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Abstract

Introduction

COVID-19 poses significant health and economic threat prompting international firms to rap-
idly develop vaccines and secure quick regulatory approval. Although COVID-19 vaccina-
tion priority is given for high-risk individuals including healthcare workers (HCWs), the
success of the immunization efforts hinges on peoples’ willingness to embrace these
vaccines.

Objective

This study aimed to assess HCWs intention to be vaccinated against COVID-19 and the rea-
sons underlying vaccine hesitancy.

Methods

A cross-sectional survey was conducted among HCWs in Addis Ababa, Ethiopia from
March to July 2021. Data were collected from eligible participants from 18 health facilities
using a pre-tested semi-structured questionnaire. Data were summarized using descriptive
statistics and multivariable logistic regression was performed to explore factors associated
with COVID-19 vaccine hesitancy. A p<0.05 was considered statistically significant.

Results

A total of 614 HCWs participated in the study, with a mean age of 30.57+6.87 years. Nearly
two-thirds (60.3%) of HCWs were hesitant to use the COVID-19 vaccine. Participants under
the age of 30 years were approximately five times more likely to be hesitant to be vaccinated
compared to those over the age of 40 years. HCWs other than medical doctors and/or
nurses (AOR = 2.1; 95%Cl; 1.1, 3.8) were more likely to be hesitant for COVID-19 vaccine.
Lack of believe in COVID-19 vaccine benefits (AOR = 2.5; 95%Cl; 1.3, 4.6), lack of trust in
the government (AOR = 1.9; 95%CI; 1.3, 3.1), lack of trust science to produce safe and
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effective vaccines (AOR = 2.6; 95%Cl; 1.6, 4.2); and concern about vaccine safety (AOR =
3.2; 95%Cl; 1.9, 5.4) were also found to be predictors of COVID-19 vaccine hesitancy.

Conclusion

COVID-19 vaccine hesitancy showed to be high among HCWs. All concerned bodies includ-
ing the ministry, regional health authorities, health institutions, and HCWs themselves
should work together to increase COVID-19 vaccine uptake and overcome the pandemic.

Introduction

The COVID-19 pandemic is worldwide public health, social and economic threat for which
efforts have been made to prevent and control the spread around the globe. As of November
08, 2021, more than 250 million COVID-19 cases and 5.06 million deaths were reported
worldwide and 6.1 million cases and 150,636 deaths in Africa. Similarly in Ethiopia, since the
first COVID-19 case was reported on March 13, 2020, about 367,000 cases and 6551 deaths
were reported [1, 2]. Similar to the global situation, the pandemic had a significant impact on
Ethiopia’s economy; in the best-case scenario, the pandemic is predicted to lower GDP by
6.5%; and in the worst-case scenario, the pandemic might reduce GDP by 16.7% [3].

As there are no specific treatment options available for COVID-19 infection other than the
World Health Organization (WHO) recommended public health measures, vaccine develop-
ment has hastened at an unprecedented pace to control the pandemic. Different countries,
research institutes, universities and other concerned organizations have been working to
urgently develop and deploy safe and effective vaccines as part of the critical intervention of
this pandemic [1-3].

The smallpox vaccine against the deadly contagious smallpox virus was the first vaccine
developed in 1796 by the British doctor Edward Jenner. Since then, vaccines have saved mil-
lions of lives every year [4]. However, the speed for the invention of a vaccine against COVID-
19 has been much quicker than any other vaccine invented in the past [5]. Numerous success-
ful vaccines against COVID-19 have already been publicized and were approved for emer-
gency use in some countries within a year. According to WHO’s report, there are currently
more than 60 COVID-19 vaccine candidates in clinical development and over 170 in the pre-
clinical stage [6]. Among other COVID-19 vaccines, Pfizer-BioNTech, Moderna’s and Astra
Zeneca are the first three vaccines to be approved as safe and effective vaccines for emergency
use by WHO’s Emergency Use Listing (EUL) and are being distributed and administered
across several countries [7]. Ethiopia is one of the 92 countries eligible for donor-funded doses
of COVID-19 vaccines through COVAX (COVID-19 Vaccines Global Access), a global initia-
tive aimed at accelerating vaccine development and ensuring equitable access to all countries
[6, 8]. As a result, Ethiopia has received the first shipment of 2.2 million doses of AstraZeneca
vaccines produced by the Serum Institute of India through COVAX on March 06, 2021. The
Ethiopian Ministry of Health prepared guideline for COVID-19 vaccination and launched on
March 13, 2021 in a high-level national event held at Eka Kotebe COVID-19 hospital where
frontline HCWSs were vaccinated to mark the beginning of the vaccination campaign. The
main priority of Ethiopia’s COVID-19 vaccination program was for frontline HCWs and
other vulnerable populations such as the elderly population. Vaccination cascaded to other
healthcare facilities given they fulfill the predefined criteria such as establishment of taskforce
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to manage the vaccination program, availability of trained nurses to administer the vaccine
and pharmacists to monitor any adverse drug events [8].

As COVID-19 vaccines continue to be distributed and administered in many countries
including Ethiopia, hesitation towards the vaccine is becoming a challenge and barrier to
cover a large proportion of the vulnerable population. In fact, the WHO has identified vaccine
hesitancy as one of the top ten threats to global health in 2019 [9, 10]. The SAGE working
group has defined vaccine hesitancy as “delay in acceptance or refusal of vaccination despite
the availability of vaccination services.” Studies showed that vaccine hesitancy is complex and
context specific, varying across time, place and vaccine type and influenced by factors such as
complacency, convenience and confidence [11]. Hence, the purpose of this study was to assess
COVID-19 vaccination hesitancy and associated factors among HCW's working at Addis
Ababa healthcare facilities in Ethiopia.

Methods and materials

Study area

This study was conducted in Addis Ababa, the capital city of Ethiopia and headquarters of the
African Union. The city has an estimated population of more than five million. Administra-
tively, the city is divided into 10 sub-cities and 116 woredas. Addis Ababa hosts 13 public hos-
pitals, 25 private hospitals, 97 public health centers, 179 primary, 458 medium and 343
specialty clinics [12].

Study design and participants

An institutional-based cross-sectional survey was conducted from March 01 to 10, 2021. Ethi-
opia got the first shipment of the vaccine on March 6 and vaccination of HCWs was launched
on March 13, 2021, which was after our data collection. The source and study population for
this study were all health care providers working in public and private healthcare facilities of
Addis Ababa. Healthcare providers who were present at the time of data collection and willing
to participate were included in the study.

