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Abstract

Background

Adequate knowledge about COVID-19 in a population may be relevant in the fight to control
its spread among the populace. Thus, the aim of this study was to assess the factors associ-
ated with real knowledge of COVID-19 among Ghanaians to promote effective dissemina-
tion of appropriate information aimed at containing the spread.

Methods

A cross-sectional online survey and computer assisted telephone interviews (CATI) was
conducted among Ghanaians aged 18 years and above across the 260 districts of Ghana.
The survey assessed the level of knowledge of COVID-19 and its associated factors and
compared differences between perceived and real knowledge. One district health promotion
officer per district was trained for the data collection. Participants were recruited via use of
phone directories of both organized and non-organized local district groups. Phone calls
were made to randomly selected phone contacts to schedule options for participation in the
study. We used multivariable logistic regression to investigate the associated factors of
COVID-19 knowledge among respondents.

Results

Of the 2,721 participants who completed the survey, the majority (99.3%) were aware of the
existence of the COVID-19 outbreak, had good knowledge on infection prevention (87.0%)
and rated their knowledge about COVID-19 as good (81.7%). Factors associated with
COVID-19 knowledge were: age >56 years (aOR = 0.5; Cl: 0.3-0.8; p = 0.002), tertiary
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education (aOR = 1.8; CI: 1.2-2.6; p = 0.003), residing in Greater Accra region (aOR = 2.0;
Cl: 1.1-3.6; p = 0.019), not infected with the novel coronavirus (aOR=1.5; Cl: 1.0-2.1; p=
0.045), knowing an infected person (aOR = 3.5; Cl = 1.5-7.9; p = 0.003), good practice of
effective preventive measures (aOR = 1.2: Cl: 1.1-1.5: 0.008), not misinformed (aOR = 0.7;
Cl: 0.5-0.9; 0.015), and perceiving spreading speed of the virus as slow (2OR =0.7; CI:
0.5-0.9; 0.007).

Conclusion

The study found good knowledge regarding COVID-19, control measures, and preventive
strategies. The Ghana Health Service should continuously provide accurate information to
educate the media and citizens to prevent misinformation, which is vital in stopping the
spread of the COVID-19 virus.

Introduction

The devastating impacts of the coronavirus pandemic (COVID-19) on the global health sys-
tems, economies and general human life have been felt in every continent since its first out-
break in 2019 [1-3]. WHO declared the COVID-19 epidemic as a public health emergency of
international concern on January 30, 2020 [1]. Globally there has been 611,552,387 confirmed
COVID-19 cases with 6,525,415 deaths as at September 16, 2022. The first case in Africa was
reported in Egypt on February 14, 2020 [4]. Since then 55 countries in Africa currently have
reported 12,630,940 confirmed cases and 257,523 confirmed deaths as at September 16, 2022
at 7:25pm [5]. Ghana reported its first two imported cases on March 12 2020 [6]. As of Septem-
ber 16 2022, Ghana had recorded 168,616 confirmed cases with 1,459 deaths [5].

COVID-19 is an emerging disease with significant threats to public health. Some of the
signs and symptoms of the disease are cough, shortness of breath, fatigue, fever, myalgia and
dyspnea [7]. Interventions such as travel restrictions, partial lock down in some parts of Ghana
were instituted after the confirmation of the disease in the country. Additionally, the wearing
of facemask, hand washing, use of sanitizers and social distancing [8] were enforced by the
Ministry of Health and the government in a bid to curb the spread of the disease. However,
adherence to government protocols seems to be poor and the spread continues to increase.
Some studies on knowledge and attitudes during epidemics indicate the populace tend to be
reluctant in adopting instituted control measures [9, 10], because they caused discomfort.

It has been indicated that the majority of people infected with COVID -19 would be asymp-
tomatic [11], however the rapid spread of the disease through symptomatic or asymptomatic
infected individuals, [12] warrants identification of behavioral responses of the populace to
mitigate the spread of the disease [13]. Studies show that knowledge of the populace is essential
in addressing pandemics [14-16]. A study in Hubei assessing knowledge among other factors
about COVID-19 reported that reaction of people towards government protocols to contain
the disease are strongly related to the level of knowledge about COVID-19 [17]. Also the
higher the level of information, and education, the more likely individuals would put up a pos-
itive attitude towards COVID-19 preventive practices [17]. This suggests that inadequate or
lack of knowledge about COVID-19 could be a mediator that can increase transmission of the
virus [11].

COVID-19 is a new disease, with emerging discoveries every now and then, sometimes
accompanied with misinformation [15, 16]. Misconceptions and inappropriate knowledge
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about COVID-19 have been reported in Ghana [16]. As a result, to effectively manage the dis-
ease, it is important to assess the knowledge level, risk perception of the populace on a regular
basis. This will aid in the dissemination of discoveries about the mode of spread and preventive
measures, thus helping in the fight against the disease in Ghana [16]. Adequate knowledge of
COVID-19 may enable the populace to adhere to instituted government protocols and other
preventive measures [16].

As at the time of this study, only a few studies on COVID-19 related knowledge, attitude
and practices had been conducted among a section of Ghanaians [18-20] but, a study covering
a wide section of the populace in all the regions of Ghana was not available. However, the
larger the number of study participants, the higher the likelihood of the study validity and gen-
eralizability [12]. Thus, it is essential to present data among a relatively large number of Gha-
naians to monitor variables critical for behaviour change in the population. This study seeks to
assess knowledge of COVID-19 among Ghanaians in all the regions of Ghana to help identify
gaps, promote effective communication and timely dissemination of appropriate information
aimed at reducing further transmission of COVID-19 to help contain the pandemic.

Methods
Study area

This study was conducted nationwide across all 260 districts from all the 16 regions of Ghana
(Fig 1: Map of Ghana).

