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Abstract

Background: With COVID-19 being a newly evolving disease, its response measures largely depend on the practice of and
compliance with personal protective measures (PPMs).

Objective: This systematic review aimed to examine the knowledge and practice of COVID-19 PPMs in African countries as
documented in the published literature.

Methods: A systematic search was conducted on the Scopus, PubMed, and Web of Science databases using appropriate keywords
and predefined eligibility criteria for the selection of relevant studies. Only population-based original research studies (including
qualitative, quantitative, and mixed methods studies) conducted in Africa and published in the English language were included.
The screening process and data extraction were performed according to a preregistered protocol in PROSPERO (CRD42022355101)
and followed the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines. The quality of
the included studies was assessed using the Mixed Methods Appraisal Tool. Thematic analysis was used to systematically
summarize the studies into 4 predefined domains: knowledge and perception of PPMs, mask use, social and physical distancing,
and handwashing and hand hygiene, including their respective levels and associated factors.

Results: A total of 58 studies across 12 African countries were included, published between 2019 and 2022. African communities,
including various population groups, had varying levels of knowledge and practice of COVID-19 PPMs, with the lack of personal
protective equipment (mainly face masks) and side effects (among health care workers) being the major reasons for poor compliance.
Lower rates of handwashing and hand hygiene were particularly noted in several African countries, especially among low-income
urban and slum dwellers, with the main barrier being the lack of safe and clean water. Various cognitive (knowledge and perception),
sociodemographic, and economic factors were associated with the practice of COVID-19 PPMs. Moreover, there were evident
research inequalities at the regional level, with East Africa contributing 36% (21/58) of the studies, West Africa contributing
21% (12/58), North Africa contributing 17% (10/58), Southern Africa contributing 7% (4/58), and no single-country study from
Central Africa. Nonetheless, the overall quality of the included studies was generally good as they satisfied most of the quality
assessment criteria.

Conclusions: There is a need to enhance local capacity to produce and supply personal protective equipment. Consideration of
various cognitive, demographic, and socioeconomic differences, with extra focus on the most vulnerable, is crucial for inclusive
and more effective strategies against the pandemic. Moreover, more focus and involvement in community behavioral research
are needed to fully understand and address the dynamics of the current pandemic in Africa.

Trial Registration: PROSPERO International Prospective Register of Systematic Reviews CRD42022355101;
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42022355101
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Introduction

Background
After its emergence in December 2019, COVID-19 was declared
a pandemic by the World Health Organization on March 11,
2020, and it has spread to almost all countries and regions,
including Africa [1,2]. Spreading to the continent through
travelers returning from hot spots in Asia, Europe, and the
United States, COVID-19 was first recorded in Africa in Egypt
on February 14, 2020, and within a few months, the virus had
spread throughout the continent [1,3]. As of March 20, 2023, a
total of 12,804,191 cumulative cases and 258,623 deaths have
been reported in Africa compared with 682,546,389 cases and
6,819,835 deaths across the globe, showing a disproportionately
low case fatality rate of COVID-19 in Africa [4].

As in the rest of the world, various response measures were
implemented in different African countries to curb the spread
of the virus, including statewide lockdowns, restrictions on
movement, bans on social gatherings, and school closures [5,6].
Although the continent appears to have a lower absolute number
of cases and deaths compared with other regions [7], which
might also be related to the lower number of tests administered,
the pandemic has had a deep impact on the socioeconomic
systems of African countries [8,9]. The pandemic has also
strained the weak and fragmented health systems, as shown by
the lack of personal protective equipment (PPE), testing kits,
and other treatment necessities, especially for patients with
COVID-19 who are critically ill [6,8].

With COVID-19 being a newly evolving disease, its less-defined
outcomes and unprecedented prevention, treatment, and control
modes largely require indisputable collaboration among various
stakeholders in the community [9]. Nonpharmaceutical
interventions play an important role in the control and prevention
of pandemics, including the COVID-19 pandemic, especially
in its early phase and wave. Despite the availability of approved
vaccines against COVID-19, response measures toward this
pandemic still largely depend on the practice of and compliance
with personal protective measures (PPMs), including face mask
use, social and physical distancing, and hand hygiene [10].
Moreover, knowledge and perceptions of PPMs have been
reported as among the key determinants of practice and
compliance with PPMs against COVID-19 as they influence
people’s behavior [10,11]. These were also considered in this
study in the African context.

The pandemic has had a broad range of impacts and challenges
across regions, and different communities have responded
differently. However, given the diversity of social systems
across regions and countries, preparedness and the search for a
country- or region-specific practical solution to the pandemic
require a better understanding of the challenges of practicing
PPMs and hard-learned experiences through comprehensive
research [9]. There has been a high research output documenting

COVID-19 characteristics, clinical outcomes, response, and
impact throughout the world but with much less research coming
from African countries [12,13]. The unavailability of research
information might be seen as a barrier to successful prevention
and further as a sign of inequity between high- and low-income
countries and regions [14]. This scant literature poses knowledge
gaps on how African countries are responding to the pandemic
in terms of PPMs. Nonetheless, a recent review by Nwagbara
et al [15] reported that most communities in sub-Saharan Africa
had a positive attitude toward and good practices regarding
COVID-19. Notably, this review considered studies only from
sub-Saharan Africa and those conducted in the first stages of
the pandemic, so it lacked insights into the overall practice of
PPMs in Africa.

Objectives
Thus, this systematic review aimed to examine COVID-19 PPM
research from African countries as documented in the published
literature. On the basis of specific keywords, the review looked
at the levels and associated factors of (1) knowledge and
perception of PPMs and (2) practice of COVID-19 PPMs in
various populations (including face mask use, physical and
social distancing, and handwashing and hand hygiene).

Methods

Study Design
This systematic review was conducted according to a
preregistered protocol in PROSPERO (CRD42022355101) and
the PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) guidelines (Multimedia Appendix 1) [16].
This systematic review considered literature concerning PPMs
from African countries. Literature was sourced from the
following databases: Scopus, PubMed, and Web of Science.
These databases were considered as they sufficiently cover most
of the key journals, including most African journals. In addition,
2 of these databases (Scopus and Web of Science) could refine
the search based on countries and regions, unlike other
databases, which enabled us to specifically assess publications
from African countries only.

Search Strategy
We conducted a comprehensive search using a set of appropriate
keywords and Medical Subject Heading terms to identify studies
reporting on PPMs. For consistency and precision, similar
keywords and Medical Subject Heading terms were used and
searched for in the article titles across the databases. A
comprehensive search of the published literature was performed
in each of the 3 selected databases using combinations of key
terms and Boolean operators (Textbox 1). These included
“mask,” “nose covering,” “personal protective equipment,”
“handwashing,” “hand washing,” “hand sanitizer,” “hand
sanitiser,” “sanitation,” “hygiene,” “social distance,” “social
distancing,” “physical distance,” “physical distancing,” “social
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acceptance,” “COVID-19,” “2019-nCoV,” “coronavirus disease,” “SARS-CoV-2,” and “corona virus disease 2019.”

Textbox 1. Key terms or Boolean operators used for the search.

• “Mask” OR “nose covering” OR “personal protective equipment” OR “handwashing” OR “hand washing” OR “hand sanitizer” OR “hand
sanitiser” OR “sanitation” OR “hygiene” OR “social distance” OR “social distancing” OR “physical distance” OR “physical distancing” OR
“social acceptance” AND “COVID-19” OR “2019-nCoV” OR “coronavirus disease” OR “SARS-CoV-2” OR “corona virus disease 2019”

• “Mask” OR “nose covering” OR “personal protective*” OR “hand wash*” OR “hand-wash*” OR “hand sanitize*” OR “hand sanitise*” OR
“sanitation*” OR “hygiene*” OR “social distance*” OR “physical distance*” OR “social accept*” OR “social acceptance” AND “COVID-19”
OR “COVID*”

• “Mask” OR “nose covering” OR “personal protective*” OR “hand wash*” OR “hand-wash*” OR “hand sanitize*” OR “hand sanitise*” OR
“sanitation*” OR “hygiene*” OR “social distance*” OR “physical distance*” OR “social accept*” OR “social acceptance” AND “coronavirus*”
OR “corona*”

• “Mask” OR “nose covering” OR “personal protective*” OR “hand wash*” OR “hand sanitize*” OR “hand sanitise*” OR “sanitation*” OR
“hygiene*” OR “social distance*” OR “physical distance*” OR “social accept*” OR “social acceptance” AND “SARS-CoV-2*” OR “2019-nCoV*”

Inclusion and Exclusion Criteria
The inclusion and exclusion criteria are listed in Table 1. Only
population-based original research studies (including qualitative,
quantitative, and mixed methods studies) conducted in Africa,
published in English, and reporting on PPMs against COVID-19

were considered in the full review. In addition, multicountry
studies were considered if they included an African country as
part of their study population. Only English-language articles
published between November 1, 2019, and March 4, 2022, were
considered.

Table 1. Summary of the inclusion and exclusion criteria.

Exclusion criteriaInclusion criteriaParameter

Article or study
type

•• Reviews, commentaries, and editorialsPopulation-based original research studies
• •Qualitative, quantitative, and mixed methods

studies
Dissertations, government reports, newspaper articles, textbooks, book
chapters, and protocols

•• Gray literature and preprintsMulticountry studies
• Laboratory studies, model and framework studies, and validation

studies

Language •• All other non-English languagesEnglish language

Publication period •• All periods outside November 2019 to March 2022November 1, 2019, to March 4, 2022

Study setting •• All non-African country settingsAfrican countries

Data Extraction
After screening, data from the relevant studies were
independently extracted by 2 reviewers (JK and PSC) onto a
structured data extraction template, and a consensus was reached
through discussion in case of disagreements on the extracted
data. The following variables were extracted: first author, year
of publication, study location, study design, key measurements,
study population, sample size. and main findings.

Quality Assessment and Analysis
We assessed the information from the included articles using
the Mixed Methods Appraisal Tool (version 2018) with detailed
descriptions of the rating [17]. In total, 2 reviewers also
independently assessed the quality of the included studies, and
in case of discrepancies, a consensus was reached through
discussion.

This study used thematic analysis, and the literature in this
review was used to understand the practice of PPMs against
COVID-19 in African countries. The studies were classified
according to four main themes: (1) knowledge and perception
of PPMs, (2) mask use, (3) social and physical distancing, and

(4) handwashing and hand hygiene, including their respective
levels or prevalence and associated factors. In addition, various
population groups and challenges faced in practicing COVID-19
PPMs were examined under each of the main themes based on
the available information in the analyzed studies. The 4 themes
were drafted by a panel of public health experts after a series
of discussions to reach a consensus.

The analysis process involved a six-step data synthesis process:
(1) in total, 2 reviewers (JK and PSC) extracted relevant
information on knowledge and practice of PPMs from each
article independently; (2) after extraction, they discussed to
reach a consensus on the key information identified in each
article; (3) the extracted information was coded under the 4
predefined domains by the 2 reviewers independently; (4) after
completing the coding independently, they discussed the results,
where any discrepancies were resolved through discussion; (5)
the revised coding results were read and checked by the 2
reviewers independently to ensure that all the extracted
information was mapped to the 4 domains correctly; and (6) all
the information in the codebook was adapted into a tabular
format.
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Results

Selection of Studies Conducted in Africa
The number of studies identified, reviewed, and selected,

including the reasons for exclusion, is summarized in Figure 1.
A total of 58 studies were selected through this process and
further analyzed [18-75]. The information and main findings
extracted from all included studies is detailed in Table 2.

Figure 1. The PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart of the selected studies. WoS: Web of
Science.
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Table 2. Characteristics of the included studies.

Relevant findingsAdherence or non-
compliance rates

Sample
size, N

Study popula-
tion

Study type and
key measures

Study setting
or country

Study

51.5% had poor
mask use

1114CommunityCross-sectional;
knowledge, atti-
tudes, and prac-

UgandaSikakulya et
al [18], 2021

• Most participants (60.1%) had satisfactory
knowledge of the use of face masks, and this
was greater among participants with tertiary

tices regarding educational levels.
proper use of face
masks • Regarding attitude, 69.4% were confident

enough to correctly put on a face mask, 83.4%
believed that a face mask can protect against
COVID-19, and 75.9% had never shared their
face mask. Most (95.2%) agreed that wearing
face masks in public places was important to
protect themselves against COVID-19, and
60.3% reported washing their hands before
wearing and after removing the face mask.

Overall, 55.4% had
poor compliance

401CommunityCross-sectional
and mixed meth-

EthiopiaHailu et al
[20], 2021

• Most (63.84%) reported that they went to
crowded places without putting on a face mask,
but 60.6% and 76.3% had good knowledge ofwith social distanc-

ing measures
ods; compliance
with social dis-
tancing

COVID-19 transmission and prevention, respec-
tively.

• Only age was associated with social distancing
measures, with older persons more likely than
younger persons to comply with social distanc-
ing guidelines.

82% were not
strictly practicing
social distancing

1036CommunityCross-sectional;
perception and
practice of social
distancing

EgyptBakry and
Waly [21],
2020

• Most (70%) perceived that social distancing
measures reduced the transmission of COVID-
19.

• There was a significant association between the
practice of social distancing and some sociode-
mographic factors such as sex, age, education,
working status, place of residence, and commu-
nity of residence.

68.8% had poor
COVID-19 preven-
tion practice

628Community
employees

Cross-sectional;
predictors of pre-
ventive practices

EthiopiaTadesse et al
[22], 2020

• Most (>50%) had high perceived susceptibility,
severity, benefit, barriers, cues to action, and
self-efficacy regarding COVID-19 prevention
practice.

• Employees with a low level of perceived barri-
ers were less likely to have a poor practice of
COVID-19 prevention compared with employ-
ees with a high level of perceived barriers.

• Moreover, employees with low cues to action
and employees with a low level of self-efficacy
practiced COVID-19 prevention measures to a
lesser extent compared with those with high
cues to action and high levels of self-efficacy.

