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A B S T R A C T

Introduction: Achieving the ambitious goals of the Immunisation Agenda 2030 (IA2030) requires a deeper un-
derstanding of factors influencing under-vaccination, including timely vaccination. This study investigates the
demand- and supply-side determinants influencing the timely uptake of key childhood vaccines scheduled
throughout the first year of life in The Gambia.
Methods: We used two nationally-representative datasets: the 2019–20 Gambian Demographic and Health Survey
and the 2019 national immunisation facility mapping. Using Bayesian multi-level binary logistic regression
models, we identified key factors significantly associated with timely vaccination for five key vaccines: birth dose
of hepatitis-B (HepB0), first, second, and third doses of the pentavalent vaccine (Penta1, Penta2, Penta3), and
first-dose of measles-containing vaccine (MCV1) in children aged 12–35 months. We report the adjusted Odds
Ratios (aORs) and 95 % Credible Intervals (95 % CIs) in each case.
Results: We found that demand-side factors, such as ethnicity, household wealth status, maternal education,
maternal parity, and the duration of the household’s residency in its current location, were the most common
drivers of timely childhood vaccination. However, supply-side factors such as travel time to the nearest
immunisation clinic, availability of cold-storage and staffing numbers in the nearest immunisation clinic were
also significant determinants. Furthermore, the determinants varied across specific vaccines and the timing of
doses. For example, delivery in a health facility (aOR = 1.58, 95 %CI: 1.02–2.53), living less than 30 min (aOR =

2.11, 95 %CI: 1.2–8.84) and living between 30 and 60 min (aOR = 3.68, 95 %CI: 1.1–14.99) from a fixed-
immunisation clinic was associated with timely HepB0, a time-sensitive vaccine that must be administered
within 24 h of birth. On the other hand, children who received Penta1 and Penta2 on time were three- to five-fold
more likely to receive subsequent doses on time (Penta2 and Penta3, respectively). Finally, proximity to an
immunisation facility with functional vaccine cold-storage was a significant supply-side determinant of timely
MCV1 (aOR = 1.4, 95 %CI: 1.09–1.99).
Conclusions: These findings provide valuable insights for programme managers and policymakers. By prioritising
interventions and allocating scarce resources based on these identified determinants, they can maximize their
impact and ensure children in The Gambia receive timely vaccinations throughout their first year of life,
contributing to IA2030 goals.
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1. Introduction

While the World Health Organization’s (WHO) Expanded Pro-
gramme on Immunisation (EPI) has achieved remarkable success in
improving routine vaccine coverage globally, inequalities in the uptake
of childhood vaccines persist [1,2]. Furthermore, vaccine-preventable
diseases (VPDs) still claim the lives of approximately 1.5 million chil-
dren annually [3]. The persistence of VPDs despite high vaccine
coverage underscores the importance of understanding vaccination not
only in terms of coverage but also in terms of timeliness [4]. The
growing consensus is that focusing solely on high vaccination coverage,
a simple measure of the proportion of vaccinated individuals, is no
longer adequate, as timely vaccination also plays a crucial role in disease
prevention. Achieving global eradication of measles demands a mini-
mum of 95 % immunity in every birth cohort, rather than an average
coverage of 95 % across the entire population [5]. This emphasises the
importance of timely vaccination, which involves ensuring that children
receive their doses at the recommended time to provide maximum
protection [6]. Unfortunately, timely vaccination has not been a priority
in many low- and middle-income countries (LMICs). In The Gambia,
despite relatively high routine vaccination coverage similar to that
achieved in many high-income countries [7,8], multiple studies [9–11],
including our previous research [12,13], have revealed significant gaps
in the timeliness of children’s vaccinations. It is evident that a high
coverage does not necessarily ensure the timely administration of vac-
cines. This suggests that, while achieving high vaccination coverage
rates is important, it is equally crucial to ensure timely vaccinations.

