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Abstract

Background Despite evidence demonstrating the effectiveness of the COVID-19 vaccine, vaccine hesitancy has
emerged as a major challenge for vaccine uptake. The objective of this study was to classify latent typologies of
vaccine hesitant adults in Ethiopia and identify predictors of the latent classes.

Methods We employed a cross-sectional household survey among 1,112 individuals aged 18 and above who were
partially vaccinated (one dose) or not vaccinated at the time of the survey. Data was collected in August 2022. We
collected information on participant socio-demographics, COVID-19 knowledge, prevention practices, disease history,
and vaccine hesitancy. Latent class analysis was used to classify individuals into categories of vaccine hesitancy.

We conducted multinomial logistic regression to test the associations between latent typologies and different
demographic and COVID-19 related characteristics of study participants.

Results Using latent class analysis we found a four-class solution for vaccine hesitancy typologies. The identified
classes were strong vaccine acceptors (30%); vaccine acceptors with some concerns (7%); vaccine sceptics (13%); and
vaccine rejectors (50%). In adjusted models with vaccine sceptics as the referent group, those with high COVID-19
vaccine knowledge were significantly more likely to belong to the strong vaccine acceptors class compared to those
with low vaccine knowledge (adj. RRR: 17.36, 95% Cl: 10.94-27.55). Better COVID-19 prevention practices were also
significantly associated with belonging to the vaccine acceptors with some concerns class than the vaccine sceptics class
(adj. RRR: 2.13,95% Cl: 1.09-4.16). Those who had one dose of the COVID-19 vaccine were significantly more likely to
belong in the vaccine acceptors class than the vaccine sceptics class compared to those who had no dose (adj. RRR:
6.82,95% Cl: 3.06-15.21).

Conclusions Half of the study participants were in the vaccine rejectors class. Individuals in the vaccine sceptics and
rejector classes evidenced lower vaccine knowledge and worse COVD-19 prevention practices and were less likely
to have been partially vaccinated. Future program interventions should focus on improving knowledge around the
vaccine, decrease rumors and misconceptions, and target individuals who may be more amenable to changing their
vaccination attitudes or behaviors like vaccine sceptics or acceptors with some concerns.
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Introduction

Cases of coronavirus (COVID-19) were first detected
in China in December 2019, with the virus spreading
quickly to other countries across the world [1, 2]. The
United States, China, India, Brazil and several Euro-
pean countries were among the countries with the high-
est number of cases and COVID-19 related deaths [3].
Africa was the last continent to be hit by the virus and
compared to other continents experienced slower growth
and lower case counts and mortality rates. By Novem-
ber 2022, the number of confirmed cases in Africa was
an estimated 12.7 million which represented only 2% of
infections globally [4].

The first case of COVID-19 in Ethiopia was confirmed
by the Ministry of Health (MOH) on March 13th, 2020
[4, 5]. The MOH immediately established several non-
pharmaceutical measures to minimize the spread of
COVID-19 infection which included testing, contact
tracing, quarantine, social distancing, and use of masks.
Although these measures were necessary and somewhat
effective, they also had negative effects on the economy
and healthcare system [6]. One year after the pandemic
started, Ethiopia received its first donation of the Astra-
Zeneca vaccine, followed by SinoPharm, Janssen, Sino-
vac, Moderna and Pfizer. Vaccines were and remain
readily available across the country. Estimates from
August 2023 showed that 38% of the population had been
fully vaccinated (2 doses), 46% had received 1 dose and
only 4% had received boosters [4].

To minimize the risk of morbidity and mortality from
vaccine preventable diseases, herd immunity must be
achieved. Herd immunity occurs when a large portion of
the population becomes immune to the disease through
previous infection or vaccination [7, 8]. COVID-19 vacci-
nation is key to reducing new infections and highly effec-
tive at reducing severe illness and death [7]. Despite the
evidence on the effectiveness of vaccination in preventing
disease, vaccine hesitancy is a growing concern. In 2019,
the World Health Organization (WHO) listed vaccine
hesitancy as one of the top ten threats to global health [9,
10].

Vaccine hesitancy is defined as the delay in acceptance
or refusal of vaccination despite availability of vaccination
services [10]. It is a result of complex and context specific
factors, varying across time, place and vaccine brands
[10]. Vaccine hesitancy is also caused by misinformation
and conspiracy theories that spread online through social
media. Other key drivers of vaccine hesitancy include
social and cultural factors, structural inequalities, and
barriers to access [11, 12].

