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Abstract

Background Health care worker (HCW) infections during outbreaks of high-consequence pathogens, from SARS-
CoV-2 to Ethiopia’s 2025-2026 Marburg outbreak, highlight persistent Infection Prevention and Control (IPC) gaps.

We evaluated IPC adherence and its determinants among infected HCWs in Addis Ababa, Ethiopia, to inform future
outbreak preparedness.

Methods This census-based cross-sectional study (March 2020-March 2021) evaluated 1152 SARS-CoV-2-infected
HCWs with clinical exposures 14 days pre-diagnosis. Environments were classified via an adapted OSHA pyramid into:
High-Pathogen Designated Areas isolation and treatment units, General High-Risk Areas [intensive care units, emer-
gency departments, and operating theaters], Medium-Risk Clinical Areas [inpatient and outpatient departments],
and Low-Risk Support Areas [administrative and non-clinical zones]. Adherence was defined as correct practice
in>50% of interactions. Bivariate chi-square tests and multivariable logistic regression identified independent deter-
minants for donning/doffing (n=742) and N95 seal-checks (n=350), reporting adjusted odds ratios (aOR) with 95%
confidence intervals at P<0.05.

Results Only 19.2% of infected HCWs worked in High-Pathogen Designated Areas. Mask (85.7-97.7%) and glove
(68.2-98.0%) adherence was high, but fell below 50% for gowns, coveralls, head caps, and shoe covers. Exceptions
included face shields/goggles (52.8%) and N95 use during aerosol-generating procedures (AGPs) (66.5%). N95 seal-
check compliance was 34.9%; only 1.1% used fit-tested respirators. Hand hygiene rose from 49.3% pre-interaction

to 82.5% post-fluid exposure. Chi-square analyses linked health care professionasl and High-Pathogen Designated
Area status with significantly superior adherence. For donning/doffing, lower compliance was predicted by non-High-
Pathogen Designated Area placement (General High-Risk Areas aOR=0.12 (0.07-0.19); Medium-Risk Clinical Areas
aOR=0.08 (0.04-0.14); Low-Risk Support Areas [aOR=0.07 (0.03-0.17)] and support staff [aOR=0.35 (0.14-0.88)]; AGP
involvement [aOR=3.61 (2.33-5.58)] and IPC training [aOR=1.59 (1.05-2.41)] were positive predictors. N95 seal-check
odds were lower in General High-Risk Areas aOR=0.53 (0.30-0.93); Medium-Risk Clinical Areas aOR=0.33 (0.16-0.66);
Low-Risk Support Areas [aOR=0.25 (0.08-0.77)]. Positive predictors included communal living [aOR=2.37 (1.29-4.35)],
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IPC training [aOR=1.71 (1.03-2.83)], and AGP involvement [aOR=1.71 (1.05-2.80)], while age >30 [aOR=0.57 (0.34-
0.98)] and stress [aOR=0.46 (0.28-0.77)] were negative determinants.

Conclusions This study underscores IPC gaps among HCWs especially in non-designated areas, where most infec-
tions occurred, highlighting the need for standardized IPC across all healthcare environments.

Keywords COVID-19, Cross-sectional studies, Ethiopia, Guideline adherence, Health Personnel, Infection control,

Occupational exposure, Personal protective equipment

Introduction

The emergence of high-consequence respiratory patho-
gens, most notably SARS-CoV-2, has imposed an unprec-
edented burden on global health, economic, and social
systems. As of late 2024, the World Health Organization
reported over 776 million confirmed cases and 7 million
deaths globally, with Ethiopia recording over 500,000
cases and 7500 deaths [1-3]. The clinical spectrum of
such infections varies widely, ranging from asymptomatic
carriage to critical illness requiring intensive care [4, 5].
Healthcare workers (HCWSs) remain at the forefront of
these outbreaks, facing disproportionate infection risks
that are further exacerbated in resource-limited settings
characterized by understaffing and constrained supplies
[6].

This vulnerability is particularly concerning in develop-
ing nations such as Ethiopia, where healthcare systems
face chronic understaffing and resource constraints. The
potential for infected HCWs to transmit infection in both
hospital and community settings underscores the criti-
cal importance of robust infection prevention and con-
trol (IPC) measures [7]. This was recently underscored
by the country’s first ever outbreak of Marburg Virus
Disease, which occurred between November 2025 and
January 2026. Centered in the South Ethiopia and Sidama
regions, the outbreak resulted in 14 confirmed cases and
a high case fatality rate, with the Ministry of Health iden-
tifying infected healthcare workers among the casualties
[8].

Effective IPC adherence is the primary defense against
occupational acquisition of infectious diseases. This is
achieved through systematic training, the provision and
appropriate use of personal protective equipment (PPE),
and continuous monitoring and evaluation of safety
protocols [9, 10]. However, evidence suggests that IPC
adherence is often inconsistent across different clini-
cal environments [11]. While specialized isolation units
often maintain high standards, general clinical areas may
experience a “risk perception gap” that compromises
safety [12]. To address this, there is a need for a standard-
ized, task-based evaluation of safety breaches across the
entire healthcare facility [13, 14].

Therefore, this research aims to analyze IPC practices
of HCWs with laboratory-confirmed infections who

had direct face-to-face contact, were involved in aero-
sol-generating procedures (AGPs), or experienced expo-
sure to body fluids, materials, or surfaces of suspected
or confirmed COVID-19 patients, focusing on the criti-
cal 14-day window preceding their diagnosis. Utilizing a
framework adapted from the OSHA Occupational Risk
Pyramid, we categorized clinical environments into High-
Pathogen Designated Areas (HPDA), General High-Risk
Areas (GHR), Medium-Risk Clinical Areas (MRCA), and
Low-Risk Support Areas (LRS). Furthermore, the study
specifically assessed adherence to donning and doffing
procedures and the performance of pre-use seal checks
among HCWs to identify technical and behavioral gaps
in respiratory protection. By identifying exactly where
adherence fails, whether in specialized units or general
wards, this study provides critical data for strengthen-
ing occupational safety and institutional resilience. These
findings may inform scalable strategies for reinforcing
protective measures against current and future health
crises with similar transmission patterns.

Materials and methods

Study design and setting

This study employed a facility-based, comparative cross-
sectional design utilizing a census sampling approach to
evaluate adherence to IPC protocols among HCWs in
Addis Ababa, Ethiopia (March 2020—March 2021). By
analyzing safety breaches among HCWs with labora-
tory-confirmed RT-PCR diagnoses, the study identifies
vulnerabilities in routine occupational safety relevant to
future emerging infectious threats.

Target population

At the time of the pandemic, WHO estimated that there
were 104,506 health care professionals in Ethiopia [15].
According to the Addis Ababa City Administration
Health Bureau data, there are a total of 6860—7486 health
professionals working in primary public health facilities
in the city in 2020 [16, 17].

Study population
We identified 1430 HCWs with confirmed SARS-
CoV-2 infection in Addis Ababa, Ethiopia through the
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Emergency Operating Center (EOC) database. Given the
finite size of this registry during the study window, a cen-
sus sampling method was employed to target all labora-
tory-confirmed infected HCWs for inclusion, rather than
selecting a sample subset. Of these, 1152 HCWs con-
sented to participate in structured interviews regarding
their practices 14 days prior to diagnosis.

Inclusion and exclusion criteria:

« Inclusion criteria: HCWs aged > 18 years with labo-
ratory-confirmed SARS-CoV-2 infection who were
actively working in a healthcare facility and actively
engaged in the care of suspected or confirmed
COVID-19 patients during the 14 days prior to diag-
nosis, and who provided informed consent.