Launched by the WHO, the Immunisation Agenda 2030 (IA2030) is
an ambitious global strategy for the next decade to ensure everyone,
everywhere has equitable access to life-saving vaccines [2]. To achieve
this, immunisation programme managers and policymakers need a
comprehensive understanding of the factors influencing non-
vaccination and under-vaccination, including vaccination timeliness.
Although extensive research has explored the determinants of vaccina-
tion coverage in LMICs [14–17], studies on the determinants of timeli-
ness remain limited in scope and depth [18,19], creating a substantial
blind spot. While numerous studies, including systematic reviews, have
established links between various individual, household or community-
level factors and vaccination coverage in different LMIC settings
[15–17,20], research on drivers of vaccination timeliness lags. Most
existing studies have focussed on child, maternal, and household soci-
odemographic characteristics [21–25], neglecting the influence of
broader, multi-level quantitative supply-side factors. To our knowledge,
only few studies have examined community-level factors such as access
to vaccination services [26] or immunisation system barriers to timely
childhood vaccinations [19]. The existing research on timeliness often
focuses on limited number of vaccines and vaccination timepoints
[27,28], neglecting the diversity of vaccines administered at various
periods throughout the first year of life. There is evidence to suggest that
determinants of effective vaccination may differ depending on the
timing of the dose [29], with birth being a particularly vulnerable period
and coverage in later infancy potentially influenced by different factors.
Furthermore, no in-depth quantitative studies have yet attempted to
measure the determinants of vaccination timeliness based on a robust
theoretical model such as a conceptual framework. This lack of a
comprehensive theoretical foundation hinders an understanding of the
complex interplay between various factors and their potential impact on
timely vaccination.

To ensure timely childhood vaccinations, addressing the identified
knowledge gaps is crucial. By conducting research that encompasses
broader quantitative factors, diverse vaccines given during infancy, and
utilising robust theoretical frameworks, we can better understand the
complex dynamics that influence timely childhood vaccination. In this
study, we examined the determinants of timely routine childhood vac-
cines in The Gambia, focusing on those scheduled within the first year of
life (i.e., birth, 2, 3, 4, and 9months). Specifically, we included the birth-

dose of hepatitis-B vaccine (HepB0), the first, second, and third doses of
the pentavalent (i.e., Diphtheria, Pertussis, Tetanus, Hepatitis B and
Haemophilus influenzae type B) vaccine (Penta1, Penta2, and Penta3),
and the first dose of the measles-containing vaccine (MCV1). We
examined broader, multi-level quantitative factors that determine the
recognition of the need for vaccination or demand-side factors. We also
examined quantitative factors that impact a household or community’s
ability to access immunisation facilities and the readiness of facilities to
deliver timely vaccinations (i.e., supply-side factors).

2. Methods

2.1. Conceptual framework and included variables

Our analysis was based on the integration of two complementary
frameworks: the ‘three-delays model’ proposed by Thaddeus and Maine
[30], to understand drivers of maternal mortality, and the framework
developed by Philips et al. [14] to examine determinants of effective
vaccine coverage. Both frameworks propose three levels of factors
influencing the receipt of care/vaccination: those determining the
intention or recognition of the need for care/vaccination (i.e., level 1
factors); those impacting a household’s ability to access health facilities
(i.e., level 2 factors); and those that determine the readiness of health
facilities to deliver appropriate and timely services (i.e., level 3 factors).
Philips et al. [14] further classifies the level 1 factors as demand-side
factors, while the level 2 and level 3 factors are considered supply-side
factors (Fig. 1).

Level 1 factors typically include socioeconomic and demographic
variables. Variables such as travel time to health facilities, perceived
distance to the facility, and ownership of a motorized vehicle are
considered level 2 factors. Level 3 factors include the organization of the
clinics, scheduling of services, staffing numbers, and the population
within the catchment area of a facility, which can impact waiting times
for services as shown in literature [31,32]. This combined framework
allowed us to comprehensively analyse the drivers of timely vaccination
at the individual, household, and community/cluster levels.