Sample size and participant recruitment

The sample size was determined using a formula for single population proportion [13], with
the assumption that overall 50% HCWSs do not intend to receive any the COVID-19 vaccine
and a 5% margin of error. Adding a design effect of 1.5, the final sample size was calculated to
be 634. We purposively selected a total of 18 hospitals (10 public and eight private hospitals)
and predetermined sample size was allocated to all health facilities. Participants who met the
study’s inclusion criteria were invited to participate, and data collection continued until each
health facility achieved the required sample size.

Data collection instruments and procedure

Data were collected using a self-administered semi-structured questionnaire (S1 File) that was
developed by reviewing different literature [9, 11, 14, 15]. The questionnaire has five sections:
participants’ socio-demographic characteristics, COVID-19 infection history, perceived con-
cern about COVID-19 infection, attitude towards COVID-19 vaccine and perceived concerns
towards the vaccine. The questionnaire was pretested on the study sites among 20 HCWs to
assess its clarity, applicability, and ability to really assess what the study wanted to measure.
Measurements and responses were crosschecked for missed values, irregularities, inconsisten-
cies, and corrective measures were taken as required.
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Data analysis

The collected data were thoroughly reviewed for completeness and consistency before being
coded. Epi Info version 7.2.4 was used for data entry and SPSS version 23 was used for data
analysis. Descriptive statistics such as mean, frequency and percentage were used to present
participants’ characteristics. Associations between the outcome variable (COVID-19 vaccine
hesitancy) and explanatory variables were tested using multivariable logistic regression. All
clinically important variables were included for the multivariable logistic regression model. A
p<0.05 was considered statistically significant. The results of all the logistic regression analyses
are reported as odds ratios (OR) with 95% confidence intervals (95%Cls).

Ethical considerations

The study was conducted according to the guidelines of the Declaration of Helsinki and ethical
clearance was obtained from Addis Ababa Regional Health Bureau (Protocol #: A/A/m./9634/
227) and permission was secured from respective healthcare facilities. Written informed con-
sent was obtained from all study participants after explaining the objective of the study. Privacy
and confidentiality of collected information were ensured at all levels using de-identification,
password-protected computer and storing of questionnaires in a lockable cabinet.

Results
Socio-demographic characteristics of the study population

Table 1 shows the socio-demographic characteristics of the participants. A total of 614 HCWs
(with a response rate of 96.8%) participated in this study. Most (350, 57.0%) of the participants
were <30 years old (mean age of 30.57 + 6.87 years), unmarried (357, 58.1%) and Orthodox
Christians (383, 62.6%). The majority (488, 79.5%) of participants were first-degree holders
with 1-5 years of work experience (394, 64.2%) and were working in the Emergency (143,
23.3%) and medical wards (124, 20.2%). Only a few (60, 9.8%) of them reported that they had
chronic medical conditions, of which diabetes accounted for the greater proportion (23,
39.0%) followed by hypertension (10, 16.9%).

Exposure to COVID-19 infection

As indicated in Table 2, the majority (434, 70.7%) of the HCWSs had contact with COVID-19
infected patients while 348 (56.8%) of them stated that they had contact with COVID-19
infected family members/friends. More than half (332, 54.2%) of the participants had prior
experience of caring for or treating COVID-19 patients. Despite their exposure, most HCWs
(435, 71.2%) who took part in this study did not contract COVID-19.

Healthcare providers perceived worries about COVID-19 pandemic

Table 3 summarizes the HCWSs perceived worries about the COVID-19 pandemic. Due to the
nature of their work at the hospital during the COVID-19 pandemic, 549 (91.9%) of respon-
dents were either somewhat or extremely worried about their health. The majority (333,
55.1%) of HCWs reported that they were extremely worried about the potential risk of
COVID-19 to their family, loved ones or others as a result of their roles in the hospital than
they were about their own health (174, 29.1%). Regarding the potential risk of becoming
infected with COVID-19 due to their roles in the hospital, most were somewhat worried (350,
57.9%) followed by extremely worried (229, 37.9%).
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Table 1. Socio-demographic characteristics of study participants.

Variables N (%)
Age (in years)

<30 350 (57.0)

30-40 211 (34.4)

>40 53 (8.6)
Gender

Male 298 (48.5)

Female 316 (51.5)
Marital status

Married 257 (41.9)

Unmarried 357 (58.1)
Religion

Orthodox Christian 383 (62.6)

Muslim 102 (16.7)

Protestant Christian 102 (16.7)

Catholic Christian 8(1.3)

Others® 17 (2.7)
Working institution

Government hospital 429(69.9)

Private Hospital 185(30.1)
Profession type

Medical doctors 168 (27.4)

Nurses and Midwives 257 (41.9)

Other HCWs" 189 (30.8)
Educational status in health sciences

Diploma 39 (6.4)

First degree 488 (79.5)

Postgraduate 87 (14.2)
Work experience (in years)

<5 394 (64.2)

6-10 154 (25.1)

>10 66 (10.7)
Primary work unit

Emergency 52 (8.5)

COVID-19 management unit 91(14.8)

Surgical ward 31 (5.0)

Medical ward 124 (20.2)

Intensive care unit 37 (6.0)

Gynecology and Obstetrics ward 81(13.2)

Others® 198 (32.2)
Presence of confirmed chronic illness

Yes 60 (9.8)

No 554 (90.2)
Type of chronic illness

Hypertension 10 (16.9)

Diabetes Mellitus 23 (39.0)

(Continued)
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Table 1. (Continued)

Variables N (%)
Others? 27 (44.1)

*Atheist, Waqefetta,
® Anesthetic technician, Medical laboratory technologists, Pharmacists, X-ray technicians,
“Imaging unit, Laboratory, Pharmacy,

dCongestive heart failure, Chronic Asthma, Psychiatric illness

https://doi.org/10.1371/journal.pone.0261125.t001

Attitude of healthcare workers towards COVID-19 vaccine

As shown in Table 4, a total of 416 (67.9%) participants reported that they had received another
vaccine at their adult age. When asked if they would be willing to be vaccinated when the vac-
cine became accessible, 65% said they would be certainly or probably willing. In terms of tim-
ing, approximately 40% of respondents indicated that they would be willing to be vaccinated as
soon as it became available. However, roughly 38% of HCWs preferred to wait a few months
before taking the vaccine. Likewise, nearly 38% of participants intended to recommend the vac-
cine to their patients/ clients and the general public, whereas about 12% of them were unwilling
to do so because they believed that COVID-19 shots vaccines are harmful and worthless.

