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The impact of vaccine hesitancy on global health is one that carries dire consequences. This was evident during
the outbreak of the COVID-19 pandemic, where numerous theories and rumours emerged. To facilitate targeted
actions aimed at increasing vaccine acceptance, it is essential to identify and understand the barriers that hinder
vaccine uptake, particularly regarding the COVID-19 vaccine in Ghana, one year after its introduction in the
country.

We conducted a cross-sectional study utilizing self-administered questionnaires to determine factors, including
barriers, that predict COVID-19 vaccine uptake among clients visiting a tertiary and quaternary hospital using
some machine learning algorithms. Among the findings, machine learning models were developed and
compared, with the best model employed to predict and guide interventions tailored to specific populations and
contexts. A random forest model was utilized for prediction, revealing that the type of facility respondents visited
and the presence of underlying medical conditions were significant factors in determining an individual’s like-
lihood of receiving the COVID-19 vaccine. The results showed that machine learning algorithms can be of great

use in determining COVID-19 vaccine uptake.

1. Introduction

Vaccines and vaccination remain the most cost-effective components
in primary healthcare settings[18]. Since the successful implementation
of the world’s first vaccine in 1796, vaccines have played important
roles in preventing the spread of communicable diseases throughout the
world and in some instances, leading to their complete eradication[16].
In an assessment by Rappuoli et al. [32], it was theorized that vaccines
prevent a minimum of 2.5 million deaths per year approximately saving
about five lives every other minute. Despite vaccines being considered
an innovative strategy in safeguarding the health of populations across
the globe, vaccine-preventable diseases continue to be a leading cause of
morbidity and mortality especially in children under the age of 5 years
[17].

Before the emergence of Coronavirus disease 2019 (COVID-19),
vaccine preventable deaths were largely attributed to Streptococcus
pneumoniae, Rotavirus, Bordetella pertussis, Measles virus, Haemophilus

influenzae type b (Hib) and Influenza virus [17]. Even with the wide-
spread coverage of vaccines, limited epidemics of vaccine-preventable
diseases such as mumps and polio have been reported in several coun-
tries around the world [31,35].

The successes of vaccines and vaccination campaigns in eradicating
and preventing infectious diseases have not been without controversy.
Misinformation and conspiracy theories, limited access to vaccines,
religious and philosophical beliefs, fear and mistrust of the medical
establishment have been conceived to be the barriers to vaccine uptake
throughout the years[24]. Concerns about possible connections between
vaccines and autism have been widely reported by various populations.
Although scientific papers and evidence have repeatedly proven that
cases of autism and vaccines are unrelated, doubts persist[14].

Despite the overwhelming advantages of vaccination, vaccine uptake
continues to decline worldwide as a result of inaccurate information on
vaccines by conspiracy theorists, a lack of confidence in the safety of
vaccines, inaccessibility of vaccines and vaccine hesitancy and refusal
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Table 1
Demography and correlates of vaccination
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COVID - 19 Vaccine Uptake

Characteristics Yes N (%) No N (%) Total (%) p-value COR (95 %CI)
Age 18-29 33(30.3) 94(46.5) 127(40.8) ref
30-39 41(37.6) 53(26.2) 94(30.2) 0.006 2.2(1.25,3.89)
40-49 8(7.3) 30(14.9) 38(12.2) 0.537 0.76(0.32,1.82)
50-59 19(17.4) 20(9.9) 39(12.5) 0.007 2.71(1.29,5.69)
> 60 8(7.3) 5(2.5) 13(4.2) 0.007 4.56(1.39,14.92)
Gender Male 36(33) 75(37.1) 111(35.7) 0.471 0.84(0.51,1.36)
Female 73(67) 127(62.9) 200(64.3) ref
Facility UGMC 69(63.3) 38(18.8) 107(34.4) <0.001 7.45(4.4,12.59)
CCTH 40(36.7) 164(81.2) 204(65.6) ref
Religion Christian 87(79.8) 169(83.7) 256(82.3) ref
Muslim 16(14.7) 30(14.9) 46(14.8) 0.916 1.04(0.54,2)
None 6(5.5) 3(1.5) 9(2.9) 0.070 3.89(0.95,15.91)
Marital Status Single 47(43.1) 101(50) 148(47.6) 0.511 0.85(0.52,1.38)
Married 52(47.7) 95(47) 147(47.3) ref
Divorced/Widowed 10(9.2) 6(3) 16(5.1) 0.034 3.05(1.05,8.85)
Education Tertiary 75(68.8) 131(64.9) 206(66.2) ref
SHS 29(26.6) 48(23.8) 77(24.8) 0.846 1.06(0.61,1.81)
JHS 5(4.6) 23(11.4) 28(9) 0.052 0.38(0.14,1.04)
Occupation Employed 72(66.1) 112(55.4) 184(59.2) 0.069 1.56(0.96,2.54)
Unemployed 37(33.9) 90(44.6) 127(40.8) ref
Insurance status Health Insured 51(46.8) 71(35.1) 122(39.2) 0.045 1.62(1.01,2.61)
None 58(53.2) 131(64.9) 189(60.8) ref