The inclusion of variables in this analysis was guided by evidence
from the literature on drivers of timely or effective vaccination
[14–16,18–20], expert knowledge, and data availability. The complete
list of included explanatory variables and their coding are provided in
Fig. 1 and Table S1 of the supplementary appendix respectively.

2.2. Data sources and data collection

The two main data sources utilised in this study are the 2019–20
Gambia Demographic and Health Survey (GDHS) [33], and the national
immunisation facility mapping conducted by The Gambia EPI pro-
gramme in 2019. Detailed descriptive summaries of both datasets, spe-
cifically the number of children with available information and the
completeness of variables in the dataset, are provided in the supple-
mentary appendix.

For each child aged 12–35 months in the 2019–20 GDHS [33], we
extracted and processed data on the outcome variables—timely HepB0,
Penta1, Penta2, Penta3, and MCV1—and all the variables related to level
1 factors. We also extracted and processed variables related to level 2
factors and the geographical coordinates (latitude and longitude) of the
selected cluster from the 2019–20 GDHS. Detailed information about the
methodology of the 2019–20 GDHS is available in the supplementary
appendix.

To estimate the geographic accessibility of immunisation facilities
(level 2 factors) and the factors influencing their readiness to deliver
appropriate and timely services (level 3 factors), we utilised data from
the national immunisation facility mapping conducted by The Gambia
EPI programme in 2019 (see supplementary appendix for further de-
tails). This comprehensive dataset, temporally aligned with the 2019–20
GDHS, included: geospatial data (latitude and longitude) of all
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immunisation sites; category of facility (fixed or outreach site); owner-
ship of functional vaccine cold storage; and population within the fa-
cility catchment area, defined using a travel-time least-cost-path model.
To ensure we had data on other level 3 factors not already captured, we
collaborated with The Gambia EPI to update the national immunisation
facility mapping dataset with additional variables, including the number
of times each facility is open per month and staffing levels for service
provision. Detailed information about how each child and DHS cluster
were linked to the nearest facility is provided in the supplementary
appendix.

2.3. Defining and computing the outcome variables

We assessed vaccination timeliness based on established windows in
The Gambia’s routine vaccination schedule, which includes five ap-
pointments in the first year (birth, 2, 3, 4, and 9 months) [34]. For each
vaccine, we calculated the age of the child at vaccination (in days) by
subtracting their birth date from the date they received the vaccine.
Timely HepB0, Penta1, Penta2, Penta3, and MCV1 was defined as
vaccination within 24 h of birth, between 61 and 90 days (i.e., 2
months), 91–120 days (i.e., 3 months), 121–150 days (i.e., 4 months)
and 271–300 days (i.e., 9 months) respectively, in accordance with the
national vaccination schedule in The Gambia [34]. Any vaccination
outside these windows was classified as untimely, regardless of whether
it was received too early or too late. To evaluate a child’s ability to
consistently receive the multi-dose Penta vaccine (i.e., Penta1, 2 and 3)
according to the recommended schedule, we created a timely “All
Penta” variable. This composite variable indicates whether all three
Penta doses were received within the recommended timeframe. Any
child receiving at least one dose outside the window was considered
untimely for this composite variable.

2.4. Estimating geographic accessibility

Travel time from each 2019–20 GDHS cluster to the nearest fixed
immunisation clinics was employed as the primary indicator for
assessing geographic accessibility. Travel time was chosen as it

encompasses various factors, including elevation, barriers, road
network, and travel speed, which collectively influence geographic
accessibility more accurately than Euclidean or straight-line distances
[35]. Travel times were modelled as the least cost path over an imped-
ance surface. Motorized and walking speeds on roads were assigned
conservatively using calibrated speed limits (S3 Table), based on travel
time studies conducted in similar African context [36,37]. Travel time
was generated at 1 km resolution and extracted using the corresponding
cluster locations from the 2019–20 GDHS. Median travel times were
extracted within 5 km and 2 km buffer zones for rural and urban clus-
ters, respectively, to account for the deliberate displacement of cluster
locations applied in the DHS methodology to ensure respondents’
confidentiality [38,39]. Detailed information about the modelling ap-
proaches and data sources used in the process is shown in the supple-
mentary appendix.