Vaccine hesitancy studies published during the height
of the COVID-19 pandemic showed correlations between
the perceived safety of the COVID-19 vaccine and intent
to vaccinate, negative attitudes towards the vaccine and
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unwillingness to get vaccinated, and religiosity and lower
intent to vaccinate [13-15]. COVID-19 vaccine stud-
ies from Ethiopia focused on knowledge, attitude, and
practices. The findings from these studies showed that in
addition to socio-demographic characteristics, people’s
religious beliefs, attitudes, and knowledges towards the
COVID-19 vaccine were significantly associated with
vaccine acceptance [11-13, 16-25].

Understanding what types of individuals are more
likely to reject or accept a vaccine is important for devel-
oping targeted vaccination campaigns and messaging.
Vaccine hesitancy in Ethiopia is common even before the
COVID-19 pandemic and most parents hesitate to get
their children vaccinated especially in rural areas [26, 27].
While there has been a substantial body of research on
vaccine hesitancy in Ethiopia, few studies have attempted
to categorize individuals into latent groups based on
their demographics and perceptions of vaccination and
COVID-19. To better understand and characterize indi-
viduals who are resistant to COVID-19 vaccination, we
conducted a cross-sectional study on vaccine hesitancy
among unvaccinated and partially vaccinated (one dose)
adults in nine major towns in Ethiopia. We performed
latent class analysis (LCA) to categorize individuals into
latent typologies of COVID-19 vaccine hesitancy and
tested associations with demographic characteristics,
vaccine knowledge, COVID-19 prevention practices, and
chronic disease and vaccine history. Results from this
study may be used by policy makers and the MOH to
help inform future vaccination strategies.

Methods

The study was conducted in August 2022. At the time,
cases of COVID-19 were decreasing compared to the
year before [4]. The study employed a cross-sectional
quantitative study design consisting of a household sur-
vey. The study population included men and women aged
18 and above who were partially vaccinated (one dose) or
not vaccinated at the time of the survey. The study was
administered in nine major towns with high COVID-19
case counts (Addis Ababa, Dire Dawa, Jimma, Bishoftu,
Wolaita Sodo, Arba Minch, Asossa, Bahir Dar and Debre
Tabor). Probability proportional to size (PPS) sampling
was used to select clusters (Kebeles/Ketenas) within each
city. For the selected Kebels/Ketenas, household listings
were used as a sampling frame. Households were selected
randomly from the sampling frame and one adult aged
18 or older who was not vaccinated or partially vacci-
nated (one dose) was enrolled in the study. If more than
one person per household was eligible, the Kish method
was used to select the study participant [28]. The study
received ethical approval from the Ethiopian Public
Health Association Institutional Review Board (EPHA
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IRB) and Population Services International’s Research
Ethics Board (PSI REB).

Measures

Vaccine knowledge

Vaccine knowledge was measured by six items with Lik-
ert-scale response options corresponding to the level of
agreement or disagreement (1=Strongly agree, 2=Some-
what agree, 3=Neutral, 4=Disagree, 5=Strongly dis-
agree). The six items included: “the vaccine is helpful”;
“the vaccine can be helpful to fight the infection”; “the
vaccine can be helpful for prevention of severe morbid-
ity due to COVID-19”; “the COVID vaccine is generally
good to get”; “the vaccine does not have any efficacy”;
and “the vaccine has severe health complications” [29—
32]. Participant responses were summed to create a com-
posite vaccine knowledge score with a range of 6-30. The
composite score was cut at the median to create a binary
variable categorized as “high knowledge” for scores above
the median and “low knowledge” for scores below the
median.

COVID-19 vaccine hesitancy

Vaccine hesitancy was measured using the validated
Oxford COVID-19 vaccine hesitancy scale [33]. The
scale includes seven items with response options coded
1 to 5. The seven items include: “Would you take a covid-
19 vaccine, if offered?: definitely, probably, I may or may
not, probably not, definitely not”; “If there is a covid-19
vaccine available, I will: get it as soon as possible; I will
take it when offered; I'm not sure what I will do; I will put
off (delay) getting it; or I will refuse to get it”; “I would
describe my attitude towards receiving a COVID-19 vac-
cine as: very keen; pretty positive; neutral, quite uneasy;
against it”; “If a COVID-19 vaccine was available at my
local pharmacy, I would: get it as soon as possible; get it
when I have time; delay getting it; avoid getting it for as
long as possible; or never get it”; “If my family or friends
were thinking of getting a COVID-19 vaccination, I
would: strongly encourage them; encourage them, not
say anything to them about it; ask them to delay getting
the vaccination; suggest that they do not get the vaccina-
tion”; “I would describe myself as: eager to get a COVID-
19 vaccine; willing to get the COVID-19 vaccine; not
bothered about getting the COVID-19 vaccine; unwill-
ing to get the COVID-19 vaccine; anti-vaccination for
COVID-19”; “Taking a COVID-19 vaccination is: really
important; important; neither important nor unimport-
ant; unimportant, really unimportant” The scale has a

reliability of alpha=0.94 [33].

