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ABSTRACT
Objective Compliance with COVID- 19 prevention 
measures limits infection occurrence and spread in 
healthcare settings. According to research conducted 
in Ethiopia, compliance with COVID- 19 preventative 
strategies is inconsistent among healthcare providers. 
This systematic review and meta- analysis aimed 
to estimate the national pooled proportion of 
healthcare workers (HCWs) who adhere to COVID- 19 
preventive measures and associated factors with good 
compliance.
Design A systematic review and meta- analysis of all 
identified studies with cross- sectional study design.
Data sources A comprehensive search was 
conducted in PubMed/MEDLINE, POPLINE, HINARI, 
Science Direct, Cochrane Library databases and 
Google Scholar search engines from January 2020 to 
September 2021.
Data extraction and synthesis This review included all 
observational studies conducted in Ethiopia that reported 
the proportion of compliance with COVID- 19 preventive 
measures and associated factors among HCWs. Two 
independent authors assessed the methodological 
quality of studies using Joanna Briggs Institute’s meta- 
analysis of statistical assessment and review instrument. 
The effect estimates for pooled proportion and pooled 
OR (POR) were determined.
Results From retrieved 611 original studies, 21 
studies were included in the meta- analysis with a 
total of n=7933 HCWs. The pooled proportion of good 
compliance with COVID- 19 preventive measures among 
HCWs was 49.7% (95% CI: 42.3% to 57.1%). Being 
male (POR=2.21, 95% CI: 1.52 to 3.21), service years 
(>3 years) (POR=2.65, 95% CI: 1.94 to 3.64), training 
(POR=2.30, 95% CI: 1.78 to 2.98), positive attitude 
(POR=3.14, 95% CI: 1.66 to 5.94) and good knowledge 
(POR=2.36, 95% CI: 1.92 to 2.89) were factors 
significantly associated with good compliance towards 
COVID- 19 preventive measures.
Conclusion Our study indicated that approximately one 
in every two HCWs had good compliance with COVID- 19 
preventive measures. There must be more emphasis 
on providing further training sessions for the HCWs to 
improve their compliance with COVID- 19 preventative 
measures.

INTRODUCTION
The WHO has named COVID- 19 the second 
pandemic of the 21st century.1 The virus 
produces a wide range of symptoms, from 
asymptomatic to severe acute respiratory 
distress syndrome and death. The COVID- 19 
pandemic is an unprecedented catastrophe 
and a global threat.2 3 This highly conta-
gious disease has spread like wildfire glob-
ally and has caused division, distrust, and 
inequality, and raised trade tensions among 
nations.4 5 Due to a lack of human resources, 
personal protective equipment (PPE) and 
poor health systems, the pandemic spread 
quickly throughout Africa and killed millions 
of people including healthcare workers 
(HCWs).1 5 6 In sub- Saharan Africa, the 
COVID- 19 poses a serious threat to coun-
tries due to its devastating ramifications that 
include poverty, weakened health systems, 
and sociocultural impact on both the patients 
and the HCWs.7–11

In many countries, including Ethiopia, 
COVID- 19 is a demoralising threat to HCWs, 
causing high levels of distress. HCWs, the 
frontline combatants in this pandemic, are at 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ A comprehensive literature search was conducted 
across all popular databases.

 ⇒ We have used the Joanna Briggs Institute meta- 
analysis of statistics assessment and review instru-
ment evaluation checklist to ensure quality while 
conducting this review.

 ⇒ All included studies were cross- sectional in design, 
making causal effect linkages difficult to discern.

 ⇒ Each study’s operational definition for categorising 
outcome variables differs slightly.

 ⇒ The proportion of healthcare workers compliant with 
COVID- 19 preventative measures was assessed 
based on self- reporting, which may be influenced 
by social desirability.
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a high risk of contracting COVID- 19 and transmitting it 
to patients.12–14 As a result of the pandemic, HCWs have 
lost their lives. According to the WHO, globally, around 
115 000 HCWs have died between January 2020 and 
May 2021.15 Moreover, the WHO reported that 14% of 
COVID- 19 victims are HCWs in low/middle- income coun-
tries, while the HCWs who are reported to have lost their 
lives in developed nations range from 17 805 to 56 977 
from October 2020 to August 2021.16–20 As of March 2021, 
it was reported that the COVID- 19 seroprevalence among 
HCWs in Ethiopia ranged from 53.7% to 56.1%.21

To control the spread of COVID- 19, the WHO and 
the Centers for Disease Control and Prevention have 
repeatedly emphasised preventive measures such as 
hand washing, maintaining social distance and using 
face masks.22–24 These preventive measures are also 
used to ensure the quality of treatment and safeguard 
HCWs, patients, and communities.25–27 Both surgical 
masks and N95 masks are effective in reducing the risk 
of COVID- 19 transmission though they do not guarantee 
100% protection against getting infected.23 24 The effi-
ciency of pandemic prevention strategies is determined 
by many critical factors, namely lack of laboratory infra-
structures, trained staff and the level of HCWs’ adherence 
to preventive measures. The awareness and attitude of 
HCWs toward the pandemic, excessive workload, a lack of 
PPE supplies and the working environment are all factors 
that increase the risk of exposure and influence HCWs’ 
compliance with COVID- 19 preventive measures.28–32

To prevent the spread of COVID- 19, the Ethiopian 
government implemented several public health initia-
tives. Hand washing, wearing a face mask and social 
distancing were among the primary preventive strategies 
the government has promoted to the general public and 
HCWs through various media platforms.33 Compliance 
with these preventive measures is required to curb the 
occurrence and spread of COVID- 19.34–36 In Ethiopia, 
studies conducted in various settings have indicated that 
compliance is not at the required level, and there is a 
large variation in compliance with COVID- 19 preven-
tive measures.37–42 Given this information, this systematic 
review and meta- analysis (SRMA) was designed to deter-
mine the pooled proportion and factors associated with 
good compliance with COVID- 19 preventive measures 
among HCWs using available evidence in Ethiopia.

REVIEW QUESTIONS
 ► What is the pooled proportion of compliance with 

COVID- 19 preventive measures among HCWs in 
Ethiopia?

 ► What factors are strongly associated with Ethio-
pian HCWs’ compliance with COVID- 19 preventive 
measures?

METHODS
Patient and public involvement
This study had no direct patient or public engagement.

Systematic review and protocol registration
This SRMA was conducted to estimate the pooled propor-
tion of HCWs’ compliance with COVID- 19 preventive 
measures and the associated factors. To ensure the useful-
ness of this SRMA to the readers, we developed a trans-
parent, complete and accurate report of this review, using 
the Preferred Reporting Items for Systematic Reviews and 
Meta- Analysis criteria43 (online supplemental table 1). 
This systematic review followed the Joanna Briggs Insti-
tute (JBI) methodology for proportional evidence.44

Eligibility criteria
Inclusion criteria
Articles that met the following criteria were considered 
and included in the review.

The study assessed at least two COVID- 19 preventive 
measure components, such as hand hygiene practice 
and PPE utilisation; medical equipment processing and 
healthcare waste management practice were included.

Language: only studies published in English were 
considered for inclusion.

Study setting: studies that were conducted in Ethiopia 
only.

Study population: the study involving all HCWs or at least 
one profession (physicians, nurses, midwives, laboratory 
technicians and cleaners) was considered.

Study design: this review included all observational 
studies (cross- sectional, case–control and cohort) that 
reported the proportion of compliance and associated 
factors with COVID- 19 preventive measures. On the other 
hand, the status of a paper’s publication was considered, 
and both published and unpublished studies were valued.

Exclusion criteria
Papers that did not indicate the overall proportion of 
compliance with COVID- 19 preventative measures, 
studies done among graduating health science or medical 
students/interns, qualitative research about COVID- 19 
preventive measures and published articles with unclear 
methodologies were excluded.

Measurement of outcome variables
This study had two main outcomes: the primary outcome 
variable was compliance with COVID- 19 preventative 
measures, characterised as having good compliance/
practice based on the operational definition of included 
studies. The total number of HCWs who had good prac-
tice divided by the total number of HCWs participating 
in the study multiplied by 100 was used to calculate the 
proportion of good compliance with COVID- 19 preven-
tive measures and was considered in the primary studies.

The second objective of this review was to determine 
the factor associated with HCWs’ compliance with 
COVID- 19 preventive measures. The natural logarithm- 
adjusted OR and 95% confidence levels of each included 
article were used to determine the relationship between 
good compliance with COVID- 19 preventive measures 
and associated factors after calculating SE. Accordingly, 
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HCW gender (male and female), service year (lower and 
higher), training (yes and no), knowledge (good and 
poor) and attitude (positive and negative) regarding 
COVID- 19 preventive measures were involved in deter-
mining pooled OR (POR).

Search strategy
A comprehensive search was conducted from 1 September 
2021 to 30 October 2021, using PubMed/MEDLINE, 
POPLINE, HINARI, Science Direct, Cochrane Library 
databases and Google Scholar to retrieve all potentially 
relevant papers. All searches were confined to articles 
written in English.41 42 Grey literature in observational 
studies was combined with the help of reference lists and 
subject matter specialists. On the other hand, various 
research facilities, including the Addis Ababa Digital 
Library, were searched for unpublished publications 
pertinent to this SRMA. EndNote V.X8 software was 
used to obtain and manage studies found through our 
search method. For the PubMed/MEDLINE search, the 
following phrases and keywords were used: “Professional 
Practice” OR compliance AND COVID- 19 OR SARS- 
CoV- 2 OR “Coronavirus Disease 2019 Virus” OR “SARS 
Coronavirus 2” AND “Health personnel” OR “Health Care 
Providers” OR Health Care Provider” OR “Professional, 
Health Care” AND Determinant OR “Epidemiologic 
Factors” OR “Epidemiologic Determinant” OR Determi-
nant, Epidemiologic OR Factor associated OR Factors OR 
“Risk Factor” AND Prevention and control OR “preven-
tive measures” AND Ethiopia, as well as all possible combi-
nations of these terms. We used database- specific subject 

headings linked with the above terms and keywords used 
in PubMed for the other electronic databases (online 
supplemental table 2).

Study selection and data extraction
All of the articles identified for this review were imported 
into the EndNote V.X8 software, and the duplicates were 
removed. Two authors (DZ and GB) independently 
reviewed and identified articles by their titles, abstracts 
and full texts based on the eligibility criteria. Following 
that, all the screened articles were collated, and any 
discrepancies that arose were resolved by mutual agree-
ment. Full- text articles that were not fully available after at 
least two personal email contacts with the corresponding 
authors were omitted, as they did not report the outcomes 
of interest.

The data extraction format for the first outcome vari-
able (proportion of good compliance) included the 
primary author, publication year, study region(s), type of 
health facility, study population, data collection method, 
major COVID- 19 preventive measures, sample size, 
response rate and proportion of good compliance with 
95% CI. Data were extracted in a two- by- two table format 
for the second outcome (factors). Each factor’s natural 
log OR was determined based on the original research 
findings.