Ref: reference.

[12]. The COVID-19 pandemic has underscored the essential role that
vaccination and vaccine uptake play in limiting the spread of infectious
illnesses. However, COVID-19 vaccines like many other vaccines, were
associated with hesitancy for several reasons including those mentioned
earlier for other vaccines. COVID-19 vaccine hesitancy varied widely
between countries and between groups with different sociodemographic
characteristics, however it appeared to be higher in low- and middle-
income countries than developed countries [23,34]. In a study by
Brackstone et al. [8], COVID-19 vaccine hesitancy was 52.2 % in June
2022 and this was attributed to not having enough vaccine-related in-
formation and concerns over vaccine safety. In another similar study in
Ghana, the predictors of unwillingness to participate in COVID-19 trials
and uptake of COVID-19 vaccines were married persons, females,
Muslims, older persons, residents of less urbanized regions and persons
with lower or no formal education [3]. Reports of blood clotting
following the administration of some vaccines also created a cautious
atmosphere among the population[2,6].

In order to guide targeted interventions that can increase vaccine
acceptance, it is necessary to recognize and comprehend the barriers
that prevent vaccine uptake. This study sought to determine the barriers
to COVID-19 vaccine uptake amongst clients visiting a teaching and
quaternary hospital in Ghana and develop a model that can predict and
guide interventions tailored to specific populations and contexts using
some machine learning algorithms. Machine learning algorithms have
been employed in several studies that focused on COVID-19. Oyewola
et al. [29] used some machine learning algorithms to determine COVID-
19 vaccine acceptance in countries where residents were vaccinated.
Also, Osman and Sabit [28] used some machine learning algorithms in
determining vaccination rates among states in the United States of
America.

2. Method
2.1. Study design and study site

A cross-sectional study using self-administered questionnaires was
used to determine some barriers to COVID-19 vaccine uptake in Ghana a
year after the introduction. A convenience sampling technique was
employed in the recruitment of participants. The survey was conducted
from May to July 2022 at University of Ghana Medical Centre (UGMC)

and Cape Coast Teaching Hospital (CCTH). UGMC is a quaternary based
healthcare facility with a 1000-bed capacity. The facility has over 40
departments including General Surgery, Cardiothoracic, Obstetrics &
Gynaecology, Paediatrics, Pharmacy, Internal Medicine, Emergency,
Laboratory, Critical Care, Public Health and Imaging. It serves as the
referral site for many government and private hospitals across Ghana. It
also serves as a referral hospital for many other countries in the West
African Subregion. CCTH is a 400-bed capacity referral and teaching
hospital situated in the central region of Ghana. It provides out-patient
and in-patient general and specialized services in diagnostics and
rehabilitation. The departments of the hospital have been grouped into
sub-business management centers which include Internal medicine,
Maternal Health, Paediatrics, Surgery, Critical care, Accidents and
Emergency, Diagnostics and Imaging, Pharmacy. The facility also serves
as a training site for undergraduate and post-graduate students from
various medical institutions.

2.2. Sample size determination

Applying the sample size computational method employed by
Cochran [10] for a cross-sectional study, using a sampling error of 2.5 %,
a confidence level of 95 % and a proportion of population of 95.2 %, the
minimum sample was calculated as 281.

2.3. Study population and recruitment

Individuals seeking clinical care at the Out Patient Department of the
two facilities were recruited as participants upon visiting the facility.
Participants were fully briefed about the nature and scope of the study.
Participants who met the inclusion criteria were made to sign consent
forms before proceeding to the survey. Individuals visiting either facility
above 18 years and willing to partake in the study were included. In-
dividuals visiting either facility demanding emergency attention were
excluded.

