteria
	Ethical considerations
	Sample size and sampling technique
	Study instrument and questionnaire development
	Observational checklist
	Questionnaire parts
	Data collection
	Scoring system
	Data processing and statistical analysis
	Sensitivity analysis of dichotomization thresholds
	Internal consistency and item analysis

	Results
	Demographic characteristics
	Questionnaire reliability
	Organizational factors related to COVID-19 IPC
	Knowledge of HCWs regarding COVID-19
	Practice of HCWs regarding COVID-19
	Perception of HCWs regarding COVID-19
	Association between demographic characteristics and HCWs’ knowledge
	Association between demographic characteristics and HCWs’ practice
	Association between demographic characteristics and HCWs’ perception
	Environmental factors related to COVID-19 preparedness
	Multivariable logistic regression analysis
	Sensitivity analysis of classification thresholds

	Discussion
	Knowledge on COVID-19 among HCWs
	COVID-19 IPC practices of HCWs
	Perception of HCWs regarding COVID-19
	Association between demographic characteristics and knowledge, practice, and perception
	Organizational and environmental factors
	Strengths and limitations

	Conclusion

	References