Quality assessment
The JBI meta- analysis of statistics assessment and review 
instrument quality evaluation tool for proportion studies 
was used to assess the quality of the appended studies to 

Figure 1 Flow chart of study selection for systematic review and meta- analysis of the proportion and determinants of 
compliance with COVID- 19 preventive measures among healthcare workers in Ethiopia.
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determine the risks of bias.45 The JBI parameters include: 
appropriate sampling frame, proper sampling technique, 
study subject and setting description, sufficient data anal-
ysis, use of valid methods for the identified conditions, 
valid measurement for all participants, use of appropriate 
statistical analysis, outcome measure validly and reliably, 

in which 50% or higher score of overall parameters 
considered as low risk of bias.45 To determine the level 
of risk, each parameter’s requirements were marked as 
‘1’ if ‘yes’ for low risk of bias and ‘0’ if ‘no’ for high risk. 
Accordingly, risks of bias were categorised as low (total 
score of ≤2), moderate (total score of 3–4) or high (total 

Table 1 Descriptive summary of 21 studies included in the meta- analysis with compliance with COVID- 19 preventive 
measures among healthcare workers (HCWs) in Ethiopia

No Author (year) Region
Type of 
health facility

Data collection 
method

Sample 
size

Good compliance 
of HCWs by 
gender Overall proportion 

of compliance with 
95% CI

Male
(%)

Female
(%)

1 Birhanu et al (2021)38 Harari Hospital and 
health centre

Interview 418 60.51 39.49 37.6 (32.9 to 42.2)

2 Mersha et al (2021)39 SNNPR Hospital and 
health centre

Interview 428 50.33 49.67 35.3 (30.7 to 39.8)

3 Baye et al (2021)40 Addis 
Ababa

Hospital Self- administered 304 57.80 42.20 35.9 (30.5 to 41.2)

4 Mindaye et al 
(2021)56

Addis 
Ababa

Hospital Self- administered 422 Not reported 70 (65.6 to 74.4)

5 Tadesse et al (2020)67 Addis 
Ababa

Hospital Self- administered 408 Not reported 33.3 (28.8 to 37.9)

6 Tesfaye et al (2021)66 Addis 
Ababa

Hospital Self- administered 295 Not reported 29.8 (24.6 to 35.0)

7 Kassie et al (2020)41 Amhara Hospital and 
health centre

Self- administered 630 58.20 41.80 38.7 (34.9 to 42.5)

8 Birhane et al (2020)52 Amhara Hospital and 
health centre

Self- administered 183 72.00 28.00 68.3 (61.6 to 75)

9 Bitew et al (2021)58 Amhara Hospital Self- administered 408 Not reported 55.0 (50.2 to 59.8)

10 Mulu et al (2020)59 Amhara Hospital and 
health centre

Self- administered 398 55.87 44.13 62.0 (57.2 to 66.8)

11 Shibabaw and Teferi 
(2021)62

Amhara Hospital Interview 104 Not reported 59.6 (50.2 to 69.0)

12 Walle et al (2021)65 Amhara Hospital Self- administered 372 76.79 23.21 60.2 (55.2 to 65.2)

13 Jemal et al (2021)42 Four and 
above 
regions

Hospital Self- administered 397 Not reported 63.5 (58.8 to 62)

14 Tadesse et al (2020)67 Tigray Hospital Self- administered 415 Not reported 67 (62.5 to 71.5)

15 Gebremeskel et al 
(2020)57

Tigray Hospital Interview 387 44.58 55.42 64.3 (59.5 to 69.1)

16 Hailu et al (2021)53 Oromiya Hospital Interview 280 53.28 46.72 48.9 (43.1 to 54.8)

17 Zenbaba et al 
(2021)54

Oromiya Hospital Interview 654 59.57 40.43 21.6 (18.5 to 24.8)

18 Tsegaye et al (2021)55 Oromiya Hospital and 
health centre

Self- administered 330 69.81 30.19 64.2 (59.0 to 69.4)

19 Adola et al (2021)60 Oromiya Hospital and 
health centre

Self- administered 275 Not reported 61.8 (56.1 to 67.5)

20 Gebremedhin et al 
(2021)61

Oromiya Health post Interview 421 Not reported 46.1 (41.3 to 50.9)

21 Etafa et al (2021)64 Oromiya Hospital Self- administered 404 Not reported 22.0 (18.0 to 26.0)

SNNPR, Southern Nations, Nationalities, and Peoples’ Region.
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score of >5) in terms of their likelihood.45 46 Two authors 
(DZ and GB) assessed the quality of the studies included. 
Finally, papers with a score of 5 or higher, indicating a 
high risk of bias, were ruled out (online supplemental 
table 3).

Data synthesis and strategy
Data were extracted into a Microsoft Excel spreadsheet 
before being exported to STATA V.16 software. Each 
primary study’s characteristics were listed in a Microsoft 
Excel spreadsheet, and SEs were calculated using the 
formula: SE=√p (1−p)/n from each original study. The p 
values of the Cochrane Q- test and I2 statistics were used to 
examine heterogeneity in reported proportion.47 Because 
the test statistic revealed high heterogeneity among the 
studies (I2=98.7%, p=0.001), the DerSimonian- pooled 
Laird’s effect was estimated using a random- effects 
model. The effect sizes were expressed as a percentage for 
pooled proportion and POR for factors associated with 
COVID- 19 preventive measures. The Higgins I2 test statis-
tics were used to calculate the percentage of total variance 
owing to heterogeneity across studies.47–51 Although there 
is no exact criterion for when heterogeneity becomes 
significant, some researchers recommend low heteroge-
neity when I2 values are between (25%–50%), moderate 
(50%–75%) and high (>75%).47–51 According to the indi-
cated category of I2, there was a huge variety between the 
studies included in this review. We conducted subgroup 
analysis by region, type of healthcare facility, sample 
size, data collection technique, major components of 
COVID- 19 preventative measures assessed and response 
rate to characterise the source of heterogeneity. The 
results of the meta- analysis were portrayed on the forest 
plot. For meta- regression, a funnel plot was used to assess 
publication bias. The plot resembles a symmetrical huge 
inverted funnel in the absence of publication bias. The 
publication bias was objectively appraised using Egger’s 
weighted regression and Begg’s rank correlation tests 
(p<0.05), in which both the tests were not found to be 

statistically significant. The leave- one- out sensitivity meta- 
analysis was performed to explore the sturdiness of the 
findings.

RESULTS
The systematic literature search resulted in the retrieval 
of 611 articles. Of these, 391 articles were screened on 
title and abstract after duplicates were removed, and 
332 articles that did not meet inclusion criteria were 
excluded. As a result, 59 full- text papers were screened 
for eligibility based on the preset criteria, and 38 articles 
were excluded because the study population and study 
sites were not reported (online supplemental table 4). 
Finally, 21 eligible studies were included in the meta- 
analysis (figure 1).38–42 52–67

Description of the included studies
The included studies were cross- sectional design in 
nature and were published between 1 January 2020 and 
30 September 2021. A total of 7933 study participants 
were included in the current meta- analysis to estimate the 
pooled proportion of good compliance with COVID- 19 
preventive measures among HCWs. In the present meta- 
analysis, six studies were from Amhara,41 53 58 59 62 65 seven 
studies from the Oromiya region,38 53–55 60 61 64 four from 
Addis Ababa,40 56 63 66 one from Southern Nations, Nation-
alities, and Peoples’ Region (SNNPR),39 two from Tigray 
region,57 67 and one study conducted in Oromiya, Amhara, 
Addis Ababa, Tigray, and SNNPR.42 However, none of the 
studies reported from Benishangul- Gumuz, Gambella and 
Dire Dawa regions (table 1).

The proportion of good compliance with COVID-19 preventive 
measures
In this meta- analysis, the pooled proportion of good 
compliance with COVID- 19 preventive measures among 
HCWs in Ethiopia was found to be 49.7% (95% CI: 
42.3% to 57.1%). High heterogeneity was observed 
across the included studies (I2=98.0%, p<0.001). As a 
result, a random- effects model was used to estimate the 
pooled proportion of good compliance with COVID- 19 
preventive measures among HCWs in Ethiopia. From 
included studies, the highest proportion of good 
compliance with COVID- 19 preventive measures was 
found to be 70% (95% CI: 65.6% to 74.4%) as reported 
by Mindaye et al,56 whereas the lowest proportion of 
good compliance was 21.6% (95% CI: 18.5% to 24.8%) 
as reported by Zenbaba et al.54 To identify possible 
sources of heterogeneity, different factors associated 
with heterogeneity, such as year of publication, quality 
score and sample size, were investigated using a univar-
iate meta- regression model. Unfortunately, none of the 
factors were identified as a significant source of hetero-
geneity (table 2 and figure 2).

Sensitivity analysis
A leave- one- out sensitivity analysis was used to test the 
findings’ reliability. The findings from sensitivity analyses 

Table 2 Factors towards the heterogeneity of compliance 
with COVID- 19 preventive measures among HCWs based 
on univariate meta- regression

Variable Coefficient P value 95% CI

Year of 
publication

−8.18 0.327 −24.52 to 8.18

Sample size −0.053 0.060 −0.11 to 0.002

Response 
rate

0.53 0.357 −0.60 to 1.66

The quality 
score of the 
study

−2.92 0.733 −19.74 to 13.89

Study period 
by month

−2.67 0.265 −11.24 to 6.58

HCWs, healthcare workers.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-060681 on 5 A

ugust 2022. D
ow

nloaded from
 

https://dx.doi.org/10.1136/bmjopen-2021-060681
https://dx.doi.org/10.1136/bmjopen-2021-060681
https://dx.doi.org/10.1136/bmjopen-2021-060681
http://bmjopen.bmj.com/


6 Zenbaba D, et al. BMJ Open 2022;12:e060681. doi:10.1136/bmjopen-2021-060681

Open access 

revealed that using the random- effects model was robust. 
No study impacted the pooled proportion of good 
compliance with COVID- 19 preventive measures among 
HCWs. After a single study was removed from the meta- 
analysis, the pooled proportion of good compliance with 
COVID- 19 preventive measures was close to the real effect 
size (figure 3).

Publication bias
Asymmetry in the funnel plot was used to check for publi-
cation bias. The funnel plot revealed that the distribu-
tion of articles was slightly uneven. We used Begg’s and 
Egger’s tests objectively to confirm the asymmetry. Both 
Egger’s and Begg’s tests revealed a statistically insignifi-
cant publication bias in the proportion of good compli-
ance with COVID- 19 preventative measures among HCWs 
(p=0.068 and p=0.381, respectively) (figure 4).

Subgroup analysis
In this meta- analysis, we performed a subgroup analysis 
based on the region of the country, where studies were 
conducted, and the sample size. Accordingly, the highest 
proportion of good compliance with COVID- 19 preven-
tive measures was observed in the Tigray region with a 
proportion of 65% (95% CI: 62.4% to 69.0%), followed 
by Amhara and Oromiya regions, 57.1% (95% CI: 
47.6% to 66.6%) and 44.0% (95% CI: 28.0% to 59.7%), 

respectively. The significant heterogeneity between the 
groups (regions) was observed (p<0.001). The propor-
tion of good compliance with COVID- 19 preventive 
measures was 52.5% (95% CI: 40.6% to 64.2%) and 
48.3% (95% CI: 38.9% to 57.7%) among studies having 
a sample size of ≤370 and >370, respectively. The propor-
tion of compliance with COVID- 19 preventive measures 
was computed with the included studies’ data collection 
period (month). The proportion of good compliance 
with COVID- 19 preventive measures was 51.5% (95% CI: 
42.4% to 60.5%) among studies conducted from March 
to June 2020 and 48.9% (95% CI: 18.5% to 79.3%) for 
studies conducted from October to December 2020. We 
also conducted a subgroup analysis based on the study 
setting. Accordingly, the pooled proportion of good 
compliance with COVID- 19 preventive measures was 
49.3% in studies conducted exclusively in hospitals and 
52.4% among studies that included health centres and 
hospitals. Of all the subgroup analyses, the region of 
included studies was found to be a significant source 
of variability/heterogeneity across the studies (table 3).

