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Abstract

Introduction: COVID-19 continues to pose a major public health challenge,
contributing to a significant global disease burden and economic disruption,
particularly in low- and middle-income countries. The widespread rollout of
COVID-19 vaccines remains a crucial strategy for controlling the pandemic.
However, vaccine uptake has remained low in many regions despite efforts of
the World Health Organization (WHO), pharmaceutical companies, and other
stakeholders. In Kenya, there has been limited research identifying predictors
of the COVID-19 vaccine uptake among adults. This study aimed to determine
the level of vaccine uptake and identify the predictors associated with COVID-
19 vaccine uptake in Central Kenya. Methods: This study adopted a commu-
nity-based cross-sectional design. A total of 537 adult participants residing in
Kiambu County were recruited from selected sub-counties using a multi-stage
sampling technique. Participants were identified and enrolled at their house-
holds. We conducted an ordinal logistic regression analysis to identify the pre-
dictors associated with COVID-19 vaccine uptake. Results: Of the 537 partic-
ipants, 421 (78%) had received at least one dose of the COVID-19 vaccine,
with 366 (68%) completing the vaccination series. Participants aged 18 - 30
years (adjusted odds ratio [aOR] = 0.50; 95% confidence interval [CI]: 0.30 -
0.83; p < 0.001) and those aged 31 - 45 years (aOR = 0.46; 95% CI: 0.28 - 0.74;
p = 0.002) had significantly lower odds of the COVID-19 vaccine uptake by
50% and 54% respectively. Believing the COVID-19 vaccine would not protect
from infection was associated with a 76% reduction in vaccine uptake (aOR =
0.24; 95% CI: 0.16 - 0.35; p < 0.001). Additionally, concern about vaccine side
effects was associated with a 41% reduction in vaccine uptake (aOR = 0.59; 95%
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CI: 0.40 - 0.87; p = 0.008). Conclusion: COVID-19 vaccine uptake remains
suboptimal, particularly among younger adults. The vaccine uptake was posi-
tively associated with increasing age and negatively associated with the belief
that the COVID-19 vaccine will not protect from infection and concerns about
vaccine side effects. Targeted interventions addressing these concerns, partic-
ularly among younger populations, are crucial to improving vaccine coverage
and enhancing community-level protection.

Keywords

Vaccine-Uptake, COVID-19, Individual-Level Predictor, Adults, Prevalence,
Kenya

1. Introduction

The novel coronavirus SARS-CoV-2, which causes COVID-19, has led to signifi-
cant global morbidity and mortality, claiming millions of lives worldwide [1]. By
2022, COVID-19 had affected over 600 million people, resulting in approximately
6.5 million deaths [2]. In response, the World Health Organization (WHO), in col-
laboration with pharmaceutical companies, developed and rolled out COVID-19
vaccines by the end of 2020 [3]. Despite these efforts, global vaccine uptake—defined
as the proportion of individuals receiving at least one dose within a specific time
frame—remained low [4] [5]. A 2022 report indicated that only 49% of adults glob-
ally and 14% in Africa were fully vaccinated against COVID-19, while in Kenya, just
34% had received the complete vaccine regimen by mid-2022 [5] [6]. The WHO set
a global target of achieving at least 70% complete COVID-19 vaccination coverage
by mid-2022 [7]. Low vaccine uptake contributes to higher transmission rates, in-
creased severity of infections, greater hospitalization, and elevated COVID-19-re-
lated mortality [8]. Several individual-level factors, such as age, gender, education,
occupation, attitudes, perceptions, health-seeking behaviors, and various vaccine
concerns, are among the common factors contributing to the low uptake of the
COVID-19 vaccine [9] [10]. However, research on these factors at the sub-na-
tional level in Kenya remains limited despite clear evidence of low vaccine uptake
[11]. Kiambu County has reported high numbers of COVID-19 cases alongside
low uptake of COVID-19 vaccine [11]. Identifying the predictors of COVID-19
vaccine uptake at the sub-national level is essential for formulating targeted strat-
egies to improve vaccination rates. Increasing vaccine uptake is critical, as it has
the potential to reduce disease transmission, severity, hospitalization, and mortal-
ity by up to 90% [12] [13]. This study aims to determine the predictors of COVID-
19 vaccine uptake in Kiambu County, Kenya.