+ Exclusion criteria: HCWs who were unable to
recall the 14-day period prior to diagnosis, those on
extended leave during the exposure window, those
not actively working in a healthcare facility, or those
not actively engaged in the care of suspected or con-
firmed COVID-19 patients during the 14 days prior
to diagnosis.

Participant flow diagram

From a total of 1430 HCWs with laboratory-confirmed
COVID-19 identified in the Addis Ababa City Admin-
istration Health Bureau Emergency Operations Center
(EOC) database in Addis Ababa, Ethiopia, 1280 con-
sented to participate in the study. HCWs who were una-
ble to recall the 14-day period prior to diagnosis, those
on extended leave during the exposure window, those
not actively working in a healthcare facility, or those not
actively engaged in the care of suspected or confirmed
COVID-19 patients during the 14 days prior to diagnosis
were excluded based on the established exclusion crite-
ria. This yielded a final sample of 1152 participants who
completed the structured questionnaire. This sample
was further stratified: 742 HCWs (64.4%) who reported
direct face-to-face contact with suspected or confirmed
COVID-19 patients were included in the donning and
doffing adherence analysis. Within this group, the 350
HCWs (47.2%) who utilized N95 respirators during those

(See figure on next page.)
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interactions were isolated to form the final analytic popu-
lation for pre-use seal-check and fit-testing compliance
(Fig. 1).

Data collection tools, procedures and quality control
measures

The data collection instrument was a structured ques-
tionnaire primarily adapted from the established World
Health Organization (WHO) risk assessment framework
designed to evaluate infection prevention and control
adherence among HCWs, supplemented with targeted
items derived from a comprehensive review of relevant
epidemiological literature and institutional protocols
[18-21]. To ensure rigorous content and face validity, the
compiled instrument was subjected to a formal evalua-
tion and consensus review by an expert panel convened
under the national COVID-19 Task Force established by
the Ministry of Health (MOH), Ethiopia. This multi-dis-
ciplinary committee, encompassing senior infectious dis-
ease clinicians and public health experts, systematically
evaluated every item for contextual relevance, clinical
accuracy, and programmatic feasibility. The instrument
was subsequently pilot-tested among 30 HCWs who were
excluded from the final analysis cohort to guarantee clar-
ity, comprehensibility, and logistical flow. The data were
collected via a paper-based questionnaire, which was
filled by trained health care professionals by interview-
ing each study participant. The questionnaire assessed
participants compliance with standard IPC practices,
PPE utilization, and hand hygiene protocols during the
14 days preceding their COVID-19 diagnosis. Supervi-
sors conducted daily evaluations of completed question-
naires to ensure completeness, accuracy, and adherence
to standardized procedures.

Operational definitions

HCW Categories: in this study, we classified HCWs
into supporting staff and health care professionals. The
supporting staff comprises of admission and reception
clerks, patient transporters, catering personnel, cleaners,
ambulance drivers, security guards, administrative work-
ers, and morgue professionals. In contrast, health care
professionals include medical doctors, nurses, health

Fig. 1 STROBE flow diagram tracing the screening and selection of participating HCWs. This diagram traces the selection of HCWs involved in this
study, all of whom were deployed across medical facilities in Addis Ababa, Ethiopia. From N= 1430 individuals identified in the Addis Ababa City
Administration Health Bureau Emergency Operations Center (EOC) registry, n= 1280 consented. Applying exclusion criteria omitted 128 individuals,
leaving 1152 completed respondents who were subset into two analysis groups: Analytic Population A (n=742) for personnel with documented
face-to-face patient contact to track donning and doffing compliance, and Analytic Population B (n=350) to evaluate pre-use seal-checks

among those utilizing N95 respirators.
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Screened out

total):
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Stage 1: Identification
HCWs with laboratory-confirmed
COVID-19
identified in Emergency Operating
Center database
(N =1,430)

Stage 2: Consent
HCWs who consented to participate
in the study
(n=1,280)

Exclusion Branch
Excluded based on criteria (n = 128

« Unable to recall 14-day period prior to
diagnosis
« On extended leave during the
exposure window
« Not actively working in a healthcare
facility
« Not actively engaged in care of
suspected/confirmed cases

Stage 3: Completed
HCWs who completed the structured
questionnaire
(n=1,152)

Filtered for clinical
exposure

!

Analytic Population A
Reported direct face-to-face contact
with suspected/confirmed COVID-19
patients
(n =742; 64.4% of completed
sample)

Fig. 1 (Seelegend on previous page.)

Used N95 respirators during face-to-
face contact
(n =350; 47.2% of Population A)

Analytic Population B
Included in N95 pre-use
seal-check & fit-testing analysis
(n = 350)

Did not use N95 during face-to-face
contact
(n =392; 52.8% of Population A)
(Excluded from fit-testing sub-analysis)

Page 4 of 23
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officers, anesthetists, laboratory personnel, dentists, mid-
wives, and pharmacists.

Risk classification based on COVID-19 exposure: We
adapted the OSHA Occupational Risk Pyramid for Infec-
tious Diseases to categorize clinical environments based
on the potential for contact with infectious sources.
HCWs were classified into four distinct areas based on
their exposure risk [13].

+ High-Pathogen Designated Areas (HPDA): health-
care settings specifically involved in the isolation and
treatment of confirmed or suspected infectious cases.
This includes designated treatment centers, isolation
areas, fever clinics, and medical transport operators
moving known cases.

+ General High-Risk Areas (GHR): areas with high
potential for exposure during specialized medical,
postmortem, or laboratory procedures, particularly
environments where aerosol-generating procedures
(AGPs) are frequently performed, such as intensive
care units, emergency rooms, and operating theaters.

+ Medium-Risk Clinical Areas (MRCA): settings
involving frequent or close contact with the general
patient population who are not confirmed cases. This
includes roles in general inpatient and outpatient
departments, labor wards, laboratories, and pharma-
cies.

+ Low-Risk Support Areas (LRS): roles involving mini-
mal patient interaction or primarily administrative
functions, such as administrative offices, laundry
facilities, and support staff operating in non-clinical
zones.

IPC adherence assessment: For each PPE item, hand
hygiene practice, and donning/doffing procedure, adher-
ence was operationally defined as correct clinical prac-
tice in>50% of relevant patient interactions during the
14 days preceding the participant’s COVID-19 diagnosis.
This specific threshold was pragmatically selected to dis-
tinguish HCWs who consistently implemented a given
IPC measure, acknowledging that absolute (100%) com-
pliance is rarely achievable in resource-limited settings.

item-specific IPC metrics

+ Standard PPE Utilization: adherence was defined as
the active deployment of a specified PPE item for
more than 50% of relevant patient interactions during
the 14-day pre-diagnosis window.

+ Multidimensional N95 Assessment: for N95 respi-
rators specifically, we evaluated compliance across
three distinct operational dimensions:

(2026) 54:141
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+ Frequency of use: defined as active utilization
in>50% of relevant interactions.

o DPre-use seal-check performance: documented as a
binary variable (yes/no) before each clinical entry.

o Formal fit-testing status: documented as a binary
variable (yes/no).

Technical and regulatory frameworks

+ Fit testing confirms that the N95 respirator forms a
tight seal on the user’s face before use, as some respi-
rators fail stipulated safety thresholds [22, 23]. OSHA
enforcement guidance recommends initial fit tests
for each HCW with the same model, style, and size
respirator before use [24]. CDC guidelines recom-
mend seal checks before each use following annual fit
testing [25].

o DPre-use seal checks: pre-use seal check: a pre-use
seal check is a user-performed verification that an
NO95 respirator forms an adequate facial seal before
each entry into a patient care area. A seal check is
performed each time a respirator is used to ensure
a facial seal that minimizes particle bypass through
gaps between the wearer’s skin and the N95 seal [26].
This study assessed pre-use seal check practices only
among participants who reported using N95 respira-
tors during face-to-face interactions with suspected
or confirmed COVID-19 patients (N=350). Par-
ticipants were asked whether they performed a seal
check before entering the clinical environment.