Factors associated with good compliance towards COVID-19 
preventive measures
The relationship between the gender of HCWs and their 
compliance with COVID- 19 preventive measures was 

Figure 2 Forest plot of the pooled proportion of good compliance with COVID- 19 preventive measures among healthcare 
workers in Ethiopia.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-060681 on 5 A

ugust 2022. D
ow

nloaded from
 

http://bmjopen.bmj.com/


7Zenbaba D, et al. BMJ Open 2022;12:e060681. doi:10.1136/bmjopen-2021-060681

Open access

explored in this meta- analysis from four studies.38 41 55 57 It 
was found that male HCWs were 2.2 times more likely to 
adhere to COVID- 19 preventive measures than the female 
HCWs (POR: 2.21, 95% CI: 1.52 to 3.21). The test statis-
tics revealed moderate heterogeneity among the included 
studies (I2=57.2%, p=0.025). As a result, the association was 
determined using a random- effects meta- analysis approach 
(figure 5). Similarly, four studies41 54 55 65 examined the 

relationship between service years and good compliance 
with COVID- 19 preventive measures. The findings of this 
meta- analysis revealed that HCWs with higher service years 
(≥3 years) were 2.7 times more likely to adhere to COVID- 19 
preventive measures than those with shorter service years 
(<3 years) (POR: 2.65, 95% CI: 1.94 to 3.64). A fixed- effects 
model was implemented because there was no heteroge-
neity among the studies (I2=0.0%, p=0.413) (figure 6).

In the same way, four studies38 59 61 64 were used to observe 
the relationship between being trained on COVID- 19 
preventive measures and good compliance with preven-
tive measures. The probabilities of good compliance with 
COVID- 19 preventive measures were 2.3 times greater 
among HCWs who had received COVID- 19 preventive 
measures training than among HCWs who had not received 
training (POR: 2.30, 95% CI: 1.78 to 2.98). The fixed- effects 
model was used because there was no heterogeneity in the 
included studies (I2=0.0%, p=0.983) (figure 7).

We determined the association between good knowl-
edge and compliance with COVID- 19 preventive 
measures using seven studies.39 40 54 55 58 59 61 It was found 
that HCWs with good knowledge of COVID- 19 preven-
tative measures were 2.4 times more likely to comply 
with COVID- 19 preventive measures than HCWs with 
poor knowledge (POR: 2.36, 95% CI: 1.92 to 2.89) 
(figure 8). A fixed- effects model was examined because 
there was no heterogeneity among the included studies 
(I2=0.0%, p=0.853). Similarly, four studies39 41 61 65 exam-
ined the relationship between positive attitude and 
good compliance of HCWs with COVID- 19 preventive 

Figure 4 Funnel plot with 95% confidence limits of the 
pooled proportion of compliance with COVID- 19 preventive 
measures among healthcare workers in Ethiopia.

Figure 3 Sensitivity analysis of prevalence for each study being removed at a time: proportion and 95% CI of good 
compliance with COVID- 19 preventive measures among healthcare workers in Ethiopia.
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measures. When comparing HCWs with a positive atti-
tude with HCWs with a negative attitude, the odds of 
good compliance with COVID- 19 preventive measures 
were three times higher (POR: 3.14, 95% CI: 1.66 to 
5.94). The random- effects model was used since the 
included studies had higher heterogeneity (I2=84.5%, 
p=0.001) (figure 9).

DISCUSSION
The COVID- 19 pandemic is a global public health 
concern. Many people have died, and thousands of 
HCWs have tested positive for combating the COVID- 19 
epidemic on the front line with inadequate PPE.68–70 
COVID- 19 preventive measures compliance among 
HCWs in Ethiopia has been exceedingly inconsistent. 
Hence, estimating the national pooled proportion of 
Ethiopian HCWs’ good compliance with COVID- 19 

preventive measures and associated factors may be crucial 
in informing healthcare planners and policymakers. The 
overall pooled proportion of compliance with COVID- 19 
preventive measures among HCWs obtained from this 
review was 49.7%. Despite an increase in COVID- 19 cases, 
test positivity and deaths reported in Ethiopia during the 
second half of 2020–March 2021, HCW compliance with 
preventative measures in Ethiopia was not at the intended 
level as per the COVID- 19 prevention guidelines.33 70 71 
This result was lower than previous study findings, which 
showed 60% in Ethiopia72 and 70% in 45 countries.73 This 
discrepancy could be because of the period covered by 
the study (early vs late COVID- 19 pandemic), the inclu-
sion of several studies in the analysis, and differences 
in COVID- 19 prevention facilities and supplies (such as 
PPE shortages and hand washing sinks with water and 
soap in healthcare facilities). Variation in sample size, 

Table 3 The subgroup proportion of compliance with COVID- 19 preventive measures among healthcare workers in Ethiopia, 
2020–2021

Variables Subgroup

No of 
included 
studies

Sample 
size

Proportion
(95% CI)

Heterogeneity across 
the studies

Heterogeneity 
between groups
(p value)I2 (%) P value

Region Amhara 6 2095 57.1 (47.6 to 66.6) 94.1 <0.001 <0.001

Addis Ababa 4 1429 42.3 (22.8 to 61.8) 98.5 <0.001

Oromiya 6 2292 44.0 (28.0 to 59.7) 98.6 <0.001

Tigray 2 802 65.7 (62.4 to 69.0) 0 0.421

SNNPR 1 428 35.3 (30.8 to 39.8) 0

Harari 1 418 37.6 (33 to 42.2) 0

Four and above 
regions

1 397 63.5 (58.8 to 68.3) 99.5 <0.001

Types of 
health facility

Hospital 13 4850 48.5 (37.8 to 59.2) 98.5 <0.001 0.553

Health centre and 
hospital

7 2662 52.4 (41.8 to 63.1) 97.0 <0.001

Health post 1 421 46.1 (41.3 to 50.9) 0

Sample size ≤370 7 1771 52.5 (40.6 to 64.2) 98.8 <0.001 0.720

>370 14 6162 48.3 (38.9 to 57.7) 98.8 <0.001

Response 
rate

≤95% 8 2637 50.2 (39.6 to 60.9) 97.0 <0.001 0.991

>95% 13 5296 50.1 (40.6 to 59.7) 98.4 <0.001

Data 
collection 
method

Interview 5 2160 46.2 (28.7 to 63.8) 98.4 <0.001 0.029

Interview and 
observation

1 428 35.3 (30.8 to 39.8) 0

Self- administered 16 6084 52.3 (44.4 to 60.2) 97.7 <0.001

Study period 
by month

March–June 2020 12 4017 51.5 (42.4 to 60.5) 97.6 <0.001 0.785

June–September 
2020

5 1706 46.7 (31.0 to 62.4) 97.9 <0.001

October–December 
2020

3 1326 48.9 (18.5 to 79.3) 99.3 <0.001

January–February 
2021

1 421 46.1 (41.3 to 50.9) 0

Four and above regions include Oromiya, Amhara, Tigray, SNNPR, etc.
SNNPR, Southern Nations, Nationalities, and Peoples' Region.
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data collection methods, study period and HCW char-
acteristics between studies may result in high variability 
in our study. We used sensitivity and subgroup analysis 
to address this problem. Besides, the estimated pooled 
proportion of compliance with COVID- 19 preventa-
tive measures was stable and not dependent on a single 
study. The subgroup analysis by region, sample size, types 
of healthcare facilities, and study period or data collec-
tion month was also used to evaluate the likelihood of 

the source of heterogeneity. The Tigray region had the 
highest proportion of good compliance with COVID- 19 
prevention measures, while the SNNPR had the lowest.

In comparison with research conducted in other 
regions, most of the studies included were from the 
Amhara and Oromiya regions, respectively. This discrep-
ancy could be explained by differences in the skills and 
experiences of HCWs and the number of studies identi-
fied or done in different locations, universities or research 

Figure 5 The pooled OR of the association between sex of healthcare workers and compliance with COVID- 19 preventive 
measures in Ethiopia.

Figure 6 The pooled OR of the association between service year of healthcare workers and compliance with COVID- 19 
preventive measures in Ethiopia.
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institutes. Another reason for the difference could be 
the discrepancy in HCWs’ environmental architecture 
and behavioural characteristics. Based on our study find-
ings, it is emphasised that the future training to improve 
compliance should target groups considered to be less 

compliant currently. Besides, the methods for assessing 
the post- training competence must be developed in all 
regions of Ethiopia.

We also did a subgroup analysis based on types of 
healthcare facilities and the data collection period of 

Figure 7 The pooled OR of the association between the training of healthcare workers and compliance with COVID- 19 
preventive measures in Ethiopia.

Figure 8 The pooled OR of the association between knowledge of healthcare workers and compliance with COVID- 19 
preventive measures in Ethiopia.
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each study. Accordingly, there was a higher proportion 
of good compliance with COVID- 19 preventive measures 
among studies conducted in hospitals/health centres 
from March to June 2020. Because the majority of the 
studies included in this review were conducted immedi-
ately after the onset of the COVID- 19 pandemic in Ethi-
opia, HCWs may be fearful. Another reason for this could 
be differences in infrastructure and PPE supplies when 
implementing COVID- 19 preventive measures in health-
care facilities (hospitals vs health centres).

The other objective of this study was to determine 
the factors associated with good compliance towards 
COVID- 19 preventive measures. As a result, sex, service 
year, attitude, training and knowledge of COVID- 19 
preventive measures were identified as factors associ-
ated with good compliance towards COVID- 19 preven-
tive measures. Male HCWs were more likely to adhere 
to COVID- 19 preventive measures than female HCWs. 
This finding agreed with prior research undertaken in 
Ethiopia74 and Greece.75 This gender difference could 
be related to women’s work overload at work and home 
(childcare, meal preparation and so on).