COVID-19 prevention practices
COVID-19 preventive practices were measured by a
composite score of five items with Likert-scale response
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options corresponding to the level of agreement or dis-
agreement (1=Strongly agree, 2=Somewhat agree,
3=Neutral, 4=Disagree, 5=Strongly disagree): “I have
maintained a social distancing guideline”; “I use face
masks”; “I avoid unnecessary touching of things and peo-
ple”; “I use hand sanitizers before touching my face”; and
“I wash my hands” The composite measure ranged from
5 to 25. A binary variable was created with scores above
the median categorized as “high” and scores below the

median categorized as “low”.

Covariates and confounders

The following covariates and potential confounders were
also included: age, sex, education, employment status,
marital status, religion, monthly income, vaccine doses,
and history of chronic disease.

Statistical analysis

A total of 1,112 people participated in the survey.
Descriptive statistics were used to characterize partici-
pant demographics, COVID-19 prevention practices,
vaccine knowledge, COVID-19 testing and vaccine his-
tory, and chronic disease history. Vaccine hesitancy
typologies were derived using latent class analysis (LCA)
in SAS 9.4. LCA derives a latent variable from observed
characteristics. The latent variable is a categorical vari-
able comprised of latent classes. Numerous models were
tested with varying numbers of classes and specifications
of the observed variables (i.e., binary vs. multi-category).
The final decision on the number of classes was deter-
mined by model-fit statistics (e.g., Akaike information
criterion (AIC), Bayesian information criterion (BIC),
entropy). Specifically, the selected model was such that
the AIC and adjusted BIC were minimized, entropy was
strong (close to 1), and the smallest class had>5% of
participants. Bivariate associations between the latent
classes and participant demographic characteristics, vac-
cine knowledge, COVID-19 prevention practices, and
COVID-19 vaccine doses and chronic disease history
were assessed with Pearson chi-square tests. Adjusted
associations were tested using multinomial logistic
regression models to estimate relative risk ratios. Signif-
icance testing was conducted at p<0.05 and 95% confi-
dence intervals (CI). Due to under-representation of male
participants, population demographic weights were cre-
ated using population data to reflect the actual popula-
tion proportion of men and women in the survey towns.

Results

Demographic characteristics are presented in Table 1.
Participants’ mean age was 35 years (95% CI: 34.5-36.2).
Fifty-six percent (95%CI: 48.3-63.6) of individuals were
married and 60% (95%CI 55.4-63.6) were employed.
Most individuals had some level of education, with only
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Table 1 Socio-demographic characteristics of sampled population (N=1112)

Unweighted number Weighted % Weighted 95% Cl
Sex
Male 404 485 46.8-50.3
Female 708 515 49.7-53.2
Age
18-40 819 72.7 67.9-77.1
41+ 293 27.3 22.9-32.1
Relationship status
Single 328 307 24.1-382
Married or living together 613 56.1 48.3-63.6
Divorced/separated/ Widowed 171 13.2 10.6-164
Employment status
Unemployed 495 404 36.4-44.6
Employed (part or full time) 617 596 55.4-63.6
Education
llliterate/ Informal education 108 8.5 57-124
Primary education 310 272 23.0-31.8
Secondary education 362 33.1 27.9-387
Above secondary 331 312 23.1-40.6
Religion
Orthodox Christian 799 714 57.6-82.1
Muslim 157 14.2 9.1-21.6
Protestant 149 136 4.7-33.6
Other 7 0.7 0.2-3.0
Monthly income (Birr)
<=4,500 553 49.2 41.2-57.2
4,501 —8,000 351 328 29.3-36.5
Above 8,001 185 18.0 13.2-24.0
Town
Addis Ababa 389 353 3.9-88.0
Debre Tabor 72 6.5 0.5-50.5
Bahir Dar 117 9.6 0.7-61.0
Assosa 51 46 0.3-413
Dire Dawa 116 10.5 0.8-63.5
Bishoftu 90 8.2 0.6-56.6
Jimma 100 9.1 0.7-59.5
Wolaita Sodo 88 8.0 0.6-56.0
Arba Minch 89 8.1 0.6-56.3
History of chronic disease 201 18.1 14.1-22.8