+ Donning and doffing protocols: donning is defined
as appropriate application and use of PPE to achieve
intended protection by reducing exposure risk; doff-
ing is the systematic removal of PPE to avoid self-
contamination [27].

Data analysis procedure
Data were entered using Epi Info and analyzed with Stata
version 14.0 (StataCorp, College Station, TX, USA).

Descriptive  Analysis: continuous variables were
assessed for normality using the Shapiro—Wilk test and
visual inspection of histograms. Normally distributed
continuous variables are presented as means with stand-
ard deviations (SDs); non-normally distributed vari-
ables are presented as medians with interquartile ranges
(IQRs). Categorical variables are summarized as frequen-
cies and percentages.

Between-group comparisons for categorical vari-
ables were conducted using Pearson’s chi-square test,
with Fisher’s exact test applied when expected cell fre-
quencies were less than five. To quantify the magnitude
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of associations, Cramér’s V effect size measures were
calculated, with values interpreted as:>0.10=small
effect,>0.30=medium effect,>0.50=large effect. For
significant chi-square results, standardized residuals
were examined, with values exceeding+1.96 considered
statistically significant at «=0.05, enabling identifica-
tion of specific group differences contributing to overall
associations.

Two separate multivariable logistic regression models
were constructed to identify independent predictors of:
(1) pre-use N95 seal-check adherence among N95 users
(N=350), and (2) appropriate donning and doffing prac-
tices (N=742). Variables with a P-value<0.2 in univari-
able logistic regression were considered for entry into the
multivariable models. For the N95 seal-check model (out-
come: performing pre-use seal check, yes/no), the initial
univariable analysis included profession, clinical setting,
age, presence of comorbidities, gender, prior IPC train-
ing, years of professional service, marital status, presence
of stress at the time of event, history of substance abuse,
involvement in AGP and average working hours per day.
Variables meeting the P<0.2 threshold were entered into
the multivariable model. Backward elimination was then
applied to minimize the Akaike Information Criterion
(AIC) and Bayesian Information Criterion (BIC), yielding
the final parsimonious model. For the donning and doft-
ing model (outcome: following recommended procedures
for>50% of interactions, yes/no), the initial univariable
analysis included profession, clinical setting, age, gender,
prior IPC training, years of professional service, marital
status, presence of stress at the time of event, history of
substance abuse, presence of comorbidities, involvement
in AGP and average working hours per day. Variables
meeting the P<0.2 threshold were entered into the mul-
tivariable model, followed by backward elimination to
minimize AIC and BIC.

Model diagnostics, including the Hosmer—Lemeshow
goodness-of-fit test, area under the receiver operating
characteristic curve (ROC-AUC), and variance inflation
factor (VIF), confirmed appropriate model fit, good dis-
criminatory ability, and no significant multicollinearity
for both final models. Statistical significance was set at
P<0.05 (two-tailed). Results from multivariable models
are presented as adjusted odds ratios (AOR) with 95%
confidence intervals (CI).

Ethical considerations

This study was approved by the Ethical Review Com-
mittee of the Addis Ababa Health Bureau (5204/227).
Permission was obtained from the Addis Ababa Health
Bureau, the healthcare facilities where infected HCWs
were employed, and the Addis Ababa Emergency Oper-
ating Center. Written informed consent was obtained
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from all participants. Throughout data collection, con-
fidentiality was protected. Participation was voluntary,
and participants could withdraw at any time, even after
the interview had begun, and could decline to answer any
question. All methods were implemented in accordance
with relevant guidelines and regulations.

Results

A total of 1152 HCWs with laboratory-confirmed
COVID-19 were included. The median age of participants
was 29 years (IQR: 27-34; range: 19-88). The median
duration of professional experience was 5 years (IQR:
3-8), and the median monthly income was 8,017 Ethio-
pian Birr. A significant majority (80.8%) of participants
worked in areas not specifically designated for COVID-
19 care prior to diagnosis. Based on the adapted OSHA
Occupational Risk Pyramid, the distribution of work
locations in the 14 days prior to diagnosis was: GHR-
349 (30.3%), MRCA—400 (34.7%), LRS—182 (15.8%), and
HPDA-221 (19.2%). Among infected participants, 1,048
(91.0%) were healthcare professionals, while the remain-
der were supporting staff. Among healthcare profes-
sionals, 412 (35.8%) were doctors and 434 (37.7%) were
nurses or midwives. Notable disparities in IPC training
coverage were observed by work location, ranging from
31.5% in MRCA to 57.5% in HPDA. Self-reported stress
at the time of diagnosis was highest among HCWs in
HPDA (62.4%) and GHR (57.6%) (Table 1).

HCW interactions with patients in the 14 days prior

to diagnosis

Among HCWs who contracted COVID-19, 64.4%
(n=742) reported direct face-to-face contact with sus-
pected or confirmed cases, 55.0% (7n=631) handled
patient materials, 42.6% (n=491) had contact with con-
taminated surfaces, 26.1% (n=301) experienced exposure
to body fluids, and 17.1% (n=197) were present during
AGPs. Uncertainty about exposure was highest for con-
tact with surrounding surfaces (9.4%), followed by han-
dling patient materials (6.9%) and direct contact (6.9%);
uncertainty was lowest for AGPs (0.4%) (Fig. 2).

PPE use during direct face-to-face interactions

During direct face-to-face interactions, 87.5% of partici-
pants used medical masks for more than half of interac-
tions, and 68.2% did so for gloves. Utilization declined
significantly from HPDA to LRS for both mask and
glove use (P<0.001, V=0.15 and V=0.23, respectively).
Regarding specialized respiratory protection, only 31.3%
of participants used N95 respirators for more than half of
interactions, with strong variation by work site (?<0.001,
V=0.36). In HPDA settings, 74.8% used N95 respirators
for more than half of interactions, significantly higher
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Table 1 Demographic and occupational characteristics of healthcare personnel infected during the study period in Addis Ababa,
Ethiopia from March 2020 to March 2021

Characteristics

Total sample

Non-designated areas

(n=931, 80.8%)

Designated areas
(n=221,19.2%)

All HCWs LRS MRCA (n=400) GHR HPDA
(N=1152) (n=182) (n=349) (n=221)
Continuous metrics (median [IQR])
Age (years) 29 (27,34) 32(28,40) 29 (27,35) 29(27,33) 28(26,31)
Years of professional experience (years)  5(3,8) 6(4,10) 53,10 53,8 4(2,7)

Monthly income (ETB) t
Categorical Variables (n (%))
Gender
Male
Female
Marital status
Married
Single
Widowed/divorced/separated
Profession
Doctors
Nurses/midwife
Health officers
Supporting staffs
Lab. professionals
Pharmacist
Anesthetist
Other healthcare professionals
IPC training
No
Yes
Living status
Alone
With a family, friends or in a camp
Stressed at the time of the event
No
Yes
Presence of comorbidities
No
Yes
Substance abuse
No
Yes
Working hours per day
<8h
8-12h
>12h

8017 (6000, 10470)

522 (45.3)
630 (54.7)

529 (45.9)
590 (51.2)
33(29)

412 (35.8)
434 (37.7)
60 (5.2)
104 (9.0)

986 (85.6)
166 (14.4)

1117 (97.0)
3530

107 (9.5)
644 (57.3)
373332

6500 (3338, 8170)

75 (41.2)
107 (58.8)