Similarly, HCWs with more service years (>3) had a 
higher likelihood of good compliance than their counter-
parts. This difference could be explained by the fact that 
as HCWs’ service years increase, so does their exposure to 
and fear of a pandemic, prompting them to implement 
more stringent preventive measures. The relationship 
between being trained on COVID- 19 preventive measures 
and good compliance with those measures, on the other 
hand, was investigated. Healthcare employees who had 
received COVID- 19 prevention training were more likely 
to adhere to COVID- 19 preventive measures than HCWs 
who had not received training. This difference is due to 
the fact that providing COVID- 19 preventive measures 
training to HCWs is crucial for enhancing practical skills 

and ensuring COVID- 19 preventive measures compliance. 
Furthermore, healthcare personnel with a high under-
standing of COVID- 19 preventive measures were more 
likely to comply than those with a poor understanding. 
This difference could be attributed to proper COVID- 19 
prevention training and duration, the availability of 
reading materials/internet connection and personal 
obligations. Furthermore, thorough training promotes 
behaviour improvement and ensures that HCWs follow 
the infection prevention guidance properly.76 In contrast, 
healthcare personnel with a positive attitude towards 
COVID- 19 preventive measures had a higher likelihood 
of good compliance with COVID- 19 preventive measures 
than their counterparts. This difference could be because 
a positive attitude towards preventive efforts can aid in 
the eradication of the COVID- 19 pandemic by improving 
adherence to prevention guidelines.77

CONCLUSION
Our study indicated that approximately one in every two 
HCWs had good compliance with COVID- 19 preventive 
measures. There were regional variations in compliance 
with COVID- 19 preventive measures among HCWs. 
Good compliance was associated with being male, 
having a longer service year, training, good knowledge 
and a positive attitude toward COVID- 19 preventive 
measures. This research can create a framework for 
HCWs, policymakers and other stakeholders to imple-
ment interventions. The focus should be on closing gaps 
in knowledge, attitude, and practice through expanded 
in- service training and quality improvement activities 
aimed at improving team self- assessment of compliance 
levels, with additional support provided to those identi-
fied as non- compliant.

Figure 9 The pooled OR of the association between attitude of healthcare workers and compliance with COVID- 19 preventive 
measures in Ethiopia.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-060681 on 5 A

ugust 2022. D
ow

nloaded from
 

http://bmjopen.bmj.com/


12 Zenbaba D, et al. BMJ Open 2022;12:e060681. doi:10.1136/bmjopen-2021-060681

Open access 

Author affiliations
1Public Health, Madda Walabu University, Robe, Ethiopia
2Public Health, Jimma University, Jimma, Oromia, Ethiopia
3Department of Anatomy, Madda Walabu University, Bale Goba, Ethiopia
4Public Health, Arsi University, Assela, Oromia, Ethiopia
5Department of Medicine, Saveetha University, Saveetha Medical College and 
Hospital, Chennai, Tamil Nadu, India
6Department of Community Medicine, Datta Meghe Institute of Medical Sciences, 
Nagpur, India

Acknowledgements The authors would like to thank everyone who helped 
write the primary articles that were reviewed for this systematic review and 
meta- analysis.

Contributors DZ conceived of the project, acting as guarantor, devised a search 
strategy, extracted data, conducted a literature search, wrote the article, conducted 
data analysis, and critically revised it for methodological and intellectual substance. 
The search strategy, data extraction, and literature search were all done by GB, DA, 
BS and DB, who also critically revised the work for methodological and intellectual 
content. FD and VKC contributed to the manuscript’s drafting as well as the study’s 
design. The final paper was approved by all authors.

Funding The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not- for- profit sectors.

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in 
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not required.

Ethics approval This study does not involve human participants. The systematic 
review and meta- analysis uses primary data synthesis; hence, ethics approval is 
not required.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement All data relevant to the study are included in the 
article or uploaded as supplemental information.

Supplemental material This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Demisu Zenbaba http://orcid.org/0000-0002-7733-7627
Biniyam Sahiledengle http://orcid.org/0000-0002-1114-4849
Girma Beressa http://orcid.org/0000-0001-5677-3692
Fikreab Desta http://orcid.org/0000-0002-9706-3942
Daniel Atlaw http://orcid.org/0000-0002-2968-4958
Daniel Bogale http://orcid.org/0000-0001-7412-5584

REFERENCES
 1 World Health Organization. World Health Organization announces 

COVID- 19 outbreak a pandemic [Internet. Geneva: World Health 
Organization, 2020.

 2 George MD. A novel corona virus (COVID- 19) pandemic, 
pathogenesis, clinical features and management options, public 
health measures. International Journal of TROPICAL DISEASE & 
Health 2020;31:11–21.

 3 Xu X, Chen P, Wang J, et al. Evolution of the novel coronavirus from 
the ongoing Wuhan outbreak and modeling of its spike protein for 
risk of human transmission. Sci China Life Sci 2020;63:457–60.

 4 Paakkari L, Okan O. COVID- 19: health literacy is an underestimated 
problem. Lancet Public Health 2020;5:e249.

 5 Sallam M, Dababseh D, Yaseen Alaa', Yaseen A, et al. Conspiracy 
beliefs are associated with lower knowledge and higher anxiety levels 
regarding COVID- 19 among students at the University of Jordan. Int 
J Environ Res Public Health 2020;17:4915.

 6 Berber E, Sumbria D, Çanakoğlu N. Meta- Analysis and 
comprehensive study of coronavirus outbreaks: SARS, MERS and 
COVID- 19. J Infect Public Health 2021;14:1051–64.

 7 Van Gordon MM, McCarthy KA, Proctor JL, et al. Evaluating 
COVID- 19 reporting data in the context of testing strategies 
across 31 low- and middle- income countries. Int J Infect Dis 
2021;110:341–52.

 8 Ahonsi B. A research agenda on the sexual and reproductive health 
dimensions of the COVID- 19 pandemic in Africa. Afr J Reprod Health 
2020;24:22–5.

 9 Hailay A, Aberhe W, Zereabruk K, et al. The burden, admission, and 
outcomes of COVID- 19 among asthmatic patients in Africa: protocol 
for a systematic review and meta- analysis. Asthma Res Pract 
2020;6:8.

 10 PeConga EK, Gauthier GM, Holloway A, et al. Resilience is 
spreading: mental health within the COVID- 19 pandemic. Psychol 
Trauma 2020;12:S47.

 11 Bruns DP, Kraguljac NV, Bruns TR. COVID- 19: facts, cultural 
considerations, and risk of stigmatization. J Transcult Nurs 
2020;31:326–32.

 12 Aberhe W, Mariye T, Hailay A, et al. The burden and outcomes of 
COVID- 19 among patients with co- morbid disease in Africa: protocol 
for a systematic review and meta- analysis. New Microbes New Infect 
2021;39:100802.

 13 Huh S. How to train the health personnel for protecting themselves 
from novel coronavirus (COVID- 19) infection during their patient or 
suspected case care. J Educ Eval Health Prof 2020;17:10.

 14 Ather A, Patel B, Ruparel NB, et al. Coronavirus disease 19 
(COVID- 19): implications for clinical dental care. J Endod 
2020;46:584–95.

 15 World Health Organization. The impact of COVID- 19 on health and 
care workers: a closer look at deaths. World Health Organization, 
2021.

 16 Al- Zoubi NA, Obeidat BR, Al- Ghazo MA, et al. Prevalence of positive 
COVID- 19 among asymptomatic health care workers who care 
patients infected with the novel coronavirus: a retrospective study. 
Ann Med Surg 2020;57:14–16.

 17 Data from who COVID- 19 surveillance: case report forms and Weekly 
aggregated reporting (version 2): database [Accessed on 16 May 
2021].

 18 Domínguez- Varela IA. High mortality among health personnel 
with COVID- 19 in Mexico. Disaster Med Public Health Prep 
2021;15)::e20–1. Aug;.

 19 Nienhaus A. COVID- 19 among health workers in Germany- An 
update. Int J Environ Res Public Health 2021;18:9185.

 20 Over AF. 10,000 health workers in Africa infected with COVID- 19, 
2020. Available: https://www. afro. who. int/news/over-10-000-
health-workers-africa-infected-covid-19

 21 Gudina EK, Ali S, Girma E, et al. Seroepidemiology and model- based 
prediction of SARS- CoV- 2 in Ethiopia: longitudinal cohort study 
among front- line Hospital workers and communities. Lancet Glob 
Health 2021;9:e1517–27.

 22 World Health Organization. Considerations for quarantine of 
individuals in the context of containment for coronavirus disease 
(COVID- 19): interim guidance, 19 March 2020. 2020. World Health 
Organization.

 23 Recommendations CH. Guidance for healthcare providers about 
hand hygiene and COVID- 19. National center for immunization and 
respiratory diseases (NCIRD), division of viral diseases, 2020May

 24 Feng S, Shen C, Xia N, et al. Rational use of face masks in the 
COVID- 19 pandemic. Lancet Respir Med 2020;8:434–6.

 25 Chersich MF, Gray G, Fairlie L, et al. COVID- 19 in Africa: care 
and protection for frontline healthcare workers. Global Health 
2020;16:1–6.

 26 World Health Organization. Coronavirus disease (COVID- 19) 
outbreak: rights, roles and responsibilities of health workers, 
including key considerations for occupational safety and health: 
interim guidance, March 19 2020. World Health Organization, 2020.

 27 Sahin A- R, Erdogan A, Agaoglu PM. Novel coronavirus (COVID- 19) 
outbreak: a review of the current literature. EJMO 2019;2020:1–7.

 28 Moncion K, Young K, Tunis M, et al. Effectiveness of hand hygiene 
practices in preventing influenza virus infection in the community 
setting: a systematic review. Can Commun Dis Rep 2019;45:12–20.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-060681 on 5 A

ugust 2022. D
ow

nloaded from
 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-7733-7627
http://orcid.org/0000-0002-1114-4849
http://orcid.org/0000-0001-5677-3692
http://orcid.org/0000-0002-9706-3942
http://orcid.org/0000-0002-2968-4958
http://orcid.org/0000-0001-7412-5584
http://dx.doi.org/10.1007/s11427-020-1637-5
http://dx.doi.org/10.1016/S2468-2667(20)30086-4
http://dx.doi.org/10.3390/ijerph17144915
http://dx.doi.org/10.3390/ijerph17144915
http://dx.doi.org/10.1016/j.jiph.2021.06.007
http://dx.doi.org/10.1016/j.ijid.2021.07.042
http://dx.doi.org/10.29063/ajrh2020/v24i1.3
http://dx.doi.org/10.1186/s40733-020-00061-x
http://dx.doi.org/10.1037/tra0000874
http://dx.doi.org/10.1037/tra0000874
http://dx.doi.org/10.1177/1043659620917724
http://dx.doi.org/10.1016/j.nmni.2020.100802
http://dx.doi.org/10.1016/j.joen.2020.03.008
http://dx.doi.org/10.1016/j.amsu.2020.06.038
http://dx.doi.org/10.1017/dmp.2020.382
http://dx.doi.org/10.3390/ijerph18179185
https://www.%20afro.%20who.%20int/news/over-10-000-health-workers-africa-infected-covid-19
https://www.%20afro.%20who.%20int/news/over-10-000-health-workers-africa-infected-covid-19
http://dx.doi.org/10.1016/S2214-109X(21)00386-7
http://dx.doi.org/10.1016/S2214-109X(21)00386-7
http://dx.doi.org/10.1016/S2213-2600(20)30134-X
http://dx.doi.org/10.14745/ccdr.v45i01a02
http://bmjopen.bmj.com/


13Zenbaba D, et al. BMJ Open 2022;12:e060681. doi:10.1136/bmjopen-2021-060681

Open access

 29 Bruine de Bruin W, Bennett D. Relationships between initial 
COVID- 19 risk perceptions and protective health behaviors: a 
national survey. Am J Prev Med 2020;59:157–67.