—b1988CommunityCross-sectional;
face mask use

MCPa—6
countries:

Iyamu et al
[23], 2022

• A total of 58.8% used social media as their main
source of information, whereas 85% agreed that
face masks were effective against COVID-19.perception and

social media
Botswana,
Kenya, • Respondents who used social media were more

likely to agree that face masks were effectiveMalawi,
compared with those who did not.Nigeria,

Zambia, and
Zimbabwe

52% and 78%
wore face masks

1054CommunityCross-sectional;
face mask wear-

UgandaBukuluki
and

• Approximately 90% of respondents agreed that
wearing a mask inside or outside in public

sometimes insideing in public
places

Kisaakye
[24], 2021

spaces can prevent COVID-19 infection.
in public spaces
and always outside

• Age and frequency of face mask wearing inside
or outside in public spaces were significantly
related to belief in face mask efficacy.in public spaces,

respectively
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Relevant findingsAdherence or non-
compliance rates

Sample
size, N

Study popula-
tion

Study type and
key measures

Study setting
or country

Study

• Findings revealed that most of the respondents
believed that the COVID-19 pandemic was
more of a hoax than a reality.

• Other findings showed that this poor knowledge
negatively affected their compliance with pre-
ventive measures to curb the spread of coron-
avirus.

—36CommunityQualitative study;
knowledge of and
compliance with
preventive mea-
sures

NigeriaNnama-
Okechukwu
et al [25],
2020

• Results revealed varied conceptualizations and
interpretations of the disease and social distanc-
ing. Notably, COVID-19 regulations such as
social distancing and face mask wearing were
perceived as an imported policy, a misconcep-
tion responsible for nonadherence to COVID-
19 protocols.

• Furthermore, the study underscored that the
disease and policies related to it disrupted ways
of social life, infringed on people’s social-cul-
tural rights, and had adverse health conse-
quences.

—20CommunityCross-sectional
and qualitative;
social distancing
perceptions

8 African
countries

Kajiita and
Kang’ethe
[26], 2021

• Adherence rates were higher in countries where
masking was mandatory or highly encouraged
by the government during the early phases of
the COVID-19 outbreak.

• Reusable cloth masks (more cost-beneficial and
environmentally friendly than surgical masks)
were the most frequent, accounting for 51.1%
of all mask types.

• There were differential rates of mask uptake
and use between sexes and age groups observed
in different countries. Even in countries where
no preexisting culture of mask use existed, high
uptake of mass masking was feasible.

Face mask
use—DRC: 43.2%;
Uganda: 32.7%;
Mozambique:
93.9%; Somalia:
51.2%

206,729General pub-
lic

Multicountry
web-based sur-
vey; compliance
with mask use

10 countries;

DRCc,
Uganda,
Mozam-
bique, and
Somalia

Fodjo et al
[27], 2020

• A total of 50.6% were in close physical distance
with 1-10 people, 21.1% were in close physical
distance with 11-50 people, and 8% were in
close physical distance with >50 people.

• Larger household sizes and incorrect knowledge
about the importance of social distancing were
associated with being in contact with >50 peo-
ple. Male sex, younger age, and being in the
White and non-White population groups were
significantly associated with being in contact
with 1-10 people but not with larger numbers
of people.

• Employment, at least a secondary school educa-
tion, the lack of self-efficacy in being able to
protect oneself from infection, and moderate or
high risk perception of becoming infected were
all associated with increased odds of close con-
tact with 1-10, 11-50, and >50 people relative
to remaining at home.

20.3% reported
having not left
home

17,563CommunityCross-sectional;
compliance with
and determinants
of social distanc-
ing

South AfricaSewpaul et
al [28], 2021

Generally, 59.4%
had good preven-
tion practices for
COVID-19

803CommunityCross-sectional;
predictors of pre-
ventive practices

EthiopiaWondimu et
al [29], 2020
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Relevant findingsAdherence or non-
compliance rates

Sample
size, N

Study popula-
tion

Study type and
key measures

Study setting
or country

Study

• Approximately 64.7% had a history of going to
crowded places, whereas only 30.3% of the
participants had a history of wearing a mask
when leaving home.

• A total of 64.4% had a history of maintaining
their distance at 2 meters, and 64.8% washed
their hands with soap and water or used alcohol-
based hand sanitizers.

• Urban residence, family size, good knowledge,
positive attitude, intention to seek care, and
perceived mortality were positively associated
with good prevention practices.

• Younger age (26-35 years) and being employed
were positively associated with good social
distancing practice, whereas poor knowledge,
negative attitude, and low perceived susceptibil-
ity had a negative association.

38.3% had good
social distancing
practices

410CommunityCross-sectional;
social distancing
and associated
factors

EthiopiaFikrie et al
[30], 2021

• A total of 70% of the respondents threw their
discarded masks and gloves in the house trash
or trash bins after their first use, whereas nearly
30% of respondents admitted that they did not
wear masks as they did not leave their homes
during the lockdown.

70% used face
masks at least once
a day

185CommunityCross-sectional;
mask use and dis-
posal behavior

MoroccoMejjad et al
[31], 2021

• Self-efficacy, the prevalence of others’ mask
wearing in the same district, and affluence were
positively associated with reported mask wear-
ing.

• Those who reported staying at home were sig-
nificantly less likely to report wearing a mask.

• Despite having a higher mortality risk, older
adults had significantly lower odds of mask
wearing.

• The prevalence of mask wearing increased sig-
nificantly from May 2020 to August 2020 (from
50% to 74%) as COVID-19 cases increased and
lockdown restrictions were eased, but staying
at home, physical distancing, and social distanc-
ing decreased.

74% wore face
masks when in
public

7074CommunityLongitudinal sur-
vey; predictors of
mask wearing

South AfricaBurger et al
[32], 2022

• The level of concern about the spread of the
virus increased the likelihood of washing hands
with soap under running water for a minimum
of 20 seconds at least 5 times a day.

• Heterogeneous effects across gender and age
groups, locality, and various water sources were
noted.

54.6% washed
their hands for 20
seconds >5 times a
day, and 4.2% did
not wash their
hands at all

4788CommunityCross-sectional;
handwashing and
COVID-19 con-
cerns

MCP—12
sub-Saharan
African
countries

Amuakwa-
Mensah et al
[33], 2021

• Higher handwashing adherence was associated
with more frequent exposure to handwashing
guidelines, being a health care professional,
being older, being female, and being married.

• Stricter containment and health policies were
associated with lower handwashing adherence.

—6064CommunityObservational
study; handwash-
ing adherence

MCP—Gam-
bia

Szczuka et al
[19], 2021

—49Slum resi-
dents

Cross-sectional
and qualitative;
impact of physi-
cal distancing
policies

NigeriaIwuoha and
Aniche [34],
2020
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Relevant findingsAdherence or non-
compliance rates

Sample
size, N

Study popula-
tion

Study type and
key measures

Study setting
or country

Study

• The study demonstrated that the peculiar and
adverse conditions of low-income urban
dwellers were not considered in the formulation
of the COVID-19 lockdown and physical dis-
tancing policies in Nigeria. Thus, such policies
worsened the living conditions of extremely
low-income urban or suburban slum dwellers
in Nigeria.

• There is a need to engender an indigenous
(Afro-centered) approach to the containment of
the pandemic.

• Extrahousehold social contact fell substantially
following the imposition of COVID-19 distanc-
ing regulations in that there were substantial
declines in close physical and conversational
contacts and also in beyond-household sharing
of indoor space.

• However, there was ongoing contact within in-
tergenerational households, highlighting a po-
tential limitation of social distancing measures
in protecting older adults.

—1704CommunityLongitudinal sur-
vey; impact of
social distancing
regulations

South AfricaMcCreesh et
al [35], 2021

• Increases in planning, selecting, and preparing
healthy foods were found for women and men
and were positively related to perceived time
availability and stay-at-home policies.

• Psychological distress was a barrier for women
and an enabler for men, whereas financial stress
was a barrier and enabler depending on various
sociodemographic variables.

—37,207CommunityCross-sectional;
impact of social
distancing on
healthy meals

MCP—38
countries;
Uganda,
South
Africa, and
Egypt

De Backer et
al [36], 2020

• A total of 77.4% and 60.6% of people living in
Kibera and Mathare, respectively, had limited
WASH facility accessibility or opportunity.

• Overall accessibility and opportunity were better
in Mathare than in Kibera.

—647Slum
dwellers

Cross-sectional;

WASHd accessi-
bility

KenyaKim et al
[37], 2022

• The main challenges concerning the implemen-
tation and adoption of physical distancing mea-
sures included the proximity in which internally
displaced people live, their beliefs and values,
the lack of toilets and safe water on sites, inter-
nally displaced people’s habits and economic
situation, humanitarian actors’ lack of financial
resources and authority, and social pressure
from religious leaders.

• Implemented mitigation measures included the
building of new shelters or their compartmental-
ization, the creation of income-generating activ-
ities and food banks, psychosocial support,
promotion of awareness of internally displaced
people, and night police patrols and surveillance
to discourage internally displaced people from
going out.

—68Internally
displaced
people

Qualitative study;
adoption of physi-
cal distancing
measures

MaliAg Ahmed
et al [38],
2021

—80Prisoners
and staff

Qualitative study;
social distancing
and prevention
measures

ZimbabweMhlanga-
Gunda et al
[39], 2022
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Relevant findingsAdherence or non-
compliance rates

Sample
size, N

Study popula-
tion

Study type and
key measures

Study setting
or country

Study

• Outdated infrastructure, severe congestion, in-
terrupted water supply, and inadequate hygiene
and sanitation were conducive to ill health and
the spread of disease.

• Health professionals had been well trained re-
garding COVID-19 control measures, and
COVID-19 awareness among prisoners was
generally adequate.

• There was no routine COVID-19 testing in place
beyond thermal scanning.

• Access to health care was good, but standards

were hindered by inadequate medicine and PPEe

supply, and isolation measures were compro-
mised by accommodation capacity issues.

• The flow of prison entries constituted a transmis-
sion risk, and social distancing was impossible
during meals and at night.

• All the HCWs practiced different COVID-19
prevention methods, and most were knowledge-
able (93.8%) and had a favorable attitude (74%).

• However, 84.5% of the respondents faced chal-
lenges during alcohol-based hand sanitizer use
owing to it being unavailable (68.8%) or expen-
sive (52.1%); forgetting (11.5%); and experienc-
ing health-associated risks such as skin irritation
(28.1%), skin dryness (62.5%), and ocular irri-
tation (11.5%).

76% had good
hand hygiene prac-
tices with alcohol-
based hand sanitiz-
ers

96HCWsfCross-sectional;
knowledge, atti-
tude, practice,
and challenges
regarding hand
hygiene

EthiopiaAssefa et al
[40], 2021

• The overall good knowledge score of health
care providers regarding proper face mask use
was 65.8%.

• Of them, 67.3% knew that face masks were
worn with the white side facing in, 62.6% knew
that face masks had 3 layers, and 78.4% knew
that surgical face masks were worn for up to 8
hours.

59.5% practiced
proper mask use

422HCWsHospital-based
cross-sectional
study; knowledge
and practice of
proper face mask
use

EthiopiaSeid Yimer
and Gebre-
hana Belay
[41], 2021

• Only 28.74% of the house officers had good
preparedness, whereas 85.83% had a good PPE
attitude.

• Preparedness and willingness were significantly
associated with the overall worry related to the
pandemic (fear of contracting COVID-19 and
having family members at risk of severe
COVID-19).

• The house officers with good preparedness and
willingness to deal with COVID-19 seemed to
have a good PPE attitude.

—254HCWsCross-sectional;
preparedness and
attitude toward
PPE

EgyptAhmed
Sayed et al
[42], 2021

• Only 25.7% had adequate knowledge about
PPE. Of the respondents who presumed that
they had adequate knowledge about donning
and doffing PPE, 94 (56%) were incorrect.

• The predictors of good knowledge were younger
age (<45 years) and practice location.

—272HCWsCross-sectional;
knowledge, atti-
tudes, beliefs,
and use of PPE

NigeriaAlao et al
[43], 2020

—723HCWsCross-sectional
and institution-
based; PPE use

TunisiaDaghmouri
et al [44],
2020
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• There was a likely overuse of PPE in addition
to a high rate of side effects caused by PPE.

• A total of 57.3% of participants reported a lack
of PPE, which could be extremely stressful and
detrimental to them.

• A total of 72.5% of respondents reused dispos-
able PPE, especially facial protective shields

and FFP2g.
• Only 37.8% of frontline HCWs had received

official training on the correct use of PPE, espe-
cially on how to fit FFP2 masks (only 32.6%).

• A total of 89.1% of participants believed that
they needed additional training.

• Being a male health care provider, having work
experience of 6-10 years, and having a poor at-
titude toward COVID-19 were found to be sig-
nificantly associated with poor COVID-19 pre-
ventive practices among HCWs.

38.7% (95% CI
34.8%-42.5%)
good preventive
practice against
COVID-19

630HCWsCross-sectional;
preventive prac-
tices

EthiopiaKassie et al
[45], 2020

• Feedback for safety, training on COVID-19
prevention, and perception of infection risk were
significant factors of good compliance with PPE
use.

32% and 22.3%
were compliant
with PPE use and
hand hygiene prac-
tice, respectively

489HCWsCross-sectional;
PPE use and hand
hygiene and asso-
ciated factors

EthiopiaKeleb et al
[46], 2021

• Being male, being a nurse or midwifery profes-
sional, regularly sanitizing hands and medical
equipment, having national COVID-19 manage-
ment guidelines, taking COVID-19 training,
and the feeling of eventually contracting
COVID-19 at the workplace had a positive as-
sociation with PPE use.

• However, not feeling safe at work when using
standard precautions was negatively associated
with PPE use.

37.6% had good
practice of PPE use

418HCWsCross-sectional;
PPE use

EthiopiaBirhanu et al
[47], 2021

• Most reported a shortage in N95 respirators
(91.3%) and practiced extended PPE use
(88.1%). Better compliance with proper PPE
use was reported among female individuals,
physicians, and medical specialties with <10
years of work experience and working >8 hours
per day.

• Significant predictors of compliance were receiv-
ing previous training on the proper use of PPE,
exposure to patients with COVID-19, and per-
forming procedures that posed a high risk of
exposure to COVID-19 to HCWs.

53.2% were non-
compliant with
mask use

404HCWsCross-sectional;
mask use and
compliance

EgyptEl-Sokkary
et al [48],
2021

• Academic qualification was a significant predic-
tor of good practice in favor of respondents with
a degree in Nursing.

• Challenges identified were the lack of financial
motivation, fear of infecting family members,
and fear of contracting the virus (93.5%).

85.6% maintained
a good level of
preventive prac-
tices, and 89.1%
performed hand
hygiene

367NursesCross-sectional;
transmission-
based precaution
practices

NigeriaAfemikhe et
al [49], 2020

—68.1% had mask
wearing adherence

15,087General pop-
ulation and
HCWs

Cross-sectional;
mask wearing

LibyaElhadi et al
[50], 2021
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• Powered air-purifying respirators were used
routinely and for intubation only by 7% and
13% of respondents, respectively.