100 (54.9)
70(385)
12 (6.6)

104 (57.1)
78(42.9)

26 (14.3)
156 (85.7)

150 (82.4)
32(17.6)

171 (94.0)
11(6.0)

11 (6.6)
120(71.9)
36 (21.5)

8500 (6193, 10470)

148 (37.0)
252 (63.0)

194 (48.5)
197 (49.3)
9(23)

159 (39.8)
191 (47.8)
25(6.3)
17 (4.3)
0(0.0)

86 (21.5)
324 (78.5)

185 (46.3)
215 (53.7)

323 (80.8)
77 (19.2)

392 (98.0)
8(2.0)

38(9.6)
233 (58.5)
127 (31.9)

9000 (6193, 11300)

176 (50.4)
173 (49.6)

162 (46.4)
182 (52.1)
5(14)

155 (44.4)
137(39.3)
17 (4.9)
15(4.3)
0(0.0)
1(03)

21 (6.0)
3(0.9)

237 (67.9)
112 (32.1)

88 (25.2)
261 (74.8)

148 (42.4)
201 (57.6)

301 (86.2)
48 (13.8)

338(96.9)
1131

24 (6.9)
177 (51.0)
146 (42.1)

8300 (6000, 10150)

123 (55.7)
98 (44.3)

73 (33.0)
141 (63.8)
7(32)

87 (394)
93 (42.1)
7(3.2)
18 (8.1)
6(2.7)

94 (42.5)
127 (57.5)

45(204)
176 (79.6)

83 (37.6)
138 (62.4)

212(95.9)
9(4.1)

216 (97.7)
5(2.3)

34(16.0)
114 (53.8)
64 (30.2

ETB Ethiopian Birr, GHR General High-Risk Areas, HPDA High-Pathogen Designated Areas, /QR interquartile range, IPC infection prevention and control, LRS Low-Risk
Support Areas, MRCA Medium-Risk Clinical Areas

T Note on income missing data: n=1118 due to missing values
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Fig. 2 Clinical exposure patterns among infected healthcare personnel in Addis Ababa, Ethiopia, March 2020-March 2021 (N=1152). Stacked
bar chart showing the frequency of self-reported interactions in the 14 days preceding COVID-19 diagnosis. Data labels represent percentages

(%); Navy =VYes, Cranberry =No, Gray =Don't know. Among HCWs who contracted COVID-19, 64.4% (N=742) reported direct face-to-face contact,
55.0% (N=631) handled patient materials, 42.6% (N=491) had contact with contaminated surfaces, 26.1% (N=301) experienced exposure to body
fluids, and 17.19% (N=197) were present during aerosol-generating procedures (AGPs). Uncertainty about exposure was highest for contact

with surrounding surfaces (9.4%), followed by handling patient materials (6.9%) and direct contact (6.9%); uncertainty was lowest for AGPs (0.4%).

AGPs: aerosol-generating procedures

than expected (standardized residual=9.8), compared to
13.0-26.6% in non-designated areas. Among participants
who used N95 respirators during face-to-face interac-
tions (N=350), pre-use seal-check compliance was low
overall (34.9%), ranging from 20.7% in MRCA to 48.1%
in HPDA (P<0.001, V=0.24). Formal N95 fit testing
was nearly absent, with only 1.1% of these participants
reporting test-fitted respirators and none in MRCA or
LRS (P=0.328).

Utilization of face shields, disposable gowns, coverall
suits, head caps, and shoe covers exceeded 50% of the
time in less than 25% of participants overall. Work site
was significantly associated with utilization of all these
PPE items (P <0.001 for all), with moderate to large effect
sizes: coverall suits (V=0.43), face shields (V=0.42),
disposable gowns (V=0.34), head caps (V=0.30), and
shoe covers (V=0.34). In addition, disparities in PPE

adherence were also evident by professional role. Sup-
porting staff reported less frequent utilization of medi-
cal masks (P=0.011, V=0.11) and single-use gloves
(P=0.011, V=0.16) compared to healthcare profession-
als. No significant differences by professional role were
observed for other PPE items or for N95 seal-check and
fit testing (Table 2).

Multivariable analysis: predictors of N95 pre-use
seal-check adherence

Multivariable logistic regression analysis was per-
formed to identify independent predictors of N95 mask
pre-use seal-check adherence among HCWs who used
NO95 respirators during face-to-face interactions. Sev-
eral socio-demographic factors significantly influenced
behavior. HCWs in communal or shared living arrange-
ments (including family, friends, or camps) were more
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than twice as likely to perform pre-use seal checks [
(AOR)=2.37; 95% CI 1.29-4.35]. In contrast, older
age (>30 years) (AOR=0.57; 95% CI 0.34-0.98) and
being stressed at the time of the event (AOR=0.46;
95% CI 0.28-0.77) were associated with significantly
lower odds of adherence. Clinical exposure and institu-
tional factors also served as strong positive predictors.
Involvement in AGPs (AOR=1.71; 95% CI 1.05-2.80)
and receipt of prior IPC training (AOR=1.71; 95% CI
1.03-2.83) were both associated with increased adher-
ence. The clinical setting played a critical role, showing
a clear gradient of risk. Compared to the HPDA refer-
ence group, working in GHR was associated with a 47%
reduction in the likelihood of adherence (AOR=0.53;
95% CI 0.30-0.93). This decline was even more pro-
nounced in MRCA, where the odds of performing seal
checks dropped by 67% (AOR=0.33; 95% CI 0.16—
0.66). The lowest level of adherence was observed in
LRS, representing a 75% reduction in the odds of per-
forming the necessary seal checks (AOR=0.25; 95% CI
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0.08-0.77) (Fig. 3). Model diagnostics: Hosmer—Leme-
show x*=6.59 (P=0.582), ROC-AUC=0.714, mean
VIF =1.86.

Adherence to donning and doffing procedures

Overall, 57.0% of participants never followed recom-
mended donning and doffing procedures, with non-
adherence highest in MRCA (75.6%) and GHR (60.9%).
Only 23.4% of participants consistently followed the
recommended steps for more than half of interactions;
adherence was highest in HPDA) (64.2%), compared to
17.6% in GHR and 9.9% in LRS. Notably, 9.7% of partici-
pants reported being unaware of the recommended steps,
with unawareness most frequent in LRS (29.6%) and
MRCA (10.6%). Occupational differences were striking:
while 58.9% of healthcare professionals reported never
following procedures, 53.2% of supporting staff reported
a lack of knowledge regarding the recommended steps.
Ultimately, only 24.2% of healthcare professionals and
14.9% of supporting staff followed procedures for more
than half of interactions (Table 2). Multivariable logistic

Predictors of N95 Mask Pre-use Seal Checks

Socio-demographic Factors
Age >30 years
Communal/shared living
Stressed at the time of the event

Clinical Exposure
Involved in AGPs

Clinical Setting (Ref: HPDA)
GHR Areas
MRCA Areas
LRS Areas

Institutional Factors
IPC training received

0.57 (0.34-0.98)

. 2.37 (1.29-4.35)

_¢0:46(0:28:0.77)

_1.71 (1.05-2.80)

0.53 (0.30-0.93)

0.33 (0.16-0.66)
0.25 (0.08:0.77)

_1.71(1.03-2.83)

0

I I I I

1 2 3 4
Adjusted Odds Ratio (95% CI)

Fig. 3 Predictors of N95 respirator pre-use seal-check adherence among infected healthcare personnel in Addis Ababa, Ethiopia, March 2020-
March 2021 (N=350). This forest plot illustrates adjusted odds ratios (AOR) and 95% confidence intervals (Cl), where values greater than 1.0
indicate an increased likelihood of seal-check performance. Communal or shared living includes healthcare workers residing with family, friends,
or in communal camps. Clinical settings are compared against High-Pathogen Designated Areas (HPDA) as the reference group, with General
High-Risk Areas (GHR), Medium-Risk Clinical Areas (MRCA), and Low-Risk Support Areas (LRS) representing descending levels of clinical risk.