2.5. Bivariate and multivariate multi-level modelling of the determinants
of timely vaccination

We began with bivariate analyses, fitting simple binary logistic
regression models, for each outcome with one variable (covariate) at a
time. These “reduced” models mirrored the full, multi-level model but
included only the individual level. This simplified analysis allowed us to
understand the independent association of each covariate on the
outcome without interference from other covariates.

To address multicollinearity in the multivariate analyses, we
computed generalized variance inflation factors (GVIFs) [40] for each
covariate/outcome combination. We excluded variables with high
GVIFs (>2, ensuring comparability across covariates as recommended
by Fox & Monette [40]) or those showing inconsistent significant asso-
ciations between the bivariate and multivariate analyses (a common
sign of undetected multicollinearity). For these preliminary analyses, we
used the traditional frequentist approach.

For the full multivariate analysis, we employed a Bayesian multi-
level random intercept logistic regression model to estimate the re-
lationships between timely vaccination and the covariates, accounting
for individual, household, cluster and stratum-level variations. The

Fig. 1. Outcome variables and groups of level 1, level 2 and level 3 factors considered in the study, classified according to the conceptual frameworks adop-
ted [14,30].
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multi-level random intercept logistic regression model used in the
multivariate analysis is described as follows. Let yijkl denote the binary
response, representing vaccination timeliness (HepB0, Penta 1, Penta 2,
Penta 3, All Penta, or MCV1) for the ith child in household j, cluster k
and stratum l, and pijkl the corresponding probability of timely vacci-
nation. The model is given by

yijkl ∼ Binomial
(
1, pijkl

)
, i = 1,…, njkl, j = 1,…, nkl, k = 1,…, nl, l

= 1,…, L,

logit
(
pijkl

)
=β0 +

∑r1
p=1

βind
p xpijkl +

∑r2
p=1

βhouse
p xpjkl +

∑r3
p=1

βclust
p xpkl

+ δhousejkl + δclustkl + δstratl ,

δhousejkl ∼ N
(
0, σ2

house

)
, δclustkl ∼ N

(
0, σ2

clust

)
, δstratl ∼ N

(
0, σ2

strat

)
, (1)

Here r1, r2 and r3 represent the numbers of individual, household,
and cluster-level covariates (see Fig. 1), respectively. β0 is the overall
intercept and βind

p , βhouse
p and βclust

p are regression coefficients or fixed ef-
fects corresponding to the covariates xpijkl, xpjkl and xpkl respectively.
δhousejkl , δclustkl and δstratl are the household, cluster and stratification random
effects with variances σ2

house, σ2
clust and σ2

strat respectively. The inclusion of
clustering and stratification as random effects in the model aims to ac-
count for the complex design used in DHS surveys [41]. This approach is
an alternative to incorporating survey weights directly into the model.
Notably, no interaction terms were included in the model.

In the bivariate and multivariate analyses, we calculated crude
(unadjusted) and adjusted odds ratios (cORs and aORs) respectively as
the exponentiated estimates of the fixed effects, along with their cor-
responding 95 % confidence intervals (CIs) or credible intervals (CIs) to
assess the significance of the covariate-timely vaccination associations.
In both analyses, covariates with 95 % CIs not containing the value 1
were considered to have significant associations with timely vaccina-
tion. Data cleaning, validation and analysis were carried out using the R
programming language [42], and the R-INLA package [43].