2. Materials and Methods
2.1. Study Site

Kiambu County, located in central Kenya, covers an area of 2,538.6 square kilo-
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meters and has a population of 2,417,735, with 59.3% of residents being adults
[14]. The county consists of twelve sub-counties: Gatundu North, Gatundu South,
Githunguri, Juja, Lari, Limuru, Kabete, Kiambaa, Kiambu, Kikuyu, Thika, and
Ruiru. In 2022, Kiambu had recorded 19,778 COVID-19 cases, the highest among

Kenya’s counties [16].

2.2. Sampling Technique

This study adopted a cross-sectional design. Adults aged 18 years and above were
selected from sub-counties within Kiambu County. A sample size of 536 partici-

pants was calculated using the formula:
n=[DEFF XN xp (1 -p)I/A[d¥Z* - a] x (N -1) +p (1 - p)}

where p was 36.7% (COVID-19 vaccine uptake prevalence), DEFF was 1.5 (design
effect for cluster survey), z-value of 1.96 (95% confidence interval), d was 0.05
(precision level), and N was considered greater than 1,000,000 [11] [14].

The sample was distributed equally between two clusters: urban and rural. The
rural cluster comprised Gatundu South, Gatundu North, Githunguri, Juja, Kabete,
and Kiambaa sub-counties, while the urban cluster included Karuri, Kiambu, Ki-
kuyu, Limuru, Ruiru, and Thika Town sub-counties.

We selected one sub-county from each cluster using random sampling: Ruiru
from the urban cluster and Githunguri from the rural cluster. A ward was ran-
domly selected from each sub-county, followed by a village from each ward. Com-
munity Health Volunteers (CHVs) from each selected village provided lists of
sub-villages, and participants were then proportionally selected from these sub-
villages. The total number of households in each sub-village was divided by the
required sample size to determine the sampling interval, which typically resulted
in an interval of four. The first household was selected based on proximity to the
CHYV, and thereafter, every fourth household was approached. The first adult con-
tacted in each household was invited to participate.

In cases where a household declined participation or did not meet eligibility
criteria, the data collector proceeded to the next adjacent household to maintain
the sampling continuity. A total of 573 households were approached (281 in Ruiru
and 292 in Githunguri) to reach the target sample size. Non-participation in-
cluded 21 individuals who declined the interview, 11 who were ineligible (no adult
present), and four who declined due to time constraints. All 537 consenting adults

completed the face-to-face questionnaire, with no partial completions.

2.3. Data Collection and Analysis

Data collection was conducted by the researcher and four trained research assis-
tants. The research assistants were trained on the study protocol and data collec-
tion methods to minimize bias. Informed consent was obtained from all partici-
pants prior to the interview. The interviews were administered using an electronic
questionnaire through the Open Data Kit (ODK) application. The questionnaire

was adapted and modified from previous studies [16]-[20] and consisted of two
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sections: one focused on sociodemographic factors and the other on individual
predictors such as awareness, health-seeking behaviors, believing COVID-19 vac-
cine will not protect from infection, I do not need vaccine because I am healthy,
worrying about vaccine side effects and perceptions of the COVID-19 vaccine.
Data were synced daily to maintain quality control.

In Kenya, five types of COVID-19 vaccines were available: Johnson & Johnson,
Moderna, Pfizer, AstraZeneca, and Sinopharm. Vaccine uptake was self-reported
and categorized into three levels: no doses (not vaccinated), one dose (partial),
and two or more doses (complete). For Johnson & Johnson, receiving one dose
was considered complete vaccination [21].

Series of statements such as: “I believe the COVID-19 vaccine will not protect

» «

me from infection,” “I am worried about potential side effects,” and “I do not need
the vaccine because I am healthy and at low risk.” These items were rated on a 5-
point Likert scale (1 = Strongly disagree, 5 = Strongly agree). For analysis, re-
sponses were dichotomized as “Disagree” or “Agree” based on their individual
mean score from a maximum obtainable score, which serves as cut-off marks.
Scores below the mean score obtained for these variables were classified as “Disa-
gree” and vice versa [16].