2.4. Statistical analysis

The results were reported in tables and figures, data were organized
as frequencies and percentages. Chi-square test of association was used
to assess bivariate associations between vaccine uptake and factors. A
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Table 2
COVID-19 related factors and correlates on vaccination
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COVID - 19 Vaccine Uptake

Characteristics Yes N (%) No N (%) Total (%) p-value COR (95 %CI)

Underlying Conditions Present 43(39.4) 150(74.3) 193(62.1) <0.001 0.23(0.14,0.37)
Absent 66(60.6) 52(25.7) 118(37.9) ref

Family Member with COVID-19 Infection Positive 43(39.4) 45(22.3) 88(28.3) 0.001 2.27(1.37,3.78)
Negative 66(60.6) 157(77.7) 223(71.7) ref

Source Group 1 34(31.2) 96(47.5) 130(41.8) <0.001 0.32(0.17,0.61)
2-3 43(39.4) 77(38.1) 120(38.6) 0.032 0.51(0.27,0.95)
>3 32(29.4) 29(14.4) 61(19.6) ref

Previous COVID-19 Infection Yes 57(52.3) 153(75.7) 210(67.5) <0.001 0.35(0.21,0.58)
No 52(47.7) 49(24.3) 101(32.5) ref

Ref: reference.

logistic regression was used to determine the factors of vaccine uptake.
The Nagelkerke’s R squared was used to assess the model, however, it
does not show the percent of variance explained but only the correlation
between the dependent and predictors. Also, the logistic regression
model cannot identify non-linear relationships and it is non-iterative as
well as its dependence on assumptions. As a result, some machine
learning algorithms were used to train models with 80 % of the dataset
and 20 % for testing the models, since these algorithms can over fit the
model with the data used. The generalized linear model, k nearest
neighbors and random forest algorithms were employed in this study.

2.5. Ethics

Ethical clearance was obtained from the University of Health and
Allied Sciences Research and Ethics Committee (UHAS- REC A.7 [22] 21
—20, UHAS-REC A.7 [16] 21-22), the UGMC Institutional Review Board
(UGMC-IRB/MRSC/0003/2022) and CCTH Ethics Review Committee
(CCTHERC/EC/2022/093).

3. Results and discussion
3.1. Demography and other characteristics

Demographic data of the participants was obtained, and a correlation
between these factors and the influence of COVID-19 vaccine uptake was
determined (Table 1). About 66 % of the participants were recruited
from CCTH whilst the remaining (34 %) were from UGMC. The majority
of the participants (40.8 %) were between the ages of 18 and 29 years,
64.3 % were females, 82.3 % were Christians, 47.6 % were single and
47.3 % were married. Also, 66.2 % had tertiary education, 59.2 % were
employed, and 39.2 % had health insurance.

Among the participants surveyed, 35 % declared that they had taken
the vaccine. Out of the number, 61 % were fully vaccinated whilst 39 %
were partially vaccinated at the time of data collection. Among those
who had not taken the vaccine, 63.1 % were unlikely to do so, 22.8 %
were undecided whilst 14.1 % were likely to take the vaccine.

Age, location, marital status and health insurance status were
significantly associated with vaccine uptake. Individuals within age
groups of 30-39 (p-value = 0.006), 50-59 (p-value = 0.007) and more
than 60 years (p-value = 0.007) were more likely to take vaccines than
those within 18-29 years. These findings are consistent with a study by
[13]which concluded that participants between 18 and 29 were less
likely to get vaccinated compared to those who are 65 years and older.
When quizzed about the reasons for low uptake rates within their age
bracket, perceived long-term or unknown risks of side effects and
perceived disadvantages were identified as the main deterrents to
vaccination [36].

Marital status as described by Ang et al. [5] is as an independent
factor associated with vaccine uptake. Ang et al. [5] inferred that those
who are married are less likely to receive vaccines. Respondents from
UGMC (p-value = 0.006), individuals who were divorced or widowed

(p-value = 0.034) and those with health insurance (p-value = 0.045)
were more likely to take vaccines than those within CCTH, those who are
married and those without health insurance, respectively. This aligns
with Ang et al. [5]’s study which has showed that single status (sepa-
rated/divorced/widowed) individuals are more likely to get the vaccine.
However, findings from Almotairy et al. [4] and Abbas et al. [1]
contradict this conclusion. These studies stated that married individuals
were more likely to be vaccinated than those who were singles (sepa-
rated/divorced/widowed). Overall, data from UGMC and CCTH study
sites support previous research suggesting that vaccination coverage is
significantly lower among adults without health insurance compared
with those with health insurance [25].