 30 Shi Y, Wang J, Yang Y, et al. Knowledge and attitudes of medical staff 
in Chinese psychiatric hospitals regarding COVID- 19. Brain Behav 
Immun Health 2020;4:100064.

 31 Kassie BA, Adane A, Tilahun YT, et al. Knowledge and attitude 
towards COVID- 19 and associated factors among health care 
providers in Northwest Ethiopia. PLoS One 2020;15:e0238415.

 32 Bhagavathula AS, Aldhaleei WA, Rahmani J, et al. Knowledge, 
attitude, perceptions and practice towards COVID- 19: a systematic 
review and meta- analysis. medRxiv 2020.

 33 EFMOH. National comprehensive covid19 management Handbook. 
Ethiopian Federal Ministry of Health, 2020.

 34 Wang J, Zhou M, Liu F. Reasons for healthcare workers becoming 
infected with novel coronavirus disease 2019 (COVID- 19) in China. J 
Hosp Infect 2020;105:100- 101.

 35 Olum R, Chekwech G, Wekha G, et al. Coronavirus disease- 2019: 
knowledge, attitude, and practices of health care workers at 
Makerere university teaching hospitals, Uganda. Front Public Health 
2020;8:181.

 36 Goyal M, Chaudhry D. Impact of educational and training programs 
on knowledge of healthcare students regarding nosocomial 
infections, standard precautions and hand hygiene: a study at tertiary 
care hospital. Indian J Crit Care Med 2019;23:227.

 37 Limenih G. COVID- 19 in Ethiopia: challenges, best practices, and 
prospects 2020;29.

 38 Birhanu A, Balis B, Assebe T, et al. Health care workers practice 
of using personal protective equipment and level of psychological 
preparedness against COVID- 19 pandemic in eastern Ethiopia: 
observational study.

 39 Mersha A, Shibiru S, Girma M, et al. Health professionals 
practice and associated factors towards precautionary measures 
for COVID- 19 pandemic in public health facilities of Gamo 
zone, southern Ethiopia: a cross- sectional study. PLoS One 
2021;16:e0248272.

 40 Baye AM, Ababu A, Bayisa R, et al. Alcohol- Based Handrub 
utilization practice for COVID- 19 prevention among pharmacy 
professionals in Ethiopian public hospitals: a cross- sectional study. 
Drug Healthc Patient Saf 2021;13:37.

 41 Kassie BA, Adane A, Abebe Kassahun E. Poor COVID- 19 preventive 
practice among healthcare workers in Northwest Ethiopia, 2020. 
Advances in Public Health;2020:2020.

 42 Jemal B, Aweke Z, Mola S, et al. Knowledge, attitude, and 
practice of healthcare workers toward COVID- 19 and its 
prevention in Ethiopia: a multicenter study. SAGE Open Med 
2021;9:20503121211034389.

 43 Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting items for 
systematic reviews and meta- analyses: the PRISMA statement. PLoS 
Med 2009;6:e1000097.

 44 Stern C, Lizarondo L, Carrier J, Godfrey C, et al. Methodological 
guidance for the conduct of mixed methods systematic reviews. JBI 
Evid Synth 2020;18:2108–18.

 45 Munn Z, Aromataris E, Tufanaru C, et al. The development of 
software to support multiple systematic review types: the Joanna 
Briggs Institute system for the unified management, assessment and 
review of information (JBI SUMARI). JBI Evidence Implementation 
2019;17:36–43.

 46 Lingala MAL, Singh P, Verma P, et al. Determining the cutoff of rainfall 
for Plasmodium falciparum malaria outbreaks in India. J Infect Public 
Health 2020;13:1034–41.

 47 Rücker G, Schwarzer G, Carpenter JR, et al. Undue reliance on I2 
in assessing heterogeneity may mislead. BMC Med Res Methodol 
2008;8:1–9.

 48 Huedo- Medina TB, Sánchez- Meca J, Marín- Martínez F, et al. 
Assessing heterogeneity in meta- analysis: Q statistic or I2 index? 
Psychol Methods 2006;11:193.

 49 Melsen WG, Bootsma MCJ, Rovers MM, et al. The effects of clinical 
and statistical heterogeneity on the predictive values of results from 
meta- analyses. Clin Microbiol Infect 2014;20:123–9.

 50 editors. ; .Higgins JP, Thomas J, Chandler J, et al . Cochrane 
Handbook for systematic reviews of interventions. John Wiley & 
Sons, 2019Sep 23..

 51 Borenstein M, Hedges L, Rothstein H. Meta- Analysis: fixed effect vs. 
random effects. Meta- analysis. com 2007.

 52 Birihane BM, Bayih WA, Alemu AY, et al. Perceived barriers and 
preventive measures of COVID- 19 among healthcare providers in 
Debretabor, North central Ethiopia, 2020. Risk Manag Healthc Policy 
2020;13:2699.

 53 Hailu D, Benayew M, Liknaw T, et al. Occupational health safety 
of health professionals and associated factors during COVID- 19 

pandemics at North Showa zone, Oromia regional state, Ethiopia. 
Risk Manag Healthc Policy 2021;14:1299–310.

 54 Zenbaba D, Sahiledengle B, Takele A, et al. Compliance towards 
infection prevention measures among health professionals in 
public hospitals, Southeast Ethiopia: a cross- sectional study with 
implications of COVID- 19 prevention. Trop Med Health 2021;49:1–11.

 55 Tsegaye D, Shuremu M, Oljira D, et al. COVID – 19 related knowledge 
and preventive practices early in the outbreak among health care 
workers in selected public health facilities of Illu ABA BOR and Buno 
Bedelle zones, Southwest Ethiopia. BMC Infect Dis 2021;21:1–11.

 56 Mindaye ET, Assaminew B, Tesfay GK. Knowledge, perception 
of risk of disease, and infection prevention and control practices 
among healthcare workers and support staff toward COVID- 19 in 
an Ethiopian referral Hospital: a cross- sectional survey. Int J Infect 
Control 2021;17.

 57 Gebremeskel TG, Kiros K, Gesesew HA, et al. Awareness, 
perceptions, and preventive practices of COVID- 19 among health 
workers in Tigray, North Ethiopia. Z Gesundh Wiss 2021:1–8.

 58 Bitew G, Sharew M, Belsti Y. Factors associated with knowledge, 
attitude, and practice of COVID- 19 among health care professional’s 
working in South Wollo Zone Hospitals, Northeast Ethiopia. SAGE 
Open Med 2021;9:205031212110251.

 59 Mulu GB, Kebede WM, Worku SA, et al. Preparedness and 
responses of healthcare providers to combat the spread of 
COVID- 19 among North Shewa zone hospitals, Amhara, Ethiopia, 
2020. Infect Drug Resist 2020;13:3171–8.

 60 Adola SG, Degavi G, Edwin SEK, et al. Assessment of factors 
affecting practice towards COVID- 19 among health care workers in 
health care facility of West Guji zone, South Ethiopia, 2020. Pan Afr 
Med J 2021;39:53.

 61 Gebremedhin T, Abebe H, Wondimu W, et al. COVID- 19 prevention 
practices and associated factors among frontline community health 
workers in Jimma zone, Southwest Ethiopia. J Multidiscip Healthc 
2021;14:2239.

 62 Shibabaw T, Teferi B. Knowledge and practice toward prevention of 
SARS- CoV- 2 among healthcare workers at Delghi primary Hospital 
during a massive test campaign in northwest Gondar, Ethiopia: 
Institution- Based descriptive cross- sectional survey. Infect Drug 
Resist 2021;14:381.

 63 Tadesse T, Tesfaye T, Alemu T, et al. Healthcare worker's knowledge, 
attitude, and practice of proper face mask utilization, and associated 
factors in police health facilities of Addis Ababa, Ethiopia. J 
Multidiscip Healthc 2020;13:1203.

 64 Etafa W, Gadisa G, Jabessa S, et al. Healthcare workers’ compliance 
and its potential determinants to prevent COVID- 19 in public 
hospitals in Western Ethiopia. BMC Infect Dis 2021;21:1–8.

 65 Walle Z, Berihun G, Keleb A, et al. COVID- 19 prevention practices 
and determinant factors among healthcare professionals working in 
hospitals of South Gondar zone, northwestern Ethiopia. J Multidiscip 
Healthc 2021;14:2287.

 66 Tesfaye ZT, Yismaw MB, Negash Z, et al. COVID- 19- related 
knowledge, attitude and practice among hospital and community 
pharmacists in Addis Ababa, Ethiopia. Integr Pharm Res Pract 
2020;9:105.

 67 Tadesse DB, Gebrewahd GT, Demoz GT, Knowledge DGT. 
Knowledge, attitude, practice and psychological response toward 
COVID- 19 among nurses during the COVID- 19 outbreak in northern 
Ethiopia, 2020. New Microbes New Infect 2020;38:100787.

 68  Aljazeera. com/ news. COVID- 19: the devastating effect on health 
workers, news coronavirus pandemic, 2020. Available: https://www 
/2020/04/c-200402165933857html

 69 . World Health organization novel coronavirus (2019- nCoV) situation 
reports wordometer, COVID- 19 report; 021. December 2.

 70 Viswanathan M, Kahwati L, Jahn B, et al. Universal screening for 
SARS- CoV- 2 infection: a rapid review. Cochrane Database Syst Rev 
2020;9:CD013718.

 71 National Public Health Emergency Operation Center of Ethiopia. 
COVID- 19 pandemic preparedness and response in Ethiopia. 
Ethiopian public health Institute. Available: https://ephi.gov.et/ 
download/ pheoc/ [Accessed May 30, 2021].

 72 Lake EA, Demissie BW, Gebeyehu NA, et al. Knowledge, attitude and 
practice towards COVID- 19 among health professionals in Ethiopia: a 
systematic review and meta- analysis. PLoS One 2021;16:e0247204.

 73 Siddiquea BN, Shetty A, Bhattacharya O, et al. Global epidemiology 
of COVID- 19 knowledge, attitude and practice: a systematic review 
and meta- analysis. BMJ Open 2021;11:e051447.

 74 Tegegne KT, Assefa AA, Tegegne ET, et al. Implication of gender on 
Covid- 19 prevention practice among adults in Ethiopia: a systemic 
review and meta- analysis.