2.6. Model estimation and evaluation of predictive ability

We placed a non-informative prior N
(
0,10− 3) on all regression co-

efficients and an informative Gamma(0.1, 0.1) prior with a mean of 1
and variance 10, on the precisions of the random effects. This choice
ensured they were well-estimated, especially σ− 2

house whose estimation can
often be affected by small sample sizes at this level [44]. We tested
different prior specifications for the variance parameters in model (1)
but observed no significant changes in the estimated fixed effects.
Similarly, including or excluding the household level in the model didn’t
meaningfully alter the fixed-effect estimates.

To assess the models’ abilities to predict timely vaccination, we
calculated the area under the receiver operating characteristic curve
(AUC). This metric is defined by plotting sensitivity against 1 minus
specificity (sensitivity and specificity in our context relate to the pro-
portions of timely vaccination and untimely vaccination correctly clas-
sified by the fitted models). AUC scores close to 1 indicate excellent
discrimination, with 0.5 representing chance performance [45].
Furthermore, we used variance partitioning coefficients (VPC) to
examine how much of the total variance in the outcome variable (after
accounting for the effects of covariates) can be attributed to different
levels of the model’s hierarchy.

2.7. Role of the funding source

The funders had no role in study design, data collection and analysis,
decision to publish, or preparation of the manuscript.

3. Results

In the bivariate analysis, all variables were significantly associated
with the timely receipt of at least one of the vaccine-dose considered,
except six level 1 variables (ownership of bed nets, sex of household
head, maternal health insurance, maternal age, child’s birth order, and
season of birth). This finding further justifies the decision to include all
the variables in our analysis. The figures showing the unadjusted ORs
and corresponding 95 % CIs from the bivariate analyses can be found in
the supplementary appendix as Figs. S6–S11. The adjusted ORs observed
in the multivariate analyses are presented below. Please refer to
Table S3 of the supplementary appendix for the reference categories of
all the covariates in both the bivariate and multivariate analyses.

3.1. Determinants of timely receipt of HepB0 and MCV1

The aORs and corresponding 95% CIs from the multivariate analyses
for determinants of timely HepB0 and MCV1 are plotted in Fig. 2. For
timely HepB0 vaccination, variables that had significant positive asso-
ciations (i.e. significantly increased the odds of timely vaccination)
were; place of birth, region of residence, maternal parity, household
size, length of stay in current residence, and travel time to the nearest
fixed health facility. On the other hand, household wealth status and
ownership of vaccine cold storage at nearest facility were the variables
that had significant positive associations with timely MCV1.

Children born in a health facility had 58 % (aOR = 1.58, 95 %CI:
1.02–2.53) higher chance of receiving timely HepB0 compared to those
born at home. Compared to children from “other regions” (Kuntaur,
Janjanbureh & Basse), those in Greater Banjul, Brikama and Kerewan
were 281 % (aOR = 3.81, 95 %CI: 1.13–13.86), 275 % (aOR = 3.75, 95
%CI: 1.20–11.80) and 386 % (aOR = 1.58, 95 %CI: 1.02–2.53) more
likely of receiving timely HepB0 respectively. Children born to mothers
with 1–3 previous births (parity) were 62%more likely to receive timely
HepB0 compared to those born to mothers with 4 or more previous
births (aOR = 1.62, 95 %CI: 1.02–2.55). Additionally, children from
households who had resided in their current home for 1–3 years were
143 % more likely to receive timely HepB0 compared to those who had
lived there for less than a year (aOR = 2.43, 95 %CI: 1.02–6.52). Chil-
dren who lived less than 30 min and those who lived between 30 and 60
min from a fixed health facility had a 111 % (aOR = 2.11, 95 %CI:
1.2–8.84) and 268 % (aOR = 3.68, 95 %CI: 1.1–14.99) higher chance of
receiving timely HepB0, respectively, compared to children who lived
more than 60 min away (Fig. 2).