A correlation of identified COVID —19 related factors was also ob-
tained (Table 2). Participants with underlying conditions (p-value <
0.001) and history of COVID-19 infection (p-value < 0.001) were less
likely to take vaccines than those who did not have any underlying
conditions and those who never had COVID-19 infection (Table 2). This
observation is consistent with a study conducted in the United States of
America which found that individuals with past diagnosis of COVID-19
were less likely to get vaccinated[27].

Family history of infection has been positively linked to as a potential
reason for vaccination. A systematic review study by Kessels et al. [21]
discovered that teenage girls with family history of sexually transmitted
infections (STIs) or HPV-related diseases were more likely to be vacci-
nated against HPV. Likewise, in a publication by Resende et al. [33] on
the concerns regarding hepatitis B immunization among dentists in
Brazil, it was observed that individuals with a familial background/
history of hepatitis B had a higher tendency to receive vaccination
against the ailment. Based on data from UGMC and CCTH, it was noted
that participants who had a family member infected with COVID-19
were more likely to take vaccines than those without a family member
with COVID-19 infection (p-value = 0.001). This was in conformity with
results from a study by Elhadi et al. [15] which concluded that proba-
bility of accepting the COVID-19 vaccine was higher among individuals
who reported having a family member or friend who contracted the
virus. Individuals who expressed the likelihood of taking the vaccine
stated that they did so in order to protect themselves and their family
members.

Individuals with greater access to health information usually have
been documented to have increased vaccination uptake rates compared
to those with less access as per Jung et al. [19]. Participants with one (p-
value < 0.001), or two to three (p-value = 0.032) sources of information
on COVID-19 vaccines were less likely to take vaccines as compared to
participants with more than three sources of information on COVID-19
vaccine. Comparably, an analysis by Kulkarni et al. [22] revealed that
increased access to multiple sources of information was linked to high
rates of vaccine uptake thereby suggesting that acquiring information
from varied sources can potentially impact vaccination behaviours and
further affecting vaccine uptake rates.

Barriers such as the belief that COVID-19 vaccine may cause an
infection, and peer and family pressure were associated with vaccine
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Table 3
Association between barriers to vaccination and vaccine uptake
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COVID-19 Vaccine Uptake

YES NO p-value COR (95 %

CD

If I decided to get the COVID-  Agree 56 87 0.161 1.4
19 vaccine, it would be (0.88,2.23)

hard to find a provider or
clinic
Disagree 53 115
The COVID-19 vaccine might ~ Agree 95 187 0.117  0.54
have side effects (0.25,1.17)
Disagree 14 15
The COVID-19 vaccine may Agree 63 154
cause infection

<0.001  0.43
(0.26,0.7)
Disagree 46 48
The COVID-19 vaccine may Agree 46 102 0.162 0.72
not be effective (0.45,1.15)
Disagree 63 100
Iam not sure whether or not ~ Agree 55 103 0.929  0.98

I have to get the vaccine (0.61,1.56)
Disagree 54 99
I don’t have time to get the Agree 42 76 0.875 1.04
vaccine (0.64,1.68)
Disagree 67 126
Disagree 78 144
My religious background Agree 32 51 0.434 1.23
prevents me from taking (0.73,2.07)

the vaccine
Disagree 77 151
My health condition Agree 36 77 0.373 0.8

prevents me from vaccine (0.49,1.31)
Disagree 73 125
Peer and family pressure Agree 22 66 0.020 0.52
prevents me from taking (0.3,0.91)

the vaccine
Disagree 87 136

uptake (Table 3). Participants who agreed that the COVID-19 vaccine
may cause infection (p-value < 0.001) were less likely to get vaccinated
than those who disagreed. Hence this finding proved that individuals
who do not hold negative perceptions about the safety of vaccines are
more inclined to accept and receive it [7,20].