Data collection procedure/recruitment of participants

Between August and December 2020, we conducted an online survey and computer assisted
telephone interviews (CATI) using a cross-sectional design among Ghanaians aged 18 years
and above to assess the level of knowledge of COVID-19 and its associated factors. District
health promotion officers served as data collectors. In each of the 260 districts, one district
health promotion officer was selected and trained for the data collection. To minimize spread
of the virus via face-to-face contacts, we employed online platforms such as use of mobile
phones and computers for the data collection. Participants were recruited via use of phone
directories of local district groups including both organized (e.g. district health facilities) and
non-organized groups (e.g. transport unions). This was followed by placing phone calls to ran-
domly selected phone contacts to schedule options for participation and time; the content of
the questionnaire was not made known to participants at this point and they were instructed
not to start the survey until they have enough time to complete it at a go. Potential participants
with smart phones who opted to take the survey online by themselves were sent the question-
naire while those with or without smart phones who opted for assistance in taking the survey
were interviewed via the phone by the health promotion officers. The interviews via phone
calls was necessary to create a balance of both elderly and young population in the study and
as well cater for those who do not have any formal education to take the interviews in their
local spoken languages.

The questionnaire was generated using Google forms. A link to the questionnaire was
shared with prospective respondents who opted to take the survey by themselves via What-
sApp or email and was either filled in, on their mobile phones or computers. Those who indi-
cated they could not read or write, but consented to participate in the study, had an
appointment scheduled for interviewing via the mobile phone. The health promotion officer
called the participants on the scheduled time and the questionnaire is read to them in a dialect
mutually understood by the health promotion officer (resident in the district) and the partici-
pant. The health promotion officer enters the responses to the questions directly into the
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Fig 1. Map of Ghana with the regions and regional capital towns in brackets.

https://doi.org/10.1371/journal.pone.0276381.g001

Google platform either using a mobile phone or computer. The health promotion officers
were provided with call credits for this exercise. To limit the responses of participants, they
were required to sign in with a Google account, with each limited to a single response. Com-
pletion of a single questionnaire took approximately 30 minutes.

Study sample and sampling process

The study employed a cross-sectional design. Proportionate sampling technique that is repre-
sentative of the 260 districts of Ghana was employed, that is sample selected in each region and
district was proportional to the population size. We used the Cochran formula n = @ (p:pro-
portion of real knowledge of COVID-19 unknown hence 50% was used; z: z value based on
95% confidence level and e: margin of error of 2% used) [21] to arrive at the estimated sample
size of 2641 and used proportionate sampling to estimate the number of respondents to be
recruited from each region and district. To randomly select estimated sample for each district,
we exported the data on phone directories to STATA MP 16.0 software and the desired num-
ber estimated was selected. However, to make up for non-response in some regions, we
increased the number of respondents for the regions with high COVID-19 prevalence (Greater
Accra, Volta, Eastern and Central regions). This practice is similar to what was done in a
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national survey in the Netherlands [22] and hence respondents for these regions were more
than the estimated sample size.

Inclusion and exclusion criteria

Ghanaians 18 years and above residing in the districts 12 months prior to the study were
included in the study. All those who meet the above criteria but for the purpose of mental or
physical health or refuse to give consent were excluded.

Study variables and data collection tools

We used an adapted WHO standardized questionnaire [23] to collect data on participant’s
sociodemographic characteristics as well as on knowledge related factors. The questionnaire
can be found here: https://hdl.handle.net/20.500.12034/2392.

The outcome was real knowledge of COVID-19 measured as composite of 22 out of 31
knowledge variables selected using principal component analysis (PCA) for use in assessing
knowledge of participants. The average real knowledge score was 17.7 (CI: 17.54-17.76) and
was categorized as poor (knowledge score of below 18) and good (knowledge score of 18 and
above). Perceive knowledge used the question; how would you rate your level of knowledge on
the novel coronavirus and was rated on a scale ranging from 1 (very little knowledge) to 7
(very much knowledge) but were re-categorized as poor knowledge (scale 1-4) and good
knowledge (scale 5-7). Other independent variables assessed were presence of chronic dis-
eases, being infected or knowing someone infected with the virus, a feeling of preparedness
and self-efficacy to avoid an infection with the coronavirus to measure protective behaviours
of participants including how to protect one’s self from the virus, following recommendations
to prevent spread of the virus and whether participants think it is difficult or easy to avoid get-
ting infected. We also assessed effective preventive measures and its uptake, misinformation
about protective measures (percent of wrong protective measures identified as effective), per-
ceiving the pandemic as a media hype and whether knowledge was related to certain sources
of information.

Ethical issues

Ethical approval for the study was granted by the Ghana Health Service Ethics Review Com-
mittee (reference number GHS-ERC 004/06/20). This was done according to the accepted
guidelines of the Committee on Ethics in Human Experimentation and the International
Council for Harmonization (ICH)/Good Clinical Practice (GCP). This study was carried out
in collaboration with the Health Promotion Division of the Ghana Health Service which pro-
vided an institutional support letter for the field activities. All participants were given adequate
information on the study protocol and participation was voluntary. Being an online survey
and computer assisted telephone interviews, informed consent was in the form of participants
ticking a box to indicate their agreement to take part in the study and this box has to be ticked
before having access to the questionnaire. Confidentiality of data was assured for all informa-
tion provided.

Statistical analysis

The data used for this analysis was part of a larger study data looking at behavioural insights
for COVID-19 in Ghana. We subjected the dataset for the study to both descriptive and infer-
ential statistical analyses. For continuous variables, we performed summary statistics and
checked for normality using S-Wilk test and reported the mean and standard deviation; chi-
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square test was used for all categorical variables. We used principal component analysis (PCA)
to identify the variables used in measuring knowledge. For inferential statistics, we used multi-
variable logistic regression analyses to investigate the associated factors of COVID-19 knowl-
edge among the study participants. We used forward selection to select significant
independent variables from the bivariate model into the multivariable model. After adjusting
for confounding, all independent variables with a p-value of <0.05 were considered statisti-
cally significant. We performed all the analyses using STATA MP 16.0 software.

Results
Demographic characteristics of participants, Ghana, 2020

Of the 2,721 participants who completed the survey, 1,490 (54.2%) were males, 1,648 (60.6%)
had tertiary or university level education, 1,395 (51.3%) are engaged in formal employment,
1.288 (51.9%) were urban residents and were aged between 18 and 89 years old (Table 1).

Of the 2,721 participants who completed the survey, 2,702 (99.3%) were aware of the novel
coronavirus pandemic (Table 2). Compared to males, a higher proportion of females (54.7%)
were aware of the existence of COVID-19 pandemic. Knowledge of the common symptoms of
the coronavirus such as fever, cough and shortness of breath were 95.6%, 97.7% and 96.3%
respectively and on person-to-person transmission was 95.8%. On management of COVID-
19, 2068 (76.0%) believed there was no drug for treatment or vaccine at the time of the study.
Correct knowledge of incubation period of up to 14 days was 80.6%. More than half of partici-
pants, 1654 (60.8) believed recovery from infection with the virus does not confer immunity to
the disease while a few 575 (21.1%) believe it does confer immunity. While the majority
(97.0%) believe people aged 60 years and older are at a higher risk of getting COVID-19, two-
thirds (75.9%) also believe children aged 1-5 years are part of the risk groups (Table 2).