Most of the participants (275, 45.2%) agreed that acquiring natural immunity against infec-
tious disease (by contracting the disease) is better than vaccination. Almost a quarter (163,
26.7%) of participants wrongly believed that COVID-19 vaccines contain live viruses that may
cause infection. During the survey, more than half (342, 56.0%) HCWs did not get training on
COVID-19. On the other hand, HCWSs’ decision to take or not take the vaccination was mostly
influenced by information obtained from electronic or printed media (244, 39.8%) followed by
vaccine producers (164, 26.8%).

Perceived concerns of COVID-19 vaccine

A summary of HCWS’ perceived concerns about the COVID-19 vaccine are presented in
Table 5. Only a few HCWs agreed that the currently available COVID-19 vaccines are safe
(124, 20.2%) and efficacious (117, 19.2%). About half (306, 50.0%) of respondents were con-
cerned about the vaccines’ safety and 279(45.7%) respondents voiced their concern about the
efficacy of the vaccines. Nearly half of HCWs were concerned about the potential short- and

Table 2. Exposure status of healthcare providers to COVID-19 infection.

Variable Response N (%)
Previous contact with COVID-19 infected patient Yes 434 (70.7)
No 101 (16.4)
Not sure 79 (12.9)
Previous contact with COVID-19 positive family member or friend Yes 348 (56.8)
No 233 (38.0)
Not remembered 32(5.2)
Caring and/or treating COVID-19 patients Yes 332 (54.2)
No 280 (45.8)
Being infected with laboratory confirmed COVID-19 disease Yes 176 (28.8)
No 435 (71.2)

https://doi.org/10.1371/journal.pone.0261125.t002
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Table 3. Healthcare providers perceived worries about COVID-19 pandemic.

Variable Response N (%)
Extent of worry about personal health due to roles in the hospital during COVID-19 pandemic Extremely worried 174 (29.1)
Somewhat worried 375 (62.8)
Not worried at all 48 (8.0)
Extent of worry about the potential risk of becoming infected with COVID-19 due to roles in the hospital Extremely worried 229 (37.9)
Somewhat worried 350 (57.9)
Not worried at all 25(4.1)
Extent of worry about the potential risk of COVID-19 to one’s family, loved ones or others due to roles in the hospital Extremely worried 333 (55.1)
Somewhat worried 242 (40.1)
Not worried at all 29 (4.8)

https://doi.org/10.1371/journal.pone.0261125.t003

long-term negative effects of the vaccine, while 26% were concerned about the risk of COVID-
19 infection as a result of the vaccine. Most (254, 41.5%) of the respondents agreed that the
COVID-19 vaccines’ adverse effects are acceptable to them. Yet, 216(35.3%) were unsure
whether the adverse effects of the vaccines are acceptable or not. The majority (317, 51.9%) of
HCWs stated that they have no medical contraindications to COVID-19 vaccines. More than
half (58.4%) of respondents said they trust science to develop safe and effective vaccines. Aside
from that, 244 (39.9%) of respondents were unsure whether they trusted the Ministry of Health
to assure vaccine safety.

Factors associated with COVID-19 vaccine hesitancy

As shown in Table 6, the logistic regression analysis revealed that age, years of work experi-
ence, profession type, working department/unit, belief in the benefits of COVID-19 vaccine,
perception of naturally acquired immunity versus vaccine immunity, trust in the Ministry of
Health, trust in science, perception of COVID-19 vaccine safety, and perceived risks of
COVID-19 vaccine were significantly associated with COVID-19 vaccine hesitancy. However,
sex, marital and educational status, history of confirmed COVID-19 infection and presence of
comorbidities were not associated with vaccine hesitancy.

When compared to those aged >40 years, HCWs aged <30 years were more than five times
(AOR =5.3;95%CI; 2.0, 14.1) more likely to be hesitant to COVID-19 vaccine. Similarly,
HCWs between the age of 30-40 years were about four times (AOR = 4.7; 95%CI; 1.9, 11.9)
more likely to be hesitant towards COVID-19 vaccine compared to their counterparts. HCWs
other than medical doctors and/or nurses (AOR = 2.1; 95%CI; 1.1, 3.8) were more hesitant to
COVIDD-19 vaccine compared to medical doctors. Those with >10 years of work experience
(AOR = 0.40; 95%CI; 0.1, 0.9), and those who had been working at the Emergency Department
(AOR =0.3; 95%CI; 0.1, 0.9) were less hesitant to receive the COVID-19 vaccine compared to
their counterparts. Healthcare providers who agreed with the statement “I do not believe
COVID-19 vaccine will benefit me because I have strong immunity” were more likely to be
hesitant to COVID-19 vaccine compared to their peers (AOR = 2.5; 95%Cl; 1.3, 4.6). Likewise,
hesitancy to COVID-19 vaccine was higher among HCWs who agreed with the statement
“acquiring immunity naturally (by contracting the disease) is better than via vaccination)
(AOR = 1.6; 95%CI; 1.1, 2.4).

Participants who did not trust the Ministry of Health to assure the safety of COVID-19 vac-
cine were nearly two times (AOR = 1.9; 95%CI; 1.3, 3.1) more likely to be hesitant of taking
the vaccine than their counterparts. Higher odds of vaccine hesitancy (AOR = 2.6; 95%CI; 1.6,
4.2) was also found among participants who do not trust science to produce safe and effective
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Table 4. Attitude of healthcare providers towards COVID-19 vaccine.