• Surgical masks were used for routine care and
for intubations by 15% and 2% of respondents,
respectively.

• At least one piece of standard PPE was unavail-
able for 1402 (52%) respondents, and 30% re-
ported reusing single-use PPE.

• PPE was worn for a median of 4 (IQR 2-5)
hours. Adverse effects of PPE were associated
with longer shift durations and included heat
(51%), thirst (47%), pressure areas (44%),
headaches (28%), inability to use the bathroom
(27%), and extreme exhaustion (20%).

For routine care,
58% used FFP2 or
N95 masks, water-
proof long-sleeved
gowns (67%), and
face shields or vi-
sors (62%)

2711HCWsA cross-sectional,
international sur-
vey; PPE use

90 countries;
Libya,
Egypt, Mo-
rocco, and
Tunisia

Tabah et al
[51], 2020

• The most affected areas from wearing PPE were
the hands (49.8% and 54.5%), followed by the
auricular area (44% and 40.9%), the nasal bridge
(28.9% and 22.7%), the cheeks (16.9% and
13.6%), and the whole face (15.6% and 25%)
among Saudi and Egyptian HCWs, respectively.

• Approximately 70% of Egyptian HCW partici-
pants used 70% alcohol in the form of a gel as
sanitizer, which was significantly higher than
Saudi HCWs (59.1%).

• The most adverse reaction to using sanitizers
was skin dryness (55.1% and 63.6% among
Saudi and Egyptian HCWs, respectively).

—428HCWsComparative and
cross-sectional;
effect of sanitiz-
ers and PPE use

Egypt and
Saudi Arabia

Mahmoud et
al [52], 2021

• A total of 77.3% had all the PPE and protective
measures they needed.

• A total of 66.2% had been recently educated on
infection control.

• A total of 20.8% always used a standard surgical
mask and thought that it was sufficiently protec-
tive, 12.3% used either mask according to their
availability, and none of the participants re-
frained from using masks.

66.9% used N95,
N98, or a surgical
mask, and 86.4%
had good hand hy-
giene

154HCWsCross-sectional;
PPE use and hand
hygiene

MCP that in-
cluded Egypt

Shadi et al
[53], 2022

• Most (77%) of the HCWs reported that their
hospital did not have adequate PPE. A critical
shortage of N95 respirators was particularly re-
ported; it only increased from 13% to 24% from
before to during the COVID-19 pandemic.

• The use of N95 increased from 9% to 21% from
before to during the COVID-19 pandemic. Al-
most 72% of the respondents were dissatisfied
with the availability and use of PPE in their
hospital.

• The independent predictors of the respondents’
satisfaction levels with PPE were HCWs who
reported that PPE was adequately available in
the hospital and preparedness to provide care
to COVID-19 cases.

—1134HCWsCross-sectional;
availability and
use of PPE and
satisfaction with
PPE

EthiopiaDeressa et al
[54], 2021

—258HCWsCross-sectional
and mixed meth-
ods; availability
and use of PPE

NigeriaOladele et al
[55], 2021
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• Only 22.1% of HCWs had regular access to
PPE, and only 20.6% had access to N95 face
masks compared with other PPEs. Male HCWs
and those working at secondary or tertiary facil-
ities had access to N95 face masks.

• Facilitators of PPE use were the leadership
quality of the hospital head and donation of PPE
to the facilities, whereas barriers to PPE use in-
cluded a limited supply of PPE as well as the
facility’s infrastructural and operational chal-
lenges.

• The analysis of the responses showed that most
ophthalmologists used face masks without sub-
stantial problems during their examinations,
whereas face shields followed by protective
goggles were the most inconvenient PPE in the
current ophthalmic practice.

• Moreover, most (77.3%) noticed an increase in
their examination time when using PPE. A
considerable proportion (40.7%) stopped using
one or more of the PPE because of inconve-
nience or discomfort.

—172Ophthalmolo-
gists

Cross-sectional;
challenges and
difficulties of us-
ing PPE

MCP—Egypt
and Morocco

Ashour et al
[56], 2021

• Results indicated that comfort, vision, and
communication were significantly reduced be-
cause of PPE wearing in all physician groups
(81.1%, 88.7%, and 75.5%, respectively).

• In contrast, the handling of instruments was not
significantly affected in the second group only.
Moreover, decision-making and the rate of
complications were not significantly affected.

—272PhysiciansCross-sectional;
effect of wearing
PPE on perfor-
mance and deci-
sion-making

EgyptFoula et al
[57], 2021

• The overall prevalence of headaches related to
PPE was 62%. It was experienced de novo by
32.9% of participants, whereas it was an aggra-
vation of a preexisting headache in 29% of par-
ticipants.

• Working >8 hours per shift during the pandemic
was correlated to de novo headache (P=.008).
The profession of physician and working >12
hours per shift were correlated with aggravated
headaches. HCWs experienced moderate discom-
fort, blurred vision, and reduced concentration.
They judged their professional performance to
be mildly reduced by the use of PPE.

—155HCWsCross-sectional;
PPE and
headaches

MoroccoHajjij et al
[58], 2020

• HCWs wore masks for periods ranging from 68
to 480 minutes. The discomfort experienced
with the use of the N95 mask was greater than
with the surgical mask.

• No significant change in arterial oxygen satura-
tion was observed with the use of either mask
type, and the tight strapping of the N95 mask
was perceived as a contributor to the discomfort
experienced with mask use.

—66HCWsCross-sectional;
impact of differ-
ent face masks on
comfort

NigeriaNwosu et al
[59], 2021

—273HCWsCross-sectional;
skin reactions to
PPE use

MoroccoMarraha et
al [60], 2021
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• A total of 80% of HCWs had adverse reactions,
including skin problems, after wearing goggles
(58%), wearing surgical masks and respirators
(57%), handwashing and wearing gloves (45%),
wearing a face shield (23%), and wearing pro-
tective clothing (11%).

• Bleach immersion was highly significantly as-
sociated with hand reactions, whereas hand
cream use more than twice daily was associated
with fewer reactions.

• The skin reactions were related to goggle use,
wearing masks and N95 respirators was signifi-
cantly associated with longer use duration, and
adverse reactions to regular use of protective
clothing were related to the frequency of its use
per shift.

• Patients were worried about contracting the
virus strongly (33%) or mildly (48%), and most
(>80%) reported avoiding the following actions:
hand shaking, hugging and kissing, social gath-
erings, meeting friends, and visiting markets.

• Some reported adopting healthier diets (35%),
using dietary supplements (18%), and reciting
the Quran (61%) or supplications (75%).

• Approximately 23% would choose not to show
up for a scheduled medical appointment, and
43% had appointment cancellations at the re-
quest of the medical team (31%) or the patients
themselves (12%).

• Moreover, 84% preferred web-based medical
appointments over regular visits.

Adherence to
handwashing
(77%), keeping
distance from oth-
ers (67%), mask
use (77%), and
hand hygiene with
hand sanitizer
(69%) and soap
(81%)

1012Patients with
cancer

Multicountry sur-
vey; behavioral
response

6 countries;
Egypt, Alge-
ria, and Mo-
rocco

Jazieh et al
[61], 2020

• Participants’ subjective norms and perceived
behavioral control were the factors associated
with their intention.

• Good knowledge and a positive attitude were
found to be significant factors associated with
the participants’actual practice of PPMs among
other independent factors.

52% and 76.3% in-
tended to practice
and had ever prac-
ticed PPMs

806Adults with
chronic con-
ditions

Cross-sectional
and facility-
based; intention
and practice of

PPMsh

EthiopiaAndarge et
al [62], 2020

• There was an overall satisfaction and future use
score of 91% among the interviewed patients
who received teledermatology services; a use-
fulness score of 93.7%; interface and interaction
quality scores of 85.9% and 87%, respectively;
ease and use learnability score of 87.8%; and a
reliability score of 86.7%.

—62Patients of
dermatology

Cross-sectional,
observational
study

EgyptMostafa and
Hegazy [63],
2020

• Overall knowledge of the students was 29.2%,
and their attitude was 88.1%.

• Students from the College of Natural and
Computational Sciences and students having
good knowledge were found to be independently
associated with face mask use.

89.5% had good
practice of face
mask use

764University
students

Cross-sectional;
face mask use
and associated
factors

EthiopiaLarebo and
Abame [64],
2021

Only 20.5% report-
ed double masking

348Medical stu-
dents

Cross-sectional;
patterns of dou-
ble mask use

UgandaNalunkuma
et al [65],
2022
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• A total of 68.7% believed that double masking
was superior to single masking for COVID-19
prevention and control.

• Those with a past COVID-19 positive test and
those who believed that double masks had a
superior protective advantage were more likely
to double mask.

• The lack of trust in the quality of masks (46.5%)
was the most frequent motivation for double
masking, whereas excessive sweating (68.4%),
high cost of masks (66.4%), and difficulty in
breathing (66.1%) were the major barriers.

• Only 44.7% of the mothers perceived masking
in children as an appropriate measure for the
prevention of COVID-19, and the frequent rea-
sons for the inappropriateness of face masks in
children given by most (55.3%) of the mothers
included perceived difficulty in breathing
(38.5%) and the child’s readiness to take the
masks off (29.3%).

• A significantly higher proportion of children
whose mothers were aged ≥35 years would wear
face masks (64.2%) when compared with 31.7%
of those whose mothers were aged <30 years.
Similarly, 51% of the children who were aged
>1 year would wear a face mask compared with
20.5% of those aged 8 days to 1 year.

• The children whose mothers were aged <30
years were approximately 4 times less likely to
wear a face mask when compared with those
whose mothers were aged ≥35 years. The chil-
dren whose fathers had attained tertiary educa-
tion were approximately twice less likely to
wear face masks when compared with those
whose fathers had attained a secondary educa-
tion or lower.

—387MothersCross-sectional;
perception of
masking in chil-
dren

NigeriaAronu et al
[66], 2020

• Face mask use was significantly associated with
the knowledge score, employment status, gen-
der, age, and educational status of the study
participants.

46% did not wear
a face mask when
leaving home

331Quarantined
adults

Cross-sectional;
face mask use

EthiopiaHaftom and
Petrucka
[67], 2021

• A total of 94.8% avoided close contact with
people, including hand shaking; 95.6% consis-
tently followed government recommendations;
88.1% avoided mass gatherings and crowded
places; 71.8% restricted movement and travel-
ing; and 35.6% stayed home.

• A total of 80% perceived that consistently
wearing a face mask was highly effective in
preventing coronavirus infection, and the per-
ception varied by region (Oromia residents be-
ing less likely to have good perceptions).

• A total of 57% perceived that the policy mea-
sures in response to the pandemic were inade-
quate.

96% wore face
masks, 94.5%
practiced frequent
handwashing, and
89.5% practiced
physical distancing

1573Government
employees

Cross-sectional;
social distancing
and preventive
measures

EthiopiaDeressa et al
[68], 2021

• The policy on face masks was complied with
only partially in most vehicles.

• A total of 12.6% of the vehicles had <3 com-
muters without face masks, whereas 21.3% of
buses had <3 people with face masks.

98% of buses com-
plied with the so-
cial distancing
guidelines

850CommutersCross-sectional,
roadside observer
survey; adher-
ence to social dis-
tancing and mask
use

GhanaDzisi and
Dei [69],
2020

—500Ghana
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Agyemang
et al [70],
2021

• Most drivers had a high vulnerability perception
to COVID-19. It further emerged that older
drivers in particular consistently wore face
masks and insisted on other persons in their
commercial vehicles to follow suit.

• Sociodemographic factors and the need to en-
sure one’s safety and that of loved ones were
critical determinants of face mask use among
surveyed drivers.

Commercial
drivers

Cross-sectional;
perception and
mask use

• Good knowledge and positive attitude were re-
ported in 69.8% and 67.6% of the drivers, re-
spectively.

• Educational level, place of residence, and atti-
tude toward COVID-19 prevention were factors
associated with good knowledge about COVID-
19. Furthermore, age of >30 years, a secondary
education or higher, income, and knowledge
about COVID-19 in taxi drivers were factors
associated with a positive attitude toward
COVID-19 prevention. Moreover, attitude to-
ward COVID-19 and educational level were the
factors associated with good frequent hand hy-
giene practices.

66.4% had good
frequent hand hy-
giene practices

417Taxi driversCross-sectional;
knowledge, atti-
tude, and fre-
quent hand hy-
giene practices

EthiopiaNatnael et al
[71], 2021

• Most had heard about COVID-19 (99.7%) and
believed that face masks were protective against
it (87.3%), whereas 67.9% reported having re-
ceived information on face mask use.

• Food market vendors and those with no formal
education were 0.5 and 0.3 times less likely to
have received information about face mask use
than hospital workers and those who had com-
pleted secondary school, respectively.

• Those who had received information on face
mask use were 2.9 and 1.8 times more likely to
own face masks and perceive them as protective,
respectively. Food market vendors were 3.9
times more likely to reuse their face masks than
hospital workers.

—644High-risk
groups

Cross-sectional;
knowledge, atti-
tudes, and prac-
tices regarding
face mask use

UgandaMboowa et
al [72], 2021

• It was observed that adherence to COVID-19
safety protocols at shopping centers was very
poor, and in 78% of the shops observed, no shop
attendant wore a mask.

• Despite the provision of handwashing facilities
and widespread advocacy to minimize COVID-
19 infections, the citizenry, especially the youth,
demonstrated a poor attitude toward safety
measures. Nonadherence to COVID-19 proto-
cols was higher in shops where there was no
pressure to conform to the protocols.

91.3% of the cus-
tomers did not
practice handwash-
ing, and 84.2% did
not wear face
masks

751Shoppers
and shop-
keepers

Cross-sectional,
observational
study; hand hy-
giene and safety
behaviors

GhanaFielmua et al
[73], 2021

• A total of 72.3% of patrons wore face masks
appropriately, whereas appropriate handwashing
was recorded among only 10.1%.

• Compared with inappropriate handwashing,
appropriate handwashing was negatively associ-
ated with adherence to infection and control
guidelines.

81.6% wore face
masks, 12.3% per-
formed hand hy-
giene, and 11.5%
adhered to both
measures

800Shop patronsObservational
study; hand hy-
giene and face
mask wearing
practices

GhanaAmeme et al
[74], 2021

—415Bank visitorsObservational
cross-sectional
study; handwash-
ing practice

EthiopiaYigzaw et al
[75], 2021
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• Most (93.5%) heard and watched proper hand-
washing practice. The proportion of proper
handwashing performance was 21.4% before
the demonstration, but after the demonstration,
it increased to 82.2%.