Compared to children from poor households, children from middle-
income households had a 23 % higher likelihood (aOR = 1.23, 95 %CI:
1.02–1.57) of receiving timely MCV1 vaccination (Fig. 2). Similarly,
children from wealthy households had a 37 % higher likelihood (aOR =

1.37, 95 % CI: 1.06–1.76) of receiving timely MCV1 vaccination. Chil-
dren living near an immunisation facility equipped with a functional
vaccine cold store had a 40 % higher chance (aOR = 1.4, 95 %CI:
1.09–1.99) of receiving timely MCV1 vaccination compared to children
whose closest facility lacked a cold store.

3.2. Determinants of timely receipt of Penta1, Penta2, Penta3 and “All
Penta”

Determinants of timely multi-dose pentavalent vaccination uptake
varied across doses. The following variables had significant associations
with timely Penta1 vaccination: ethnicity and length of stay in the
current residence. For timely Penta2 vaccination, the variables that
showed significant associations were timeliness of receiving Penta1 and
staffing numbers providing services in the nearest immunisation facility.
Similarly, the variables that had significant associations with timely
Penta3 were timeliness of receiving Penta2, ethnicity, maternal parity,
maternal education, and household wealth status (Fig. 3). Children
belonging to specific Gambian ethnic groups were significantly more

O. Wariri et al. Vaccine 43 (2025) 126500 

4 



likely to receive timely Penta1 vaccination compared to non-Gambian
children. Notably, Mandika/Jahanka children had a 59 % higher
chance, followed by Fula/Tukular/Lorobo (70 %), Wollof (73 %), and
Sarahule (102 %). Additionally, children residing in their homes for 1–3
years were 77 % more likely, while those residing for 4–5 years were
138 % more likely to receive timely Penta1 compared to those who had
lived there for less than a year.

Similar to the pattern observed in Penta1, children of Fula/Tukular/
Lorobo ethnicity were 44 % more likely to receive timely Penta3
compared to non-Gambian children. The timeliness of receiving previ-
ous doses of the pentavalent vaccine played a crucial role in determining
the likelihood of receiving subsequent doses on time. Children whose
Penta1 was timely were significantly more likely to receive timely
Penta2, with more than threefold higher chance (354 %) compared to
those with untimely Penta1 (aOR = 4.54, 95 %CI: 3.49–6.1). This
pattern was further amplified for Penta3, where children with timely
Penta2 demonstrated a fivefold (539 %) increase in the likelihood of
timely Penta3 uptake compared to those with untimely Penta2 (aOR =

6.39, 95 % CI: 5.73–7.12) (Fig. 3). Beyond the crucial influence of
previous pentavalent vaccine timeliness, several level 1 factors (i.e.,
demand-side) emerged as significant predictors of timely Penta3. Chil-
dren born to mothers with 1–3 previous births (parity) compared to
those with four or more children, those whose mothers had secondary or
higher education compared to those with no formal education and those
from middle-income families compared to those from poor households
had 62 %, 31 % and 57 % significantly higher chance of timely Penta3

respectively.
All covariates that determined a child’s ability to consistently receive

all three doses of pentavalent vaccine (i.e., Penta1, 2 and 3) in a timely
manner, were level 1 factors (Fig. 4). Male children, children whose
mothers had a secondary or higher education, those with Gambian
parents, and those from middle-income families had a higher chance of
receiving timely “All Penta” compared to female children, those whose
mothers had no formal education, those born to non-Gambian parents
and those from poor households. Specifically, male children had a 19 %
higher chance (aOR= 1.19, 95 % CI: 1.01–1.4), children whose mothers
had a secondary or higher education had a 24 % higher chance (aOR =

1.24, 95 % CI: 1.08–1.56), and children from middle-income families
had a 49 % higher chance (aOR = 1.49, 95 % CI: 1.17–1.9).