Brewer et al. [9] noted that it is common for individuals to seek
opinions from their social network, including family members, friends
and acquaintances, when considering their attitudes towards vaccina-
tion. This can result in the inclusion of vaccination decisions into their
social identity in order to fit in. However, respondents of this survey who
agreed (p-value = 0.020) that peer and family pressure prevented them
from taking the vaccine were less likely to be vaccinated than those who
disagreed with it. This also was in contrast with a study by Wilson et al.
[37], which theorized that interpersonal relationships could play a role
in vaccination campaigns. It was revealed that individuals who were
uncertain about getting vaccinated often turned to trusted friends or
family members for advice. The influence of peers could either have a
positive or negative impact on one’s decision to get vaccinated. When
peers chose not vaccinate or expressed negative attitudes toward
vaccination, it often influenced individual’s decision not to get vacci-
nated. Further, in the case of the HPV vaccine, it was noticed that vac-
cine uptake was higher for individuals who reported interactions from
family and friends about it[21].

Barriers such as difficulty finding a provider or clinic, fears about
COVID-19 vaccine causing infection and doubts about the effectiveness
of COVID-19 vaccine were not associated with vaccine uptake. Yet,
when the data was stratified by gender, they showed association with
vaccine uptake among males. Individuals who had difficulty finding a
provider or clinic were more likely to get vaccinated (COR: 2.35, CI:
1.04, 5.29). Those who agreed COVID-19 vaccine may cause infection
(COR: 0.26, CL: 0.11, 0.64) and those who perceived the COVID-19

Table 4
Predictors of vaccine uptake
Predictors AOR (95 % CI) p-
value
(Intercept) 1.08(0.24, 4.88) 0.919
Age (Ref: 18-29)
30-39 2.22(0.99, 5.07) 0.055
40-49 0.49(0.14, 1.50) 0.225
50-59 1.45(0.47, 4.37) 0.511
> 60 2.68 0.255
(0.49, 15.35)
Gender (Ref: Female)
Male 0.88(0.47,1.64) 0.689
Marital Status (Ref: Married)
Divorced/ 1.51(0.36, 6.53) 0.571
Widow
Single 1.43(0.71, 2.93) 0.320
Education (Ref: Tertiary)
JHS 0.52(0.14, 1.67) 0.296
SHS 1.08(0.55, 2.12) 0.822
Occupation (Ref: Not working)
Working 1.06(0.57, 1.98) 0.858
Insurance (Ref: Uninsured)
Insured 2.33(1.25, 4.43) 0.009
Underlying conditions (Ref: No)
Yes 0.38(0.18, 0.84) 0.015
Unavailable provider (Ref:
Disagree)
Agree 0.87(0.48, 1.56) 0.648
Side effects (Ref: Disagree)
Agree 0.49(0.17,1.37) 0.173
Cause infection (Ref: Disagree)
Agree 0.72(0.36, 1.47) 0.357
Ineffective (Ref: Disagree)
Agree 0.6(0.32, 1.11) 0.108
Indecision (Ref: Disagree)
Agree 0.71(0.33, 1.50) 0.377
No time (Ref: Disagree)
Agree 1.31(0.60, 2.84) 0.491
Religious background (Ref:
Disagree)
Agree 4.18 0.012
(1.39,13.04)
Health condition (Ref: Disagree)
Agree 0.46(0.20, 1.01) 0.059
Peer pressure (Ref: Disagree)
Agree 0.77(0.36, 1.61) 0.496
Location (Ref: CCTH)
UGMC 3.57(1.47, 8.96) 0.006

vaccine as ineffective (COR: 0.28, CI: 0.12, 0.65) were less likely to
take vaccine. Furthermore, the current health conditions of participants
did not show association with vaccine uptake, however, when the data
were stratified by gender, it showed association with vaccine uptake
among females. Females with health conditions were less likely to get
vaccinated (COR: 0.52, CI: 0.27, 0.99) (Table 4). This observation is
consistent with other studies that have reported lower vaccine uptake
among females compared to males[11,26,30].

A logistic regression with R package reported a significant model (>
= 83.387, p-value < 0.001), with Cox and Snell, as well as Nagelkerke
pseudo-R squared values of 0.24 and 0.32, respectively. This showed
that the vaccine uptake has appreciable correlations with the barriers
and other predictors in the model.

The predictors of vaccine uptake, after adjusting for other variables,
include having some form health insurance (p-value = 0.009), presence
of underlying health conditions (p-value = 0.015), and type of health-
care facility visited (UGMC, p-value = 0.006). Participants with health
insurance were more likely to take the COVID-19 vaccine as compared
with participants without health insurance. This finding corresponded
with evidence from a survey by Abbas et al. [1] on the influenza vaccine
which indicated that adults without health insurance were less likely not
to get vaccinated compared to those with health insurance.