• Older age, being married, and higher education
were associated with proper handwashing
practice. Overall, there was a significant change
in handwashing practice after the demonstration.

aMCP: multicountry paper.
bNot available.
cDRC: Democratic Republic of the Congo.
dWASH: water, sanitation, and hygiene.
ePPE: personal protective equipment.
fHCW: health care worker.
gFFP2: filtering face piece 2.
hPPM: personal protective measure.

Distribution and Characteristics of the Studies
Of the 58 analyzed studies that primarily reported on PPMs
against COVID-19 in Africa, 47 (81%) were single-country
studies and were conducted in only 12 of the 54 African
countries, whereas the remaining 11 (19%) involved multiple
countries (Figure 2). Of the single-country studies, 36% (21/58)
were from East Africa, 21% (12/58) were from West Africa,
17% (10/58) were from North Africa, 7% (4/58) were from
Southern Africa, and none were from Central Africa. Ethiopia
(16/58, 28%), Nigeria (7/58, 12%), and Egypt (5/58, 9%) were
the top contributors and altogether produced 48% (28/58) of
the analyzed studies. Thus, no single-country studies regarding
COVID-19 PPMs had been conducted in 42 African countries
at the time of our literature search (Figure 2).

The 58 analyzed studies included 51 (88%) quantitative studies,
5 (9%) qualitative studies, and 2 (3%) mixed methods studies,

and their sample sizes ranged from 20 to 206,729. The 4 themes
were represented as follows: knowledge and perception of PPMs
(21/58, 36%), mask use (37/58, 64%), physical and social
distancing (17/58, 29%), and handwashing and hand hygiene
(19/58, 33%), considering that most studies covered more than
one theme. Moreover, 34% (20/58) of the analyzed studies were
conducted among health care workers (HCWs), 33% (19/58)
were conducted among the general public, 5% (3/58) were
conducted among patients with comorbidities, 3% (2/58) were
conducted among university students, and 22% (13/58) were
conducted among other groups. The studies were published
between 2019 and 2022, and their overall quality was generally
good, meaning that the included studies satisfied most of the
criteria. However, lower scores on item 4 (nonresponse bias)
and item 5 (appropriateness of statistical methods used) were
noted among several quantitative studies (9/51, 18% and 13/51,
26%, respectively), with a similar trend observed among
qualitative studies, as detailed in Multimedia Appendix 2.
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Figure 2. Country distribution of single-country studies. DR: Democratic Republic.

Knowledge and Perception of PPMs and Associated
Factors
The results of the knowledge and perception of PPMs and other
domains are summarized and presented in Table 3. Among the
general public, higher rates of knowledge of COVID-19
preventive measures (>60%) were reported in Western Uganda
[18] and Northwest Ethiopia [20]. Higher rates of good attitudes
and perceptions were also reported in Western Uganda [18] and
Egypt [21], but a lower rate of perceived benefits of preventive
measures was reported in Addis Ababa, Ethiopia [22]. Similar

findings of good perception were also reported in the Greater
Kampala Metropolitan area of Uganda and in other 6 countries
(Botswana, Kenya, Malawi, Nigeria, Zambia, and Zimbabwe),
where a great majority of the residents believed that face masks
were effective against COVID-19 spread and infection [23,24].
However, most individuals in Nigeria believed that COVID-19
was more of a hoax than a reality, and in several countries,
preventive measures such as social distancing and face masking
were perceived as imported policies that negatively affected
their compliance with preventive measures to curb the spread
of the disease [25,26].
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Table 3. Levels and associated factors of personal protective measure (PPM) knowledge and perceptions and the practice of face mask use, social and
physical distancing, and hand hygiene.

Handwashing and hand hygieneSocial and physical distancingFace mask useKnowledge and percep-
tions of PPMs

General public

Levels • Higher rate (>60%) informa-
tion not available

• Higher rate (>60%) infor-
mation not available

• Higher rates (>60%)
[24,27,31,32]

• Higher rates (>60%)
of knowledge of
PPMs [18,20] • Lower rates (<60%)

[33,37-39]
•• Lower rates (<60%)

[20-22,28-30,39]
Lower rate (<60%)
[18,20,22,27,29,39]• Higher rates (>60%)

of good attitude and
perception
[18,21,23,24]

• Lower rates (<60%)
of good attitude and
perception [22,25,26]

Associated
factors

• Gender, age, educational lev-
el, marital status, profession,
place or community of resi-

• Gender, age, educational
level, working status,
place or community of

• Gender, age, educational
level, marital status, work-
ing status, profession, place

• Educational level,
age, frequency of

PPEa practice, and
dence, knowledge and atti-residence, family size,or community of residence,social media expo-
tude, exposure to handwash-knowledge and attitude,knowledge and attitude,sure [18,23,24]
ing guidelines, strictness ofstrictness of containmentstrictness of containment
containment and health poli-and health policies, per-and health policies, per-
cies, type and availability ofceived risk and barriers,ceived risk and barriers,
water sources, and perceivedcues to action, and self-ef-cues to action, and self-effi-
risk and barriers, among oth-ficacy, among otherscacy, among others
ers [19,22,29,33][20-22,28-30][22,27,29,32]

Health care workers

—bLevels • Higher rates (>60%)
[40,49,52,53]

•• Higher rates (>60%)
[49-53]

Higher rates (>60%)
of knowledge and atti-
tude [40-42] • Lower rates (<60%)

[41,45-48]
• Lower rates (<60%) [45-47]

• Lower knowledge
rate (<50%) [43]

—Associated
factors

• Educational level, gender,
work experience, medical
specialty (being a nurse or

•• Gender, educational level,
work experience, medical
specialty (being a nurse or

Age, practice loca-
tion, PPE attitude,
and perceived threat

midwifery professional), pre-midwifery professional),[42,43]
vious training on COVID-19hours of work, previous
prevention and PPE use, per-training on COVID-19 pre-
ceived risk and attitude to-vention and PPE use, per-
ward COVID-19, feedbackceived risk and attitude to-
on safety, having COVID-19ward COVID-19, feedback
management guidelines, andon safety, having COVID-
ease and safety when using19 management guidelines,
standard precautions, amongand ease and safety when
others [45-47,49]using standard precautions,

among others [44-49,55]

Other groups

Levels • Higher rates (>60%) among
patients with chronic diseases

• Higher rates (>60%)
among patients with

• Higher rates (>60%) among
patients with chronic dis-

• Higher rates of
knowledge, good atti-

[61,62], government employ-chronic diseases [61,62],eases [61,62], universitytude, and perception
ees [68], taxi drivers [71],government employeesstudents [64], governmentamong university stu-
and bank visitors [75][68], and commuters [69]employees [68], patrons ofdents [64,65], pa-

convenience shops [74], andtients with chronic • Lower rate (<60%) among
shopping centers [73] and

• Lower rate (<60%) infor-
mation not availabletaxi drivers [70]diseases [61], govern-

ment employees [68], patrons of convenience shops• Lower rate (<60%) among
medical students [65], chil-taxi drivers [70,71], [74]

and market vendors dren [66], quarantined indi-
viduals [67], commuters[72]
[69], and shopping centers• Poor perception

among mothers [66] [73]
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Handwashing and hand hygieneSocial and physical distancingFace mask useKnowledge and percep-
tions of PPMs

• Age, marital status, knowl-
edge, educational level, atti-
tude, and adherence to infec-
tion and control guidelines,
among others [62,71,74]

• Knowledge and attitude
[62]

• Age, gender, knowledge,
attitude, field of study (for
university students), educa-
tional level, employment
status, history of having
COVID-19, and perceived
benefit and susceptibility,
among others [62,64-67]

• Age, educational lev-
el, income, and resi-
dence (for taxi drivers
and government em-
ployees) [68,70,71]

Associated
factors

aPPE: personal protective equipment.
bNot available.

Among African HCWs, higher rates of knowledge and attitude
regarding the use of PPE were reported in Ethiopia [40,41] and
Egypt [42]. However, a lower knowledge rate of PPE use
(<30%) was reported in Nigeria, and in the early stages of the
pandemic, a large number of frontline HCWs in Tunisia had
not received official training on the correct use of PPE as many
believed that they needed additional training [44]. In Egypt,
although a substantial proportion (>80%) of house officers (fresh
medical graduates doing their 1-year training in different
specialties) had good PPE attitudes, <30% had good
preparedness and willingness to participate in COVID-19
management and care [42].

Among other groups, only 3% of patients with chronic
conditions such as cancer in Egypt, Algeria, and Morocco knew
someone who had a COVID-19 infection, but most were worried
about contracting the virus [61]. In Ethiopia, although university
students had higher rates (>85%) of good attitude toward face
mask use, their overall knowledge about mask use was very
low (<30%) [64], which contrasts with medical students in
Uganda with a better knowledge rate and where close to 70%
agreed on the superiority of double masking over single masking
for COVID-19 prevention and control [65]. In Nigeria, >50%
of mothers perceived masking in children as not an appropriate
preventive measure against COVID-19 because of the perceived
difficulty in breathing and discomfort among children [66].
Notably, government employees in Ethiopia were reported to
have higher rates of good perception of COVID-19 PPMs,
whereby approximately 80% perceived consistent mask wearing
as highly effective against COVID-19 spread and infection [68].
High COVID-19 vulnerability perception was also reported
among commercial drivers in Ghana, mostly among older
drivers, who consistently wore face masks and insisted on other
persons in their vehicles doing the same [70]. Similar findings
were reported among Ethiopian drivers who had good
knowledge and positive attitudes [71]. Furthermore, most of
the high-risk individuals in Uganda, including market vendors,
had received information on face mask use and believed that
face masks were protective against COVID-19. Moreover, those
who had received information on face mask use were more
likely to own face masks and perceive them as protective despite
market vendors being more likely to reuse face masks than
hospital workers [72].

As possible predictors, educational level, age, income, residence,
frequency of PPE practice, PPE attitude, social media exposure,
and perceived threat were associated with knowledge and

perception of PPMs among the general population, HCWs, and
other groups (taxi drivers and government employees)
[18,23,24,42,43,68,70,71]. Moreover, practice location was
notably significantly associated among HCWs [43] (Table 3).

Mask Use and Associated Factors
Among the general public, largely lower adherence rates (range
20.3%-59.4%) of face mask use were reported in various African
countries, including Uganda, the Democratic Republic of the
Congo, Somalia [18,27], and Ethiopia [20,22,29]. Notably,
adherence rates to mask use were reported to be higher (>60%)
after the lifting of lockdown restrictions and in countries where
mask use was mandatory, such as Mozambique [27], Uganda
[24], Morocco [31], and South Africa [32]. In addition, reusable
cloth masks, which are more cost-beneficial and environmentally
friendly, were the most used mask type [27]. Interestingly, in
South Africa, the prevalence of close others’ mask wearing was
reported to affect mask use, and older adults had poor mask use
practices despite having a higher mortality risk [32]. In addition,
the prevalence of mask wearing was noted to have increased
substantially (50% to 74%) from May 2020 to August 2020 as
COVID-19 cases increased and lockdown restrictions were
eased, but staying at home, physical distancing, and social
distancing decreased [32]. Regarding used mask disposal, poor
disposal practices were reported in several African countries,
including Morocco, where most threw their used masks and
gloves in their house trash or trash bins, posing a transmission
risk to sanitary workers or stray animals [31].

Among HCWs, varying rates of PPE use were reported in
different regions and countries. Generally, lower rates (<60%)
were reported in the Northwest [45], Northeast [46], Eastern
[47], and Amhara regions [41] of Ethiopia, as well as in Egypt
[48]. Nevertheless, higher rates (>60%) were reported in Nigeria
[49], Libya [50], and 3 multicountry surveys [51-53]. The main
challenges reported were inadequate PPE and side effects. The
lack of PPE and, thus, the reuse of single-use PPE, especially
facial protective shields and masks, were reported in several
African countries, including Tunisia [44], Ethiopia [40,54],
Egypt [48], and Nigeria [55], and in a multicountry survey
including 4 North African countries [51].

Several side effects because of the use of PPE were also reported
among African HCWs, including skin problems; heat; thirst;
pressure areas; headaches; inability to use the bathroom; extreme
exhaustion; discomfort; and reduced vision, concentration, and
performance during or after wearing PPE [40,44,51,56-60].
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Moreover, such side effects were associated with longer shift
durations, the frequency of use, and medical specialty
[51,58-60], and the most affected body areas from wearing PPE
were the hands, the auricular area, the nasal bridge, the cheeks,
and the whole face [52]. Notably, the most reported adverse
reactions particularly because of using sanitizers were skin
dryness, skin irritation, and ocular irritation [40,52]. Moreover,
bleach immersion was reported to be highly associated with
hand reactions, whereas hand cream use more than twice daily
was associated with fewer reactions [60]. In contrast, a recent
multicountry survey that included Egypt indicated that >70%
of HCWs had all the PPE and protective measures they needed,
>60% had been recently educated on COVID-19 infection
control, and none of the interviewed HCWs refrained from using
face masks [53].

Among other population groups, strict adherence to face mask
use in public areas was reported among patients with cancer in
a multicountry survey that included Egypt, Algeria, and
Morocco [61]. In Ethiopia, >50% of adults with chronic
conditions intended to practice and had ever practiced the
recommended personal preventive measures against COVID-19
[62]. University students in Ethiopia were reported to have a
higher adherence rate (>80%) of mask use [64]. Furthermore,
approximately 20% of medical students in Uganda practiced
double masking, where the lack of trust in the quality of masks
was the most compelling factor for double masking [65].
Nonetheless, excessive sweating, the high cost of face masks,
and difficulty in breathing were the major barriers to double
masking among these medical students [65]. Moreover, poor
adherence to mask use was highlighted among quarantined
individuals in Ethiopia, where nearly half of them did not wear
a face mask when leaving home [67]. However, high rates
(>80%) of mask use were documented among government
employees in Ethiopia [68]. Similar findings of high mask use
(>70%) were also observed among taxi drivers [70] and patrons
of convenience shops in Ghana [74] but with contrasting
observations among commuters and in shopping centers, where
less compliance with face mask use was reported [69,73].