 75 Papagiannis D, Malli F, Raptis DG, et al. Assessment of knowledge, 
attitudes, and practices towards new coronavirus (SARS- CoV- 2) of 

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-060681 on 5 A

ugust 2022. D
ow

nloaded from
 

http://dx.doi.org/10.1016/j.amepre.2020.05.001
http://dx.doi.org/10.1016/j.bbih.2020.100064
http://dx.doi.org/10.1016/j.bbih.2020.100064
http://dx.doi.org/10.1371/journal.pone.0238415
http://dx.doi.org/10.1016/j.jhin.2020.03.002
http://dx.doi.org/10.1016/j.jhin.2020.03.002
http://dx.doi.org/10.3389/fpubh.2020.00181
http://dx.doi.org/10.5005/jp-journals-10071-23166
http://dx.doi.org/10.1371/journal.pone.0248272
http://dx.doi.org/10.2147/DHPS.S295599
http://dx.doi.org/10.1177/20503121211034389
http://dx.doi.org/10.1371/journal.pmed.1000097
http://dx.doi.org/10.1371/journal.pmed.1000097
http://dx.doi.org/10.11124/JBISRIR-D-19-00169
http://dx.doi.org/10.11124/JBISRIR-D-19-00169
http://dx.doi.org/10.1016/j.jiph.2019.11.017
http://dx.doi.org/10.1016/j.jiph.2019.11.017
http://dx.doi.org/10.1037/1082-989X.11.2.193
http://dx.doi.org/10.1111/1469-0691.12494
http://dx.doi.org/10.2147/RMHP.S287772
http://dx.doi.org/10.2147/RMHP.S292830
http://dx.doi.org/10.1186/s41182-021-00318-y
http://dx.doi.org/10.1186/s12879-021-06218-0
http://dx.doi.org/10.3396/ijic.v17.20726
http://dx.doi.org/10.3396/ijic.v17.20726
http://dx.doi.org/10.1007/s10389-021-01595-x
http://dx.doi.org/10.1177/20503121211025147
http://dx.doi.org/10.1177/20503121211025147
http://dx.doi.org/10.2147/IDR.S265829
http://dx.doi.org/10.11604/pamj.2021.39.53.27798
http://dx.doi.org/10.11604/pamj.2021.39.53.27798
http://dx.doi.org/10.2147/JMDH.S327293
http://dx.doi.org/10.2147/IDR.S289965
http://dx.doi.org/10.2147/IDR.S289965
http://dx.doi.org/10.2147/JMDH.S277133
http://dx.doi.org/10.2147/JMDH.S277133
http://dx.doi.org/10.1186/s12879-021-06149-w
http://dx.doi.org/10.2147/JMDH.S325127
http://dx.doi.org/10.2147/JMDH.S325127
http://dx.doi.org/10.2147/IPRP.S261275
http://dx.doi.org/10.1016/j.nmni.2020.100787
https://www%20/2020/04/c-200402165933857html
https://www%20/2020/04/c-200402165933857html
http://dx.doi.org/10.1002/14651858.CD013718
https://ephi.gov.et/download/%20pheoc/
https://ephi.gov.et/download/%20pheoc/
http://dx.doi.org/10.1371/journal.pone.0247204
http://dx.doi.org/10.1136/bmjopen-2021-051447
http://bmjopen.bmj.com/


14 Zenbaba D, et al. BMJ Open 2022;12:e060681. doi:10.1136/bmjopen-2021-060681

Open access 

health care professionals in Greece before the outbreak period. Int J 
Environ Res Public Health 2020;17:4925.

 76 Abdelhafiz AS, Mohammed Z, Ibrahim ME, et al. Knowledge, 
Perceptions, and Attitude of Egyptians Towards the Novel Coronavirus 
Disease (COVID- 19). J Community Health 2020;45:881–90.

 77 Ocran I, Tagoe DNA. Knowledge and attitude of healthcare workers 
and patients on healthcare associated infections in a regional 
hospital in Ghana. Asian Pac J Trop Dis 2014;4:135–9.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-060681 on 5 A

ugust 2022. D
ow

nloaded from
 

http://dx.doi.org/10.3390/ijerph17144925
http://dx.doi.org/10.3390/ijerph17144925
http://dx.doi.org/10.1007/s10900-020-00827-7
http://dx.doi.org/10.1016/S2222-1808(14)60330-3
http://bmjopen.bmj.com/


 
Assessment of risk of bias of all included studies in the review 

S.n 
Study 

ID/Authors 

 

Inclusi

on 

defined

? 

 

Subject

s and 

setting 

describe

d  

Exposu

re 

measur

ed  

Objective 

criteria 

used for 

measure

ment 

confoun

ders 

identifie

d  

strategie

s used to 

deal 

confoun

ders 

outco

me 

measu

red  

Statist

ical 

Analy

sis 

Overall 

assessmen

t  

Final 

decisi

on 

quali

ty 

score  

1 
 Birhanu, et 

al. 2021  
yes yes yes yes no  yes yes yes 

low risk of 

bais 

includ

ed 
7 

2 
Mersha, et al. 

2021 
yes yes yes yes no  yes yes yes 

low risk of 

bais 

includ

ed 
7 

3 
Baye, et al. 

2021 
no yes yes yes no  yes yes yes 

low risk of 

bais 

includ

ed 
7 

4 
 Kassie, et al. 

2020 
no yes yes yes no  yes yes yes 

low risk of 

bais 

includ

ed 
6 

5 
Jemal, et al. 

2021 
yes yes yes yes no  yes yes yes 

low risk of 

bais 

includ

ed 
6 

6 
Birihane, et 

al. 2020 
no yes yes yes no  no yes yes 

low risk of 

bais 

includ

ed 
7 

7 
Tadesse, et 

al. 2020 
yes yes yes yes no  no yes yes 

low risk of 

bais 

includ

ed 
6 

8 
Hailu, et al. 

2021 
yes yes yes yes no  yes yes yes 

low risk of 

bais 

includ

ed 
7 

9 
Zenbaba, et 

al. 2021 
no yes yes yes no  yes yes yes 

low risk of 

bais 

includ

ed 
6 

10 
 Tsegaye, et 

al. 2021 
no yes yes yes no  yes yes yes 

low risk of 

bais 

includ

ed 
6 

11 
Mindaye, et 

al. 2021 
no yes yes yes no  yes yes yes 

low risk of 

bais 

includ

ed 
6 

12 
Gebremeskal

, et al. 2020 
no yes yes no no  yes yes yes 

low risk of 

bais 

includ

ed 
6 

13 
Bitew, et al. 

2021 
no yes yes yes no  yes yes yes 

low risk of 

bais 

includ

ed 
6 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2021-060681:e060681. 12 2022;BMJ Open, et al. Zenbaba D



14 Mulu, 2020 yes yes yes yes no  yes yes yes 
low risk of 

bais 

includ

ed 
7 

15 
Adola, et al. 

2021 
no yes yes yes no  yes yes yes 

low risk of 

bais 

includ

ed 
6 

16 

 

Gebremedhin

, et al. 2021 

no yes yes yes no  yes yes yes 
low risk of 

bais 

includ

ed 
6 

17 
Shibabaw, 

2021 
no yes yes yes no  yes yes yes 

low risk of 

bais 

includ

ed 
6 

18 
Tadesse, et 

al. 2020 
yes yes yes yes no  no yes yes 

low risk of 

bais 

includ

ed 
7 

19 
 Etafa, et al. 

2021 
unclear yes yes yes no  yes yes yes 

low risk of 

bais 

includ

ed 
6 

20 
Walle, et al. 

2021 
no yes yes yes no  yes yes yes 

low risk of 

bais 

includ

ed 
6 

21 
Tesfaye, et 

al. 2021 
no yes no yes no  yes yes yes 

low risk of 

bais 

includ

ed 
6 

                          

 
 

Risk of bias assessment tool. Yes (low risk); No (high risk); Unclear(high rik)       

             
 

1.  Were the criteria for inclusion in the sample clearly defined? 
     

 
2.       Were the study subjects and the setting described in detail? 

     

 
3.       Was the exposure measured in a valid and reliable way? 

     

 
4.       Were objective, standard criteria used for measurement of the condition? 

     

 
5.       Were confounding factors identified? 

     

 
6.       Were strategies to deal with confounding factors stated? 

     

 
7.      Were the outcomes measured in a valid and reliable way? 

 

 
8.   Was appropriate statistical analysis used?  

 

 
The overall risk of bias was then scored according to the number of high risk of bias 

per study: low (≤2), moderate (3–4), and high (≥5).     
 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2021-060681:e060681. 12 2022;BMJ Open, et al. Zenbaba D



Additional file 1, list of excluded references and reasons for exclusion. 
References Reasons 

1. Mekonnen B, Solomon N, Wondimu W. Healthcare Waste Status and Handling Practices during 

COVID-19 Pandemic in Tepi General Hospital, Ethiopia. Journal of environmental and public 

health. 2021;2021:6614565 

4 

2. Desalegn Z, Deyessa N, Teka B, Shiferaw W, Yohannes M, Hailemariam D, et al. Evaluation of 

COVID-19 related knowledge and preparedness in health professionals at selected health facilities 

in a resource-limited setting in Addis Ababa, Ethiopia. PloS one. 2021;16(2):e0244050. 
4 

3. Taddese AA, Azene ZN, Merid MW, Muluneh AG, Geberu DM, Kassa GM, et al. Knowledge and 

attitude of the communities towards COVID-19 and associated factors among Gondar City 

residents, northwest Ethiopia: A community based cross-sectional study. PloS one. 

2021;16(4):e0248821. 

3 

4. Shi Y, Wang J, Yang Y, Wang Z, Wang G, Hashimoto K, et al. Knowledge and attitudes of medical 

staff in Chinese psychiatric hospitals regarding COVID-19. Brain, Behavior, & Immunity-Health. 

2020;4:100064. 
1 

5. 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 

Hospitals, Uganda. Frontiers in public health. 2020;8:181. 

1 

6. Huh S. How to train the health personnel for protecting themselves from novel coronavirus 

(COVID-19) infection during their patient or suspected case care. Journal of educational 

evaluation for health professions. 2020;17:10. 
1 

7. Glenton C, Carlsen B, Lewin S, Wennekes MD, Winje BA, Eilers R. Healthcare workers’ 

perceptions and experiences of communicating with people over 50 years of age about 

vaccination: a qualitative evidence synthesis. Cochrane Database of Systematic Reviews. 2021(7). 
1 

8. Cirrincione L, Plescia F, Ledda C, Rapisarda V, Martorana D, Moldovan RE, et al. COVID-19 

pandemic: Prevention and protection measures to be adopted at the workplace. Sustainability. 

2020;12(9):3603. 
1 

9. Abdelhafiz AS, Mohammed Z, Ibrahim ME, Ziady HH, Alorabi M, Ayyad M, et al. Knowledge, 

perceptions, and attitude of Egyptians towards the novel coronavirus disease (COVID-19). Journal 

of community health. 2020;45(5):881-90. 
1 

10. New Research on COVID-19 from Addis Ababa University Summarized (Knowledge, Attitude, 

and Practice of Healthcare Providers Toward Novel Coronavirus 19 During the First Months of the 

Pandemic: A Systematic Review). Women's health weekly. 2021:522. 
2 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2021-060681:e060681. 12 2022;BMJ Open, et al. Zenbaba D



11. Deressa W, Worku A, Abebe W, Gizaw M, Amogne W. Risk perceptions and preventive practices 

of COVID-19 among healthcare professionals in public hospitals in Addis Ababa, Ethiopia. PLoS 

One. 2021;16(6):e0242471. 
3 

12. Natnael T, Adane M, Alemnew Y, Andualem A, Hailu F. COVID-19 knowledge, attitude and 

frequent hand hygiene practices among taxi drivers and associated factors in urban areas of 

Ethiopia. PLoS One. 2021;16(8):e0253452. 
3 

13. Kassa AM, Mekonen AM, Yesuf KA, Woday Tadesse A, Bogale GG. Knowledge level and 

factors influencing prevention of COVID-19 pandemic among residents of Dessie and Kombolcha 

City administrations, North-East Ethiopia: a population-based cross-sectional study. BMJ Open. 