Over two-third of participants 2439 (86.6%) who indicated they know how to protect them-
selves from the virus (perceive self-efficacy) also follow the recommendations to prevent spread
of the virus 2437 (89.6%) (Table 3). While majority 1998 (73.4%) are indifferent regarding how
to avoid infection with the virus, a few however indicated it is extremely difficult 333 (12.2%)
and 390 (14.3%) said it is extremely easy. More than half 1796 (66.0%) of the study population
were indifferent about receiving the coronavirus vaccine when made available (Table 3). Ques-
tions on preparedness and perceive self-efficacy as well as rating ones knowledge level on how
to prevent the spread of the novel coronavirus are based on a Likert scale from 1-7.

Knowledge and uptake of protective measures

We assessed participants who rated protected measures as effective and compared it with the
actual use of those protective measures. We found that almost equal proportion of participants
with knowledge of effective protective measures also practice the measures (Fig 2).

We assessed the proportion of non-effective preventive measures that were wrongly identi-
fied as effective. Non-effective preventive measures identified by participants as effective were
refusing to travel abroad (81), taking food supplements (67), taking caution when opening a
mail (38), drinking ginger water (57) and using antibiotics (38) (Fig 3).

Real versus perceived knowledge of COVID-19 among participants

Opverall assessment of perceived and real knowledge on the facts of COVID-19 indicated that a
higher proportion of participants (81.7%) rated their knowledge as good but a test of under-
standing with questions on basic facts of the virus showed only 65.9% had actual good knowl-
edge (Fig 4).
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Table 1. Demographic characteristics of participants, Ghana, 2020.

Characteristics Category Frequency Percentage (%)
Gender (n =2721)
Male 1231 45.2
Female 1490 54.7
Age (years) (n =2715) *M=34 *SD =+11.2
18-25 594 21.9
26-35 1238 45.6
36-45 503 18.5
46-55 210 7.7
56+ 170 6.3
Education level (n = 2721)
No formal education 274 10.1
Primary/Middle/Secondary 799 294
Tertiary/University 1648 60.6
Occupation (n = 2721)
Unemployed 425 15.6
Informal 901 33.1
Formal 1395 51.3
Regional responses (n = 2721)
Ahafo 67 2.5
Ashanti 367 13.5
Bono East 134 4.9
Brong Ahafo 86 3.2
Central 290 10.7
Eastern 369 13.6
Greater Accra 583 21.4
North East 6 0.2
Northern 128 4.7
Oti 43 1.6
Savannah 102 3.8
Upper East 57 2.1
Upper West 97 3.6
Volta 257 9.5
Western 52 1.9
Western North 83 3.05
Residence (n = 2480)
Rural 1192 48.1
Urban 1288 51.9

*M = Mean;
°°SD = Standard Deviation

https://doi.org/10.1371/journal.pone.0276381.t001

Trust/Confidence in information

Participants were asked about how much confidence they have in individuals and/or organiza-
tions that were handling the novel coronavirus and responses were assessed on 7-point scales
from very low confidence to very high confidence. The mean highest level of trust were state
TV (5.6), state radio (5.2) and information received through conversation with friends (5.2)

(Fig 5).
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Table 2. Perceive and real knowledge of COVID-19 among participants.

Variables Frequency | Percentage (%)
Knowledge level on awareness of the novel coronavirus
Yes 2702 99.3
No 19 0.7
The following are symptoms of the novel coronavirus #
Fever 2602 95.6
Cough 2659 97.7
Shortness of breath 2620 96.3
Sore throat 2493 91.6
Runny or stuffy nose 2463 90.5
Muscle or body aches 2038 74.9
Headaches 2460 90.4
Fatigue (tiredness) 2269 83.4
Diarrhea 1497 55.0
Knowledge on transmission of COVID-19
The novel coronavirus is transmissible from person to person 2592 95.8
The novel coronavirus is transmitted by animals to humans only 66 24
The novel coronavirus is not transmissible 9 0.3
Don’t know * 39 1.4
COVID-19 is transmissible via droplets through coughing, sneezing or intimate 2643 97.1
contact
The novel coronavirus is transmissible via the fecal-oral route 28 1.0
Black races and those in tropical countries are less susceptible to the novel 22 0.8
coronavirus
Don’t know 28 1.0
Knowledge on management of COVID-19)
There is a drug to treat the novel coronavirus 306 11.3
There is a vaccine for the novel coronavirus 90 33
There is both a drug for the treatment and a vaccine for the novel coronavirus 71 2.6
There is currently no drug treatment or vaccine for the novel coronavirus 2068 76.0
Don’t know 186 6.8
Knowledge about incubation period
What is the incubation period
Up to 3 days 89 3.3
Up to 7 days 211 7.8
Up to 14 days 2193 80.6
Don’t know 228 8.4
Which of these are correct about the COVID-19 disease?
Recovery from coronavirus confers immunity to COVID-19 575 21.1
Recovery from coronavirus does not necessarily confers immunity to COVID-19 1654 60.8
Don’t know 492 18.1
Knowledge on groups at risk of severe illness related to the novel coronavirus At risk Not at risk
People aged 60 years or older 2638 83 (3.1)
(96.95)
Pregnant women 2389 332(12.2)
(87.80)
Infants 2117 604 (22.2)
(77.80)
Children aged 1-5 years 2066 655 (24.1)
(75.93)
(Continued)
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Table 2. (Continued)

Variables Frequency | Percentage (%)

People who have serious chronic heart disease 2539 182 (6.7)
(93.31)

People who have serious chronic diabetes 2524 197 (7.2)
(92.76)

People who have serious lung disease 2549 172 (6.3)
(93.68)

People who have asthma 2539 182 (6.7)
(93.31)

Overall real knowledge 1843

Poor 929 34.1

Good 1792 65.9

Perceived knowledge

Rating knowledge level on the novel coronavirus 6+1

Poor (1-4) 491 18.0

Good (5-7) 2230 82.0

Knowledge level on how to prevent spread of the novel coronavirus 6+1

Poor (1-4) 355 13.1

Good (5-7) 2366 86.9

https://doi.org/10.1371/journal.pone.0276381.t1002

Factors associated with COVID-19 knowledge among participants

The study found nine variables to be significantly associated with COVID-19 knowledge
among Ghanaians (Table 4). Increasing age of 56 years and above decreases the odds of having
a good knowledge by 49% compared to younger age groups (OR = 0.51;CI = 0.3-0.8;

Table 3. Participants feelings about preparedness and self-efficacy to avoid an infection with the coronavirus.