Adherence to mask use was associated with gender, age,
educational level, marital status, working status, profession,
place or community of residence, knowledge and attitude,
history of having COVID-19, perceived benefit, strictness of
containment and health policies, subjective norms, perceived
risk, barriers, cues to action, and self-efficacy among the general
public, HCWs, and other groups (Table 3)
[22,27,29,32,44-49,55,62,64,65,67,70]. Moreover, work
experience, medical specialty (being a nurse or midwifery
professional), hours of work, previous training on COVID-19
prevention and PPE use, having COVID-19 management
guidelines, and ease and safety when using standard precautions
were outstanding predictors among HCWs [44-49,55], and the
field of study was a strong predictor of mask use among
university students [64]. Surprisingly, mask use among children
in Nigeria was highly dependent on the mother’s opinions and
characteristics, whereby it was associated with the mother’s
age, the age of the child, and the parental level of education
[66].

Social and Physical Distancing and Associated Factors
Generally, lower adherence rates (range 18%-59%) of social
distancing were reported in various African countries, including
Egypt [21], South Africa [28], and Ethiopia [20,22,29,30].
Nonetheless, physical distancing policies disrupted social life
and infringed on people’s sociocultural rights, causing adverse
socioeconomic and health consequences, especially for
low-income urban or suburban slum dwellers [26,34]. Although
the imposition of COVID-19 distancing regulations led to a
substantial decrease in extrahousehold social contacts (close
physical and conversational contacts) in several African
countries, including South Africa, there was ongoing contact
within intergenerational households, highlighting a potential
limitation of social distancing measures in protecting older
adults [35]. In contrast, such restrictive policies improved
feeding habits through increased meal planning and selection
and preparation of healthy foods among residents of various
countries [36].

Regarding the implementation and adoption of physical
distancing measures, despite the implementation of various
mitigation measures, the internally displaced people in Mali
still faced several challenges, including the proximity in which
internally displaced people live, the lack of toilets and safe
water, and the lack of financial resources [38]. Similar findings
were reported among prisons in Zimbabwe, where there were
several challenges in the adoption of COVID-19 PPMs, such
as severe congestion, interrupted water supply, outdated
infrastructure, and inadequate hygiene and sanitation [39].
Moreover, although prisoners had adequate COVID-19
awareness and prison health professionals received training on
COVID-19 control measures, PPE supply was inadequate, with
no routine COVID-19 testing in place beyond thermal scanning;
isolation measures were compromised by accommodation
capacity issues; and social distancing was impossible during
meals and at night [39].

Among other population groups, strict adherence to social and
physical distancing was documented among patients with cancer,
and most preferred web-based medical appointments over
regular visits. In addition, some adopted healthier diets, used
dietary supplements, and recited the Quran or supplications
[61]. Similar findings of good practice of social distancing were
also reported among patients with chronic conditions in Ethiopia
[62]. Moreover, in Egypt, patients preferred teledermatology
services to the usual physical clinic visits as they perceived
them as reliable and safe during the pandemic [63]. Government
employees in Ethiopia also had higher rates (>80%) of good
practice of physical distancing [68], and the same applied to
commuters in Ghana, who had high compliance rates with social
distancing guidelines [69].

Adherence to social and physical distancing was associated with
gender, age, educational level, working status, place or
community of residence, family size, knowledge and attitude,
strictness of containment and health policies, perceived risk and
barriers, cues to action, and self-efficacy among the general
public and other groups (patients with chronic diseases; Table
3) [20-22,28-30,62].
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Handwashing and Hand Hygiene and Associated
Factors
Regarding community adherence to hand hygiene, lower rates
(<60%) were reported in 12 sub-Saharan countries, where the
likelihood of handwashing mainly varied with the level of
concern about COVID-19 [33]. In resource-restricted settings,
a recent study indicated that >60% of the slum dwellers in
Nairobi, Kenya, had limited water, sanitation, and hygiene
facility accessibility and opportunity, making adherence to
COVID-19 PPMs impossible [37].

Concerning hand hygiene adherence among African HCWs,
varying rates were reported in different regions and countries.
Generally, lower rates (<60%) were reported in the Northwest
[45], Northeast [46], and Eastern [47] regions of Ethiopia.
Nevertheless, higher rates (>60%) were reported in Nigeria
[49], Southwest Ethiopia [40], and 2 multicountry surveys
[52,53].

Regarding other groups, strict adherence to proper hand hygiene
was reported among patients with chronic conditions in various
African countries, including Egypt, Algeria, Morocco [61], and
Ethiopia [62]. A similar observation was made among
government employees [68] and taxi drivers [71] in Ethiopia,
both of whom had higher rates (>60%) of frequent handwashing
and hand hygiene as a means of protection against COVID-19.
However, poor adherence to COVID-19 safety protocols at
shopping centers in Ghana was reported, whereby, although
shops complied with providing handwashing facilities, most of
the customers did not practice handwashing before entering the
shops and did not wear face masks during shopping, and neither
did the shop attendants [73]. Similarly, a very low rate (10%)
of appropriate handwashing was reported among patrons of
convenience shops in Accra, Ghana [74]. In contrast, an increase
in proper handwashing performance was reported among bank
visitors in Ethiopia after watching a handwashing demonstration
[75].

Handwashing and hand hygiene during the COVID-19 pandemic
was associated with gender, age, educational level, marital
status, profession, place or community of residence, knowledge
and attitude, exposure and adherence to handwashing guidelines,
strictness of containment and health policies, type and
availability of water sources, and perceived risk and barriers
among the general public, HCWs, and other groups (Table 3)
[19,22,29,33,45-47,49,62,71,74,75]. Moreover, work experience,
medical specialty (being a nurse or midwifery professional),
previous training on COVID-19 prevention and PPE use,
feedback on safety, having COVID-19 management guidelines,
and ease and safety when using standard precautions were
notable predictors among HCWs [45-47,49].

Discussion

Principal Findings
To our knowledge, this is the first systematic review to evaluate
PPMs against COVID-19 among various population groups in
Africa. This systematic review has important implications as it
reflects cognitive behavioral issues (knowledge and practice)
regarding PPMs in some African countries during an infectious

disease outbreak. Future outbreaks or waves of COVID-19 may
force people to use PPMs again. The review used a
multidimensional approach involving the systematic evaluation
of evidence based on region, country, and population group.
Moreover, comprehensive coverage of the literature was
attained, and a reproducible search methodology was applied
using a predefined framework, all of which are strengths of this
review.

Among the general community, the review showed varying
levels of knowledge, attitudes, and perceptions, which in turn
influenced the practice levels of and compliance with COVID-19
PPMs, especially face mask use, hand hygiene, and physical
and social distancing. This finding is in agreement with a
previous study from sub-Saharan Africa [15], and similar
findings have been reported in other regions where communities’
cognition directly affected the practice and uptake of COVID-19
PPMs [76]. Nonetheless, the observed difference in the practice
and adherence to PPMs across African countries may be due to
the differences in COVID-19 control policies, income (gross
domestic product), and the situation of the pandemic among the
countries. Notably, the compliance rates of face mask use
reported in most African communities were generally lower
compared with those reported in studies from high-income
countries [77,78]. This may partly be explained by the inability
to afford to buy face masks and the differences in the strictness
of such preventive measures [22,29,79]. Nevertheless, poor
adherence to face mask use was also reported in some
high-income countries such as Australia, Norway, and Sweden
[80], the reasons for which may be other than just the inability
to afford face masks. Moreover, lower rates of handwashing
and hand hygiene were also reported in several African
communities, especially among low-income urban and slum
dwellers. This was partly due to a lack of safe and clean water
in slum communities [37]. Moreover, buying soap or hand
sanitizers was an additional financial constraint for low-income
urban dwellers and, thus, may be seen as a luxury.

The results indicate a reduction in the rates of PPM practice
(mainly mask use and social and physical distancing) noted in
several African countries following the lifting of restrictive
lockdown measures and the rollout of COVID-19 vaccination
programs. This can be partly explained by pandemic fatigue as
more people become demotivated and exhausted to follow the
recommended infection prevention and control measures owing
to the prolonged impact and existence of COVID-19 [81]. As
COVID-19 PPMs complement the vaccination protective
advantage, this implies a need for continued community
sensitization and education programs to rectify the reluctance
to practice PPMs amid the relaxation of preventive restrictions.
Moreover, prompt management of infodemics in the current
and future infectious outbreaks is needed to address the
misinformation about PPMs [82].

Among African HCWs, generally good knowledge of PPE use
was reported but with varying levels of practicing PPMs, and
the low practice rates were attributed mainly to the lack of PPE
and the side effects of prolonged PPE use. With HCWs being
at the frontline of screening and managing suspects and patients
with COVID-19, the lack of PPE increases the risk of infection
when doing their work. Nonetheless, the lack of PPE has also
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been documented in other countries and regions outside Africa
[83]. Furthermore, this review showed that most patients with
comorbidities in Africa reported strict adherence to COVID-19
PPMs, which may be due to their perceived high vulnerability
to COVID-19 infection and complications. Other studies outside
Africa have reported similar findings among patients with
comorbidities [84,85].

The study findings show that several cognitive (including
knowledge, attitude, and perception), demographic, and
socioeconomic factors were associated with the practice of and
compliance with COVID-19 PPMs among African communities.
COVID-19 being a newly evolving disease with varying
cross-cutting impacts implies a need for consideration of such
cognitive, demographic, and socioeconomic differences in the
design of targeted response measures against the pandemic.
Nonetheless, similar findings on the association of
sociodemographics with the practice of COVID-19 PPMs have
been reported in other regions outside Africa [80].

This review has some practical recommendations for improving
COVID-19 control programs in Africa. Efforts are needed to
improve the local capacity to produce and supply PPE,
especially to HCWs, as the lack of PPE was the main barrier to
PPE use. In the early phase of the pandemic, most countries
were overwhelmed by the increased demand for PPE, which
disrupted the global supply chain, and this had dire
consequences for countries with inadequate local manufacturing
and supply capacity [83]. In addition, providing free or
subsidized face masks and soap, especially to low-income
earners, would be a helpful strategy for improving PPM practice
and adherence. Moreover, the consideration of vulnerable groups
such as low-income urban dwellers and internally displaced
people and targeted responses tailored to their socioeconomic
dynamics are paramount for effective pandemic control
programs. Knowledge and perception influenced the practice
of PPMs, implying a need for continuous infodemic
management, community education, and sensitization, and this
should be tailored to address the existing misconceptions and
barriers to PPM adherence. Notably, although several of the
analyzed studies (11/58, 19%) evaluated the association between
age and the practice of COVID-19 PPMs and showed varying
rates and results, no single study focused on exploring
COVID-19 PPMs among the older adult population of Africa.
Given the known vulnerability of older people to severe
COVID-19, efforts are needed to explore this special group to
help fully understand their behavioral response to the pandemic,
which is vital for guiding targeted responses.

The review also reveals substantial inequalities in terms of
research output from different regions of Africa, with PPM
studies mostly coming from East, West, and North Africa and
only 3 countries (Ethiopia, Nigeria, and Egypt) producing >40%
(28/58, 48%) of all the studies. This finding coincides with the
study by Nwagbara et al [15], which showed the dominance of
East and West Africa in COVID-19 research. The high PPM
research output from North and West Africa could be because
they were the first regions to record COVID-19 cases in the
continent [86]. Although South Africa is known to lead African
research with sound and more vibrant research institutions in

the continent [14], its contribution to COVID-19 PPM research
is far lower, as indicated by the study results. Regarding other
African countries, the observed pattern may be explained by
the differences in research capabilities and resources.
Nonetheless, such research inequalities pose gaps in
understanding how such countries and regions respond to the
COVID-19 pandemic. This implies a need for more focus,
funding, and involvement in behavioral health research, which
is as important as clinical research and vital in guiding
evidence-based and country-specific or tailored policies and
responses in addressing the dynamics of the current COVID-19
pandemic.

Limitations
This systematic review has some limitations. Although we used
a comprehensive keyword search strategy, some relevant studies
might have been missed as only 3 databases and only
English-language articles were considered. In addition, we did
not consider gray literature and preprints in this review; thus,
they should be considered in future or updated reviews on PPM
practice for a more comprehensive search. Although a
comprehensive search was performed, no relevant studies were
found from 42 of the 54 African countries; thus, the findings
might not provide a comprehensive picture of the knowledge
and practice of PPMs across the entire continent. Moreover, the
findings and conclusions of this review are based on studies
that were mostly web-based surveys, which, although this was
inevitable because of the restrictive preventive measures and
lockdowns, are prone to selection bias based on internet
accessibility. Owing to the self-report nature of these surveys,
recall and social desirability bias cannot be overlooked.
Moreover, assessments of statistical analyses of associations
with the practice of COVID-19 preventive measures, as well as
meta-analyses, were not performed as these were not the main
focus of this review. Despite these limitations, this study
provides valuable insights into the facilitators of and barriers
to the practice of PPMs in Africa.

Conclusions
This review evaluated the knowledge and practice of COVID-19
PPMs in African countries. The findings, conclusions, and
recommendations of this review specifically apply to the
included countries and, thus, should be interpreted with caution.
The results indicate that African communities, including various
population groups, have varying levels of practice and
compliance with COVID-19 PPMs, with the lack of PPE (mainly
face masks) and side effects of PPE use being the major reasons
for poor compliance, especially among HCWs. In addition,
various cognitive, sociodemographic, and economic factors
were associated with the practice of COVID-19 PPMs.
Therefore, this review highlights a need for enhancing the local
capacity to produce and supply PPE. The consideration of
various cognitive, demographic, and socioeconomic differences,
with extra focus on low-income urban dwellers and those who
are less advantaged, is vital for inclusive and more effective
strategies against the pandemic. Moreover, more focus,
involvement, and funding of community behavioral (including
protective measures) research is needed to fully understand and
address the dynamics of the current pandemic in Africa.

JMIR Public Health Surveill 2023 | vol. 9 | e44051 | p. 22https://publichealth.jmir.org/2023/1/e44051
(page number not for citation purposes)

Kawuki et alJMIR Public Health and Surveillance

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Acknowledgments
This study was supported by internal funding from the Centre for Health Behaviours Research, Chinese University of Hong Kong.

Data Availability
All data generated or analyzed during this study are included in this published paper (and its supplementary information files).

Conflicts of Interest
None declared.