Variable Response N (%)
Willingness to be vaccinated with the COVID-19 vaccine when it becomes accessible Yes, certainly 227 (37.0)
Yes, probably 172 (28.0)
No, probably not 107 (17.4)
No, certainly not 54 (8.8)
Do not know 54 (8.8)
Time to take the COVID-19 vaccine I will take a shot as soon as possible 242 (39.4)
I will delay getting it for a few months 236 (38.4)
I will never take the vaccine 136 (22.2)
Willingness to recommend the COVID-19 vaccine once it is accessible to the public to patients/ | Yes, certainly 230 (37.5)
clients and other community members Yes, probably 219 (35.7)
No, probably not 71 (11.6)
No, certainly not 41 (6.7)
Do not know 53 (8.6)
Belief about COVID-19 vaccines COVID-19 vaccine is the most likely way to stop this 241 (42.4)
pandemic
The best way to avoid the complications of COVID-19 is | 260 (45.8)
to be vaccinated
COVID-19 vaccines are harmful and useless 67 (11.8)
It is preferable to acquire immunity against infectious disease naturally (by having the disease) | Agree 275 (45.2)
than by vaccination Disagree 233 (38.3)
Do not know 100 (16.4)
Best sources of information about COVID-19 and its vaccines? Social media 326 (53.4)
The government websites 116 (19.0)
Television/Radio 54 (8.9)
Telecommunication (text and voice message) 13 (2.1)
Peer 30 (4.9)
Religious place 16 (2.6)
Others® 55 (9.0)
Ever receipt of any vaccine at adult age Yes 416 (67.9)
No 156 (25.4)
Not sure 41 (6.7)
The COVID-19 vaccine contains live viruses that may cause some people to get COVID-19 Agree 163 (26.7)
disease Disagree 230 (37.6)
Unsure 218 (35.7)
Getting vaccinated against COVID-19 is important to protect patients Agree 380 (62.6)
Disagree 89 (14.7)
Unsure 138 (22.7)
Most influencing factor to take or not to take the COVID-19 vaccine Religious views 76 (12.4)
Information or advice from peers 95 (15.5)
Information from vaccine producers 164 (26.8)
Information from media® 244 (39.8)
Others® 34 (5.5)
Received training on COVID-19 Yes 269 (44.0)
No 342 (56.0)
“Information obtained from Peer-reviewed research papers,
PElectronic such as TV, Radio, social media and printed or electronic newspapers,
“Already infected and improved, perceived vulnerability in contracting the infection
https://doi.org/10.1371/journal.pone.0261125.t004
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Table 5. Perceived concerns of healthcare providers regarding COVID-19 vaccine.

Variable
Currently available COVID-19 vaccines are safe

Currently available COVID-19 vaccines are effective

Concerned about the safety of the COVID-19 vaccine

Concerned about the efficacy of the COVID-19 vaccine

If you are concerned about the safety and efficacy of the vaccine, what

kind of risks are you concerned about?

The side effects of COVID-19 vaccine are not acceptable to me

I don’t believe that COVID-19 immunization will benefit me because I

have good immunity

Presence of medical contradiction to COVID-19 vaccine

I trust science to develop safe and effective vaccines

I trust the ministry of health to ensure the safety of COVID-19 vaccine

https://doi.org/10.1371/journal.pone.0261125.t005

Response
Agree
Disagree
Unsure
Agree
Disagree
Unsure
Yes

No

I need more information on the safety of COVID-19 vaccine before a decision
is made as to whether to receive it or not.

Yes
No

Need more information before a decision is made as to whether to receive it or
not.

It may not provide short- and/or long-term protection
The potential short- and long-term side effects

Risk of COVID-19 infection due to COVID-19 vaccine itself
Agree

Disagree

Unsure

Agree

Disagree

Unsure

Yes

No

Unsure

Yes

No

Not sure

Yes

No

Not sure

N (%)

124 (20.2)
106 (17.3)
384 (62.5)
117 (19.2)
84 (13.8)
407 (66.9)
306 (50.0)
79 (12.9)
227 (37.1)

279 (45.7)
95 (15.5)
238 (38.8)

97 (25.5)

185 (48.6)
99 (26.0)

142 (23.2)
254 (41.5)
216 (35.3)
95 (15.5)

356 (58.0)
163 (26.5)
96 (15.7)

317 (51.9)
198 (32.4)
358 (58.4)
70 (11.4)
186 (30.2
225 (36.8
143 (23.4
244 (39.9

- | | =

vaccines. Healthcare providers who disagreed with the statement that “COVID-19 vaccines are
safe” were more likely to be hesitant to COVID-19 vaccine (AOR = 3.2; 95%CI; 1.9, 5.4) than
their counterparts. Higher odds (AOR = 1.5; 95%CI; 1.1, 2.3) of hesitancy was also found for
HCWs who expressed their concern about the risks of COVID-19 vaccine.

Discussion

The COVID-19 pandemic became a serious threat to the world ever since WHO declared it as
a global pandemic on the 11™ of March 2020. Since then, efforts have been made to control the
pandemic from spreading and causing severe illness and death toll. Vaccine development was
part of this endeavor, and the COVID-19 vaccine was distributed to Ethiopia and other LMICs
under the COVAX worldwide program [16]. However, vaccine hesitancy remains a major
public health problem and becoming a barrier to the prevention and containment of the pan-
demic [9, 14, 17]. This study aimed to assess healthcare professionals’ COVID-19 vaccine hesi-
tancy and identify factors aggravating vaccine hesitancy in Ethiopia.
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Table 6. Variables associated with COVID-19 vaccine hesitancy.

Variable Hesitant to take vaccine, N (%) COR (95%CI) AOR (95%CI)
No ‘ Yes

Sex

Male 108(44.6) 208(55.9) 1.00 1.00

Female 134(55.4) 164(44.1) 1.6(1.1,2.2)* 1.3(0.8, 1.9)
Marital status

Married 109(45.0) 148(39.8) 1.00 1.00

Unmarried 133(55.0) 224(60.2) 1.2(0.9, 1.7) 1.1(0.7, 1.7)
Age category

< 30 years 125(51.7) 225(60.5) 3.0(1.6, 5.4) 5.3(2.0, 14.1)*

30-40 years 84(34.7) 127(34.1) 2.5(1.3, 4.6) 4.7(1.9,11.9)*

>40 years 33(13.6) 20(5.4) 1.00 1.00
Level of education

Diploma 13(5.0) 26(7.0) 1.00 1.00

First degree 190(79.5) 298(80.6) 0.8(0.4, 1.5) 0.8(0.3, 1.8)

Postgraduate 39(15.5) 48(12.4) 0.7(0.3,1.3) 1.3(0.5, 3.6)
Years of work experience

1-5 147(61.3) 247(67.9) 1.00 1.00

6-10 68(28.3) 86(23.6) 0.75(0.52,1.10) 0.58(0.24, 1.45)