Preparedness and perceived self-efficacy

I know how to protect myself from coronavirus Mean = 6.05 °°SD = +1.2
Frequency Percentage

Not at all (1-3) 102 3.8

Indifferent (4) 2439 89.6

Very much so (5-7) 180 6.6

I follow the recommendations from authorities in my country to prevent spread of novel coronavirus Mean = 6.07 SD =+1.2

Not at all (1-3) 99 3.6

Indifferent (4) 185 6.8

Very much so (5-7) 2437 89.6

For me avoiding an infection with the novel coronavirus in the current situation is. . . Mean = 5.33 SD =+1.6

Extremely difficult (1-3) 333 12.2

Indifferent (4) 1998 73.4

Extremely easy (5-7) 390 14.3

Willingness to take vaccine (policies)

If a vaccine becomes available and is recommended for me, I would get it.

Strongly disagree 588 21.6

Indifferent 1796 66.0

Strongly agree 337 12.4

°°SD = Standard deviation

https://doi.org/10.1371/journal.pone.0276381.t003
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p = 0.002). Participants who had attained a tertiary level of education were 1.8 times more
likely to have good knowledge of COVID-19 than those with informal education (aOR = 1.8;
CI: 1.2-2.6; p = 0.003). Residing in the Greater Accra region was associated with 2.0 times the
odds of having knowledge about COVID-19 (aOR = 2.0; CI = 1.1-3.6; p = 0.019) compared to
other regions. On the other hand, respondents who reside in the Upper East region were 0.4
times less likely to have good knowledge of COVID -19 than those in other regions
(aOR = 0.4; CI = 0.2-1.0; p = 0.038). Participants who were not infected with the novel corona-
virus during the study period were 1.5 times more likely to have had good knowledge of
COVID-19 than those who were not sure of their COVID-19 status (aOR = 1.5; Cl: 1.0-2.1;
p = 0.045). Similarly, respondents who knew someone confirmed as a COVID-19 case were
1.9 times more likely to have good knowledge of COVID-19 (aOR = 1.9; CI = 1.2-2.8;
p = 0.003) compared to those who do not know an infected person.

Those who had good knowledge of effective preventive measures were 1.7 times more likely
to have an overall good knowledge of COVID-19 than those who had poor knowledge
(aOR = 1.7; Cl: 1.2-2.4; 0.004). Good uptake of effective preventive measures was associated
with a 10% decrease in odds of having good knowledge of COVID-19 (aOR = 0.9: Cl: 0.7-1.2:
0.469). Respondents who were not misinformed were 0.7 times less likely to have good knowl-
edge of COVID-19 than those who were misinformed (aOR = 0.7; Cl: 0.5-0.9; 0.015). Respon-
dents who perceived the spread of the COVID-19 virus as slow were 30% less likely to have
good knowledge of COVID-19 compared to those who perceived it as moderate (aOR = 0.7;
Cl: 0.5-0.9; 0.007).

We did not find any difference between those who trusted the instituted protocols for pre-
vention of the virus and those who did not have trust. However, trust in the instituted preven-
tion protocols was significantly associated with good knowledge.
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Discussion

With the aim of directing communication and the dissemination of important information, our
study evaluated Ghanaians knowledge of COVID-19. Our findings indicate that most Gha-
naians (99.3) were aware of the COVID-19 outbreak, had a strong understanding of infection
prevention (87.0%), and thought their knowledge of COVID-19 was good (81.7%). Addition-
ally, we discovered that those 56 years of age and older had lower knowledge of COVID-19
(aOR = 0.5; CI: 0.3-0.8; p = 0.002), but knowledge increased with tertiary education (aOR = 1.8;
CI: 1.2-2.6; p = 0.003), living in the Greater Accra region (aOR = 2.0; CIL: 1.1-3.6; p = 0.019)
and not having been infected with the novel coronavirus (aOR = 1.5; Cl: 1.0-2.1; p = 0.045).

The findings of this study with regards to decreased knowledge of COVD-19 with increased
participant’s age differs from results in studies conducted in Uganda [24] and Saudi Arabia
[25, 26] which reported increased knowledge towards COVID-19 with increased age. In a
study in Bangladesh, the older respondents, specifically retirees, were more knowledgeable on
COVID-19 than the younger participants [27]. Our result is similar to findings from a study
conducted in Ethiopia which reported that participants in the >65 years age group were 2.72
times more likely to have inadequate knowledge of COVID-19 as compared with the 8-35
years age group (AOR = 2.27,95% CI 1.45 to 5.11) [28]. Also a study conducted in Egypt
among 559 adult Egyptians, reported that knowledge towards COVID-19 was significantly
lower among older age respondents [29]. Although the main reason for the observed decreased
knowledge towards COVID-19 among the elderly is not precisely known, it is possible this
could be due to difficulty in hearing, impaired visual ability and loss of cognition associated
with ageing in older people, which might lead to their inability to listen to the media providing
education on COVID-19 and to search for information compared to younger people. The case
is different from the study conducted in Vietnam, where no association was found between
knowledge of COVID-19 and the age groups of the respondents [30]. However, this study sug-
gests that more prominence should be given to targeting older people to improve their knowl-
edge of the COVID-19 pandemic since they are highly at risk of COVID-19 infections due to
decreased immunity.
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Table 4. Factors associated with COVID-19 knowledge among Ghanaians.