Multimedia Appendix 1
Filled-in PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) checklist.
[DOCX File , 27 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Quality assessment of the included studies using the Mixed Methods Appraisal Tool—version 2018.
[DOCX File , 36 KB-Multimedia Appendix 2]

References

1. Mehtar S, Preiser W, Lakhe NA, Bousso A, TamFum JM, Kallay O, et al. Limiting the spread of COVID-19 in Africa: one
size mitigation strategies do not fit all countries. Lancet Glob Health 2020 Jul;8(7):e881-e883 [FREE Full text] [doi:
10.1016/S2214-109X(20)30212-6] [Medline: 32530422]

2. Mbow M, Lell B, Jochems SP, Cisse B, Mboup S, Dewals BG, et al. COVID-19 in Africa: dampening the storm? Science
2020 Aug 07;369(6504):624-626. [doi: 10.1126/science.abd3902] [Medline: 32764055]

3. Nachega J, Seydi M, Zumla A. The late arrival of coronavirus disease 2019 (COVID-19) in Africa: mitigating pan-continental
spread. Clin Infect Dis 2020 Jul 28;71(15):875-878 [FREE Full text] [doi: 10.1093/cid/ciaa353] [Medline: 32227121]

4. Coronavirus update (Live): reported cases and deaths by country, territory, or conveyance. Worldometers. URL: https:/
/www.worldometers.info/coronavirus/ [accessed 2023-03-20]

5. Dyer O. COVID-19: Africa records over 10 000 cases as lockdowns take hold. BMJ 2020 Apr 08;369:m1439. [doi:
10.1136/bmj.m1439] [Medline: 32269023]

6. Wadvalla BA. How Africa has tackled COVID-19. BMJ 2020 Jul 16;370:m2830. [doi: 10.1136/bmj.m2830] [Medline:
32675053]

7. Maeda JM, Nkengasong JN. The puzzle of the COVID-19 pandemic in Africa. Science 2021 Jan 01;371(6524):27-28. [doi:
10.1126/science.abf8832] [Medline: 33384364]

8. El-Sadr WM, Justman J. Africa in the path of COVID-19. N Engl J Med 2020 Jul 16;383(3):e11. [doi:
10.1056/NEJMp2008193] [Medline: 32302075]

9. Ataguba JE. COVID-19 pandemic, a war to be won: understanding its economic implications for Africa. Appl Health Econ
Health Policy 2020 Jun;18(3):325-328 [FREE Full text] [doi: 10.1007/s40258-020-00580-x] [Medline: 32249362]

10. Constant A, Conserve D, Gallopel-Morvan K, Raude J. Cognitive factors associated with public acceptance of COVID-19
nonpharmaceutical prevention measures: cross-sectional study. JMIRx Med 2022 May 13;3(2):e32859 [FREE Full text]
[doi: 10.2196/32859] [Medline: 35648730]

11. Pan Y, Fang Y, Xin M, Dong W, Zhou L, Hou Q, et al. Self-reported compliance with personal preventive measures among
Chinese factory workers at the beginning of work resumption following the COVID-19 outbreak: cross-sectional survey
study. J Med Internet Res 2020 Sep 29;22(9):e22457 [FREE Full text] [doi: 10.2196/22457] [Medline: 32924947]

12. Mohadab ME, Bouikhalene B, Safi S. Bibliometric method for mapping the state of the art of scientific production in
COVID-19. Chaos Solitons Fractals 2020 Oct;139:110052 [FREE Full text] [doi: 10.1016/j.chaos.2020.110052] [Medline:
32834606]

13. Lou J, Tian SJ, Niu SM, Kang XQ, Lian HX, Zhang LX, et al. Coronavirus disease 2019: a bibliometric analysis and review.
Eur Rev Med Pharmacol Sci 2020 Mar;24(6):3411-3421 [FREE Full text] [doi: 10.26355/eurrev_202003_20712] [Medline:
32271460]

14. Volmink J, Dare L. Addressing inequalities in research capacity in Africa. BMJ 2005 Oct 01;331(7519):705-706 [FREE
Full text] [doi: 10.1136/bmj.331.7519.705] [Medline: 16195259]

15. Nwagbara UI, Osual EC, Chireshe R, Bolarinwa OA, Saeed BQ, Khuzwayo N, et al. Knowledge, attitude, perception, and
preventative practices towards COVID-19 in sub-Saharan Africa: a scoping review. PLoS One 2021 Apr 19;16(4):e0249853
[FREE Full text] [doi: 10.1371/journal.pone.0249853] [Medline: 33872330]

JMIR Public Health Surveill 2023 | vol. 9 | e44051 | p. 23https://publichealth.jmir.org/2023/1/e44051
(page number not for citation purposes)

Kawuki et alJMIR Public Health and Surveillance

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=publichealth_v9i1e44051_app1.docx&filename=ae410692c93dcc5d6f44f44680e9d35a.docx
https://jmir.org/api/download?alt_name=publichealth_v9i1e44051_app1.docx&filename=ae410692c93dcc5d6f44f44680e9d35a.docx
https://jmir.org/api/download?alt_name=publichealth_v9i1e44051_app2.docx&filename=b4d3df03aab037479c3b88dda292f0fb.docx
https://jmir.org/api/download?alt_name=publichealth_v9i1e44051_app2.docx&filename=b4d3df03aab037479c3b88dda292f0fb.docx
https://linkinghub.elsevier.com/retrieve/pii/S2214-109X(20)30212-6
http://dx.doi.org/10.1016/S2214-109X(20)30212-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32530422&dopt=Abstract
http://dx.doi.org/10.1126/science.abd3902
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32764055&dopt=Abstract
https://europepmc.org/abstract/MED/32227121
http://dx.doi.org/10.1093/cid/ciaa353
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32227121&dopt=Abstract
https://www.worldometers.info/coronavirus/
https://www.worldometers.info/coronavirus/
http://dx.doi.org/10.1136/bmj.m1439
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32269023&dopt=Abstract
http://dx.doi.org/10.1136/bmj.m2830
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32675053&dopt=Abstract
http://dx.doi.org/10.1126/science.abf8832
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33384364&dopt=Abstract
http://dx.doi.org/10.1056/NEJMp2008193
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32302075&dopt=Abstract
https://europepmc.org/abstract/MED/32249362
http://dx.doi.org/10.1007/s40258-020-00580-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32249362&dopt=Abstract
https://xmed.jmir.org/2022/2/e32859/
http://dx.doi.org/10.2196/32859
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35648730&dopt=Abstract
https://www.jmir.org/2020/9/e22457/
http://dx.doi.org/10.2196/22457
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32924947&dopt=Abstract
https://europepmc.org/abstract/MED/32834606
http://dx.doi.org/10.1016/j.chaos.2020.110052
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32834606&dopt=Abstract
https://www.europeanreview.org/article/20712
http://dx.doi.org/10.26355/eurrev_202003_20712
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32271460&dopt=Abstract
https://europepmc.org/abstract/MED/16195259
https://europepmc.org/abstract/MED/16195259
http://dx.doi.org/10.1136/bmj.331.7519.705
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16195259&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0249853
http://dx.doi.org/10.1371/journal.pone.0249853
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33872330&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


16. Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, PRISMA-P Group. Preferred reporting items for
systematic review and meta-analysis protocols (PRISMA-P) 2015 statement. Syst Rev 2015 Jan 1;4(1):1 [FREE Full text]
[doi: 10.1186/2046-4053-4-1]

17. Hong QN, Fàbregues S, Bartlett G, Boardman F, Cargo M, Dagenais P, et al. The mixed methods appraisal tool (MMAT)
version 2018 for information professionals and researchers. Educ Inf 2018 Dec 18;34(4):285-291 [FREE Full text] [doi:
10.3233/efi-180221]

18. Sikakulya FK, Ssebuufu R, Mambo SB, Pius T, Kabanyoro A, Kamahoro E, et al. Use of face masks to limit the spread of
the COVID-19 among western Ugandans: knowledge, attitude and practices. PLoS One 2021 Mar 24;16(3):e0248706
[FREE Full text] [doi: 10.1371/journal.pone.0248706] [Medline: 33760882]

19. Szczuka Z, Abraham C, Baban A, Brooks S, Cipolletta S, Danso E, et al. The trajectory of COVID-19 pandemic and
handwashing adherence: findings from 14 countries. BMC Public Health 2021 Oct 05;21(1):1791 [FREE Full text] [doi:
10.1186/s12889-021-11822-5] [Medline: 34610808]

20. Hailu W, Derseh L, Hunegnaw MT, Tesfaye T, Angaw DA. Compliance, barriers, and facilitators to social distancing
measures for prevention of coronavirus disease 2019 in northwest Ethiopia, 2020. Curr Ther Res Clin Exp 2021;94:100632
[FREE Full text] [doi: 10.1016/j.curtheres.2021.100632] [Medline: 33967298]

21. Bakry HM, Waly EH. Perception and practice of social distancing among Egyptians in COVID-19 pandemic. J Infect Dev
Ctries 2020 Aug 31;14(8):817-822 [FREE Full text] [doi: 10.3855/jidc.13160] [Medline: 32903223]

22. Tadesse T, Alemu T, Amogne G, Endazenaw G, Mamo E. Predictors of coronavirus disease 2019 (COVID-19) prevention
practices using health belief model among employees in Addis Ababa, Ethiopia, 2020. Infect Drug Resist 2020 Oct
22;13:3751-3761 [FREE Full text] [doi: 10.2147/IDR.S275933] [Medline: 33122922]

23. Iyamu I, Apantaku G, Yesufu Z, Oladele EA, Eboreime E, Afirima B, et al. Is social media, as a main source of information
on COVID-19, associated with perceived effectiveness of face mask use? Findings from six sub-Saharan African countries.
Glob Health Promot 2022 Sep;29(3):86-96 [FREE Full text] [doi: 10.1177/17579759211065489] [Medline: 35081834]

24. Bukuluki PM, Kisaakye P. The decision to wear a face mask as a protective behavioral measure against COVID-19: survey
results from greater Kampala metropolitan area, Uganda. Front Public Health 2021 Oct 21;9:675734 [FREE Full text] [doi:
10.3389/fpubh.2021.675734] [Medline: 34746072]

25. Nnama-Okechukwu CU, Chukwu NE, Nkechukwu CN. COVID-19 in Nigeria: knowledge and compliance with preventive
measures. Soc Work Public Health 2020 Sep 01;35(7):590-602. [doi: 10.1080/19371918.2020.1806985] [Medline: 32970541]

26. Kajiita RM, Kang’ethe SM. Social distancing during the sars-Cov2 (COVID-19) pandemic: interpretations and implication
in the African context. Perspect Global Dev Technol 2021 Aug 12;20(3):289-312 [FREE Full text] [doi:
10.1163/15691497-12341596]

27. Siewe Fodjo JN, Pengpid S, Villela EF, Van Thang V, Ahmed M, Ditekemena J, et al. Mass masking as a way to contain
COVID-19 and exit lockdown in low- and middle-income countries. J Infect 2020 Sep;81(3):e1-e5 [FREE Full text] [doi:
10.1016/j.jinf.2020.07.015] [Medline: 32682733]

28. Sewpaul R, Mabaso M, Dukhi N, Naidoo I, Vondo N, Davids AS, et al. Determinants of social distancing among south
Africans from 12 days into the COVID-19 lockdown: a cross sectional study. Front Public Health 2021 May 24;9:632619
[FREE Full text] [doi: 10.3389/fpubh.2021.632619] [Medline: 34109143]

29. Wondimu W, Ejigu A, Ayenew M, Kidnau AW, Niguse W, Geremaw M, et al. Factors associated with coronavirus disease
2019 prevention practices in three zones of southwest Ethiopia: community-based cross-sectional study. Int J Gen Med
2020 Dec 18;13:1603-1611 [FREE Full text] [doi: 10.2147/IJGM.S288067] [Medline: 33376385]

30. Fikrie A, Amaje E, Golicha W. Social distancing practice and associated factors in response to COVID-19 pandemic at
west Guji zone, southern Ethiopia, 2021: a community based cross-sectional study. PLoS One 2021 Dec 20;16(12):e0261065
[FREE Full text] [doi: 10.1371/journal.pone.0261065] [Medline: 34928975]

31. Mejjad N, Cherif EK, Rodero A, Krawczyk DA, El Kharraz J, Moumen A, et al. Disposal behavior of used masks during
the COVID-19 pandemic in the Moroccan community: potential environmental impact. Int J Environ Res Public Health
2021 Apr 20;18(8):4382 [FREE Full text] [doi: 10.3390/ijerph18084382] [Medline: 33924217]

32. Burger R, Christian C, English R, Maughan-Brown B, Rossouw L. Predictors of mask-wearing during the advent of the
COVID-19 pandemic: evidence from South Africa. Transl Behav Med 2022 Jan 18;12(1):ibab132 [FREE Full text] [doi:
10.1093/tbm/ibab132] [Medline: 34865174]

33. Amuakwa-Mensah F, Klege RA, Adom PK, Köhlin G. COVID-19 and handwashing: implications for water use in
Sub-Saharan Africa. Water Resour Econ 2021 Oct;36:100189 [FREE Full text] [doi: 10.1016/j.wre.2021.100189] [Medline:
34745865]

34. Iwuoha VC, Aniche ET. COVID-19 lockdown and physical distancing policies are elitist: towards an indigenous
(Afro-centred) approach to containing the pandemic in sub-urban slums in Nigeria. Local Environ 2020;25(8):631-640
[FREE Full text] [doi: 10.1080/13549839.2020.1801618]

35. McCreesh N, Dlamini V, Edwards A, Olivier S, Dayi N, Dikgale K, et al. Impact of the COVID-19 epidemic and related
social distancing regulations on social contact and SARS-CoV-2 transmission potential in rural south Africa: analysis of
repeated cross-sectional surveys. BMC Infect Dis 2021 Sep 08;21(1):928 [FREE Full text] [doi: 10.1186/s12879-021-06604-8]
[Medline: 34496771]

JMIR Public Health Surveill 2023 | vol. 9 | e44051 | p. 24https://publichealth.jmir.org/2023/1/e44051
(page number not for citation purposes)