The model accounts for institutional safety and training factors, including prior infection prevention and control (IPC) training and involvement
in aerosol-generating procedures (AGPs). Categorical variables such as age (> 30 years) and stressful events are modeled against their respective

reference groups to reflect the change in odds of adherence
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regression identified three factors independently asso-
ciated with adherence. Involvement in AGPs was the
strongest predictor; participants who performed AGPs
had 3.61 times the odds of adherence compared to those
who did not (AOR=3.61; 95% CI 2.33-5.58; P<0.001).
Prior IPC training was also significantly associated with
adherence, with trained participants having 59% higher
odds of achieving the adherence threshold (AOR=1.59;
95% CI 1.05-2.41; P=0.028). Work site was a critical
determinant of adherence (P<0.001). Using HPDA as
the reference group (AOR=1.00), participants in other
clinical areas showed markedly lower compliance: GHR
(AOR=0.12; 95% CI 0.07-0.19), MRCA (AOR=0.08;
95% CI 0.04-0.14), and LRS (AOR=0.07; 95% CI 0.03—
0.17), representing 88%, 92%, and 93% lower odds of
adherence, respectively (Table 3).

PPE use during aerosolizing procedures

During AGPs, over 95% of participants used medical
masks and single-use gloves for more than half of inter-
actions. Approximately 66.5% used N95 respirators for
more than half of the time. Other PPE items, includ-
ing face shields, head caps, and disposable gowns, were
used by only 40—-60% of participants. Chi-square analysis
identified significant associations between work site and
use of all PPE items during AGPs (P<0.05 for all), with
the exception of medical masks (P=0.096) and gloves
(P=0.153). The strongest associations were found for
coverall suits (Cramér’s V=0.50), shoe covers (V=0.44),
and N95 respirators (V=0.41). Participants in High-
Pathogen Designated Areas (HPDA) demonstrated sig-
nificantly higher adherence, with over 50% usage rates

(2026) 54:141
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for coverall suits (SR=6.3), shoe covers (SR=5.4), N95
respirators (SR=3.1), face shields (SR=4.2), and dispos-
able gowns (SR=4.0). In contrast, GHR showed nega-
tive associations for use of PPE for more than half of the
time, particularly for N95 respirators (SR=-1.8), cover-
all suits (SR=-4.0), face shields (SR=-2.8), disposable
gowns (SR=-2.5), head caps (SR=-1.1), and shoe cov-
ers (SR=-3.0). No statistically significant associations
were identified between PPE utilization and professional
category during AGPs (Table 4).

PPE use during interactions with body fluids

During exposure to patient body fluids, 97.7% of par-
ticipants used medical masks and 93.4% used gloves for
more than half of the time. However, only 40.2% used
NO95 respirators for more than half of the time, with nota-
bly higher utilization in HPDA settings. Regarding addi-
tional protective equipment, many participants never
used face shields (50.8%), disposable gowns (53.8%),
coverall suits (65.4%), head caps (53.2%), or shoe covers
(70.1%) during contact with body fluids. Non-utilization
of these items decreased progressively from HPDA to
non-designated areas. Utilization patterns revealed sig-
nificant site-specific variations (P <0.001 for all), with the
exception of medical masks and gloves. HPDA settings
exhibited the highest compliance rates (>50%), while
MRCA showed markedly lower utilization. Healthcare
professionals demonstrated significantly higher compli-
ance than supporting staff, particularly for medical masks
(98.0% vs. 66.7%; P=0.001, V=0.46) and gloves (94.9%
vs. 16.7%; P<0.001, V=0.58). The disparity was most

Table 3 Multivariable logistic regression analysis identifying factors associated with adherence to donning and doffing procedures
during direct face to face contact among infected healthcare personnel in Addis Ababa, Ethiopia from March 2020 to March 2021

(N=742)
Variables Category Adherence (> 50% of time) cOR (95% ClI) P-value AOR [95% Cl] P-value
Total N (%) No N (%) Yes N (%)
IPC training No 455 (61.3) 373 (65.9) 82 (46.9) 1.00 1.00
Yes 287 (38.7) 194 (34.2) 93 (53.1) 2.18(1.55-3.08) <0.001 1.59 (1.05-241) <0.05*
Site of work HPDA 159 (214) 57 (10.0) 102 (58.3) 1.00 1.00
GHR 256 (34.5) 211 (37.2) 45 (25.7) 0.12 (0.075-0.19) <0.001 0.12 (0.07-0.19) <0.007%**
MRCA 246 (33.2) 226 (39.9) 20(11.4) 0.05 (0.03-0.09) <0.001 0.08 (0.04-0.14) <0.007%**
LRS 81(10.9) 73(12.9) 8(4.6) 0.06 (0.03-0.14) <0.001 0.07 (0.03-0.17) <0.0071%**
Involved in AGP No 545 (734) 460 (81.1) 85 (48.6) 1.00 1.00
Yes 197 (26.6) 107 (18.9) 90 (51.4) 4.6 (3.16-6.54) <0.001 3.6(23-5.6) <0.007%**

*P<0.05,**P<0.01, ***P<0.001

" Model diagnostics: Hosmer-Lemeshow x?=3.72 (P=0.811), ROC-AUC =0.823, mean VIF =1.23*

" P<0.05; **P<0.01; **P<0.001

AOR adjusted odds ratio, cOR crude odds ratio, C/ confidence interval, HPDA High-Pathogen Designated Areas, GHR General High-Risk Areas, MRCA Medium-Risk Clinical
Areas, LRS Low-Risk Support Areas, IPCinfection prevention and control, AGPs aerosol-generating procedures
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pronounced for gloves, where adherence among sup-
porting staff was only 16.7% compared to 94.9% among
healthcare professionals. While trends suggested lower
utilization of gowns, face shields, and coverall suits
among supporting staff, these differences did not reach
statistical significance (Table 4).

PPE use during contact with patient materials and surfaces
During interactions with patient materials and surround-
ing surfaces, medical masks were the most consistently
used PPE. Adherence for mask use during material han-
dling and surface contact was 89.1% and 85.7%, respec-
tively, with utilization increasing significantly from LRS
to HPDA (P<0.001, V=0.14). Single-use gloves were
the second most common PPE, used by 73.5% of partici-
pants during material interactions and 63.1% during sur-
face contact. Glove utilization in LRS was approximately
31-32%, rising sharply to over 89% in HPDA settings
(P<0.001, V=0.27-0.28).Specialized respiratory protec-
tion remained low across both environmental domains,
with only 32.2% of participants using N95 respirators
during material interactions and 38.1% during surface
contact. However, utilization was consistently higher in
HPDA zones (up to 80.2%) compared to non-specialized
areas (P<0.001, V=0.37-0.40). Other PPE items, includ-
ing face shields, disposable gowns, coverall suits, head
caps, and shoe covers, were used by only 10-30% of par-
ticipants for more than half of interactions, with even
lower adherence in non-designated areas.