Data were manually entered into Excel 2019 for cleaning and imported into R
(version 4.3.1) for analysis. Descriptive statistics (frequencies and percentages)
were computed and presented in tables. Vaccine uptake was treated as an ordinal
dependent variable with three levels. All predictor variables were initially tested
in a univariate ordinal logistic regression model. Predictors with a p-value < 0.05
were included in a multivariate ordinal logistic regression to identify independent

associations.

2.4. Ethical Considerations

Ethical approval for this study was granted by the Ethics Review Board at Jomo Ken-
yatta University of Agriculture and Technology (Ref: JKU/ISERC/02316/0843) and
the National Commission for Science, Technology, and Innovation (NACOSTI)
(Ref: NACOSTI/P/23/25646). Permission was also obtained from the Kiambu
County government. All participants provided informed consent, and their per-
sonal identifiers were omitted to ensure privacy and confidentiality. Data were
stored on password-protected devices and will be kept for five years after study

completion.

3. Results

Of the 537 recruited participants, the majority were female, 313 (58%). The par-
ticipants were almost equally distributed across age categories. The majority of
the participants were married, 304 (57%). Additionally, most of the participants
had attained post-secondary education, 392 (73%). Largely, more than 365 (68%)
of the participants earned more than 5,000 Kenya shillings (KES), with the major-

ity working in informal sectors (n = 317, 59%). As shown in Table 1.
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Table 1. Demographic characteristics of study participants.

Variable Frequency (N = 537) Percent %
Age (years)
18 -30 167 31.1
31-45 187 34.8
>45 183 34.1
Mean age—41 years (SD = 14.9 years)
Gender
Female 313 58.3
Male 224 41.7

Marital status

Single 218 40.6
Married 304 56.6
Cohabiting 15 2.8
Education Level
None 28 5.2
Primary 117 21.8
Secondary 277 51.6
Tertiary 115 21.4
Source of income
Formal 137 25.5
Informal 317 59.0
Supported! 83 15.5
Religion
Christians 531 98.9
Muslim 6 1.1
Income (KSH)
<5000 172 32
5000 - 10,000 205 38.2
>10,000 160 29.8

IStudents and retirees.

3.1. Level of COVID-19 Vaccine Uptake

Of the 537 participants, 421 (78%) received at least one dose of the COVID-19
vaccine, with 366 (68%) receiving the complete vaccination. Among these, 162
(89%) participants were aged >45 years received at least one dose of COVID-19
vaccine. Additionally, 334 (81%) of female participants received at least one dose
of COVID-19 vaccine. Among those with secondary school education, 224 (81%)
received at least one vaccine dose. Furthermore, 69 (83%) of financially supported
(Students and retirees) participants received at least one dose of COVID-19 vac-
cine. Finally, 144 (90%) of participants earning more than 10,000 KSH received at
least one dose of COVID-19 vaccine. As shown in Figure 1.
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Sociodemographic characteristics in relation to COVID-19 vaccine uptake
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Figure 1. Sociodemographic characteristics in relation to COVID-19 vaccine uptake.

3.2. Univariate Analysis

Univariate analysis revealed that participants aged >45 years had 2.46 times higher
odds of COVID-19 vaccine uptake (OR = 2.46; 95% CI: 1.56 - 3.92; p < 0.001). Those
earning more than 10,000 KSH had 2.69 times higher odds of vaccine uptake (OR =
2.69; 95% CI: 1.63 - 4.55; p < 0.001). Consulting a physician when feeling unwell was
also significantly associated with increased odds of vaccine uptake, with a 91% higher
likelihood (OR = 1.91; 95% CI: 1.33 - 2.74; p < 0.001). In contrast, participants who
believed that the COVID-19 vaccine would not protect them from infection had 77%
lower odds of taking the vaccine (OR = 0.23; 95% CI: 0.15 - 0.33; p < 0.001). Similarly,
those who felt the vaccine was unnecessary had 74% reduced odds of uptake (OR =
0.26; 95% CI: 0.18 - 0.38; p < 0.001). Finally, concerns about potential side effects
significantly reduced the odds of vaccine uptake by 48% (OR = 0.52; 95% CI: 0.36 -
0.75; p < 0.001). These findings are summarized in Table 2.