>10 27(10.4) 39(8.5) 0.74(0.42,1.30) 0.40(0.20,0.98)*
Profession

Medical doctors 85(22.8) 83(22.3) 1.00 1.00

Nurse and midwives 91(24.5) 166(44.6) 1.9(1.3,2.8) 1.2(0.7,2.0)

Other HCWs ? 66(17.7) 123(33.1) 1.9(1.2,2.9) 2.1(1.1, 3.8)*
Working area

Surgical ward 9(3.7) 22(5.9) 1.00 1.00

Medical ward 51(21.1) 73(19.6) 0.6(0.3, 1.4) 0.6(0.2, 1.5)

Intensive care unit 17(7.0) 20(5.4) 0.5(0.2, 1.3) 0.4(0.1, 1.5)

COVID-19 management unit 30(12.4) 61(16.4) 0.8(0.3, 2.0) 0.7(0.3,2.1)

Gynecology/Obstetrics 33(13.6) 48 (12.9) 0.6(0.2, 1.5) 0.4(0.1, 1.1)

Emergency 23(9.5) 29(7.8) 0.5(0.2,1.3) 0.3(0.1, 0.9)*

Others® 79(32.6) 119(31.9) 0.6(0.3,1.4) 2.1(1.1, 3.8)*
History of laboratory confirmed COVID-19 infection

Yes 75(31.1) 101(27.3) 1.00 1.00

No 166(68.9) 269(72.7) 1.2(0.8,1.7) 1.3(0.9,2.1)
Do not believe COVID-19 vaccine will benefit me

Agree 23(9.5) 72(19.5) 2.3(1.4,3.8) 2.5(1.3, 4.6)*

Disagree 219(90.5) 298(80.5) 1.00 1.00
Acquiring immunity naturally (by contracting the disease) is better than by vaccination

Agree 90(37.5) 185(50.3) 1.7(1.2,2.4) 1.6(1.1, 2.4)*

Disagree 150(62.5) 183(49.7) 1.00 1.00
Trust in Ministry of health on the safety of the vaccine

Yes 133(55.2) 93(24.8) 1.00 1.00

No 108(44.8) 279(75.2) 3.7(2.6,5.3) 1.9(1.3,3.1)*
Trust in science to develop safe and effective vaccine

Yes 185(76.5) 174(46.6) 1.00 1.00

No 57(23.5) 198(53.4) 3.7(2.6,5.3) 2.6(1.6,4.2)**
COVID vaccines are safe

(Continued)
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Table 6. (Continued)

Variable

Agree
Disagree
Concern about the risk of COVID vaccine
Yes
No

Hesitant to take vaccine, N (%) COR (95%CI) AOR (95%CI)
No Yes

85(35.1) 39(10.5) 1.00 1.00
157(64.9) 333(89.5) 4.6(3.0,7.1) 3.2(1.9, 5.4)**
148(61.2) 255(68.4) 1.4(0.9,1.9) 1.5(1.1, 2.3)*
94(38.8) 117(31.6) 1.00 1.00

*Anesthetic technician, Medical laboratory technologists, Pharmacists, X-ray technicians,

®Pharmacy, laboratory, imaging unit;
*p<0.05,
**p<0.0001

https://doi.org/10.1371/journal.pone.0261125.t006

Healthcare providers play a critical role in the control and prevention of COVID-19 as
frontline workers in treating patients, providing information on preventive measures as well as
setting themselves as role models to the community. Despite the fact that HCWs were given
priority for vaccination due to their increased risk of infection, a significant COVID-19 vac-
cine hesitancy was reported in many countries which ranged from 8% in the USA to 72.7% in
Democratic Republic of Congo [18-27]. Similarly, in our survey, COVID-19 vaccine hesitancy
among HCWs was 60.9% which is almost similar to studies conducted among HCWs in the
Southern Ethiopia [24] and the general Ethiopian population (68.6%) [25]. Furthermore,
when compared to studies conducted in the USA, Saudi Arabia, and China [18, 20, 23], the
higher prevalence of COVID-19 vaccine hesitancy observed in our study could be explained
by the fact that the vast majority HCW's were unsure about the vaccine’s safety and effective-
ness and they preferred natural immunity over COVID-19 vaccines.

The most influencing factors to take or not to take the COVID-19 vaccine in our study
were different pieces of information from different media platforms (39.8%), vaccine produc-
ers (26.8%), information or advice from pears (15.5%) and religious views (12.4%). The lack of
effective information communication strategies could be damaging as the vast majority of
study participants stated that social media was their primary source of information, which
could expose them to false and misleading information. This is supported by the fact that
almost a quarter of participants wrongly believed that COVID-19 vaccines contain live viruses
capable of causing infection [28-31].

Compared to a study done in the USA (69%) [20], relatively higher concern on the safety of
COVID-19 vaccine (89.5%) was reported in this study. However, our finding mirrors with
studies conducted in the USA, China, Democratic Republic of Congo, and Malta that long and
short-term side effects and efficacy of the vaccine, and the possibility to get COVID-19 infec-
tion from the vaccine itself associated with the speed at which the vaccines produced were
mentioned by the participants as main concerns and additional reasons for vaccine hesitancy.
On the other hand, factors such as lack of awareness about the vaccines, inadequate training
and communication about the COVID-19 vaccines safety and efficacy by the concerned bodies
were reported as factors contributing to vaccine hesitancy [18-27]. Hence, building trust
regarding the ability of the government and other concerned bodies is crucial. Thus, to
increase vaccine uptake and acceptance, the Ethiopian Ministry of Health and other concerned
bodies should build strategies such as organize intercultural health advocating sessions for
HCWs and the community, increasing knowledge and skill of health advocators in terms of
vaccine information and interpersonal communication, engage key community leaders in the
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information provision, engage vaccine users (HCWs and the community) in providing agreed
vaccination information and make informed decisions, engage HCWs in an empathic way and
design different vaccine related information communication platforms [32, 33].

Our study showed that younger age and less experienced HCWs had higher odds of vaccine
hesitancy compared to those relatively older and more experienced professionals. This could
be owing to the active engagement of young HCWs in various social media platforms, which
are mostly disseminating negative rumors from unreliable sources [26] and the perceived
lesser vulnerability to the infection [20, 30, 31]. In our study, the vast majority of study partici-
pants stated that social media was their primary source of information, which could expose
them to false and misleading information. Indeed, misleading information regarding COVID-
19 vaccinations is quickly circulating on social media, and these erroneous comments about
COVID-19 vaccines can have a significant impact on ongoing vaccination campaigns and can
pose a threat to global public health [28, 30, 31].