2020; 10(11):e044202. 

3 

14. Gebreselassie AF, Bekele A, Tatere HY, Wong R. Assessing the knowledge, attitude and perception 

on workplace readiness regarding COVID-19 among health care providers in Ethiopia-An 

internet-based survey. PLoS One. 2021;16(3):e0247848. 
2 

15. Girma S, Alenko A, Agenagnew L. Knowledge and precautionary behavioral practice toward 

COVID-19 among health professionals working in public university hospitals in Ethiopia: a web-

based survey. Risk Management and Healthcare Policy. 2020;13:1327. 
2 

16. Wake AD. Knowledge, Attitude, Practice, and Associated Factors Regarding the Novel 

Coronavirus Disease 2019 Pandemic. Infection and drug resistance. 2020;13:3817-32. 4 

17. Temesgen K, Wakgari N, Debelo BT, Tafa B, Alemu G, Wondimu F, et al. Maternal health care 

services utilization amidst COVID-19 pandemic in West Shoa zone, central Ethiopia. PloS one. 

2021;16(3):e0249214. 
2 

18. Shewamene Z, Shiferie F, Girma E, Wubishet BL, Kiros M, Abraha A, et al. Growing Ignorance of 

COVID-19 Preventive Measures in Ethiopia: Experts' Perspective on the Need of Effective Health 

Communication Strategies. Ethiop J Health Sci. 2021;31(1):201-4. 

19. Molla KA, Abegaz SB. Community knowledge, attitude and practices to SARS-CoV-2 disease 

2019 (COVID-19): A cross-sectional study in Woldia town, Northeast Ethiopia. PLoS One. 

2021;16(4):e0250465. 

3 

20. Lanyero B, Edea ZA, Musa EO, Watare SH, Mandalia ML, Livinus MC, et al. Readiness and early 

response to COVID-19: achievements, challenges and lessons learnt in Ethiopia. BMJ Glob 

Health. 2021;6(6). 
3 

21. Iyal H, Ishaku S, Zakari A, Ibrahim S, Olasinde T, Sunday J, et al. Knowledge and Practice of 

Kaduna State Health Care Providers on Infection Prevention and Control during COVID-19 3 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2021-060681:e060681. 12 2022;BMJ Open, et al. Zenbaba D



Pandemic. Journal of Medical and Basic Scientific Research. 2021;1(1):27-41. 

22. Gutu B, Legese G, Fikadu N, Kumela B, Shuma F, Mosisa W, et al. Assessment of preventive 

behavior and associated factors towards COVID-19 in Qellam Wallaga Zone, Oromia, Ethiopia: A 

community-based cross-sectional study. PLoS One. 2021;16(4):e0251062. 
1 

23. Endriyas M, Kawza A, Alano A, Hussen M, Mekonnen E, Samuel T, et al. Knowledge and attitude 

towards COVID-19 and its prevention in selected ten towns of SNNP Region, Ethiopia: Cross-

sectional survey. PLoS One. 2021;16(8):e0255884. 
4 

24. Dewau R, Mekonnen TC, Tadesse SE, Muche A, Bogale GG, Tadesse Amsalu E. Knowledge and 

practice of clients on preventive measures of COVID-19 pandemic among governmental health 

facilities in South Wollo, Ethiopia: A facility-based cross-sectional study. PLoS One. 

2021;16(3):e0247639. 

2 

25. Dessu S, Tsehay T, Girum T, Timerga A, Solomon M, Tsegaye B, et al. The applicability of basic 

preventive measures of the pandemic COVID-19 and associated factors among residents in 

Guraghe Zone. PloS one. 2021;16(8):e0256598-e. 
4 

26. Defar A, Molla G, Abdella S, Tessema M, Ahmed M, Tadele A, et al. Knowledge, practice and 

associated factors towards the prevention of COVID-19 among high-risk groups: A cross-sectional 

study in Addis Ababa, Ethiopia. PloS one. 2021;16(3):e0248420-e. 
4 

27. Besho M, Tsegaye R, Yilma MT, Kasaye HK, Tolossa T, Hiko N, et al. Knowledge, Attitude and 

Practice Toward Corona virus Infection Among Pregnant Women Attending Antenatal Care at 

Public Hospitals in Three Wollega Zones, Ethiopia. International Journal of General Medicine. 

2021;14:3563. 

3 

28. Belete ZW, Berihun G, Keleb A, Ademas A, Berhanu L, Abebe M, et al. Knowledge, attitude, and 

preventive practices towards COVID-19 and associated factors among adult hospital visitors in 

South Gondar Zone Hospitals, Northwest Ethiopia. PLoS One. 2021;16(5):e0250145. 
3 

29. Bazaid AS, Aldarhami A, Binsaleh NK, Sherwani S, Althomali OW. Knowledge and practice of 

personal protective measures during the COVID-19 pandemic: A cross-sectional study in Saudi 

Arabia. PloS one. 2020;15(12):e0243695-e. 
1 

30. Baye AM, Ababu A, Bayisa R, Abdella M, Diriba E, Wale M, et al. Perspectives of compounding 

pharmacists on alcohol-based hand sanitizer production and utilization for COVID-19 prevention 

in Addis Ababa, Ethiopia: A descriptive phenomenology study. PLoS One. 2021;16(4):e0250020. 
4 

31. Aynalem YA, Akalu TY, Gebresellassie Gebregiorgis B, Sharew NT, Assefa HK, Shiferaw WS. 3 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2021-060681:e060681. 12 2022;BMJ Open, et al. Zenbaba D



Assessment of undergraduate student knowledge, attitude, and practices towards COVID-19 in 

Debre Berhan University, Ethiopia. PLoS One. 2021;16(5):e0250444. 

32. Ayele AD, Mihretie GN, Belay HG, Teffera AG, Kassa BG, Amsalu BT. Knowledge and practice 

to prevent COVID-19 and its associated factors among pregnant women in Debre Tabor Town 

Northwest Ethiopia, a community-based cross-sectional study. BMC Pregnancy Childbirth. 

2021;21(1):397. 

3 

33. Atnafie SA, Anteneh DA, Yimenu DK, Kifle ZD. Assessment of exposure risks to COVID-19 

among frontline health care workers in Amhara Region, Ethiopia: A cross-sectional survey. PLoS 

One. 2021;16(4):e0251000. 
4 

34. Addis SG, Nega AD, Miretu DG. Knowledge, attitude and practice of patients with chronic 

diseases towards COVID-19 pandemic in Dessie town hospitals, Northeast Ethiopia. Diabetes 

Metab Syndr. 2021;15(3):847-56. 
3 

35. Assefa D, Melaku T, Bayisa B, Alemu S. Covid-19 pandemic and its implication on hand hygiene 

status by alcohol-based hand sanitizers among healthcare workers in jimma university medical 

center, ethiopia. 2020. 
4 

36. Tekalegn Y, Sahiledengle B, Bekele K, Tesemma A, Aseffa T, Engida ZT, et al. Correct Use of 

Facemask Among Health Professionals in the Context of Coronavirus Disease (COVID-19). Risk 

management and healthcare policy. 2020;13:3013. 
4 

37. Sahiledengle B, Tekalegn Y, Bekele K, Tesemma A, Edward Quisido BJ. Disinfection of 

Stethoscope and Non-Infrared Thermometer: Practices of Physicians in Ethiopia in the Era of 

COVID-19. Risk management and healthcare policy. 2020;13:3245-57. 
 

38. Yimer TS, Belay HG. Knowledge and Practice of Health Care Providers Towards Proper Face 

Mask Utilization to Minimize the Extent of COVID-19 Infection in Amhara Region Referral 

Hospitals, Ethiopia. Journal of multidisciplinary healthcare. 2021;14:1583. 
4 

Reasons for exclusion:  1. Conducted in other countries; 2. Unable to find the full texts 3. Study 
population  4. The outcome of interests was not reported 
 

 

 

 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2021-060681:e060681. 12 2022;BMJ Open, et al. Zenbaba D



PRISMA 2009 Checklist

Section/topic  # Checklist item  
Reported 
on page #  

TITLE   

Title  1 Identify the report as a systematic review, meta-analysis, or both.  1 

ABSTRACT   

Structured summary  2 Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility criteria, 
participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and 
implications of key findings; systematic review registration number.  

2 

INTRODUCTION   

Rationale  3 Describe the rationale for the review in the context of what is already known.  3-4 

Objectives  4 Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons, 
outcomes, and study design (PICOS).  

3-4 

METHODS   

Protocol and registration  5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide 
registration information including registration number.  

N/A 

Eligibility criteria  6 Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, 
language, publication status) used as criteria for eligibility, giving rationale.  

4-6 

Information sources  7 Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify 
additional studies) in the search and date last searched.  

4-5 

Search  8 Present full electronic search strategy for at least one database, including any limits used, such that it could be 
repeated.  

4-5 

Study selection  9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, 
included in the meta-analysis).  

5-6 

Data collection process  10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes 
for obtaining and confirming data from investigators.  

5-6 

Data items  11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and 
simplifications made.  

6-7 

Risk of bias in individual 
studies  

12 Describe methods used for assessing risk of bias of individual studies (including specification of whether this was 
done at the study or outcome level), and how this information is to be used in any data synthesis.  

6-7 

Summary measures  13 State the principal summary measures (e.g., risk ratio, difference in means).  8-9 

Synthesis of results  14 Describe the methods of handling data and combining results of studies, if done, including measures of consistency 
(e.g., I

2
) for each meta-analysis.  

8-9 

 

Page 1 of 2  

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2021-060681:e060681. 12 2022;BMJ Open, et al. Zenbaba D



PRISMA 2009 Checklist

Section/topic  # Checklist item  
Reported 
on page #  

Risk of bias across studies  15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective 
reporting within studies).  

10 

Additional analyses  16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating 
which were pre-specified.  

10-11 

RESULTS   

Study selection  17 Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at 
each stage, ideally with a flow diagram.  

7 

Study characteristics  18 For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and 
provide the citations.  

7-11 

Risk of bias within studies  19 Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12).  10 

Results of individual studies  20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each 
intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.  

10-11 

Synthesis of results  21 Present results of each meta-analysis done, including confidence intervals and measures of consistency.  10-11 

Risk of bias across studies  22 Present results of any assessment of risk of bias across studies (see Item 15).  10-13 

Additional analysis  23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 16]).  11-13 

DISCUSSION   

Summary of evidence  24 Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to 
key groups (e.g., healthcare providers, users, and policy makers).  

14-16 

Limitations  25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of 
identified research, reporting bias).  

16 

Conclusions  26 Provide a general interpretation of the results in the context of other evidence, and implications for future research.  16 

FUNDING   

Funding  27 Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the 
systematic review.  

16 

 
From:  Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(7): e1000097. 
doi:10.1371/journal.pmed1000097  

For more information, visit: www.prisma-statement.org.  