3.3. Summary of determinants of timely vaccination and predictive ability
of the models

The summary of the estimated relationship between the covariates
and timely vaccination for all the vaccines examined is shown in Fig. 5.
Level 1 factors were the commonest determinants across all the vac-
cines, however, level 2 and 3 factors were also significant. Ethnicity
(Penta1, Penta3 and All Penta) and household wealth status (Penta 3,
MCV1 and All Penta) were significant across three of the vaccines each
compared to maternal parity, maternal education and length of stay in
current residence which were significant across two vaccines. The
timeliness of previous Pentavalent vaccine was a significant predictor

Fig. 2. Adjusted odds ratio and corresponding 95 % credible interval plots for determinants of timely birth-dose of hepatitis B (HepB0) and first-dose measles
containing vaccine (MCV1).
Note: The vertical dashed red lines mark the odds ratio of 1. Red dots and lines show the aORs and 95CIs of variables that have significant associations with
vaccination. Dark blue horizontal line separates the covariates in level 1, 2 and 3 factors. (For interpretation of the references to colour in this figure legend, the
reader is referred to the web version of this article.)
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for all subsequent doses. The plots of predictive ability of the models
(AUC) and the proportion of the total residual variation attributed to
different levels of the model’s hierarchy (VPC) are shown in supple-
mentary appendix (Figs. S4 and S5). the AUC scores for the six vaccines
examined range between 0.76 and 0.90, showing that all the fitted
models had good discriminatory power.

4. Discussion

Our study examined the factors that influence timely routine child-
hood vaccination in The Gambia. To achieve this, we utilised two
complementary conceptual frameworks that provided a comprehensive
theoretical foundation: we examined various quantitative factors that
determine the recognition of the need for vaccination from a broader,
multi-level perspective (level 1 or demand-side factors). Additionally,
we examined the quantitative factors that affect a household or a com-
munity’s ability to reach immunisation facilities and the ability of these
facilities to provide timely vaccinations (level 2 and 3 or supply-side
factors). The most common drivers of timely childhood vaccination
were demand-side factors such as ethnicity, household wealth status,
maternal education, maternal parity, and the duration of the house-
hold’s residency in its current location. Nonetheless, supply-side factors
such as travel time to immunisation facilities, availability of functional
vaccine cold storage and staffing numbers in facilities were also signif-
icant determinants. Our analysis showed that most demand-side factors
were significant for two or more of the vaccines examined. We also

found that the determinants of timely vaccination varied across specific
vaccines and the timing of doses, which aligns with existing evidence
[29].

For HepB0, a time-sensitive vaccine that must be administered
within 24 h of birth, delivery in a health facility significantly increased
timely uptake. Similar findings have been reported in neighbouring
Senegal [46,47], and elsewhere [29]. The increased likelihood of timely
HepB0 in facility births can be attributed to immediate access to health
professionals who can administer the vaccine within the recommended
24-h window, unlike in home births. While the 2019–20 GDHS data
shows a promising rise in facility deliveries to 84 % from 63% in 2013, a
concerning 15 % of births still occur at home in The Gambia [33]. This
translates to missed opportunities for timely HepB0 vaccination. To
bridge any remaining gaps and optimise timely HepB0 uptake in The
Gambia, further efforts are needed to increase facility deliveries,
implement postnatal home visits for timely HepB0 administration, and
ensure infants born at home are brought to health facilities promptly, as
recommended by the WHO [48].