Table 2. Univariate analysis.

Variable OR
(95% Confidence Interval (CI)) F

Age (years)

18 - 30 Ref
31 -45 1.23 (0.8 - 1.87) 0.352
>45 2.46 (1.56 - 3.92) <0.001
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Continued
Gender
Female Ref
Male 1.03 (0.72 - 1.49) 0.878
Marital status
Cohabiting Ref
Married 0.92 (0.25 - 2.73) 0.885
Single 0.66 (0.18 - 1.99) 0.492
Education Level
No formal education Ref
Primary 1.11 (0.47 - 2.51) 0.799
Secondary 1.50 (0.66 - 3.22) 0.312
Tertiary 1.70 (0.72 - 3.94) 0.215
Occupation status
Supported Ref
Informal 1.13 (0.68 - 1.83) 0.638
Formal 1.03 (0.59 - 1.8) 0.915
Religion
Christians Ref
Muslim 2.18 (0.35 - 42.05) 0.479
Income (KSH)
<5000 Ref
5000 - 10,000 0.78 (0.52 - 1.18) 0.243
>10,000 2.69 (1.63 - 4.55) <0.001
Corona reinfection is possible
Disagree Ref
Agree 1.28 (0.89 - 1.84) 0.183
Vaccinated individuals can still get
COVID-19
Disagree Ref
Agree 1.34 (0.93 - 1.92) 0.111
Consulting physician
Unlikely Ref
Likely 1.91 (1.33 - 2.74) <0.001
Consulting traditional practitioner
Unlikely Ref
Likely 0.92 (0.61 - 1.40) 0.691
I believe COVID-19 vaccine will
not protect me from infection
Disagree Ref
Agree 0.23 (0.15 - 0.33) <0.001
DOI: 10.4236/wjv.2025.153003 45 World Journal of Vaccines
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Continued

COVID-19 vaccine is unnecessary

Disagree Ref
Agree 0.26 (0.18 - 0.38) <0.001
I am concerned that I will die from
COVID-19
Disagree Ref
Agree 1.20 (0.81 - 1.80) 0.366
Vaccination lowers COVID-19 infection risk
Disagree Ref
Agree 1.29 (0.87 - 1.93) 0.213
I am concerned about potential side
effects of the COVID-19 vaccine
Disagree Ref
Agree 0.52 (0.36 - 0.75) <0.001

3.3. Multivariate Analysis

The multivariate analysis revealed that participants aged between 18 and 45 years

were significantly less likely to receive the COVID-19 vaccine compared to those
aged 45 years and above, with the odds reduced by 50% (aOR = 0.50; 95% CI: 0.30
-0.83; p =0.001) and 54% (aOR= 0.46; 95% CI: 0.28 - 0.74; p < 0.002), respectively.
Additionally, participants who agreed that the COVID-19 vaccine would not pro-
tect them from infection had 76% lower odds of COVID-19 vaccine uptake (aOR
=0.24; 95% CI: 0.16 - 0.35; p < 0.001) compared to those who disagreed. Similarly,
participants who reported being concerned about COVID-19 vaccine side effects
had a 49% reduction in vaccine uptake (aOR = 0.51; 95% CI: 0.40 - 0.87; p = 0.008).

As shown in Table 3.

Table 3. Multivariate analysis.

Variable Adjusted OR (95% CI) p
Age (years)
>45 Ref
31-45 0.46 (0.28 - 0.74) <0.002
18-30 0.50 (0.30 - 0.83) 0.001
I believe COVID-19 vaccine will not protect me from
infection
Disagree Ref
Agree 0.24 (0.16 - 0.35)  <0.001
I am concerned about potential side effects of the
COVID-19 vaccine
Disagree Ref
Agree 0.59 (0.40 - 0.87)  <0.008
DOI: 10.4236/wjv.2025.153003 46 World Journal of Vaccines
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4. Discussion