Notes. Less than 5% missing cases for all variables; data were weighted by population sex demographics to reflect the actual proportion of males and females in the

population

9% (95%CI: 5.7-12.4) reporting no formal education.
Approximately three-fourths (71%, 95%CI: 57.6-82.1)
were Orthodox Christians. About half of the population
earned less than 4,501 Birr per month (95%CI: 41.2—
57.2), and 18% (95%CI:14.1-22.8) reported a history of
chronic disease.

Table 2 presents self-reported COVID-19 prevention
practices, COVID-19 vaccine knowledge, and history of
COVID-19 infection, testing and vaccination. Slightly
more than 50% (95%CI: 39.6—56.4) of individuals had low
prevention practices. Approximately 54% (95%: 43.8—
64.5) had high knowledge about the COVID-19 vaccine.

Only 4% (95%CI: 2.4-5.5) reported having been infected
with COVID-19 and 34% (95%CI: 25.0-44.1%) had ever
tested for COVID-19. Vaccine hesitancy items were
dichotomized, presenting the percent of participants who
strongly agreed/agreed or strongly disagreed/disagreed
with each item. More than 36% reported they would
get the COVID-19 vaccine if offered; 32% reported they
would get the vaccine as soon as possible; 40% had posi-
tive attitudes towards receiving the vaccine; 32% stated
they would get the vaccine if it was available at the phar-
macy; 48% would encourage family and friends to get the
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Table 2 Descriptive statistics of COVID-19 prevention practices, COVID-19 vaccine knowledge, COVID-19 infection, testing, and

vaccine history, and vaccine hesitancy (N=1112)

Unweighted Weighted % Weight-

number ed 95%
cl

COVID-19 prevention practices
High 528 479 39.6-564
Low 580 52.1 43.6-604
COVID-19 vaccine knowledge
High knowledge 579 543 438-64.5
Low knowledge 513 457 355-562
History of COVID-19 infection 36 36 24-55
Ever tested for COVID-19 373 339 25.0-44.1
Tested positive for COVID-19 39 10.0 43-215
At least 1 dose of the vaccine 227 205 139-293
Vaccine hesitancy items (dichotomized)
Would get the COVID-19 vaccine if offered 403 36.8 358-378
Get a COVID-19 vaccine as soon as possible if available 350 31.9 31.0-32.9
Positive attitude towards receiving a COVID-19 vaccine 430 393 383-40.1
If a COVID-19 vaccine was available at my local pharmacy, | would get it as soon as possible 351 320 31.1-330
If my family or friends were thinking of getting a COVID-19 vaccination, | would encourage them 521 47.7 46.7-48.7
I would describe myself as willing to get the COVID-19 vaccine 396 364 354-373
Taking a covid-19 vaccination is important 674 62.3 613-63.3

Notes. Less than 5% missing cases for all variables; data were weighted by population sex demographics to reflect the actual proportion of males and females in the

population

Table 3 Model-fit statistics- LCA of vaccine hesitancy measures

No. classes Log Likelihood DF P AIC BIC Adjusted BIC Entropy Smallest class
2 -2810.46 112 1 435.17 51037 462.72 0.98 34%

3 -2689.01 104 1 208.27 32357 250.52 0.86 17%

4 -2656.09 96 1 15843 313.84 21537 0.86 7%

5 -2644.04 88 1 150.34 345.85 221.98 0.88 0.60%

Notes. DF=degrees of freedom; AIC=Akaike information criterion, BIC=Bayesian information criterion (BIC); Input variables included: | would take a COVID-19
vaccine if offered; If there is a COVID-19 vaccine available | will get it as soon as possible; | would describe my attitude towards receiving a COVID-19 vaccine as
positive; if a COVID-19 vaccine was available at my local pharmacy, | would get it as soon as possible; if my family or friends were thinking of getting a COVID-19
vaccination, | would (strongly) encourage them; | would describe myself as eager/willing to get a COVID-19 vaccine; taking a COVID-19 vaccination is important.