Page 2 of 2  

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2021-060681:e060681. 12 2022;BMJ Open, et al. Zenbaba D



Search strategy 

 PubMed Record 

retrieved  

1 “Health Personnel”[MeSH] OR “Personnel, Health OR “Health Care Providers” 

OR Health Care Provider” OR “Provider, Health Care” OR “Healthcare 

Providers” OR “Healthcare Provider” OR “Provider, Healthcare OR “Healthcare 

Workers” OR “Healthcare Worker” OR “Health Care Professionals OR “Health 

Care Professional” OR “Professional, Health Care” 

8,304 

2 “Professional Practice” [MeSH] OR Practice OR Professional OR Practices, 

Professional OR Professional Practices OR Behavior [MeSH] OR Behaviors OR 

“Acceptance Processes” OR “Acceptance Process” OR “Process, Acceptance” 

OR “Processes, Acceptance” 

113,015 

3 1 AND 2 5,801 

3 Determinant  OR “Epidemiologic Factors”[MeSH] OR “Epidemiologic Factor” 

OR “Factor, Epidemiologic” OR “Epidemiologic Determinant” OR Determinant, 

Epidemiologic OR Determinants, Epidemiologic OR “Epidemiologic 

Determinants” OR Factors, “Epidemiologic OR Predictor OR “Risk Factors” OR 

“Factor, Risk” OR “Risk Factor” OR “Health Correlates” OR “Correlates, 

Health” OR “Risk Scores” OR “Risk Score” OR “Score, Risk” OR “Risk Factor 

Scores” OR “Risk Factor Score OR “Score, Risk Factor” OR “Population at 

Risk” OR “Populations at Risk” 

14,739 

 1 AND 2 AND 3  376 

4 Prevention and control [MeSH] OR prophylaxis OR “preventive therapy” OR 

“prevention and control” OR “preventive measures” OR prevention OR control 

124,697 

 #1 AND #2 AND #3 AND #4 211 

5 COVID-19 OR SARS-CoV-2[MeSH] OR “Coronavirus Disease 2019 Virus” OR 

“2019 Novel Coronavirus” OR “2019 Novel Coronaviruses” OR “Coronavirus, 

2019 Novel” OR “Novel Coronavirus, 2019” OR “Wuhan Seafood Market 

Pneumonia Virus” OR “SARS-CoV-2 Virus” OR “SARS CoV 2 Virus” OR 

“SARS-CoV-2 Viruses” OR “Virus, SARS-CoV-2” OR “2019-nCoV” OR 

“COVID-19 Virus” OR “COVID 19 Virus” OR “COVID-19 Viruses” OR 

51,415 
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“Virus, COVID-19” OR “Wuhan Coronavirus” OR “Coronavirus, Wuhan” OR 

“SARS Coronavirus 2” OR “Coronavirus 2, SARS” OR “Severe Acute 

Respiratory Syndrome Coronavirus 2” 

 #1 AND #2 AND #3 AND #4 AND #5 81  

6 #1 AND #2 AND #3 AND #4 AND #5 AND English AND Ethiopia 56 

   

   

 Science direct(26/8/2021) Record 

retrieved  

1 “Health Personnel”[MeSH] OR “Personnel, Health OR “Health Care Providers” 

OR Health Care Provider” OR “Provider, Health Care” OR “Healthcare 

Providers” OR “Healthcare Provider” OR “Provider, Healthcare OR “Healthcare 

Workers” OR “Healthcare Worker” OR “Health Care Professionals OR “Health 

Care Professional” OR “Professional, Health Care” 

610 

2 “Professional Practice” [MeSH] OR Practice OR Professional OR Practices, 

Professional OR Professional Practices OR Behavior [MeSH] OR Behaviors OR 

“Acceptance Processes” OR “Acceptance Process” OR “Process, Acceptance” 

OR “Processes, Acceptance” 

530 

3 1 AND 2 5,801 

3 Determinant  OR “Epidemiologic Factors”[MeSH] OR “Epidemiologic Factor” 

OR “Factor, Epidemiologic” OR “Epidemiologic Determinant” OR Determinant, 

Epidemiologic OR Determinants, Epidemiologic OR “Epidemiologic 

Determinants” OR Factors, “Epidemiologic OR Predictor OR “Risk Factors” OR 

“Factor, Risk” OR “Risk Factor” OR “Health Correlates” OR “Correlates, 

Health” OR “Risk Scores” OR “Risk Score” OR “Score, Risk” OR “Risk Factor 

Scores” OR “Risk Factor Score OR “Score, Risk Factor” OR “Population at 

Risk” OR “Populations at Risk” 

2553 

 1 AND 2 AND 3  376 

4 Prevention and control [MeSH] OR prophylaxis OR “preventive therapy” OR 

“prevention and control” OR “preventive measures” OR prevention OR control 

3273 
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 #1 AND #2 AND #3 AND #4 211 

5 COVID-19 OR SARS-CoV-2[MeSH] OR “Coronavirus Disease 2019 Virus” OR 

“2019 Novel Coronavirus” OR “2019 Novel Coronaviruses” OR “Coronavirus, 

2019 Novel” OR “Novel Coronavirus, 2019” OR “Wuhan Seafood Market 

Pneumonia Virus” OR “SARS-CoV-2 Virus” OR “SARS CoV 2 Virus” OR 

“SARS-CoV-2 Viruses” OR “Virus, SARS-CoV-2” OR “2019-nCoV” OR 

“COVID-19 Virus” OR “COVID 19 Virus” OR “COVID-19 Viruses” OR 

“Virus, COVID-19” OR “Wuhan Coronavirus” OR “Coronavirus, Wuhan” OR 

“SARS Coronavirus 2” OR “Coronavirus 2, SARS” OR “Severe Acute 

Respiratory Syndrome Coronavirus 2” 

785 

6 #1 AND #2 AND #3 AND #4 AND #5 AND English AND Ethiopia 45 

 

 Google Scholar (26/8/2021) Record 

retrieved  

1 “Health Personnel”[MeSH] OR “Personnel, Health OR “Health Care Providers” 

OR Health Care Provider” OR “Provider, Health Care” OR “Healthcare 

Providers” OR “Healthcare Provider” OR “Provider, Healthcare OR “Healthcare 

Workers” OR “Healthcare Worker” OR “Health Care Professionals OR “Health 

Care Professional” OR “Professional, Health Care” 

1050 

2 “Professional Practice” [MeSH] OR Practice OR Professional OR Practices, 

Professional OR Professional Practices OR Behavior [MeSH] OR Behaviors OR 

“Acceptance Processes” OR “Acceptance Process” OR “Process, Acceptance” 

OR “Processes, Acceptance” 

697 

3 1 AND 2 5,801 

3 Determinant  OR “Epidemiologic Factors”[MeSH] OR “Epidemiologic Factor” 

OR “Factor, Epidemiologic” OR “Epidemiologic Determinant” OR Determinant, 

Epidemiologic OR Determinants, Epidemiologic OR “Epidemiologic 

Determinants” OR Factors, “Epidemiologic OR Predictor OR “Risk Factors” OR 

“Factor, Risk” OR “Risk Factor” OR “Health Correlates” OR “Correlates, 

Health” OR “Risk Scores” OR “Risk Score” OR “Score, Risk” OR “Risk Factor 

Scores” OR “Risk Factor Score OR “Score, Risk Factor” OR “Population at 

101000 
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Risk” OR “Populations at Risk” 

 1 AND 2 AND 3  376 

4 Prevention and control [MeSH] OR prophylaxis OR “preventive therapy” OR 

“prevention and control” OR “preventive measures” OR prevention OR control 

65600 

 #1 AND #2 AND #3 AND #4 211 

5 COVID-19 OR SARS-CoV-2[MeSH] OR “Coronavirus Disease 2019 Virus” OR 

“2019 Novel Coronavirus” OR “2019 Novel Coronaviruses” OR “Coronavirus, 

2019 Novel” OR “Novel Coronavirus, 2019” OR “Wuhan Seafood Market 

Pneumonia Virus” OR “SARS-CoV-2 Virus” OR “SARS CoV 2 Virus” OR 

“SARS-CoV-2 Viruses” OR “Virus, SARS-CoV-2” OR “2019-nCoV” OR 

“COVID-19 Virus” OR “COVID 19 Virus” OR “COVID-19 Viruses” OR 

“Virus, COVID-19” OR “Wuhan Coronavirus” OR “Coronavirus, Wuhan” OR 

“SARS Coronavirus 2” OR “Coronavirus 2, SARS” OR “Severe Acute 

Respiratory Syndrome Coronavirus 2” 

63600 

6 #1 AND #2 AND #3 AND #4 AND #5 AND English AND Ethiopia 189 

 

 

 Cochrane library  (27/8/2021) Record 

retrieved  

1 “Health Personnel”[MeSH] OR “Personnel, Health OR “Health Care Providers” 

OR Health Care Provider” OR “Provider, Health Care” OR “Healthcare 

Providers” OR “Healthcare Provider” OR “Provider, Healthcare OR “Healthcare 

Workers” OR “Healthcare Worker” OR “Health Care Professionals OR “Health 

Care Professional” OR “Professional, Health Care” 

5196 

2 “Professional Practice” [MeSH] OR Practice OR Professional OR Practices, 

Professional OR Professional Practices OR Behavior [MeSH] OR Behaviors OR 

“Acceptance Processes” OR “Acceptance Process” OR “Process, Acceptance” 

OR “Processes, Acceptance” 

15867 

3 1 AND 2 5,801 

3 Determinant  OR “Epidemiologic Factors”[MeSH] OR “Epidemiologic Factor” 23126 
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OR “Factor, Epidemiologic” OR “Epidemiologic Determinant” OR Determinant, 

Epidemiologic OR Determinants, Epidemiologic OR “Epidemiologic 

Determinants” OR Factors, “Epidemiologic OR Predictor OR “Risk Factors” OR 

“Factor, Risk” OR “Risk Factor” OR “Health Correlates” OR “Correlates, 

Health” OR “Risk Scores” OR “Risk Score” OR “Score, Risk” OR “Risk Factor 

Scores” OR “Risk Factor Score OR “Score, Risk Factor” OR “Population at 

Risk” OR “Populations at Risk” 

 1 AND 2 AND 3  376 

4 Prevention and control [MeSH] OR prophylaxis OR “preventive therapy” OR 

“prevention and control” OR “preventive measures” OR prevention OR control 

18022 

 #1 AND #2 AND #3 AND #4 211 

5 COVID-19 OR SARS-CoV-2[MeSH] OR “Coronavirus Disease 2019 Virus” OR 

“2019 Novel Coronavirus” OR “2019 Novel Coronaviruses” OR “Coronavirus, 

2019 Novel” OR “Novel Coronavirus, 2019” OR “Wuhan Seafood Market 

Pneumonia Virus” OR “SARS-CoV-2 Virus” OR “SARS CoV 2 Virus” OR 

“SARS-CoV-2 Viruses” OR “Virus, SARS-CoV-2” OR “2019-nCoV” OR 

“COVID-19 Virus” OR “COVID 19 Virus” OR “COVID-19 Viruses” OR 

“Virus, COVID-19” OR “Wuhan Coronavirus” OR “Coronavirus, Wuhan” OR 

“SARS Coronavirus 2” OR “Coronavirus 2, SARS” OR “Severe Acute 

Respiratory Syndrome Coronavirus 2” 

6610 

6 #1 AND #2 AND #3 AND #4 AND #5 AND English AND Ethiopia 233 

 #1 AND #2 AND #3 AND #4 AND #5 AND English AND Ethiopia 77 
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