Knowledge level Univariate regression Multivariate regression
Poor Good OR (95%CI) P-value AOR (95%CI) P-value
n (%) n (%)
Age (years)
18-25 217 (23.4) 377 (21.1) 1 (Reference) 1 (Reference)
26-35 369 (39.8) 869 (48.6) 1.4 (1.1-1.7) 0.004* 1.1 (0.8-1.4) 0.575
36-45 163 (17.6) 340 (19.0) 1.2 (0.9-1.5) 0.153 1.3 (0.9-1.8) 0.107
46-55 82 (8.8) 128 (7.2) 0.9 (0.7-1.2) 0.517 1.15 (0.8-1.7) 0.510
56+ 97 (10.5) 73 (4.1) 0.4 (0.3-0.6) 0.000 * 0.51 (0.3-0.8) 0.002*
Education level
No school 139 (15.0) 135 (7.5) 1 (Reference) 1 (Reference)
Primary/Middle/Secondary 359 (38.6) 440 (24.6) 1.3 (1.0-1.7) 0.097 1.0 (0.7-1.3) 0.792
Tertiary/University 431 (46.4) 1217 (67.9) 2.9 (2.2-3.8) 0.000 * 1.8 (1.2-2.6) 0.003*
Region
Ahafo 27 (2.9) 40 (2.2) 1 (Reference) 1 (Reference)
Ashanti 127 (13.7) 240 (13.4) 1.3 (0.8-2.2) 0.371 1.0 (0.6-1.8) 0.957
Bono East 42 (4.5) 92 (5.1) 1.5 (0.8-2.7) 0.209 1.1 (0.6-2.2) 0.796
Brong Ahafo 36 (3.9) 50 (2.8) 0.9 (0.5-1.8) 0.846 0.9 (0.4-1.8) 0.724
Central 96 (10.3) 194 (10.8) 1.4 (0.8-2.4) 0.265 1.0 (0.6-1.9) 0.902
Eastern 102 (11.0) 267 (14.9) 1.8 (1.0-3.0) 0.038 * 1.6 (0.9-2.9) 0.143
Greater Accra 166 (17.9) 417 (23.3) 1.7 (1.0-2.9) 0.047 * 2.0 (1.1-3.6) 0.019*
North East 3(0.3) 3(0.2) 0.7 (0.1-3.6) 0.645 0.7 (0.1-5.3) 0.713
Northern 51 (5.5) 77 (4.3) 1.0 (0.6-1.9) 0.951 0.8 (0.4-1.5) 0.415
Oti 18 (1.9) 25(1.4) 0.9 (0.4-2.0) 0.871 1.0 (0.4-2.3) 0.982
Savannah 42 (4.5) 60 (3.4) 1.0 (0.5-1.8) 0.910 1.1 (0.5-2.2) 0.855
Upper East 33 (3.6) 24 (1.3) 0.5 (0.2-1.0) 0.052* | 0.4(0.2-1.0) 0.038*
Upper West 38 (4.1) 59 (3.3) 1.1 (0.6-2.0) 0.885 0.8 (0.4-1.6) 0.555
Volta 111 (12.0) 146 (8.2) 0.9 (0.5-1.5) 0.670 0.8 (0.4-1.4) 0.403
Western 12 (1.3) 40 (2.2) 2.3 (1.0-5.1) 0.049 * 1.2 (0.5-2.9) 0.689
Western North 25(2.7) 58(3.2) 1.6 (0.8-3.1) 0.194 1.8 (0.9-3.9) 0.112
Infected with the novel coronavirus
Yes, confirmed 41 (4.4) 88 (4.9) 1.8 (1.1-2.9) 0.014* 2.0 (1.1-1.1) 0.021*
Yes, not confirmed 10 (1.1) 44 (2.5) 3.7 (1.8-7.8) 0.001 * 3.47 (1.5-7.9) 0.003*
No 790 (85.0) 1555 (86.8) 1.7 (1.2-2.2) 0.001 * 1.46 (1.01-2.1) 0.045*
Don’t know 88 (9.5) 105 (5.9) 1 (Reference) 1 (Reference)
Know someone who is infected
Yes, confirmed 116 (12.5) 375 (20.9) 2.8 (2.0-3.9) 0.000 * 1.9 (1.2-2.8) 0.003*
Yes, not confirmed 31(3.3) 56 (3.1) 1.6 (0.9-2.6) 0.091 1.1 (0.6-2.1) 0.682
No 673 (72.4) 1234 (68.9) 1.6 (1.2-2.1) 0.001* 1.4 (1.0-1.9) 0.073
Don’t know 109 (11.7) 127 (7.1) 1 (Reference) 1 (Reference)
Knowledge of effective preventive measures
Poor 522 (56.2) 811 (45.3) 1 (Reference) 1 (Reference)
Good 407 (43.8) 981 (54.7) 1.6 (1.3-1.8) 0.000* 1.7 (1.2-2.4) 0.004*
Practice or uptake of effective preventive measures
Poor 425 (45.8) 725 (40.5) 1 (Reference) 1 (Reference)
Good 504 (54.3) 1067 (59.5) 1.2 (1.1-1.5) 0.008* 0.9 (0.7-1.2) 0.469
Misinformation about preventive measures
Misinformed 503 (54.1) 897 (50.1) 1 (Reference)
(Continued)
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Knowledge level Univariate regression Multivariate regression
Poor Good OR (95%CI) P-value AOR (95%CI) P-value
n (%) n (%)
426 (45.9) 895 (49.9) 1.2 (1.0-1.4) 0.043* 0.7 (0.5-0.9) 0.015*
193 (20.8) 226 (12.6) 0.8 (0.6-1.0) 0.020* 0.7 (0.5-0.9) 0.007*
269 (29.0) 422 (23.6) 1 (Reference) 1 (Reference)
467 (50.3) 1144 (63.8) 1.6 (1.3-1.9) 0.000* 1.2 (1.0-1.5) 0.098
1.2 (1.1-1.2) 0.000* 1.1(1.1-1.2) 0.000*

In terms of our finding that respondents who had attained a tertiary level of education were
more likely to have good knowledge of COVID-19 than those with informal education, other
studies conducted in Ethiopia [31, 32], Iran [33], and Saudi Arabia [12, 26] found poor knowl-
edge of COVID-19 to be significantly associated with respondents with informal education,
which is consistent with the present study. Also, it has been indicated in a study in Ethiopia
that respondents who were unable to read and write were 60% times more likely to have inade-
quate knowledge compared with those who attained high-level education (AOR = 1.60, 95%CI
1.02 to 2.51) [28]. The probable reason could be that higher education is linked to higher
knowledge and better understanding. It could also be possible that educated people are likely
to search for information regarding the COVID-19 pandemic, control measures and preven-
tive strategies since they are exposed to the internet and curious about currents happening in
the world. On the contrary, a study conducted in Uganda found no association between
knowledge of COVID-19 and educational level [24].