Best-fitting model highlighted

Table 4 Vaccine hesitancy probabilities given latent class membership

CLASS 1: CLASS 2:vaccine  CLASS3:  CLASS 4:
strong vaccine acceptors with vaccine vaccine
acceptors some concerns sceptics rejectors
(30%) (7%) (13%) (50%)
Would get the COVID-19 vaccine if offered 092 0.61 0.01 0.08
Would get a COVID-19 vaccine as soon as possible if available 0.99 0.22 0.01 0.00
Positive attitude towards receiving a COVID-19 vaccine 1.00 0.62 0.16 0.04
If a COVID-19 vaccine was available at my local pharmacy, | would getitassoonas  0.94 0.35 0.03 0.00
possible
If my family or friends were thinking of getting a COVID-19 vaccination, | would 0.94 0.70 0.77 0.08
encourage them
I would describe myself as willing to get the COVID-19 vaccine 0.99 0.69 0.09 0.00
Taking a covid-19 vaccination is important 1.00 0.90 0.96 0.26

vaccine; 36% described themselves as willing to get the

vaccine; and 62% stated that the vaccine was important.
Table 3 presents fit statistics for several numbers of

latent classes. Based on decreasing AIC and adjusted

BIC, class size, entropy and theoretical plausibility, the
four-class solution for vaccine hesitancy typologies
was selected. Table 4 depicts probabilities of affirming
each vaccine hesitancy item by class membership. Class
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names were determined by dominant characteristics. The
identified classes were strong vaccine acceptors (30% of
sample); vaccine acceptors with some concerns (7% of
sample); vaccine sceptics (13% of sample); and vaccine
rejectors (50% of sample).

Bivariate results

Crude bivariate associations between vaccine hesitancy
latent classes and participant demographics, COVID-19
knowledge and prevention practices, and vaccine status
are presented in Table 5. The only demographic vari-
able marginally significantly associated with the latent
typologies was income. Vaccine rejectors had a higher
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proportion of high-income individuals than the other
typologies (21% vs. 16% class1, 12% class 2, and 11% class
3) and vaccine acceptors with some concerns had more
middle-income individuals compared to other typolo-
gies (48% vs. 27% class 1, 34% class 3, and 35% class 4). In
terms of COVID-19 vaccine knowledge, significant dif-
ferences were seen across typologies, with higher knowl-
edge among strong vaccine acceptors than other classes.
Similar differences were seen for COVID-19 prevention
practices. Strong vaccine acceptors and vaccine accep-
tors with some concerns evidenced a higher proportion
of individuals who had one vaccine compared to vaccine
sceptics and vaccine rejectors.

Table 5 Vaccine hesitancy class by demographic characteristics, COVID-19 vaccine knowledge, prevention practices, vaccine dose

and history of chronic diseases (N=1111)

CLASS 1: CLASS 2: vaccine CLASS 3: CLASS 4: p-
strong vaccine acceptors with some vaccine sceptics vaccine rejectors val-
acceptors concerns (13%) (50%) ue
(30%) (7%)

Sex

Female 45.8 [37.2,54.6] 54.5[42.5,6509] 62.9[47.8,75.8] 52.3[504,54.2] 0.146

Male 54.2[45.4,62.8] 45.5[34.1,57.5] 37.1[242,52.2] 47.7 [45.8,49.6]

Age 0.379

18-40 74.5161.9,84.1] 82.2 [66.7,91.5] 67.8[59.1,75.5] 71.91[67.5,76.0]

41+ 25.5[16.0,38.1] 17.8[8.6,33.3] 32.2[24.5,409] 28.1[24.1,32.5]

Relationship

Married 59.7[514,67.6] 59.1[459,71.1] 55.5[46.6,64.2] 53.5[43.1,63.7] 0.256

Single 29.2[22.9,36.5] 33.0[20.9,47.9] 26.1[16.3,39.0] 3251[24.1,42.1]

Divorced/separated 11.1[74,16.2] 791[2.0,26.7] 1841[11.8,274] 140[113,174]

Education 0.075

llliterate/No formal education 10.3[64,16.1] 2.5[0.7,8.1] 941[6.3,13.8] 79149,124]

Primary education 30.7 [24.4,37.9] 22.719.7,44.3] 35.8[26.9,459] 23.5[19.3,283]

Secondary education 31.7[23.2,41.5] 40.6 [26.6, 56.3] 26.1[22.1,30.5] 34.8[284,41.8]

Above secondary 27.4[18.6,384] 34.2[24.8,45.1] 28.7 [1 9.3,404] 33.8[24.3,44.9]

Currently unemployed 36.5[28.9, 44.8] 40.6[26.7,56.1] 47.8(33.8,62.2] 01(38.7,43.3] 0.271