Also, those who accessed healthcare at UGMC were more likely to
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take the COVID-19 vaccine compared to those who sought healthcare at
CCTH. This could be due to attributed to the fact that UGMC was among
the first facilities dedicated to individuals infected with COVID-19.
Conversely, individuals with underlying conditions were less likely to
get vaccinated, compared with those without such conditions.

Since the logistic regression model cannot identify non-linear re-
lationships and it is non-iterative as well as its dependence on assump-
tions, other machine learning algorithms were explored. The random
forest model reported a higher area under curve (AUC) (0.82) than the
KNN model (0.79). The important variables with most predicative
power include facility, underlying conditions and perception of COVID-
19 vaccine causing infections (Fig. 1).

There are, however, some limitations with this study. The study sites
i.e., UGMC and CCTH are quaternary and tertiary facilities respectively;
hence, the clients visiting these facilities may differ based on the level of
care required and may therefore introduce site-specific biases. It remains
to be determined whether this trend will be observed in primary and
secondary healthcare facilities. Also, by using a relatively small sample
size of 281, there is a limitation on the generalizability of this study as

this may not be reflective of the diverse nature of the entire population
of Ghana.

4. Conclusion

In this study, the results showed that machine learning algorithms
can be of great use in determining the uptake of COVID-19 vaccine and
possibly other vaccines. Several predictors of vaccine uptake, including
barriers and demographics were identified. It was also observed that the
type of facility that a client regularly visits and the presence of an un-
derlying health condition played a significant role in determining their
likelihood of receiving the COVID-19 vaccine.

Ethical clearance/approval.

Ethical clearance was obtained from the University of Health and
Allied Sciences Research and Ethics Committee (UHAS- REC A.7 [22] 21
— 20, UHAS-REC A.7 [16] 21-22), the UGMC Institutional Review Board
(UGMC-IRB/MRSC/0003/2022) and CCTH Ethics Review Committee
(CCTHERC/EC/2022/093).

Funding



C.C. Dodoo et al.
No external funding was received for this work
CRediT authorship contribution statement

Cornelius C. Dodoo: Conceptualization, Formal analysis, Method-
ology, Writing — original draft. Ebo Hanson-Yamoah: Conceptualiza-
tion, Methodology, Writing — original draft. David Adedia: Formal
analysis, Writing — original draft. Irene Erzuah: Conceptualization,
Methodology, Writing — original draft. Peter Yamoah: Writing — orig-
inal draft. Fareeda Brobbey: Methodology, Writing — review & editing.
Constance Cobbold: Methodology, Writing — review & editing. Jose-
phine Mensah: Methodology, Writing — review & editing.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Data availability
Data will be made available on request.
Acknowledgements

We are grateful to the staff and management of the Cape Coast
Teaching Hospital and University of Ghana Medical Centre for their
support and assistance during the conduct of this study.

No external funding was received for this work.

References

[1] Abbas KM, Kang GJ, Chen D, Werre SR, Marathe A. Demographics, perceptions,
and socioeconomic factors affecting influenza vaccination among adults in the
United States. PeerJ 2018;6:e5171.

[2] Afrifa-Anane GF, Larbi RT, Addo B, Agyekum MW, Kyei-Arthur F, Appiah M, et al.
Facilitators and barriers to COVID-19 vaccine uptake among women in two regions
of Ghana: a qualitative study. PLoS One 2022;17(8):e0272876.

[3] Alhassan RK, Aberese-Ako M, Doegah PT, Immurana M, Dalaba MA, Manyeh AK,

et al. COVID-19 vaccine hesitancy among the adult population in Ghana: evidence

from a pre-vaccination rollout survey. Tropical Medicine and Health 2021;49(1):

1-13.

Almotairy AM, Sheikh WA, Joraid AAA, Bajwi AA, Alharbi MSF, Al-Dubai SAR.

Association between knowledge of influenza vaccine and vaccination status among

general population attending primary health care centers in Al-Madinah, Saudi

Arabia. J family medicine and primary care 2019;8(9):2971.

[5] Ang L, Cutter J, James L, Goh K. Factors associated with influenza vaccine uptake
in older adults living in the community in Singapore. Epidemiol Infect 2017;145
(4):775-86.