Some studies have also reported differences in knowledge based on participant’s residential
area. For instance, while some studies report that urban dwellers are more knowledgeable
about COVID-19 than rural counterparts [28], some report no association at all; a study con-
ducted in Saudi Arabia found no association between COVID-19 knowledge and residential
area [12]. In our study, residents of the Greater Accra region were more likely to have good
knowledge of COVID-19 compared to residents of other regions. The possible relationship is
that Accra is the capital city of Ghana, and has a number of media stations, both radio and
print media, churning out information about the pandemic to educate the populace. Thus resi-
dents in this region have access to different sources of media to acquire information concern-
ing COVID-109. It is generally known that a more educated populace about any type of disease
will generally comply better with the preventive and treatment measures issued [34]. The gov-
ernment also had a series of engagement through media broadcast from this region and tele-
casted to other regions as well, all in a bid to provide education on COVID-19 and to protect
citizens.

With our observation that respondents who were not infected with the novel coronavirus
were more likely to have good knowledge of COVID-19 than their infected counterparts, it is
possible that their adequate knowledge of COVID-19 infections led to non-infection. They are
likely to apply their knowledge to observe COVID-19 measures, control and preventions pro-
vided to nations by the World Health and Organization (WHO) and the Centers for Disease
Control (CDC). In addition, our study found that those who knew someone infected with the
COVID-19 virus were more likely to have good knowledge of COVID-19 than those who were
not sure. The probable clarification could be that those who knew infected people took precau-
tions to protect themselves by acquiring information about the virus, control measures, and
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preventive strategies, which might account for their good knowledge of COVID-19. Likewise,
in Germany, perceived vulnerability to COVID-19 infection was associated with adaptation to
preventive behaviours [35].

Our results also show that good knowledge of COVID-19 was significantly associated with
those who were not misinformed of COVID-19 preventive measures compared to their coun-
terparts. Our finding concurs with a study performed in Saudi Arabia that reported misinfor-
mation among the participants [36]. Also in Iran, an association was reported between news
media and knowledge of COVID-19 [37]. Media has contributed to information broadcast as a
domineering point in decreasing the spread of the COVID-19 virus. However, misinformation
could be a hurdle to taking proper preventive measures and optimistic actions toward COVID-
19. Hence, the assessment of correct knowledge about a disease is necessary for prevention.

This study showed that those who had good levels of knowledge of effective prevention
measures were more likely to have an overall good knowledge of COVID-19. A possible reason
is that effective measures are part of the COVID-19 knowledge provided to nations to educate
citizens on the COVID-19 virus and its mode of transmission, prevention and control. Our
participants who perceived the spread of COVID-19 to be slow were less likely to have good
knowledge of the COVID-19 virus than those who perceived it as moderate. This might lead to
a tendency where there is a reluctance to seek information since they perceive the transmission
rate of the COVID-19 virus to be slow. It is also possible that these respondents reside in areas
where the spread of the COVID-19 virus is low and therefore are less likely to be concerned
about accurate knowledge.

Strengths and limitations

The study is a nationwide representative, covering Ghanaians in all 260 districts and 16 regions
of Ghana. The study was carried out in collaboration with the health promotion division of the
Ghana Health Service, an avenue for health workers to have access to citizens and educate
them on the COVID-19 pandemic after participants have finished answering the questionnaire
and directing them to the Ghana Health Service website for credible information on the
COVID-19 pandemic. Despite the strengths, there are some limitations to the study. First, the
study population may not be representative of all Ghanaians due to the small proportion of
participants who took part in the study. Second, the study recorded more representatives from
tertiary education levels than ordinary Ghanaian citizens because of the data collection method
used, which can be accessible to those who have devices with internet connectivity and those
who can read and understand. A comparative analysis was constrained by the absence of a var-
iable to distinguish between those who completed the questionnaire independently and those
who were contacted by phone.

Conclusion

The study found good knowledge regarding COVID-19, control measures, preventive strate-
gies and identification of the most vulnerable groups of COVID-19 infections among the
respondents. Factors associated with COVID-19 knowledge were age, educational level,
region, being free of infection with the novel coronavirus, knowing someone infected, per-
ceived spreading speed, level of knowledge on effective prevention measures and misinforma-
tion. We recommend that the Ghana Health Service and the Ministry of Health continuously
provide accurate information to educate the media and citizens to prevent misinformation,
which is vital in stopping the spread of the COVID-19 virus. Practical educational programs
should be provided by public health experts by highlighting the persistent compliance of pro-
tective measures for everyone to increase their knowledge of COVID-19.

PLOS ONE | https://doi.org/10.1371/journal.pone.0276381 November 10, 2022 15/18


https://doi.org/10.1371/journal.pone.0276381

PLOS ONE

Associated factors of COVID-19 knowledge

Supporting information

S1 File.
(DO)

S2 File.
(DO)

S3 File.
(DTA)

$4 File.
(XLSX)

S1 Table.
(XLSX)

Acknowledgments

The research team of the Behavioural Insights for COVID-19 study in Ghana wish to thank
the international office of WHO for granting us the permission to adapt their questionnaire
for use in our study. We also thank the Director and Team Members of the Health Promotion
Division of the Ghana Health Service for the monitoring and support they provided towards
the project. District Health Promotion Officers served as research assistants for the data collec-
tion, we wish to thank them for their participation in the training on data collection and for
assisting to gather data for the study. We also thank William Dormechele for assisting with the
analysis of the data. We thank Lawrence Sena Tuglo, Simon Agyemang, Prof. Frank Baiden
and Dr. Asem Livingston for their support in reviewing the manuscript.

Author Contributions

Conceptualization: Mavis Pear] Kwabla, Juliana Nyasordzi, Gideon Kye-Duodu, Mark
Kwame Ananga, Gregory Kofi Amenuvegbe, Joseph Otoo, Dominic Demateh Nuertey,
Ebenezer Kofi Mensah.

Formal analysis: Mavis Pear] Kwabla, Gideon Kye-Duodu, Joseph Otoo.
Writing - original draft: Mavis Pear] Kwabla, Juliana Nyasordzi, Gideon Kye-Duodu.