The present study revealed that participants’ profession and working area/unit were associ-
ated with COVID-19 vaccine hesitancy. HCWs other than medical doctors and/or nurses (i.e.
laboratory technologists, radiography technologists, and pharmacy professionals) were found
to be more hesitant to take COVID-19 vaccine. In contrary, in another study, nurses had a
higher vaccine hesitancy or lower intention to be vaccinated than physicians [25]. Likewise,
those who have been working in the pharmacy, laboratory and imaging were more hesitant to
get the vaccine. On the other hand, HCWs in the emergency department were more willing to
be vaccinated. Our findings mirror other studies that those who had a relatively lower direct
patient contact have a reduced perceived risk of COVID-19 infection exposure and worrisome
[20, 22, 25, 27].

Our study has some limitations. Due to the cross-sectional nature of the study, a causal rela-
tionship between COVID-19 vaccine hesitancy and predictors cannot be established. The
study participants were also selected using purposive sampling and there might be a selection
bias. However, we recruited a large sample size that will improve the power of accuracy. More-
over, our study included HCWs working at various units of both public and private healthcare
facilities that is something that has not been thoroughly researched in Ethiopia. Despite these
limitations, this study addresses a timely and relevant researched question that has received lit-
tle attention in Ethiopia and other LMICs. Thus, the findings can be used as an input to devise
interventional strategies to minimize vaccine hesitancy and boost uptake by HCWs who are
the gatekeepers in the healthcare system, which ultimately could have a significant impact on
COVID-19 prevention and containment in the country.

Conclusions

The overall COVID-19 vaccine hesitancy among HCWs in Addis Ababa, Ethiopia was found
to be high compared to studies reported elsewhere but comparable to vaccine hesitancy
among the general population in Ethiopia. Being younger age, HCWSs other than medical doc-
tors and/or nurses, belief regarding acquired immunity is superior than vaccination, negative
perception on the safety of COVID-19 vaccine, lack of trust in science to produce safe and
effective vaccines, lack of trust in the Ministry of Health and concern about risks of COVID-19
vaccine were identified as significant factors contributing to increased hesitancy against
COVID-19 vaccine. The intention to take COVID-19 vaccine was higher among HCWs work-
ing in the Emergency department but lower in those working in the pharmacy, laboratory and
imaging units.

PLOS ONE | https://doi.org/10.1371/journal.pone.0261125 December 17, 2021 12/15


https://doi.org/10.1371/journal.pone.0261125

PLOS ONE

Healthcare workers COVID-19 vaccine hesitancy in Ethiopia

Supporting information

S1 File. Data collection tool.
(DOCX)

$2 File. A minimally anonymized data set.
(XLSX)

Acknowledgments

The authors would like to thank all the study participants for their time and willingness to par-
ticipate in the study. We also would like to express our sincere gratitude to the respective
healthcare facility managers and the data collectors for their assistance throughout the study
period.

Author Contributions

Conceptualization: Rihanna Mohammed, Atalay Mulu Fentie, Gebremedhin Beedemariam
Gebretekle.

Data curation: Rihanna Mohammed, Atalay Mulu Fentie.
Formal analysis: Atalay Mulu Fentie.

Investigation: Rihanna Mohammed, Atalay Mulu Fentie, Gebremedhin Beedemariam
Gebretekle.

Methodology: Rihanna Mohammed, Teklehaimanot Mezgebe Nguse, Bruck Messele Habte,
Atalay Mulu Fentie, Gebremedhin Beedemariam Gebretekle.

Supervision: Teklehaimanot Mezgebe Nguse, Bruck Messele Habte, Atalay Mulu Fentie, Geb-
remedhin Beedemariam Gebretekle.

Validation: Bruck Messele Habte, Atalay Mulu Fentie, Gebremedhin Beedemariam
Gebretekle.

Visualization: Rihanna Mohammed, Teklehaimanot Mezgebe Nguse, Atalay Mulu Fentie,
Gebremedhin Beedemariam Gebretekle.

Writing - original draft: Rihanna Mohammed, Atalay Mulu Fentie.

Writing - review & editing: Rihanna Mohammed, Teklehaimanot Mezgebe Nguse, Bruck
Messele Habte, Atalay Mulu Fentie, Gebremedhin Beedemariam Gebretekle.

References

1. WHO Africa. World Health Organization Regional Office in Africa. COVID-19 report in Africa at glance.
2021. https://www.afro.who.int/health-topics/coronavirus-covid-19

2. WHO Africa. First Case of COVID-19 confirmed in Ethiopia. 2020. https://www.afro.who.int/news/first-
case-covid-19-confirmed-rwanda

3. Angaw KW. Policy responses and social solidarity imperatives to respond the COVID-19 pandemic
socioeconomic crises in Ethiopia. Clin Outcomes Res. 2021; 13:279-87. https://doi.org/10.2147/
CEOR.S300695 PMID: 33935506

4. World Health Organization. Coronavirus disease (COVID-19) advice for the public. World Health Orga-
nization. 2020. https://www.who.int/emergencies/diseases/novel-coronavirus-2019/advice-for-public?

5. KeniR, Alexander A, Nayak PG, Mudgal J, Nandakumar K. COVID-19: Emergence, Spread, Possible

Treatments, and Global Burden. Front Public Heal. 2020; 8:216. https://doi.org/10.3389/fpubh.2020.
00216 PMID: 32574299

PLOS ONE | https://doi.org/10.1371/journal.pone.0261125 December 17, 2021 13/15


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0261125.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0261125.s002
https://www.afro.who.int/health-topics/coronavirus-covid-19
https://www.afro.who.int/news/first-case-covid-19-confirmed-rwanda
https://www.afro.who.int/news/first-case-covid-19-confirmed-rwanda
https://doi.org/10.2147/CEOR.S300695
https://doi.org/10.2147/CEOR.S300695
http://www.ncbi.nlm.nih.gov/pubmed/33935506
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/advice-for-public
https://doi.org/10.3389/fpubh.2020.00216
https://doi.org/10.3389/fpubh.2020.00216
http://www.ncbi.nlm.nih.gov/pubmed/32574299
https://doi.org/10.1371/journal.pone.0261125

PLOS ONE

Healthcare workers COVID-19 vaccine hesitancy in Ethiopia

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

Rothan HA, Byrareddy SN. The epidemiology and pathogenesis of coronavirus disease (COVID-19)
outbreak. J Autoimmun. 2020; 109:102433. hitps://doi.org/10.1016/j.jaut.2020.102433 PMID:
32113704

Slaoui M, Hepburn M. Developing Safe and Effective Covid Vaccines—Operation Warp Speed’s Strat-
egy and Approach. N Engl J Med. 2020; 383(18):1701-3. https://doi.org/10.1056/NEJMp2027405
PMID: 32846056

Acharya KP, Ghimire TR, Subramanya SH. Access to and equitable distribution of COVID-19 vaccine
in low-income countries. NPJ Vaccines. 2021; 6(1):2—4.