[6] Atinga RA, Koduah A, Abiiro GA. Understanding the policy dynamics of COVID-19

vaccination in Ghana through the lens of a policy analytical framework. Health Res

Policy and Systems 2022;20(1):1-13.

Betsch C, Schmid P, Heinemeier D, Korn L, Holtmann C, Bohm R. Beyond

confidence: development of a measure assessing the 5C psychological antecedents

of vaccination. PLoS One 2018;13(12):e0208601.

Brackstone K, Atengble K, Head MG, Boateng LA. Examining drivers of covid-19

vaccine hesitancy in Ghana: the roles of political allegiance, misinformation

beliefs, and sociodemographic factors. MedRxiv 2022.

[9] Brewer NT, Chapman GB, Rothman AJ, Leask J, Kempe A. Increasing vaccination:
putting psychological science into action. Psychol Sci Public Interest 2017;18(3):
149-207.

[10] Cochran WG. Errors of measurement in statistics. Technometrics 1968;10(4):

637-66.
[11] de Figueiredo A. Sub-national forecasts of COVID-19 vaccine acceptance across the
UK: a large-scale cross-sectional spatial modelling study. MedRxiv 2020.

[4

=

[7

—

[8

—

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]
[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

Vaccine: X 18 (2024) 100466

Dhama K, Sharun K, Tiwari R, Dhawan M, Emran TB, Rabaan AA, et al. COVID-19
vaccine hesitancy-reasons and solutions to achieve a successful global vaccination
campaign to tackle the ongoing pandemic. Hum Vaccin Immunother 2021;17(10):
3495-9.

Diesel J, Sterrett N, Dasgupta S, Kriss JL, Barry V, Esschert KV, et al. COVID-19
vaccination coverage among adults—United States, december 14, 2020-May 22,
2021. Morb Mortal Wkly Rep 2021;70(25):922.

Dixon G, Clarke C. The effect of falsely balanced reporting of the autism-vaccine
controversy on vaccine safety perceptions and behavioral intentions. Health Educ
Res 2013;28(2):352-9.

Elhadi M, Alsoufi A, Alhadi A, Hmeida A, Alshareea E, Dokali M, et al. Knowledge,
attitude, and acceptance of healthcare workers and the public regarding the
COVID-19 vaccine: a cross-sectional study. BMC Public Health 2021;21(1):955.
Esparza J. Early vaccine advocacy: medals honoring Edward jenner issued during
the 19th century. Vaccine 2020;38(6):1450-6.

Frenkel LD. The global burden of vaccine-preventable infectious diseases in
children less than 5 years of age: implications for COVID-19 vaccination. How can
we do better? Paper presented at the Allergy and Asthma Proceedings. 2021.

Jit M, Huyen DTT, Friberg I, Van Minh H, Kiet PHT, Walker N, et al. Thirty years of
vaccination in Vietnam: impact and cost-effectiveness of the national expanded
programme on immunization. Vaccine 2015;33:A233-9.

Jung M, Lin L, Viswanath K. Effect of media use on mothers’ vaccination of their
children in sub-saharan Africa. Vaccine 2015;33(22):2551-7.

Karlsson LC, Soveri A, Lewandowsky S, Karlsson L, Karlsson H, Nolvi S, et al.
Fearing the disease or the vaccine: the case of COVID-19. Pers Individ Differ 2021;
172:110590.

Kessels SJ, Marshall HS, Watson M, Braunack-Mayer AJ, Reuzel R, Tooher RL.
Factors associated with HPV vaccine uptake in teenage girls: a systematic review.
Vaccine 2012;30(24):3546-56.

Kulkarni S, Sengeh P, Eboh V, Jalloh MB, Conteh L, Sesay T, et al. Role of
information sources in vaccination uptake: insights from a cross-sectional
household survey in Sierra Leone, 2019. Global Health: Science and Practice 2022;
10(1).

Lazarus JV, Wyka K, White TM, Picchio CA, Gostin LO, Larson HJ, et al. A survey of
COVID-19 vaccine acceptance across 23 countries in 2022. Nat Med 2023;29(2):
366-75.

Lopez, M. (2019). EXAMINING VACCINE HESITANCY FROM A PSYCHOLOGICAL
PERSPECTIVE. Florida Atlantic University.