The study found that COVID-19 vaccine uptake remains below the national target
of complete adult vaccination by December 2022 [20]. Our study is consistent
with previous findings on vaccine uptake, which reported a 71.1% uptake across
five informal settlements in Nairobi, Kenya [20]. Their longitudinal cohort study
also indicated that vaccine willingness prior to availability closely matched the
uptake once vaccines became accessible. Nevertheless, the remaining gap in cov-
erage highlights the need for sustained and targeted interventions. Similarly, an-
other study conducted in Tanzania found that only 18% of the general population
had received the COVID-19 vaccine by April 2022 [18]. Factors contributing to
the low uptake included vaccine hesitancy, lack of trust, and limited access to re-
liable information. In the Tanzanian context, early mixed messages from national
leadership may have contributed to slow public acceptance of the vaccine. The
findings suggest that, despite the widespread availability of vaccines, achieving full
population coverage remains a challenge. Although vaccines were available and
provided free of charge, uptake may have been limited by hesitation, misinfor-
mation, or distrust in health authorities.

Age was found to be a significant predictor of COVID-19 vaccine uptake. Par-
ticipants under the age of 45 were less likely to take the vaccine compared to those
aged 45 and above. These findings are consistent with those of a study conducted
in Tanzania, which reported that older adults (30 years and above) were more
likely to receive the vaccine, with uptake increasing by 3% with each additional
year of age [18]. Similarly, another study found that vaccine acceptance was lower
among individuals under 35 years, attributing this to differences in risk percep-
tion, particularly during the early phase of the pandemic when COVID-19 was
primarily associated with severe illness in older adults [17]. In addition, a separate
study reported that younger, well-educated participants were among the least
likely to be vaccinated [20]. These findings suggest that lower perceived vulnera-
bility among younger populations may contribute to their reduced motivation to
seek vaccination. Addressing this perception through targeted messaging may be
crucial in enhancing vaccine uptake among this age group.

This study found that the belief that the COVID-19 vaccine does not protect
against infection was significantly associated with reduced vaccine uptake. These
findings are consistent with prior research emphasizing the role of perceived vac-
cine effectiveness in shaping vaccination behavior. Participants who believed the
vaccine could protect from COVID-19 infection were more likely to receive the
vaccine, with a 12-percentage-point increase in uptake observed among those con-
fident in vaccine efficacy [22]. Similarly, another study identified perceived effec-
tiveness as one of the strongest predictors of vaccination intentions [23]. Addi-
tionally, research has found that belief in the vaccine’s protective effect—both for
oneself and others—is strongly linked to higher uptake [24]. These findings un-
derscore the central role of vaccine confidence in influencing individual decisions

to take the vaccine. Misinformation, myths, and disinformation continue to con-
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tribute to negative perceptions about vaccine efficacy, thereby fueling low uptake
of the vaccine. To address this barrier, public health efforts should prioritize clear,
evidence-based messaging delivered through trusted sources to reinforce vaccine
effectiveness and build public trust.

This study found that concern about side effects was significantly associated with
reduced COVID-19 vaccine uptake, with individuals expressing such concerns being
49% less likely to receive the vaccine. These findings are consistent with previous
studies that identified fear of side effects as a primary reason for low vaccine uptake
[25]. Similarly, a scoping review of twelve studies reported that concerns about side
effects or adverse events were among the most common barriers to vaccine ac-
ceptance [26]. These concerns underscore the critical role of public perception in
shaping vaccine decision-making. Misinformation and misconceptions regarding
side effects can contribute to low uptake and undermine efforts to achieve adequate
vaccine coverage. Targeted communication through mass media and community

health volunteers may help strengthen public trust and improve vaccine uptake.

5. Limitations and Strengths of the Study

The study used a cross-sectional study and collected data using questionnaires.
The findings are based on data obtained from the participants’ personal percep-
tions and judgments. However, it collected data from both rural and urban county
representatives, which allowed for generalization to the entire county.

6. Conclusion

We conclude that COVID-19 vaccine uptake in Kiambu County remained below
national targets. Uptake was higher among older adults and lower among those
with concerns about vaccine efficacy and side effects. Addressing these concerns
through targeted communication is essential to improve the vaccine uptake. Further
research employing more rigorous study designs is recommended to strengthen the
evidence base and inform future public health strategies.
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