Writing - review & editing: Mavis Pearl Kwabla, Juliana Nyasordzi, Gideon Kye-Duodu,
Mark Kwame Ananga, Gregory Kofi Amenuvegbe, Kwadwo Asante-Afari, Dacosta Aboa-
gye, Joana Ansong, Sally-Ann Ohene.

References

1.  WHO G. Statement on the second meeting of the International Health Regulations (2005) Emergency
Committee regarding the outbreak of novel coronavirus (2019-nCoV). World Health Organization.
2020.

2. Maliszewska M, Mattoo A, Van Der Mensbrugghe D. The potential impact of COVID-19 on GDP and
trade: A preliminary assessment. World Bank Policy Research Working Paper. 2020(9211).

3. LiQ, GuanX, WuP,Wang X, Zhou L, Tong, et al. Early transmission dynamics in Wuhan, China, of
novel coronavirus—infected pneumonia. New England journal of medicine. 2020.

4. Gilbert M, Pullano G, Pinotti F, Valdano E, Poletto C, Boélle P-Y, et al. Preparedness and vulnerability
of African countries against importations of COVID-19: a modelling study. The Lancet. 2020; 395
(10227):871-7. https://doi.org/10.1016/S0140-6736(20)30411-6 PMID: 32087820

5. News B. Coronavirus in Africa tracker. Johns Hopkins University. 2022.

PLOS ONE | https://doi.org/10.1371/journal.pone.0276381 November 10, 2022 16/18


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0276381.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0276381.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0276381.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0276381.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0276381.s005
https://doi.org/10.1016/S0140-6736%2820%2930411-6
http://www.ncbi.nlm.nih.gov/pubmed/32087820
https://doi.org/10.1371/journal.pone.0276381

PLOS ONE

Associated factors of COVID-19 knowledge

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

Croda JHR, Garcia LP. Immediate health surveillance response to COVID-19 epidemic. SciELO Brasil;
2020.

Shereen Muhammad Adnan, Khan Suliman, Kazmi Abeer, Bashir Nadia, Siddique Rabeea. COVID
MAS. infection: Emergence, transmission, and characteristics of human coronaviruses. Journal of
Advanced Research. 2020; 24(3):91-8.

Afriyie DK, Asare GA, Amponsah SK, Godman B. COVID-19 pandemic in resource-poor countries:
challenges, experiences and opportunities in Ghana. The Journal of Infection in Developing Countries.
2020; 14(08):838—43.

Bewick S, Fagan WF, Calabrese J, Agusto F. Zika virus: Endemic versus epidemic dynamics and impli-
cations for disease spread in the Americas. BioRxiv. 2016:041897.

Zegarra-Valdivia J, Vilca BNC, Guerrero RJA. Knowledge, perception and attitudes in Regard to
COVID-19 Pandemic in Peruvian Population. 2020.

Day M. Covid-19: four fifths of cases are asymptomatic, China figures indicate. British Medical Journal
Publishing Group; 2020.

Al-Hanawi MK, Angawi K, Alshareef N, Qattan A, Helmy HZ, Abudawood Y, et al. Knowledge, attitude
and practice toward COVID-19 among the public in the Kingdom of Saudi Arabia: a cross-sectional
study. Frontiers in public health. 2020; 8:217. https://doi.org/10.3389/fpubh.2020.00217 PMID:
32574300

Chirwa GC. “Who knows more, and why?” Explaining socioeconomic-related inequality in knowledge
about HIV in Malawi. Scientific African. 2020; 7:e00213.

Chirwa GC. Socio-economic inequality in comprehensive knowledge about HIV in Malawi. Malawi Medi-
cal Journal. 2019; 31(2):104—11. https://doi.org/10.4314/mmj.v31i2.1 PMID: 31452842

Zhong B-L, Luo W, Li H-M, Zhang Q-Q, Liu X-G, Li W-T, et al. Knowledge, attitudes, and practices
towards COVID-19 among Chinese residents during the rapid rise period of the COVID-19 outbreak: a
quick online cross-sectional survey. International journal of biological sciences. 2020; 16(10):1745.
https://doi.org/10.7150/ijbs.45221 PMID: 32226294

Bondah EK, Agyemang DO. Factors predicting knowledge on COVID-19 misconceptions and percep-
tion of government efforts in Ghana: A cross-sectional study. International Journal of Scientific Reports.
2020; 6(9):340.

Cavana R, Delahaye B, Sekeran U. Applied business research: Qualitative and quantitative methods:
John Wiley & Sons; 2001.

Nkansah C, Serwaa D, Adarkwah LA, Osei-Boakye F, Mensah K, Tetteh P, et al. Novel coronavirus dis-
ease 2019: knowledge, practice and preparedness: a survey of healthcare workers in the Offinso-North
District, Ghana. The Pan African Medical Journal. 2020; 35(Suppl 2). https://doi.org/10.11604/pam].
supp.2020.35.2.23644 PMID: 33623603

Serwaa D, Lamptey E, Appiah AB, Senkyire EK, Ameyaw JK. Knowledge, risk perception and pre-
paredness towards coronavirus disease-2019 (COVID-19) outbreak among Ghanaians: a quick online
cross-sectional survey. The Pan African Medical Journal. 2020; 35(Suppl 2).

Saba CKS, Nzeh J, Addy F, Karikari AB. COVID-19: Knowledge, perceptions and attitudes of residents
in the Northern Region of Ghana, West Africa. 2020.

Daniel W. Biostatistics: A foundation for analysis in the health sciences. 7th (ed.) John Wiley and
Sons. Inc, New York. 2000:166-7.

Cheung KL, Peter M, Smit C, de Vries H, Pieterse ME. The impact of non-response bias due to sam-
pling in public health studies: a comparison of voluntary versus mandatory recruitment in a Dutch
national survey on adolescent health. BMC public health. 2017; 17(1):1-10.

World Health Organization ROfE, Denmark. Monitoring knowledge, risk perceptions, preventive behav-
iours and trust to inform pandemic outbreak response. 2020.