Lu P-J, O’Halloran A, Williams WW. Impact of health insurance status on
vaccination coverage among adult populations. Am J Prev Med 2015;48(6):
647-61.

Malik AA, McFadden SM, Elharake J, Omer SB. Determinants of COVID-19 vaccine
acceptance in the US. EClinicalMedicine 2020:26.

Nguyen KH, Nguyen K, Corlin L, Allen JD, Chung M. Changes in COVID-19
vaccination receipt and intention to vaccinate by socioeconomic characteristics
and geographic area, United States, january 6-March 29, 2021. Ann Med 2021;53
(1):1419-28.

Osman SMI, Sabit A. Predictors of COVID-19 vaccination rate in USA: a machine
learning approach. Machine Learning with Applications 2022;10:100408.
Oyewola DO, Dada EG, Misra S. Machine learning for optimizing daily COVID-19
vaccine dissemination to combat the pandemic. Heal Technol 2022;12(6):1277-93.
Paul E, Steptoe A, Fancourt D. Attitudes towards vaccines and intention to
vaccinate against COVID-19: implications for public health communications. The
Lancet Regional Health-Europe 2021;1.

Rachlin A, Patel JC, Burns CC, Jorba J, Tallis G, O’Leary A, et al. Progress toward
polio eradication—worldwide, january 2020-April 2022. Morb Mortal Wkly Rep
2022;71(19):650.

Rappuoli R, Pizza M, Del Giudice G, De Gregorio E. Vaccines, new opportunities for
a new society. Proc Natl Acad Sci 2014;111(34):12288-93.

Resende VLS, Abreu MHG, Paiva SM, Teixeira R, Pordeus IA. Concerns regarding
hepatitis B vaccination and post-vaccination test among brazilian dentists. Virol J
2010;7:1-9.

Shakeel CS, Mujeeb AA, Mirza MS, Chaudhry B, Khan SJ. Global COVID-19 vaccine
acceptance: a systematic review of associated social and behavioral factors.
Vaccines 2022;10(1):110.

Su S-B, Chang H-L, Chen K-T. Current status of mumps virus infection:
epidemiology, pathogenesis, and vaccine. Int J Environ Res Public Health 2020;17
(5):1686.

van Bergen I, Boger S, Beaudart C, Hiligsmann M, Cheung KL. Beliefs regarding
COVID-19 vaccinations of young adults in the United Kingdom: an interview study
applying the integrated change model. PLoS One 2022;17(12):e0277109.

Wilson L, Rubens-Augustson T, Murphy M, Jardine C, Crowcroft N, Hui C, et al.
Barriers to immunization among newcomers: a systematic review. Vaccine 2018;36
(8):1055-62.


http://refhub.elsevier.com/S2590-1362(24)00039-1/h0005
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0005
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0005
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0010
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0010
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0010
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0015
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0015
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0015
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0015
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0020
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0020
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0020
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0020
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0025
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0025
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0025
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0030
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0030
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0030
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0035
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0035
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0035
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0040
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0040
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0040
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0045
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0045
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0045
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0050
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0050
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0055
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0055
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0060
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0060
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0060
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0060
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0065
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0065
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0065
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0070
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0070
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0070
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0075
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0075
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0075
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0080
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0080
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0085
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0085
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0085
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0090
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0090
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0090
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0095
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0095
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0100
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0100
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0100
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0105
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0105
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0105
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0110
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0110
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0110
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0110
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0115
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0115
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0115
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0125
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0125
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0125
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0130
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0130
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0135
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0135
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0135
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0135
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0140
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0140
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0145
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0145
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0150
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0150
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0150
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0155
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0155
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0155
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0160
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0160
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0165
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0165
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0165
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0170
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0170
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0170
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0175
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0175
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0175
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0180
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0180
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0180
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0185
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0185
http://refhub.elsevier.com/S2590-1362(24)00039-1/h0185

	Using machine learning algorithms to predict COVID-19 vaccine uptake: A year after the introduction of COVID-19 vaccines in ...
	1 Introduction
	2 Method
	2.1 Study design and study site
	2.2 Sample size determination
	2.3 Study population and recruitment
	2.4 Statistical analysis
	2.5 Ethics

	3 Results and discussion
	3.1 Demography and other characteristics

	4 Conclusion
	CRediT authorship contribution statement
	Declaration of competing interest
	Data availability
	Acknowledgements
	References