World Health Organization. Status of COVID-19 Vaccines within WHO EUL/PQ evaluation process (20
January 2021). 2021. https://extranet.who.int/pqweb/sites/default/files/documents/Status_COVID_
VAX_20Jan2021_v2.pdf

World Health Organization. Ethiopia introduces COVID-19 vaccine in a national launching ceremony.
2021. https://www.afro.who.int/news/ethiopia-introduces-covid-19-vaccine-national-launching-
ceremony

Omer SB, Salmon DA, Orenstein WA, deHart MP, Halsey N. Vaccine refusal, mandatory immunization,
and the risks of vaccine-preventable diseases. N Engl J Med. 2009 May 7; 360(19):1981-8. https://doi.
org/10.1056/NEJMsa0806477 PMID: 19420367

Australian Nursing and Midwifery staff. WHO’S top 10 threats to global health in 2019. 2019. https://
anmij.org.au/whos-top-10-threats-to-global-health-in-2019/

MacDonald NE. SAGE Working Group on Vaccine Hesitancy. Vaccine hesitancy: Definition, scope and
determinants. Vaccine. 2015 Aug 14; 33(34):4161—4. https://doi.org/10.1016/j.vaccine.2015.04.036
PMID: 25896383

Central Statistics Agency. Addis Ababa, Ethiopia Metro Area Population 1950-2021. 2021. https://
www.macrotrends.net/cities/20921/addis-ababa/population

Pourhoseingholi MA, Vahedi M, Rahimzadeh M. Sample size calculation in medical studies. Gastroen-
terol Hepatol Bed Bench. 2013 Winter; 6(1):14—7. PMID: 24834239

Sallam M. COVID-19 Vaccine Hesitancy Worldwide: A Concise Systematic Review of Vaccine Accep-
tance Rates. Vaccines (Basel). 2021; 9(2):160. https://doi.org/10.3390/vaccines9020160 PMID:
33669441.

Saied SM, Saied EM, Kabbash IA, Abdo SAE. Vaccine hesitancy: Beliefs and barriers associated with
COVID-19 vaccination among Egyptian medical students. J Med Virol. 2021; 93(7):4280-4291. https://
doi.org/10.1002/jmv.26910 PMID: 33644891

Xu B, Gao X, Zhang X, Hu Y, Yang H, Zhou YH. Real-World Acceptance of COVID-19 Vaccines among
Healthcare Workers in Perinatal Medicine in China. Vaccines. 2021; 9(7):704. https://doi.org/10.3390/
vaccines9070704 PMID: 34199143

Corbie-Smith G. Vaccine Hesitancy Is a Scapegoat for Structural Racism. JAMA Health Forum. 2021; 2
(3):€210434. https://doi.org/10.1001/jamahealthforum.2021.0434

Shekhar R, Sheikh AB, Upadhyay S, Singh M, Kottewar S, Mir H, et al. COVID-19 Vaccine Acceptance
among Health Care Workers in the United States. Vaccines (Basel). 2021; 9(2):119. https://doi.org/10.
3390/vaccines9020119 PMID: 33546165

Kabamba Nzaji M, Kabamba Ngombe L, Ngoie Mwamba G, Banza Ndala DB, Mbidi Miema J, Luhata
Lungoyo C, et al. Acceptability of Vaccination Against COVID-19 Among Healthcare Workers in the
Democratic Republic of the Congo. Pragmat Obs Res. 2020; 11:103-109. https://doi.org/10.2147/POR.
S271096 PMID: 33154695

Barry M, Temsah M-H, Alhuzaimi A, Alamro N, Al-Eyadhy A, Aliamaan F, et al. COVID-19 vaccine
uptake among healthcare workers in the fourth country to authorize BNT162b2 during the first month of
rollout. Vaccine. 39(40): 5762-5768. https://doi.org/10.1016/j.vaccine.2021.08.083 PMID: 34481700

Grech V, Gauci C, Agius S. Withdrawn: Vaccine hesitancy among Maltese Healthcare workers toward
influenza and novel COVID-19 vaccination. Early Hum Dev. 2020:105213. https://doi.org/10.1016/j.
earlhumdev.2020.105213 PMID: 33032879

Angelo AT, Alemayehu DS, Dachew AM. Health care workers intention to accept COVID-19 vaccine
and associated factors in southwestern Ethiopia, 2021. PLoS ONE 16(9): €0257109. https://doi.org/10.
1371/journal.pone.0257109 PMID: 34478470

Belsti Y, Gela YY, Akalu Y, Dagnew B, Getnet M, Abdu Seid M, et al. Willingness of Ethiopian Popula-
tion to Receive COVID-19 Vaccine. J Multidiscip Healthc. 2021; 14:1233—-1243. https://doi.org/10.2147/
JMDH.S312637 PMID: 34093019

Wang C, Han B, Zhao T, Liu H, Liu B, Chen L, et al. Vaccination willingness, vaccine hesitancy, and esti-
mated coverage at the first round of COVID-19 vaccination in China: A national cross-sectional study.
Vaccine. 2021; 39(21):2833-2842. https://doi.org/10.1016/j.vaccine.2021.04.020 PMID: 33896661