Chi-square analysis revealed significant associa-
tions between work site and utilization of all PPE items
(P<0.001 for all), with very strong effect sizes for cover-
all suits (V'=0.47-0.50), face shields (V=0.44—-0.46), and
shoe covers (V=0.37-0.42). Participants in HPDA set-
tings demonstrated significantly higher adherence rates
(>50%), characterized by strong positive standardized
residuals for coverall suits (SR=13.0 for materials, 11.6
for surfaces), face shields (SR=11.7 for materials, 10.2
for surfaces), and disposable gowns (SR=10.1 for mate-
rials). Regarding professional categories, healthcare pro-
fessionals generally reported higher PPE utilization than
supporting staff. Significant associations were noted for
medical masks and gloves during handling of patient
materials (P=0.028, V=0.10 and P=0.013, V=0.12,
respectively). Coverall suit usage during surface contact
showed a significant difference by occupation (»=0.003,
Cramér’s V=0.168). No significant associations were
found between professional category and the use of
other PPE items during these environmental interactions
(Table 5).
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Hand hygiene practices of infected HCWs

Before direct face-to-face patient contact, 49.3% of
participants practiced hand hygiene for more than
half of interactions. Adherence increased to 72.6%
following direct patient contact and reached 82.5%
after contact with environmental surfaces. Comparative
analysis revealed a consistent increase in hand hygiene
compliance from LRS to HPDA. Compliance rates
for performing hand hygiene for more than half of
interactions improved from 32.1 to 62.9% before direct
patient contact, from 51.9 to 81.1% after direct contact,
and from 60.4 to 88.8% after surface contact. After
contact with patient body fluids, 87.7% of participants
adhered to hand hygiene practices. These rates remained
notably high across all work sites: 91.3% in LRS, 84.3%
in MRCA, 89.3% in GHR, and 88.0% in HPDA. Chi-
square analysis revealed significant associations between
hand hygiene practices and work site (P<0.001 for
most interactions), with the notable exception of hand
hygiene following contact with body fluids (P=0.215).
Participants in HPDA demonstrated the highest
adherence before direct patient contact [ (SR) =2.4].
Conversely, staff in LRS were significantly more likely
to report never performing hand hygiene before direct
contact (SR=3.3), after direct contact (SR=4.8), or after
exposure to body fluids (SR=3.7).

A significant disparity in hand hygiene practices was
identified between healthcare professionals and support-
ing staff. Before face-to-face contact, 50.6% of healthcare
professionals adhered to hand hygiene protocols for more
than half of interactions, compared to 29.8% of support-
ing staff. This gap was most pronounced after exposure
to body fluids, with compliance rates of 89.2% for health-
care professionals versus 16.7% for supporting staff.
Supporting staff were nearly 3.5 times more likely than
professionals to never perform hand hygiene after direct
contact (42.6% vs. 12.4%; SR=5.1). Statistical analysis
confirmed significant differences in compliance across
all interactions (P<0.001 for all). Supporting staff were
significantly more likely to report never performing hand
hygiene before contact (SR=2.9), after contact (SR=5.1),
following exposure to body fluids (SR=1.5), and after
surface contact (SR=2.7). Alcohol-based hand rub was
the most common method used across all patient inter-
actions (Table 6).

Discussion

This study evaluated IPC adherence among COVID-
19-infected HCWs during the 14 days preceding their
diagnosis. Key findings included suboptimal use of
fluid-resistant PPE, reactive hand hygiene patterns
(higher after contact than before), significant gaps in
NO95 seal-checking, N95 fit testing, and donning/doffing
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Table 6 Adherence to hand hygiene practices among healthcare personnel stratified by clinical setting and professional role in Addis

Ababa, Ethiopia from March 2020 to March 2021

Hand hygiene practice Total Place of work before the diagnosis of COVID Occupation
N (%) 19
HPDA GHR MRCA LRS HCPs SSs
% (SR) % (SR) % (SR) % (SR) % (SR) % (SR)
Hand hygiene practice before direct ~ Never 212(286) 157(=3.0) 246(-1.2) 346(1.8) 481(33) 27.1(-08) 51.1(29)
face to face contact <50% 164 (22.1) 214(=02) 234(05) 220(-0.1) 198(=05) 22.3(0.1) 19.1 (-0.4)
>=50% 366 (49.3) 629(24) 520(06) 435(=13) 32.1(=2.2) 506(0.5) 298(-1.9)
X2 (Cramér's V) P<0.001 (V=0.16) P=0.002 (V=0.13)
Material used during hand hygiene Alcohol 449 (84.7) 85.8(0.1) 3(-=05) 882(05  833(-0.1) 85.0(0.1) 783 (=0.3)
E’gﬁgf before directfacetoface  goap and water 77 (14.5)  142(=0.1) 181(13) 106(=13) 143 (=00) 142 (=0.19) 217(09)
Water 4(08) 00(-10) 05 (—o.4> 12(07) 2402  08(0.1) 0.0 (—-0.4)
x2 (Cramér's V) P=0231 (V=0.08) P=0465 (V=0.046)
Hand hygiene practice after direct Never 106 (14.3) 113(=1.0) 86 (— 4)  154(05) 34648 124(-13) 426 (5.1)
face to face contact <50% 97 (13.1)  7.5(=1.9) 8(08) 146(07) 136(0.1) 13.1(0.0) 12.8 (=0.1)
>=50% 539(726) 81.1(13) 766(07) 699(-05) 51.9(-22) 745(06) 447 (-23)
X2 (Cramér's V) P<0.001 (V=0.15) P<0.001 (V=0.21)
Material used during hand hygiene Alcohol 485 (76.5) 743 (=03) 782(03) 768(0.1) 736(=02) 76.8(0.1) 704 (-0.3)
Egictggf after direct face to face Soap and water 146 (230) 257(0.7) 218(=04) 222(=02) 245(02) 22.7(=02) 296 (0.9)
Water 3(0.5) 00(-08) 00(-1.1) 1.0(1.0) 19015  05(0.1) 0.0 (-0.4)
X2 (Cramér's V) P=0421(V=0.07) P=0.465 (V=0.05)
Hand hygiene practice after contact ~ Never 13(4.3) 24(-08) 18(-13) 96(23) 43(0.0) 4.1(=02) 16.7 (1.5)
with body fluids <50% 24(80) 96(05 89(04) 60(-06) 43(=06) 68(~07) 66.7 (5.1)
>=50% 264(87.7) 880(00) 893(0.2) 843(-03) 913(02) 89.2(03) 16.7 (-1.9)
x2 (Cramér's V) P=0215(V=0.12) P<0.001 (V=0.33)
Material used during hand hygiene  Alcohol 206 (715) 69.1(=0.3) 70. 9( 1) 733(02)  773(03)  714(-00) 80.0(0.2)
g[j‘;?ce after contact with body Soap and water 82 (285) 309(04) 29.1(0.1) 267 (=03) 22.7(-05) 286 (0.0) 20,0 (—=0.4)
X2 (Cramér's V) P=0867 (V= OOS) P=1.000 (V=-0.03)
Hand hygiene practice after contact ~ No 86(175) 112(=16) 126(=15) 209(1.0) 396(3.7) 16.0(-0.8) 36.1(2.7)
with surfaces Yes 405 (825 888(0.8) 874(0.7) 79.1(-05) 604(=17) 840(04) 639(-12)
x2 (Cramér's V) P<0.001 (V=022) P<0.001 (V=—-0.14)
Material used during hand hygiene Alcohol 323(79.8) 73.8(=0.7) 836(0.5) 843(06) 62.1(=1.1) 79.8(0.0) 783 (=0.1)
practice after contact with surfaces o3 and water 82 (202) 262 (14)  164(=1.0) 157 (=1.1) 37.9(21) 202 (=00) 21.7(02)
x2 (Cramér's V) P=0.013 (V=0.16) P=0.793 (V=0.01)

SRstandardized residuals, High-Pathogen Designated Areas (HPDA), General High-Risk Areas (GHR), Medium-Risk Clinical Areas (MRCA), Low-Risk Support Areas
(LRS), HCPs health care professionals, SSsupporting staff. Statistical significance (P-values) and effect sizes (Cramer’s V) are included to illustrate the strength of the

association between workplace designation and protocol compliance

procedures. A consistent gradient of adherence was
observed, with superior practices in HPDA compared
to non-designated areas, and among healthcare profes-
sionals compared to supporting staff. After multivariable
logistic regression, among HCWs with direct face-to-face
contact, donning and doffing adherence was significantly
associated with work site, IPC training, professional cate-
gory, and involvement in AGPs. In contrast, among those
who used N95 respirators during face-to-face contact,
pre-use seal-check adherence was associated with work

site, age (>30), stress, communal living, IPC training, and
AGPs.