Average monthly income (Birr) 0.053

<=4,500 56.5[43.3,68.9] 40.3[27.2,55.0] 55.8[43.8,67.1] 44.0(35.0,535]

4,501 —8,000 27.3[21.7,33.6] 477 [334,624] 33.7[27.8,40.0] 34.6 [29.4,40.1]

Above 8,001 16.2[9.4, 26.6] 12.0 [4.7,27.6] 10.6 [5.6,19.2] 21410164,274]

Religion

Orthodox 65.8 [45.3,81.8] 59.7 [394,77.1] 70.6 [50.7,84.9] 77.1[67.7,84.5] 0.209

Muslim 16.8[7.7,32.7] 18.1[7.7,36.8] 15.5[9.3,24.7] 12.2[8.2,17.8]

Protestant 174 [5.0,46.0] 2221[105,41.1] 13.91[23,52.2] 10.7 [4.6,22.6]

COVID-19 knowledge

Low 30[14,6.1] 33.8[20.1,50.9] 31.1[24.1,39.2] 76.6 [66.7,84.2] 0.000

High 97.0[93.9,98.6] 66.2 [49.1,79.9] 68.9 [60.9,75.9] 234115.8,33.3]

COVID-19 prevention practices

Low 453 [35.3,55.8] 36.9[26.4,48.9] 53.1[44.5,614] 57.51[47.7,66.8] 0.010

High 54.7 [44.2,64.7] 63.1[51.1,73.6] 46.9[38.6,55.5] 42.5[33.2,523]

Chronic disease history

Yes 17.3[13.9,21.3] 12416.1,23.7] 20.6 [14.5, 28.6] 18.3[13.2,25.0] 0.399

Vaccine dose

One 429309, 55.6] 24.01[153,35.6] 144 (8.1,24.4] 8.01[5.9,10.8] 0.000

Notes. Less than 5% missing cases for all variables; data were weighted by population sex demographics to reflect the actual proportion of males and females in the

population
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Multinomial regression results

Adjusted associations between vaccine knowledge,
COVID-19 prevention practices, history of chronic dis-
ease and vaccine history and vaccine hesitancy typologies
are presented in Table 6. Controlling for demographic
variables, chronic disease history, prevention prac-
tices and vaccine dose, those with high COVID-19 vac-
cine knowledge were significantly more likely to belong
to the strong vaccine acceptors class than the vaccine
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sceptics class (the referent group) compared to those
with low vaccine knowledge (adj. RRR: 17.36, 95% CI:
10.94-27.55). Likewise, compared to those with low vac-
cine knowledge, those with high vaccine knowledge had
a significantly lower probability of being in class 4 (vac-
cine rejectors) compared to class 3 (vaccine sceptics) (adj.
RRR: 0.12, 95% CI: 0.06—0.24). Higher or better COVID-
19 prevention practices were significantly associated with
belonging to the vaccine acceptors with some concerns

Table 6 Adjusted relative risk ratio (RRR) and 95% confidence intervals predicting latent class membership

CLASS 1 CLASS 2 CLASS 4
2¢iRRR, 95% Cl 2¢iRRR, 95% Cl 2aiRRR, 95% Cl
Class 3 (vaccine skeptics) as referent group
Age
18-40 (ref)
41+ 04810.28,0.821* 0.57[0.14, 2.26] 1.11[0.52,2.40]
Sex
Male (ref)
Female 0.5410.22,1.37] 0.89[0.62, 1.28] 0.78 [0.42,1.45]

Employment
Unemployed (ref)
Employed 1.23[0.65, 2.35]
Martial status

Married (ref)

Single 0.77[047,1.25]
Divorced/Separated/Widowed 0.561[0.28,1.11]
Education

No education (ref)
Primary school
Secondary school
Above secondary
Religion
Orthodox (ref)
Muslim

0.40[0.18,0.92]*
0.56[0.23,1.37]
0.3910.14,1.11]

0.911[0.31, 2.64]
Protestant 1.00[0.30, 3.34]
Monthly Income (Birr)
<=4500 (ref)

4501-8000

8001 plus

History of chronic disease
No (ref)

Yes 0.89[0.58,1.37]
Vaccine knowledge

Low (ref)

Acceptable knowledge
COVID-19 prevention practices

0.671[0.38,1.18]
1.37[0.66, 2.83]

17.36 [10.94, 27.55]***

Low (ref)

High 1.32[0.88,1.97]
Vaccine doses

None (ref)