Kawuki et alJMIR Public Health and Surveillance

XSL•FO
RenderX

https://systematicreviewsjournal.biomedcentral.com/articles/10.1186/2046-4053-4-1#citeas
http://dx.doi.org/10.1186/2046-4053-4-1
https://content.iospress.com/articles/education-for-information/efi180221
http://dx.doi.org/10.3233/efi-180221
https://dx.plos.org/10.1371/journal.pone.0248706
http://dx.doi.org/10.1371/journal.pone.0248706
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33760882&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-021-11822-5
http://dx.doi.org/10.1186/s12889-021-11822-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34610808&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0011-393X(21)00010-2
http://dx.doi.org/10.1016/j.curtheres.2021.100632
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33967298&dopt=Abstract
http://www.jidc.org/index.php/journal/article/view/32903223
http://dx.doi.org/10.3855/jidc.13160
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32903223&dopt=Abstract
https://europepmc.org/abstract/MED/33122922
http://dx.doi.org/10.2147/IDR.S275933
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33122922&dopt=Abstract
https://journals.sagepub.com/doi/abs/10.1177/17579759211065489?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/17579759211065489
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35081834&dopt=Abstract
https://europepmc.org/abstract/MED/34746072
http://dx.doi.org/10.3389/fpubh.2021.675734
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34746072&dopt=Abstract
http://dx.doi.org/10.1080/19371918.2020.1806985
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32970541&dopt=Abstract
https://brill.com/view/journals/pgdt/20/3/article-p289_6.xml
http://dx.doi.org/10.1163/15691497-12341596
https://europepmc.org/abstract/MED/32682733
http://dx.doi.org/10.1016/j.jinf.2020.07.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32682733&dopt=Abstract
https://europepmc.org/abstract/MED/34109143
http://dx.doi.org/10.3389/fpubh.2021.632619
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34109143&dopt=Abstract
https://europepmc.org/abstract/MED/33376385
http://dx.doi.org/10.2147/IJGM.S288067
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33376385&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0261065
http://dx.doi.org/10.1371/journal.pone.0261065
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34928975&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph18084382
http://dx.doi.org/10.3390/ijerph18084382
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33924217&dopt=Abstract
https://europepmc.org/abstract/MED/34865174
http://dx.doi.org/10.1093/tbm/ibab132
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34865174&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2212-4284(21)00013-X
http://dx.doi.org/10.1016/j.wre.2021.100189
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34745865&dopt=Abstract
https://www.tandfonline.com/doi/abs/10.1080/13549839.2020.1801618
http://dx.doi.org/10.1080/13549839.2020.1801618
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-021-06604-8
http://dx.doi.org/10.1186/s12879-021-06604-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34496771&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


36. De Backer C, Teunissen L, Cuykx I, Decorte P, Pabian S, Gerritsen S, Corona Cooking Survey Study Group. An evaluation
of the COVID-19 pandemic and perceived social distancing policies in relation to planning, selecting, and preparing healthy
meals: an observational study in 38 countries worldwide. Front Nutr 2021 Feb 04;7:621726 [FREE Full text] [doi:
10.3389/fnut.2020.621726] [Medline: 33614693]

37. Kim J, Hagen E, Muindi Z, Mbonglou G, Laituri M. An examination of water, sanitation, and hygiene (WASH) accessibility
and opportunity in urban informal settlements during the COVID-19 pandemic: evidence from Nairobi, Kenya. Sci Total
Environ 2022 Jun 01;823:153398 [FREE Full text] [doi: 10.1016/j.scitotenv.2022.153398] [Medline: 35092785]

38. Ag Ahmed MA, Ly BA, Diarra NH, Traore FB, Diarra D, Kande IF, et al. Challenges to the implementation and adoption
of physical distancing measures against COVID-19 by internally displaced people in Mali: a qualitative study. Confl Health
2021 Dec 04;15(1):88 [FREE Full text] [doi: 10.1186/s13031-021-00425-x] [Medline: 34863236]

39. Mhlanga-Gunda R, Rusakaniko S, Chinyuku AN, Pswarayi VF, Robinson CS, Kewley S, et al. "We sleep 10cm apart so
there is no social distancing": COVID-19 preparedness in a Zimbabwean prison complex. Int J Prison Health (forthcoming)
2022 Feb 01. [doi: 10.1108/IJPH-10-2021-0101] [Medline: 35089667]

40. Assefa D, Melaku T, Bayisa B, Alemu S. Knowledge, attitude and self-reported performance and challenges of hand hygiene
using alcohol-based hand sanitizers among healthcare workers during COVID-19 pandemic at a tertiary hospital: a
cross-sectional study. Infect Drug Resist 2021 Jan 29;14:303-313 [FREE Full text] [doi: 10.2147/IDR.S291690] [Medline:
33542637]

41. Seid Yimer T, Gebrehana Belay H. 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. J Multidiscip Healthc 2021
Jul 28;14:1583-1591 [FREE Full text] [doi: 10.2147/JMDH.S306253] [Medline: 34234446]

42. Ahmed Sayed A, Mostafa Ahmed M, Talaat Elsayed I, Saeed S, Inas A, Nouran E, et al. Preparedness and attitude toward
personal protective equipment among house officers during COVID-19 pandemic in Egypt. J Public Health (Oxf) 2021
Dec 10;43(4):754-762 [FREE Full text] [doi: 10.1093/pubmed/fdab078] [Medline: 33765145]

43. Alao MA, Durodola AO, Ibrahim OR, Asinobi OA. Assessment of health workers’ knowledge, beliefs, attitudes, and use
of personal protective equipment for prevention of COVID-19 infection in low-resource settings. Adv Public Health 2020
Aug 24;2020:1-10 [FREE Full text] [doi: 10.1155/2020/4619214]

44. Daghmouri MA, Akremi S, Amouri N, Ouanes S, Jaoua H, Ben Fadhel K. Personal protective equipment: a cross-sectional
study in frontline healthcare workers during COVID-19 outbreak in Tunisia. Tunis Med 2020 Aug;98(8-9):633-638.
[Medline: 33480018]

45. Kassie BA, Adane A, Abebe Kassahun E, Ayele AS, Kassahun Belew A. Poor COVID-19 preventive practice among
healthcare workers in northwest Ethiopia, 2020. Adv Public Health 2020 Oct 16;2020:1-7 [FREE Full text] [doi:
10.1155/2020/7526037]

46. Keleb A, Ademas A, Lingerew M, Sisay T, Berihun G, Adane M. Prevention practice of COVID-19 using personal protective
equipment and hand hygiene among healthcare workers in public hospitals of south wollo zone, Ethiopia. Front Public
Health 2021 Dec 02;9:782705 [FREE Full text] [doi: 10.3389/fpubh.2021.782705] [Medline: 34926394]

47. Birhanu A, Balis B, Assebe Yadeta T, Bayu M. Personal protective equipment utilization practice and psychological
preparedness of health care workers against COVID-19 pandemic in eastern Ethiopia. SAGE Open Med 2021 Oct
10;9:20503121211051925 [FREE Full text] [doi: 10.1177/20503121211051925] [Medline: 34659769]

48. El-Sokkary RH, Khater WS, El-Kholy A, Mohy Eldin S, Gad DM, Bahgat S, et al. Compliance of healthcare workers to
the proper use of personal protective equipment during the first wave of COVID-19 pandemic. J Infect Public Health 2021
Oct;14(10):1404-1410 [FREE Full text] [doi: 10.1016/j.jiph.2021.07.017] [Medline: 34344624]

49. Afemikhe JA, Esewe RE, Enuku CA, Ehwarieme TA. Transmission based precaution practices among nurses in Edo state,
Nigeria during COVID-19 pandemic. Afr J Reprod Health 2020 Jun;24(s1):98-107. [doi: 10.29063/ajrh2020/v24i2s.14]
[Medline: 34077059]

50. Elhadi M, Alsoufi A, Alhadi A, Hmeida A, Alshareea E, Dokali M, et al. Knowledge, attitude, and acceptance of healthcare
workers and the public regarding the COVID-19 vaccine: a cross-sectional study. BMC Public Health 2021 May 20;21(1):955
[FREE Full text] [doi: 10.1186/s12889-021-10987-3]

51. Tabah A, Ramanan M, Laupland KB, Buetti N, Cortegiani A, Mellinghoff J, PPE-SAFE contributors. Personal protective
equipment and intensive care unit healthcare worker safety in the COVID-19 era (PPE-SAFE): an international survey. J
Crit Care 2020 Oct;59:70-75 [FREE Full text] [doi: 10.1016/j.jcrc.2020.06.005] [Medline: 32570052]

52. Mahmoud MR, Almuaili JA, Shaheen SM, Alatifi MN, Abdelaziz OG, Abdelaziz SG. Comparative study upon using
sanitizers and personal protective equipment during COVID-19 pandemic between Saudi and Egyptian health care providers.
J Pharm Res Int 2021 Mar 19;33(13):61-73 [FREE Full text] [doi: 10.9734/jpri/2021/v33i1331267]

53. Shadi MS, Geneid A, Rubin JS, Ibrahim RA. Infection control, hand hygiene practice and PPE use among phoniatricians
and ENT specialists during the COVID-19 pandemic, a UEP survey. Egypt J Otolaryngol 2022 Jan 24;38(1):14 [FREE
Full text] [doi: 10.1186/s43163-022-00205-1]

54. Deressa W, Worku A, Abebe W, Gizaw M, Amogne W. Availability and use of personal protective equipment and satisfaction
of healthcare professionals during COVID-19 pandemic in Addis Ababa, Ethiopia. Arch Public Health 2021 Aug 17;79(1):146
[FREE Full text] [doi: 10.1186/s13690-021-00668-3] [Medline: 34404464]

JMIR Public Health Surveill 2023 | vol. 9 | e44051 | p. 25https://publichealth.jmir.org/2023/1/e44051
(page number not for citation purposes)

Kawuki et alJMIR Public Health and Surveillance

XSL•FO
RenderX

https://europepmc.org/abstract/MED/33614693
http://dx.doi.org/10.3389/fnut.2020.621726
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33614693&dopt=Abstract
https://europepmc.org/abstract/MED/35092785
http://dx.doi.org/10.1016/j.scitotenv.2022.153398
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35092785&dopt=Abstract
https://conflictandhealth.biomedcentral.com/articles/10.1186/s13031-021-00425-x
http://dx.doi.org/10.1186/s13031-021-00425-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34863236&dopt=Abstract
http://dx.doi.org/10.1108/IJPH-10-2021-0101
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35089667&dopt=Abstract
https://europepmc.org/abstract/MED/33542637
http://dx.doi.org/10.2147/IDR.S291690
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33542637&dopt=Abstract
https://europepmc.org/abstract/MED/34234446
http://dx.doi.org/10.2147/JMDH.S306253
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34234446&dopt=Abstract
https://europepmc.org/abstract/MED/33765145
http://dx.doi.org/10.1093/pubmed/fdab078
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33765145&dopt=Abstract
https://www.hindawi.com/journals/aph/2020/4619214/
http://dx.doi.org/10.1155/2020/4619214
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33480018&dopt=Abstract
https://www.hindawi.com/journals/aph/2020/7526037/
http://dx.doi.org/10.1155/2020/7526037
https://europepmc.org/abstract/MED/34926394
http://dx.doi.org/10.3389/fpubh.2021.782705
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34926394&dopt=Abstract
https://journals.sagepub.com/doi/abs/10.1177/20503121211051925?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/20503121211051925
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34659769&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1876-0341(21)00214-8
http://dx.doi.org/10.1016/j.jiph.2021.07.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34344624&dopt=Abstract
http://dx.doi.org/10.29063/ajrh2020/v24i2s.14
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34077059&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-021-10987-3
http://dx.doi.org/10.1186/s12889-021-10987-3
https://europepmc.org/abstract/MED/32570052
http://dx.doi.org/10.1016/j.jcrc.2020.06.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32570052&dopt=Abstract
https://journaljpri.com/index.php/JPRI/article/view/2116
http://dx.doi.org/10.9734/jpri/2021/v33i1331267
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8785147/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8785147/
http://dx.doi.org/10.1186/s43163-022-00205-1
https://archpublichealth.biomedcentral.com/articles/10.1186/s13690-021-00668-3
http://dx.doi.org/10.1186/s13690-021-00668-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34404464&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


55. Oladele DA, Idigbe IE, Musa AZ, Gbaja-Biamila T, Bamidele T, Ohihoin AG, et al. Self-reported use of and access to
personal protective equipment among healthcare workers during the COVID-19 outbreak in Nigeria. Heliyon 2021
May;7(5):e07100 [FREE Full text] [doi: 10.1016/j.heliyon.2021.e07100] [Medline: 34031646]

56. Ashour DM, Elkitkat RS, Gabr H, Yosef M, Singh Grewal D, Saleh MI. Challenges of personal protective equipment use
among ophthalmologists during the COVID-19 pandemic: a multicenter international study. Eur J Ophthalmol 2022
May;32(3):1398-1405 [FREE Full text] [doi: 10.1177/11206721211028037] [Medline: 34180262]

57. Foula MS, Nwesar FA, Oraby EH, Foula A, Alarfaj MA, Foula HS, et al. Does wearing personal protective equipment
affect the performance and decision of physicians? A cross-sectional study during the COVID-19 pandemic. Ann Med
Surg (Lond) 2021 Jul;67:102488 [FREE Full text] [doi: 10.1016/j.amsu.2021.102488] [Medline: 34127939]

58. Hajjij A, Aasfara J, Khalis M, Ouhabi H, Benariba JF, El Kettani C. Personal protective equipment and headaches:
cross-sectional study among Moroccan healthcare workers during COVID-19 pandemic. Cureus 2020 Dec 13;12(12):e12047
[FREE Full text] [doi: 10.7759/cureus.12047] [Medline: 33447477]

59. Nwosu AD, Ossai EN, Onwuasoigwe O, Ahaotu F. Oxygen saturation and perceived discomfort with face mask types, in
the era of COVID-19: a hospital-based cross-sectional study. Pan Afr Med J 2021 Jul 16;39:203 [FREE Full text] [doi:
10.11604/pamj.2021.39.203.28266] [Medline: 34603584]

60. Marraha F, Al Faker I, Charif F, Chahoub H, Benyamna Y, Rahmani N, et al. Skin reactions to personal protective equipment
among first-line COVID-19 healthcare workers: a survey in northern Morocco. Ann Work Expo Health 2021 Oct
09;65(8):998-1003 [FREE Full text] [doi: 10.1093/annweh/wxab018] [Medline: 33876214]

61. Jazieh AR, Benbrahim Z, Al-Sukhun S, Abusanad AM, Alorabi MO, El Kinge AR, et al. 1717P behavioral practices of
cancer patients during COVID-19 pandemic: a middle east and north Africa study. Ann Oncol 2020 Sep;31:S1009 [FREE
Full text] [doi: 10.1016/j.annonc.2020.08.1781]