A significant majority of study participants (80.8
percent) were working in clinical areas not specifically
designated for infectious disease care, indicating that
the primary risk of infection resided within the general
hospital environment rather than high-containment
units [28]. This reveals a critical "protection gap" where
lower perceived risk relaxed IPC vigilance compared to
dedicated units [29]. These findings suggest that future
pandemic preparedness could benefit from evaluating
a more distributed deployment of IPC measures across
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all patient-facing environments, rather than restrict-
ing these intensive resources exclusively to designated
high-risk units. Furthermore, the infection rate in
low risk areas and among supporting staffs highlights
a vulnerability to horizontal transmission in shared,
non-clinical spaces where standard precautions are fre-
quently deprioritized [29, 30].

Mask adherence

Our observed mask adherence (85.7-97.7%) mirrors
rates reported in Addis Ababa and Eastern Ethiopia [31-
33], yet exceeds figures from other parts of the country
[34, 35], an urban-rural disparity likely driven by supe-
rior resource availability and heightened risk perception
in urban centers during the pandemic peak [36]. Fur-
thermore, healthcare professionals demonstrated greater
adherence than supporting staff, a socio-professional
discrepancy previously documented in regional health
facilities [37]. We also identified a distinct spatial gradi-
ent, with compliance significantly higher in designated
high-risk units than non-designated areas, consistent
with global observations [38—41]. The presence of infec-
tion among these workers despite high reported adher-
ence suggests either localized protocol relaxation in
communal, staff-only zones driving peer-to-peer trans-
mission, or an artifact of social desirability bias inflating
self-reported compliance [42, 43].

Glove adherence

Glove adherence was high during AGPs (98.0%) but
lower during surface contact (63.1%), exceeding stud-
ies from Uganda and Southwest Ethiopia [38, 44]. How-
ever, these figures trail the near-universal compliance
observed in Burkina Faso, Saudi Arabia, Pakistan, and
China [41, 45-47]. A pronounced gradient also emerged,
with adherence significantly higher in designated areas—
a pattern mirroring trends in Uganda and Ghana that is
likely driven by risk perception [38, 45, 48]. Furthermore,
the wide professional gap in glove use during exposure
to bodily fluids isolates support staff handling infectious
waste as the most vulnerable cohort, reflecting inequities
in safety training and systemic exclusion from formal IPC
orientation. Conversely, lower compliance during surface
contact might suggest habituation to low-threat tasks or
a failure to recognize the built environment as a viable
transmission vector [49].

N95 respirator utilization and fit testing

NO95 respirator utilization was higher during AGPs
(66.5%) than during face-to-face contact (<40%),
exceeding figures from Nigeria (<10%) but mirroring
baseline trends in Addis Ababa (21.2%) [32, 50]. A
profound systemic gap was the near-total absence
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of formal fit testing; 98.9% of HCWs had never been
tested, representing an implementation deficit far wider
than those reported in Qatar and Australia [51, 52].
Furthermore, 65% of respondents failed to perform pre-
use seal checks, a failure rate notably higher than in Nepal
[53]. This dual absence of fit-testing and routine seal
checks critically compromises sealing integrity, rendering
NO95s functionally equivalent to standard surgical masks
[54, 55]. This fosters a false sense of security among
personnel, as peripheral leakage entirely bypasses the
respirator’s superior filtration media [56]. Consequently,
public health authorities in resource-limited settings
should prioritize pairing respirator procurement with
qualitative fit-testing infrastructure to ensure functional
safety barriers during future airborne health crises.

Determinants of seal-check adherence

Multivariable analysis identified work site as the primary
determinant of pre-use seal-check adherence, alongside
age, acute stress, communal living, IPC training, and
AGP involvement. Personnel in HPDA exhibited supe-
rior compliance, driven by heightened institutional safety
cultures and peer accountability, whereas those in gen-
eral wards operated under a false sense of security. This
indicates that environmental context often overrides
procedural necessity, leading to a relaxation of WHO-
recommended protocols despite uniform biological risks
[57]. Conversely, HCWs aged over 30 years had lower
adherence odds, potentially reflecting generational gaps
in recent training or lower risk perception. Compliance
was also heavily compromised by acute stress, which
likely impairs the cognitive bandwidth and attention to
detail required for precision safety steps, suggesting that
institutional mental health support could be a direct
driver of IPC adherence [11]. Interestingly, cohabiting
with family or a community more than doubled adher-
ence odds, a phenomenon likely driven by an ’altruistic
protection’ mechanism to safeguard household mem-
bers. Finally, the positive impact of IPC training and AGP
involvement underscores how high-risk procedural expo-
sure reinforces perceived severity and safety hygiene.
Ultimately, advancing healthcare safety cultures requires
shifting beyond technical training to address the environ-
mental and psychological barriers—such as stress and
location-based risk misperceptions—that hinder univer-
sal N95 compliance.

Donning and doffing adherence

Errors in donning and doffing PPE critically drive
autoinoculation and pathogen transmission to HCWs
[58, 59]. Descriptively, we observed a distinct knowledge-
behavior gap across roles: supporting staff primarily
exhibited a knowledge deficit (53.1% unaware of
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procedural steps), whereas healthcare professionals
demonstrated a behavioral disconnect (7.3% unaware
but 56.8% non-compliant). While these descriptive
differences align with literature from Nepal and Saudi
Arabia linking profession to baseline knowledge [60] [61],
professional category lost significance after multivariable
adjustment, suggesting that supporting staff require
basic education while HCPs need active implementation
support. Instead, multivariable analysis established work
site as the primary determinant of compliance, capturing
a severe adherence decay outside specialized units that
trails metrics from Saudi Arabia, India, and Canada
[60, 62, 63]. Compared to HPDA, personnel in GHR;
AOR 0.12 (0.07-0.19), MRCA; AOR 0.08 (0.04-0.14),
and LRS; AOR 0.07 (0.03-0.17) exhibited 88—-93% lower
odds of proper technique. This steep spatial gradient
likely reflects the high cognitive load of doffing, which
frequently coincides with end-of-shift fatigue when
physical exhaustion peaks alongside self-contamination
risks [64]; conversely, designated units benefit from
a more rigorous technical culture and stringent peer
supervision [40]. Ultimately, the independent predictive
power of AGP involvement [AOR 3.61 (2.33-5.58)] and
prior IPC training [AOR 1.59 (1.05-2.41)] reinforces
the perspective that heightened risk perception and
institutional reinforcement remain central to sustaining
protective clinical behaviors [65].