One 6.82 [3.06, 15.21]**

1.38[0.68,2.79] 1.12[0.66, 1.89]

0.97[0.24, 3.90]
0.67[0.12,3.67]

1.40[0.75, 2.58]
0.99[0.55, 1.76]

1.73[0.48, 6.25]
3.61[1.55,842]*
243 [1.25,4.70]*

0.90[0.36, 2.27]
1.69[0.97, 2.96]
1.25[0.77,2.04]

1.3710.60, 3.12]
1.95 [0.58, 6.64]

0.68 [0.47,0.97]*
0.79[0.29, 2.16]

1.49 [0.64, 3.48]
1.23[0.23,6.53]

1.40[0.79, 2.48]
2.85[1.22,6.65]*

0.57[0.19,1.70] 0.82[0.35,1.91]
0.7810.33, 1.86] 0.12 [0.06, 0.24]***
2.13[1.09 4.16)*

0.70[0.44,1.11]

2.34[1.03,5.32]* 0.54[0.27,1.09]

*p<0.05, **p<0.005, ***p<0.001

Notes. data were weighted by population sex demographics to reflect the actual proportion of males and females in the population; CLASS 1: strong vaccine
acceptors, CLASS 2: vaccine acceptors with some concerns, CLASS 3: vaccine sceptics and CLASS 4: vaccine rejectors
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class than the vaccine sceptics class (adj. RRR: 2.13, 95%
CI: 1.09-4.16). Vaccine dose was significantly associated
with class membership, such that those who had one dose
of the COVID-19 vaccine were significantly more likely
to belong in the vaccine acceptors or the vaccine accep-
tors with some concerns class than the vaccine sceptics
class compared to those who had no dose (adj. RRR: 6.82,
95% CI: 3.06—15.21; adj. RRR: 2.34, 95% CI: 1.03-5.32).
For demographic differences, models suggest that older
individuals (40+yrs) compared to younger (18—40 yrs)
were less likely to be in the strong vaccine acceptors class
than the vaccine sceptics class (adj. RRR: 0.48, 95% CI:
0.28-0.82) and individuals with secondary education or
higher compared to those with no education were more
likely to be in the vaccine acceptors with some concerns
than the vaccine sceptics class (adj. RRR: 3.61, 95% CI:
1.55-8.42; adj. RRR: 2.43, 95% CI: 1.25-4.70). Individu-
als with higher monthly income earnings (8001 birr)
compared to those with the lowest monthly income earn-
ings were more likely to be in the vaccine rejectors class
than the vaccine sceptics class (adj. RRR: 2.85, 95% CI:
1.22-6.65). Finally, people who were Muslim compared
to those who were Orthodox were less likely to be in the
vaccine rejectors class than the vaccine sceptics class
(adj. RRR: 0.68, 95% CI: 0.47-0.97).

Discussion

This study investigated COVID-19 vaccine hesitancy in
nine towns with high COVID-19 case counts in Ethio-
pia and used LCA to categorize individuals into vaccine
hesitancy typologies. The total analytic sample was 1,112.
Participants’ mean age was 35 years (95% CI: 34.5-36.2);
56% (95%CI: 48.3—63.6) of individuals were married; 60%
(95%CI 55.4-63.6) were employed and most individuals
had some level of education.