62. Andarge E, Fikadu T, Temesgen R, Shegaze M, Feleke T, Haile F, et al. Intention and practice on personal preventive
measures against the COVID-19 pandemic among adults with chronic conditions in southern Ethiopia: a survey using the
theory of planned behavior. J Multidiscip Healthc 2020 Dec 03;13:1863-1877 [FREE Full text] [doi: 10.2147/JMDH.S284707]
[Medline: 33299323]

63. Mostafa PI, Hegazy AA. Dermatological consultations in the COVID-19 era: is teledermatology the key to social distancing?
An Egyptian experience. J Dermatolog Treat 2022 Mar;33(2):910-915. [doi: 10.1080/09546634.2020.1789046] [Medline:
32602763]

64. Larebo YM, Abame DE. Knowledge, attitudes, and practices of face mask utilization and associated factors in COVID-19
pandemic among wachemo university students, southern Ethiopia: a cross-sectional study. PLoS One 2021 Sep
20;16(9):e0257609 [FREE Full text] [doi: 10.1371/journal.pone.0257609] [Medline: 34543358]

65. Nalunkuma R, Abila DB, Ssewante N, Kiyimba B, Kigozi E, Kisuza RK, et al. Double face mask use for COVID-19
infection prevention and control among medical students at Makerere university: a cross-section survey. Risk Manag Healthc
Policy 2022 Jan 20;15:111-120 [FREE Full text] [doi: 10.2147/RMHP.S347972] [Medline: 35087291]

66. Aronu AE, Chinawa JM, Nduagubam OC, Ossai EN, Chinawa AT, Igwe WC. Maternal perception of masking in children
as a preventive strategy for COVID-19 in Nigeria: a multicentre study. PLoS One 2020 Nov 19;15(11):e0242650 [FREE
Full text] [doi: 10.1371/journal.pone.0242650] [Medline: 33211761]

67. Haftom M, Petrucka PM. Determinants of face mask utilization to prevent COVID-19 pandemic among quarantined adults
in Tigrai region, northern Ethiopia, 2020. Clin Nurs Res 2021 Sep;30(7):1107-1112 [FREE Full text] [doi:
10.1177/10547738211013219] [Medline: 33955280]

68. Deressa W, Worku A, Abebe W, Getachew S, Amogne W. Social distancing and preventive practices of government
employees in response to COVID-19 in Ethiopia. PLoS One 2021 Sep 07;16(9):e0257112 [FREE Full text] [doi:
10.1371/journal.pone.0257112] [Medline: 34492089]

69. Dzisi EK, Dei OA. Adherence to social distancing and wearing of masks within public transportation during the COVID
19 pandemic. Transp Res Interdiscip Perspect 2020 Sep;7:100191 [FREE Full text] [doi: 10.1016/j.trip.2020.100191]
[Medline: 34173465]

70. Agyemang E, Agyei-Mensah S, Kyere-Gyeabour E. Face mask use among commercial drivers during the COVID-19
pandemic in Accra, Ghana. J Community Health 2021 Dec;46(6):1226-1235 [FREE Full text] [doi:
10.1007/s10900-021-01004-0] [Medline: 34156593]

71. 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 [FREE Full
text] [doi: 10.1371/journal.pone.0253452] [Medline: 34359068]

72. Mboowa G, Musoke D, Bulafu D, Aruhomukama D. Face-masking, an acceptable protective measure against COVID-19
in Ugandan high-risk groups. Am J Trop Med Hyg 2020 Dec 14;104(2):502-513 [FREE Full text] [doi:
10.4269/ajtmh.20-1174] [Medline: 33319741]

73. Fielmua N, Guba BY, Mwingyine DT. Hand hygiene and safety behaviours at shopping centres in COVID-19: an observation
in Wa township in Ghana. J Water Sanit Hyg Dev 2021;11(3):442-452 [FREE Full text] [doi: 10.2166/washdev.2021.240]

JMIR Public Health Surveill 2023 | vol. 9 | e44051 | p. 26https://publichealth.jmir.org/2023/1/e44051
(page number not for citation purposes)

Kawuki et alJMIR Public Health and Surveillance

XSL•FO
RenderX

https://linkinghub.elsevier.com/retrieve/pii/S2405-8440(21)01203-2
http://dx.doi.org/10.1016/j.heliyon.2021.e07100
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34031646&dopt=Abstract
https://europepmc.org/abstract/MED/34180262
http://dx.doi.org/10.1177/11206721211028037
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34180262&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2049-0801(21)00438-6
http://dx.doi.org/10.1016/j.amsu.2021.102488
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34127939&dopt=Abstract
https://europepmc.org/abstract/MED/33447477
http://dx.doi.org/10.7759/cureus.12047
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33447477&dopt=Abstract
https://europepmc.org/abstract/MED/34603584
http://dx.doi.org/10.11604/pamj.2021.39.203.28266
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34603584&dopt=Abstract
https://europepmc.org/abstract/MED/33876214
http://dx.doi.org/10.1093/annweh/wxab018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33876214&dopt=Abstract
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7506422/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7506422/
http://dx.doi.org/10.1016/j.annonc.2020.08.1781
https://europepmc.org/abstract/MED/33299323
http://dx.doi.org/10.2147/JMDH.S284707
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33299323&dopt=Abstract
http://dx.doi.org/10.1080/09546634.2020.1789046
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32602763&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0257609
http://dx.doi.org/10.1371/journal.pone.0257609
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34543358&dopt=Abstract
https://europepmc.org/abstract/MED/35087291
http://dx.doi.org/10.2147/RMHP.S347972
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35087291&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0242650
https://dx.plos.org/10.1371/journal.pone.0242650
http://dx.doi.org/10.1371/journal.pone.0242650
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33211761&dopt=Abstract
https://journals.sagepub.com/doi/abs/10.1177/10547738211013219?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/10547738211013219
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33955280&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0257112
http://dx.doi.org/10.1371/journal.pone.0257112
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34492089&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2590-1982(20)30102-0
http://dx.doi.org/10.1016/j.trip.2020.100191
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34173465&dopt=Abstract
https://europepmc.org/abstract/MED/34156593
http://dx.doi.org/10.1007/s10900-021-01004-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34156593&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0253452
https://dx.plos.org/10.1371/journal.pone.0253452
http://dx.doi.org/10.1371/journal.pone.0253452
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34359068&dopt=Abstract
https://europepmc.org/abstract/MED/33319741
http://dx.doi.org/10.4269/ajtmh.20-1174
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33319741&dopt=Abstract
https://iwaponline.com/washdev/article/11/3/442/80915/Hand-hygiene-and-safety-behaviours-at-shopping
http://dx.doi.org/10.2166/washdev.2021.240
http://www.w3.org/Style/XSL
http://www.renderx.com/


74. Ameme DK, Odikro MA, Baidoo A, Dsane-Aidoo P, Nuvey FS, Jackson DG, et al. Hand hygiene and face mask wearing
practices for COVID-19 prevention: a non-intrusive observation of patrons of community convenience shops in Accra,
Ghana. Pan Afr Med J 2021 Dec 01;40:195 [FREE Full text] [doi: 10.11604/pamj.2021.40.195.26195] [Medline: 35096222]

75. Yigzaw N, Ayalew G, Alemu Y, Tesfaye B, Demilew D. Observational study on hand washing practice during COVID-19
pandemic among bank visitors in Gondar Town, Northwest Ethiopia. J Hum Behav Soc Environ 2021 Jul 23;32(6):697-706
[FREE Full text] [doi: 10.1080/10911359.2021.1943592]

76. Puspitasari IM, Yusuf L, Sinuraya RK, Abdulah R, Koyama H. Knowledge, attitude, and practice during the COVID-19
pandemic: a review. J Multidiscip Healthc 2020 Jul 30;13:727-733 [FREE Full text] [doi: 10.2147/JMDH.S265527]
[Medline: 32801735]

77. MacIntyre CR, Nguyen PY, Chughtai AA, Trent M, Gerber B, Steinhofel K, et al. Mask use, risk-mitigation behaviours
and pandemic fatigue during the COVID-19 pandemic in five cities in Australia, the UK and USA: a cross-sectional survey.
Int J Infect Dis 2021 May;106:199-207 [FREE Full text] [doi: 10.1016/j.ijid.2021.03.056] [Medline: 33771668]

78. Martín-Sánchez M, Lim WW, Yeung A, Adam DC, Ali ST, Lau EH, et al. COVID-19 transmission in Hong Kong despite
universal masking. J Infect 2021 Jul;83(1):92-95 [FREE Full text] [doi: 10.1016/j.jinf.2021.04.019] [Medline: 33895227]

79. Aloui-Zarrouk Z, El Youssfi L, Badu K, Francis Fagbamigbe A, Matoke-Muhia D, Ngugi C, et al. The wearing of face
masks in African countries under the COVID-19 crisis: luxury or necessity? AAS Open Res 2020 Aug 5;3:36 [FREE Full
text] [doi: 10.12688/aasopenres.13079.1]

80. Badillo-Goicoechea E, Chang TH, Kim E, LaRocca S, Morris K, Deng X, et al. Global trends and predictors of face mask
usage during the COVID-19 pandemic. BMC Public Health 2021 Nov 15;21(1):2099 [FREE Full text] [doi:
10.1186/s12889-021-12175-9] [Medline: 34781917]

81. Madziva R, Murewanhema G, Musuka G, Mapingure MP, Chingombe I, Herrera H, et al. Fighting COVID-19 pandemic
fatigue and complacency in Zimbabwe. Public Health Pract (Oxf) 2022 Jun;3:100236 [FREE Full text] [doi:
10.1016/j.puhip.2022.100236] [Medline: 35169760]

82. Eysenbach G. How to fight an infodemic: the four pillars of infodemic management. J Med Internet Res 2020 Jun
29;22(6):e21820 [FREE Full text] [doi: 10.2196/21820] [Medline: 32589589]

83. Burki T. Global shortage of personal protective equipment. Lancet Infect Dis 2020 Jul;20(7):785-786 [FREE Full text]
[doi: 10.1016/S1473-3099(20)30501-6] [Medline: 32592673]

84. Islam JY, Vidot DC, Camacho-Rivera M. Determinants of COVID-19 preventive behaviours among adults with chronic
diseases in the USA: an analysis of the nationally representative COVID-19 impact survey. BMJ Open 2021 Feb
09;11(2):e044600 [FREE Full text] [doi: 10.1136/bmjopen-2020-044600] [Medline: 33563624]

85. Huynh G, Nguyen MQ, Tran TT, Nguyen VT, Nguyen TV, Do TH, et al. Knowledge, attitude, and practices regarding
COVID-19 among chronic illness patients at outpatient departments in Ho Chi Minh city, Vietnam. Risk Manag Healthc
Policy 2020 Sep 14;13:1571-1578 [FREE Full text] [doi: 10.2147/RMHP.S268876] [Medline: 32982515]

86. Anjorin AA. The coronavirus disease 2019 (COVID-19) pandemic: a review and an update on cases in Africa. Asian Pac
J Trop Med 2019;13(5):199-203 [FREE Full text]

Abbreviations
HCW: health care worker
PPE: personal protective equipment
PPM: personal protective measure
PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses

Edited by A Mavragani, T Sanchez; submitted 04.11.22; peer-reviewed by JF Fuertes-Bucheli, CR Telles; comments to author 16.03.23;
revised version received 29.03.23; accepted 10.04.23; published 16.05.23

Please cite as:
Kawuki J, Chan PSF, Fang Y, Chen S, Mo PKH, Wang Z
Knowledge and Practice of Personal Protective Measures Against COVID-19 in Africa: Systematic Review
JMIR Public Health Surveill 2023;9:e44051
URL: https://publichealth.jmir.org/2023/1/e44051
doi: 10.2196/44051
PMID: 37058578

©Joseph Kawuki, Paul Shing-fong Chan, Yuan Fang, Siyu Chen, Phoenix K H Mo, Zixin Wang. Originally published in JMIR
Public Health and Surveillance (https://publichealth.jmir.org), 16.05.2023. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted

JMIR Public Health Surveill 2023 | vol. 9 | e44051 | p. 27https://publichealth.jmir.org/2023/1/e44051
(page number not for citation purposes)

Kawuki et alJMIR Public Health and Surveillance

XSL•FO
RenderX

https://europepmc.org/abstract/MED/35096222
http://dx.doi.org/10.11604/pamj.2021.40.195.26195
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35096222&dopt=Abstract
https://www.tandfonline.com/doi/abs/10.1080/10911359.2021.1943592?journalCode=whum20
http://dx.doi.org/10.1080/10911359.2021.1943592
https://europepmc.org/abstract/MED/32801735
http://dx.doi.org/10.2147/JMDH.S265527
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32801735&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1201-9712(21)00274-5
http://dx.doi.org/10.1016/j.ijid.2021.03.056
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33771668&dopt=Abstract
https://europepmc.org/abstract/MED/33895227
http://dx.doi.org/10.1016/j.jinf.2021.04.019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33895227&dopt=Abstract
https://openresearchafrica.org/articles/3-36
https://openresearchafrica.org/articles/3-36
http://dx.doi.org/10.12688/aasopenres.13079.1
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-021-12175-9
http://dx.doi.org/10.1186/s12889-021-12175-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34781917&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2666-5352(22)00012-X
http://dx.doi.org/10.1016/j.puhip.2022.100236
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35169760&dopt=Abstract
https://www.jmir.org/2020/6/e21820/
http://dx.doi.org/10.2196/21820
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32589589&dopt=Abstract
https://europepmc.org/abstract/MED/32592673
http://dx.doi.org/10.1016/S1473-3099(20)30501-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32592673&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=33563624
http://dx.doi.org/10.1136/bmjopen-2020-044600
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33563624&dopt=Abstract
https://europepmc.org/abstract/MED/32982515
http://dx.doi.org/10.2147/RMHP.S268876
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32982515&dopt=Abstract
https://www.apjtm.org/article.asp?issn=1995-7645;year=2020;volume=13;issue=5;spage=199;epage=203;aulast=Anjorin
https://publichealth.jmir.org/2023/1/e44051
http://dx.doi.org/10.2196/44051
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37058578&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


use, distribution, and reproduction in any medium, provided the original work, first published in JMIR Public Health and
Surveillance, is properly cited. The complete bibliographic information, a link to the original publication on
https://publichealth.jmir.org, as well as this copyright and license information must be included.

JMIR Public Health Surveill 2023 | vol. 9 | e44051 | p. 28https://publichealth.jmir.org/2023/1/e44051
(page number not for citation purposes)

Kawuki et alJMIR Public Health and Surveillance

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/