PLOS ONE | https://doi.org/10.1371/journal.pone.0261125 December 17, 2021 14/15


https://doi.org/10.1016/j.jaut.2020.102433
http://www.ncbi.nlm.nih.gov/pubmed/32113704
https://doi.org/10.1056/NEJMp2027405
http://www.ncbi.nlm.nih.gov/pubmed/32846056
https://extranet.who.int/pqweb/sites/default/files/documents/Status_COVID_VAX_20Jan2021_v2.pdf
https://extranet.who.int/pqweb/sites/default/files/documents/Status_COVID_VAX_20Jan2021_v2.pdf
https://www.afro.who.int/news/ethiopia-introduces-covid-19-vaccine-national-launching-ceremony
https://www.afro.who.int/news/ethiopia-introduces-covid-19-vaccine-national-launching-ceremony
https://doi.org/10.1056/NEJMsa0806477
https://doi.org/10.1056/NEJMsa0806477
http://www.ncbi.nlm.nih.gov/pubmed/19420367
https://anmj.org.au/whos-top-10-threats-to-global-health-in-2019/
https://anmj.org.au/whos-top-10-threats-to-global-health-in-2019/
https://doi.org/10.1016/j.vaccine.2015.04.036
http://www.ncbi.nlm.nih.gov/pubmed/25896383
https://www.macrotrends.net/cities/20921/addis-ababa/population
https://www.macrotrends.net/cities/20921/addis-ababa/population
http://www.ncbi.nlm.nih.gov/pubmed/24834239
https://doi.org/10.3390/vaccines9020160
http://www.ncbi.nlm.nih.gov/pubmed/33669441
https://doi.org/10.1002/jmv.26910
https://doi.org/10.1002/jmv.26910
http://www.ncbi.nlm.nih.gov/pubmed/33644891
https://doi.org/10.3390/vaccines9070704
https://doi.org/10.3390/vaccines9070704
http://www.ncbi.nlm.nih.gov/pubmed/34199143
https://doi.org/10.1001/jamahealthforum.2021.0434
https://doi.org/10.3390/vaccines9020119
https://doi.org/10.3390/vaccines9020119
http://www.ncbi.nlm.nih.gov/pubmed/33546165
https://doi.org/10.2147/POR.S271096
https://doi.org/10.2147/POR.S271096
http://www.ncbi.nlm.nih.gov/pubmed/33154695
https://doi.org/10.1016/j.vaccine.2021.08.083
http://www.ncbi.nlm.nih.gov/pubmed/34481700
https://doi.org/10.1016/j.earlhumdev.2020.105213
https://doi.org/10.1016/j.earlhumdev.2020.105213
http://www.ncbi.nlm.nih.gov/pubmed/33032879
https://doi.org/10.1371/journal.pone.0257109
https://doi.org/10.1371/journal.pone.0257109
http://www.ncbi.nlm.nih.gov/pubmed/34478470
https://doi.org/10.2147/JMDH.S312637
https://doi.org/10.2147/JMDH.S312637
http://www.ncbi.nlm.nih.gov/pubmed/34093019
https://doi.org/10.1016/j.vaccine.2021.04.020
http://www.ncbi.nlm.nih.gov/pubmed/33896661
https://doi.org/10.1371/journal.pone.0261125

PLOS ONE

Healthcare workers COVID-19 vaccine hesitancy in Ethiopia

27.

28.

29.

30.

31.

32.

33.

Domek GJ, O’Leary ST, Bull S, Bronsert M, Contreras-Roldan IL, Bolafios Ventura GA, et al. Measuring
vaccine hesitancy: Field testing the WHO SAGE Working Group on Vaccine Hesitancy survey tool in
Guatemala. Vaccine. 2018; 36(35):5273-5281. https://doi.org/10.1016/j.vaccine.2018.07.046 PMID:
30061026

Puri N, Coomes EA, Haghbayan H, Gunaratne K. Social media and vaccine hesitancy: new updates for
the era of COVID-19 and globalized infectious diseases. Hum Vaccines Immunother. 2020; 16
(11):2586-93. https://doi.org/10.1080/21645515.2020.1780846 PMID: 32693678

Jackson A. Misleading Information in Social Media News: How Bias Affects Perceptions Misleading
Information in Social Media News: How Bias Affects. Honor Theses. 2017; 3. https://doi.org/10.33015/
dominican.edu/2017.HONORS.ST.18

Allington D, Duffy B, Wessely S, Dhavan N, Rubin J. Health-protective behaviour, social media usage
and conspiracy belief during the COVID-19 public health emergency. Psychol Med. 2021; 51(10):1763—
1769. https://doi.org/10.1017/S003329172000224X PMID: 32513320

Muric G, Wu Y, Ferrara E. COVID-19 Vaccine Hesitancy on Social Media: Building a Public Twitter
Dataset of Anti-vaccine Content, Vaccine Misinformation and Conspiracies. 2021;1-10. http://arxiv.org/
abs/2105.05134

Davis CJ, Golding M, McKay R. Efficacy information influences intention to take COVID-19 vaccine. Br
J Health Psychol. 2021; 11: https://doi.org/10.1111/bjhp.12546 PMID: 34250684

HSE Social Inclusion SECH. Strategy to Increase Awareness of Covid-19 vaccines among Roma, Ref-
ugees, Protection Applicants and LGBT+ Service Users in South East Community Healthcare, Version
1. February 2021. https://www.hse.ie/eng/about/who/primarycare/socialinclusion/intercultural-health/
covid-vaccine-strategy-sech-roma-refugees-pa-Igbt.pdf

PLOS ONE | https://doi.org/10.1371/journal.pone.0261125 December 17, 2021 15/15


https://doi.org/10.1016/j.vaccine.2018.07.046
http://www.ncbi.nlm.nih.gov/pubmed/30061026
https://doi.org/10.1080/21645515.2020.1780846
http://www.ncbi.nlm.nih.gov/pubmed/32693678
https://doi.org/10.33015/dominican.edu/2017.HONORS.ST.18
https://doi.org/10.33015/dominican.edu/2017.HONORS.ST.18
https://doi.org/10.1017/S003329172000224X
http://www.ncbi.nlm.nih.gov/pubmed/32513320
http://arxiv.org/abs/2105.05134
http://arxiv.org/abs/2105.05134
https://doi.org/10.1111/bjhp.12546
http://www.ncbi.nlm.nih.gov/pubmed/34250684
https://www.hse.ie/eng/about/who/primarycare/socialinclusion/intercultural-health/covid-vaccine-strategy-sech-roma-refugees-pa-lgbt.pdf
https://www.hse.ie/eng/about/who/primarycare/socialinclusion/intercultural-health/covid-vaccine-strategy-sech-roma-refugees-pa-lgbt.pdf
https://doi.org/10.1371/journal.pone.0261125