Eye protection

Although systematic reviews establish that mandatory
eye protection significantly reduces infection risks among
HCWs [66], utilization across the different interactions
with patients was low (23-52.8%). Adherence peaked
during AGPs and direct face-to-face contact but dropped
during body fluid exposure, surface decontamination,
and material handling, suggesting that personnel
prioritize eye protection only when splash or inhalation
threats are immediately visible. These low rates align with
data from South Wollo (31.9%) and Addis Ababa (19%),
Ethiopia [32, 67], and mirror suboptimal adherence
trends in Burkina Faso (1.56%), Pakistan (45%), and Saudi
Arabia (68%), while contrasting sharply with the 100%
compliance reported among Korean frontline nurses
[45—-47, 68]. This widespread omission likely stems from
documented practical barriers, such as fogging-induced
visibility impairment, alongside heat and dehydration
issues reported by up to 76% of participants in similar
climates [69]. Furthermore, neglecting eye protection
during surface and material manipulation highlights a
failure to recognize the built environment as a viable
transmission vehicle. Ultimately, this risk-dependent,
inconsistent approach likely compounds the vulnerability
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of staff in non-specialized wards where standard
precautions are routinely deprioritized [70].

Fluid-resistant PPE

Utilization of disposable gowns, coverall suits, head caps,
and shoe covers averaged below 50% across most patient
interactions, though compliance scaled progressively
from non-designated units to HPDA. This low adherence
mirrors trends in Addis Ababa (hair protection: 18%,
gown: 72.4%) [33] and Southwest Ethiopia (39.8%) [44],
but trails the high gown utilization reported in Korea
(98%), Burkina Faso (95.6%), Pakistan (90%), and Saudi
Arabia (85%) [45—47] [68]. This global—-local disparity is
likely driven by systemic supply constraints, which act
as a primary barrier in resource-limited settings even
among personnel with robust conceptual IPC knowl-
edge [71]. During bodily fluid exposure, a stark precau-
tion gap emerged: while mask and glove compliance was
high (97.7%), over 70% of staff omitted shoe covers and
more than 50% lacked gowns or shields. This behavior
was heavily dictated by institutional geography rather
than objective biological risk; compliance was rigorously
maintained within designated units but declined precipi-
tously across all non-designated areas. This spatial dis-
parity misaligns with epidemiological realities, given that
patient care vectors within non-designated wards remain
highly infectious. Furthermore, support staff handling
contaminated materials demonstrated significantly lower
adherence than health care professionals (P<0.001; glove
usage: 58.5% vs. 74.6%, P=0.013). Ultimately, these find-
ings underscore a critical vulnerability where HCW risk
perception is tethered to professional status and admin-
istrative zone labels rather than the objective presence of
pathogens.

Hand hygiene practice

Hand hygiene adherence was heavily reactive, ranging
from 49.3% before face-to-face contact to 82.5% following
bodily fluid exposure. These metrics trail superior
adherence benchmarks in Nigeria and India while
matching trends observed in Greece [72-74]. Locally, our
results contextualize a multicenter Ethiopian pandemic
compliance rate of 81.4% [75], a national pooled
baseline of 38%, and a higher Addis Ababa subgroup
performance of 73% [76]. Globally, post-pandemic
interventions elevated overall compliance to 74% from
historical baselines spanning 5% to 89% [58]. In our
study, adherence was highest (>80%) following contact
with body fluids or contaminated surfaces. Crucially, the
marked decline from 74.4% post-interaction to 49.3%
pre-contact echoes global meta-analytical evidence
that HCWs prioritize self-protection over patient
safety [58], escalating cross-contamination risks when
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perceived acquisition threats are low [65, 77]. Such
reactive adherence patterns create a significant window
for healthcare associated infections, as the most critical
step for preventing cross contamination, hand hygiene
prior to contact, remains the least practiced. While
HPDA generally exhibited superior adherence, aligning
with university hospital data from Germany and Uganda
[38, 40], we identified a unique 'Body Fluid Exception’
where institutional geography had no significant impact
(P=0.215). This might suggest that the visceral trigger
of visible fluids or disgust acts as an innate psychological
modifier that completely overrides administrative ward
classifications. Conversely, professional role introduced
severe compliance disparities; healthcare professionals
maintained significantly better compliance than support
staff, mirroring trends in Ghana, Uganda, and Somalia
[39, 78]. The dramatic collapse from 89.2% among
healthcare professionals to 16.7% among support
staff after fluid exposure reveals a staggering 72.5%
gap. Because support personnel routinely manipulate
heavily contaminated waste and linens, this profound
discrepancy exposes a critical, unaddressed institutional
transmission pathway.

Policy implications and speculations for future pandemic
preparedness

The strong institutional gradient across adherence meas-
ures demonstrates that IPC compliance is shaped by envi-
ronmental context, risk perception, and psychological
states rather than clinical knowledge alone. To close the
"protection gap" where most infections occurred, future
preparedness frameworks should mandate universal
minimum IPC standards across all clinical areas, regard-
less of administrative designation. Interventions should
leverage collectivist altruism by framing safety protocols
around family preservation rather than self-protection,
while integrating stress-reduction elements into training
to safeguard cognitive bandwidth. Furthermore, systemic
vulnerabilities must be addressed by securing fit-testing
infrastructure within respirator procurement budgets,
mitigating transmission in shared staff spaces like break-
rooms, and eliminating socio-professional inequities
through inclusive training and equitable PPE allocation
for support staff. Finally, to counteract the high cognitive
load and fatigue of end-of-shift doffing, passive protocols
should be reinforced with practical, real-world safeguards
like visual checklists and peer-audited buddy systems.

Limitations of the study

Several limitations contextually frame our findings.
First, the cross-sectional design precludes causal infer-
ence, capturing epidemiological associations rather
than definitive causal pathways. Second, selecting an
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infected-only HCW cohort introduces selection bias, as
risk perceptions and compliance behaviors may system-
atically diverge from uninfected peers, while an inher-
ent "healthy worker effect”, omitting personnel who
were severely ill, deceased, or left employment—poten-
tially underestimates true institutional risks. Third, the
restriction to Addis Ababa limits nationwide generaliz-
ability, as capital-city resources, caseloads, and training
access differ substantially from rural hospitals. Similarly,
the single-country setting and early temporal window
(March 2020-March 2021) restrict generalizability to
external healthcare systems or current stable contexts
with normalized PPE supply chains and stabilized IPC
guidelines. Additionally, non-participation bias remains
possible if non-responders maintained systematically
distinct behaviors.Fourth, information and measure-
ment bias cannot be excluded; lacking objective direct
observations, our data rely on self-reports vulnerable to
social desirability and 14-day recall decay, which dispro-
portionately impacts low-salience routine habits (e.g.,
hand hygiene, seal-checking) compared to memorable
high-risk exposures. Furthermore, the standard but arbi-
trary>50% dichotomous adherence threshold may mis-
classify borderline compliance, suggesting a future pivot
toward continuous or exposure-weighted risk metrics.
Finally, despite robust multivariable adjustment, resid-
ual confounding from unmeasured variables, such as
immediate point-of-care PPE availability, peer influence,
individual risk perception, and pre-pandemic baseline
training, remains possible.

Conclusions and recommendations

This study identifies significant protection gaps across
multiple IPC domains, characterized by suboptimal N95
fit-testing, inconsistent pre-use seal checks, donning and
doffing non-adherence, and reactive hand hygiene prac-
tice. These deficits form a distinct adherence gradient
where better practices in designated settings prepared for
high-consequence pathogens and among health profes-
sionals contrast with systemic vulnerabilities in general
clinical environments and among support staff. With
most infections occurring outside specialized units, pri-
mary occupational risk resides in general wards, driven
by work site as an important determinant of adherence.
Multivariable analysis confirms lower compliance odds
in non-designated settings for both donning/doffing and
pre-use seal-checks, with AGP involvement and IPC
training acting as key positive predictors. To strengthen
institutional resilience against high-consequence patho-
gens, we recommend standardization of IPC protocols
across all clinical environments.
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SD Standard deviations
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SS Supporting staff
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WHO World Health Organization
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