Olum R, Chekwech G, Wekha G, Nassozi DR, Bongomin F. Coronavirus disease-2019: knowledge,
attitude, and practices of health care workers at Makerere University Teaching Hospitals, Uganda.
Frontiers in public health. 2020; 8:181. https://doi.org/10.3389/fpubh.2020.00181 PMID: 32426320

Bazaid AS, Aldarhami A, Binsaleh NK, Sherwani S, Althomali OW. Knowledge and practice of personal
protective measures during the COVID-19 pandemic: A cross-sectional study in Saudi Arabia. PloS
one. 2020; 15(12):€0243695. https://doi.org/10.1371/journal.pone.0243695 PMID: 33306718

Baig M, Jameel T, Alzahrani SH, Mirza AA, Gazzaz ZJ, Ahmad T, et al. Predictors of misconceptions,
knowledge, attitudes, and practices of COVID-19 pandemic among a sample of Saudi population. PloS
one. 2020; 15(12):e0243526. https://doi.org/10.1371/journal.pone.0243526 PMID: 33296420

Paul A, Sikdar D, Hossain MM, Amin MR, Deeba F, Mahanta J, et al. Knowledge, attitudes, and prac-
tices toward the novel coronavirus among Bangladeshis: Implications for mitigation measures. PloS
one. 2020; 15(9):e0238492. https://doi.org/10.1371/journal.pone.0238492 PMID: 32877449

PLOS ONE | https://doi.org/10.1371/journal.pone.0276381 November 10, 2022 17/18


https://doi.org/10.3389/fpubh.2020.00217
http://www.ncbi.nlm.nih.gov/pubmed/32574300
https://doi.org/10.4314/mmj.v31i2.1
http://www.ncbi.nlm.nih.gov/pubmed/31452842
https://doi.org/10.7150/ijbs.45221
http://www.ncbi.nlm.nih.gov/pubmed/32226294
https://doi.org/10.11604/pamj.supp.2020.35.2.23644
https://doi.org/10.11604/pamj.supp.2020.35.2.23644
http://www.ncbi.nlm.nih.gov/pubmed/33623603
https://doi.org/10.3389/fpubh.2020.00181
http://www.ncbi.nlm.nih.gov/pubmed/32426320
https://doi.org/10.1371/journal.pone.0243695
http://www.ncbi.nlm.nih.gov/pubmed/33306718
https://doi.org/10.1371/journal.pone.0243526
http://www.ncbi.nlm.nih.gov/pubmed/33296420
https://doi.org/10.1371/journal.pone.0238492
http://www.ncbi.nlm.nih.gov/pubmed/32877449
https://doi.org/10.1371/journal.pone.0276381

PLOS ONE

Associated factors of COVID-19 knowledge

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Kassa AM, Mekonen AM, Yesuf KA, Tadesse AW, Bogale GG. Knowledge level and factors influencing
prevention of COVID-19 pandemic among residents of Dessie and Kombolcha City administrations,
North-East Ethiopia: a population-based cross-sectional study. BMJ open. 2020; 10(11):e044202.
https://doi.org/10.1136/bmjopen-2020-044202 PMID: 33191269

Abdelhafiz AS, Mohammed Z, Ibrahim ME, Ziady HH, Alorabi M, Ayyad M, et al. Knowledge, percep-
tions, and attitude of Egyptians towards the novel coronavirus disease (COVID-19). Journal of commu-
nity health. 2020; 45(5):881—90. https://doi.org/10.1007/s10900-020-00827-7 PMID: 32318986

Huynh G, Nguyen TNH, Vo KN, Pham LA. Knowledge and attitude toward COVID-19 among healthcare
workers at District 2 Hospital, Ho Chi Minh City. Asian Pacific Journal of Tropical Medicine. 2020; 13
(6):260.

Wake AD. Knowledge, attitude, practice, and associated factors regarding the novel coronavirus dis-
ease 2019 (COVID-19) pandemic. Infection and drug resistance. 2020; 13:3817. https://doi.org/10.
2147/IDR.S275689 PMID: 33149627

Adhena G, Hidru HD. Knowledge, attitude, and practice of high-risk age groups to Coronavirus Dis-
ease-19 prevention and control in Korem District, Tigray, Ethiopia: cross-sectional study. Infection and
Drug Resistance. 2020; 13:3801. https://doi.org/10.2147/IDR.S275168 PMID: 33122925

Erfani A, Shahriarirad R, Ranjbar K, Mirahmadizadeh A, Moghadami M. Knowledge, attitude and prac-
tice toward the novel coronavirus (COVID-19) outbreak: a population-based survey in Iran. Bull world
Health organ. 2020; 30(10.2471):10.2471.

Hocking A, Laurence C, Lorimer M. Patients’ knowledge of their chronic disease: The influence of
socio-demographic characteristics. Australian family physician. 2013; 42(6):411-6. PMID: 23781550

Stangier U, Kananian S, Schiller J. Perceived vulnerability to disease, knowledge about COVID-19,
and changes in preventive behavior during lockdown in a German convenience sample. Current psy-
chology. 2021:1-9.

Al-Mohrej OA, Al-Shirian SD, Al-Otaibi SK, Tamim HM, Masuadi EM, Fakhoury HM. Is the Saudi public
aware of Middle East respiratory syndrome? Journal of infection and public health. 2016; 9(3):259-66.
https://doi.org/10.1016/j.jiph.2015.10.003 PMID: 26589657

Honarvar B, Lankarani KB, Kharmandar A, Shaygani F, Zahedroozgar M, Rahmanian Haghighi MR,
et al. Knowledge, attitudes, risk perceptions, and practices of adults toward COVID-19: a population
and field-based study from Iran. International journal of public health. 2020; 65(6):731-9.

PLOS ONE | https://doi.org/10.1371/journal.pone.0276381 November 10, 2022 18/18


https://doi.org/10.1136/bmjopen-2020-044202
http://www.ncbi.nlm.nih.gov/pubmed/33191269
https://doi.org/10.1007/s10900-020-00827-7
http://www.ncbi.nlm.nih.gov/pubmed/32318986
https://doi.org/10.2147/IDR.S275689
https://doi.org/10.2147/IDR.S275689
http://www.ncbi.nlm.nih.gov/pubmed/33149627
https://doi.org/10.2147/IDR.S275168
http://www.ncbi.nlm.nih.gov/pubmed/33122925
http://www.ncbi.nlm.nih.gov/pubmed/23781550
https://doi.org/10.1016/j.jiph.2015.10.003
http://www.ncbi.nlm.nih.gov/pubmed/26589657
https://doi.org/10.1371/journal.pone.0276381