We found support four latent typologies of vaccine hes-
itancy among adults who were unvaccinated or had one
dose of the COVID-19 vaccine in Ethiopia: a strong vac-
cine acceptors class with more positive attitudes toward
the vaccine and willingness to be vaccinated (class 1); a
class of vaccine acceptors with some concerns who gen-
erally perceived the vaccine as positive, but were more
resistant to getting the vaccine as soon as possible (class
2); a vaccine sceptics class who were against taking the
vaccine themselves, but did perceive the vaccine as
important and would even encourage others to get the
vaccine (class 3); and a vaccine rejectors class who had
negative attitudes toward the vaccine, were unwilling
to get the vaccine, and would not recommend that oth-
ers get the vaccine (class 4). These findings align with the
general understanding of the vaccine hesitancy contin-
uum where vaccine hesitant individuals are heterogenous
with a gradation of concerns and varying levels of indeci-
sion [34].
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Findings from the LCA revealed that among study
participants, 30% were strong vaccine acceptors. This
finding is slightly lower compared to other studies from
Ethiopia [35]. A systematic review and meta-analysis on
vaccine acceptance in the country found a pooled accep-
tance rate of 51.6% [36]. A possible explanation for the
difference could be due to the study period and study
population. Data collection in the studies referenced in
the meta-analysis and systematic review was more than
a year before our data collection period. Acceptance rates
at this time may have been higher due to the higher rate
of transmission of the virus. As case counts declined, and
more information (and misinformation) about the vac-
cines became available, it is possible that vaccine accep-
tance declined slightly. It is also important to recognize
that the systematic review and meta-analysis reported a
pooled acceptance rate which included health worker and
university student populations who may have been more
willing to get vaccinated than the general adult popula-
tion. Estimates on vaccine rejectors in Ethiopia vary
slightly depending on the sub-population, but our finding
of 50% is similar to results found by previously published
studies among adult populations which ranged from 45
to 54% [22, 35, 37]. The high proportion of vaccine rejec-
tors may be explained by misinformation and rumors
about the vaccine which were fueled by the widespread
‘infodemic’ [23, 37]. While not explored here, other stud-
ies have shown that false information on the side effects
of the vaccine (e.g., that it could cause COVID-19 or
other respiratory diseases) was a primary driver for vac-
cine hesitancy in Ethiopia and in other African coun-
tries [35, 38]. Furthermore, a study of over 40 countries
investigating vaccine acceptance and misinformation
found that people in low-and middle-income countries
(LMICs) like Ethiopia were more exposed to the ‘info-
demic’ than wealthier countries and more susceptible to
trusting misinformation, underscoring the importance of
fact-checking and correcting falsehoods [39].

Significant predictors of latent class membership
included education, age, income, religion, vaccine knowl-
edge, COVID-19 prevention practices, and vaccine dose.
Congruent with other studies, higher vaccine knowledge,
education levels, and prevention practices were positive
determinants of belonging to the vaccine acceptors class
[16, 17, 22]. Our finding that younger individuals (<41
years) were more willing to accept the vaccine compared
to older individuals contrasts with findings from previous
studies in Ethiopia [19, 20]. This discrepancy could be due
to differences in study methodology or when the study
was administered. Given that our study was conducted
in major towns, it is possible that the younger population
had more access to accurate and reliable information and
were better able to filter out misinformation compared to
younger populations in more rural areas.
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While not surprising, the finding that higher knowl-
edge about the vaccine was associated with membership
in the vaccine acceptors or vaccine acceptors with some
concerns highlights the importance of providing indi-
viduals with accurate information about the vaccine and
its benefits [40—42]. Our models also showed that having
received one dose of the vaccine was indicative of vac-
cine acceptance, but we cannot exclude the possibility of
reverse causality such that vaccine acceptance may have
preceded and contributed to the decision to get the first
dose. Nonetheless, encouraging vaccinated people to
share about their experiences with vaccination may moti-
vate others to get vaccinated. Finally, our results demon-
strated the correlation between vaccine acceptance and
better COVID-19 prevention practices [43, 44].

Results from this study should be interpreted with an
understanding of the limitations. The study was cross-
sectional with outcomes and exposures measured at the
same time. Given the lack of temporality, causal inference
cannot be established. The study sample only included
individuals living in major towns with high COVD-19
case counts. Thus, results cannot be generalizable to
more rural areas where COVID-19 may have been less
prevalent. Selection bias is a concern given the inclusion
of those who had one dose of the COVID-19 vaccine.
Data on type of vaccine (brand) was not collected. While
LCA is a powerful statistical analytic method, it has limi-
tations. The probability of class assignment is based on
the observed distribution of responses, as such, there is
no guarantee of proper class assignment. Furthermore,
LCA assumes that individuals belong to one latent class
and that latent classes are mutually exclusive, yet true
latent class membership is unknown for each individual
due to measurement error. Uncertainty in class assign-
ment may be recast as measurement error and result in
biased estimates.

Conclusion

Our study findings indicated that 20% of adults in major
towns in Ethiopia neither fully accepted nor fully rejected
the COVID-19 vaccine, but fell into “acceptors with some
concerns” or “vaccine sceptics” classes. These people may
be particularly amenable to interventions to encourage
vaccine uptake. Alongside evidence from other studies,
our findings suggest that improving vaccine knowledge
may have potential to increase vaccine acceptance rates.
Future program interventions should focus on improv-
ing the knowledge around the vaccine and to decrease
rumors around misconceptions. With appropriate mes-
saging and engagement of trusted leaders and the MOH
to discuss preventative measures, some individuals in
the “acceptors with some concerns” or “vaccine sceptics”
classes may be convinced to get vaccinated and engage in
other prevention behaviors.
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