Our study also found that shorter travel time to a fixed immunisation
facility increased the chances of timely HepB0 vaccination. This is likely
because fixed immunisation facilities in The Gambia frequently double
as Reproductive and Child Health (RCH) clinics, offering delivery ser-
vices. As a result, women in close proximity and who give birth at these
facilities have access to HepB0 for their newborns. This finding is
consistent with previous research in The Gambia [11] and elsewhere
[49,50], that has established a link between geographic proximity to

Fig. 3. Adjusted odds ratio and corresponding 95 % credible interval plots for determinants of timely first, second and third dose of pentavalent vaccine (Penta1,
Penta2 and Penta3).
Note: The vertical dashed red lines mark the odds ratio of 1. Red dots and lines show the aORs and 95CIs of variables that have significant associations with
vaccination. Dark blue horizontal line separates the covariates in level 1, 2 and 3 factors. (For interpretation of the references to colour in this figure legend, the
reader is referred to the web version of this article.)
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vaccination services and the uptake of routine childhood vaccines.
However, our results differed from those reported by Moisi et al. in
Kenya, who found that travel time to a vaccination clinic did not affect
vaccination coverage or timeliness [51]. This difference in finding could
be explained by differences in focus. Our analysis examined travel time
to fixed immunisation facilities and its influence on the timeliness of
various doses given throughout infancy, specifically analysing it’s effect
on HepB0, given it’s unique time-sensitive nature. Moisi et al. [51], on
the other hand, examined the effect of travel time on vaccines admin-
istered later in infancy but did not examine it’s affect on HepB0. This
further underscore the importance of considering vaccine-specific fac-
tors when investigating drivers of timely vaccination.

A key measure of a successful immunisation programme is its ability
to consistently reach children on time with multiple doses of the same
antigen, like the pentavalent vaccine. Our study revealed that timely
administration of subsequent doses of the multi-series pentavalent
vaccine is strongly associated with timely receipt of the prior doses.
Children who received Penta1 and Penta2 on time were three to five
times more likely to receive subsequent doses of Penta2 and Penta3 on
time, respectively. This is consistent with previous studies in The
Gambia and other contexts that have highlighted the “domino effect,”
where delays in earlier doses increase the likelihood of delays or non-
uptake of later ones [9,10,52,53]. This has important programmatic
implications - prioritising interventions that improve the timeliness of

Fig. 4. Adjusted odds ratio and corresponding 95 % credible interval plots for determinants of consistent timely all doses of pentavalent vaccine (i.e., Penta1, Penta2
and Penta3).
Note: The vertical dashed red lines mark the odds ratio of 1. Red dots and lines show the aORs and 95CIs of variables that have significant associations with
vaccination. Dark blue horizontal line separates the covariates in level 1, 2 and 3 factors. (For interpretation of the references to colour in this figure legend, the
reader is referred to the web version of this article.)
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the earlier doses of multi-series vaccines could significantly boost
overall vaccination timeliness. Based on our findings, programme
managers and service providers should focus their efforts on overcoming
any barriers that hinder the timely administration of the first doses in
multi-series schedules.

We also found that ethnicity significantly influenced timely penta-
valent vaccine uptake. Children from non-Gambian households were
substantially less likely to receive Penta1, Penta3, and “All Penta” on
time compared to those of specific Gambian ethnic groups. This finding
highlights potential barriers to equitable access to vaccination services
for non-Gambian children. These barriers could stem from their limited
understanding of the immunisation system or other obstacles. Our
findings align with past research that has established a connection be-
tween ethnic minority status and lower timely vaccination rates
[29,53,54]. Given that approximately 10 % of The Gambia’s population
are non-Gambians [33], these results highlight the urgent need for the
EPI programme to prioritise equitable access to vaccination for ethnic
minorities in the country. However, a cautious interpretation of this
finding is warranted, as ethnicity may be correlated with other factors
such as maternal education and household wealth. Additionally, the
ethnicity of health facility staff could influence vaccination uptake, with
caregivers potentially willing to travel long distances to have their
children vaccinated by staff of their own ethnicity. Ethnicity may also be
linked to socioeconomic factors like wealth status. Ensuring that all
children, regardless of their background, enjoys the full benefits of
vaccination is crucial for achieving improved health outcomes and
preventing VPDs, aligning with the “Everyone, Everywhere” vision of
the IA2030 agenda [2].

Measles control serves as a crucial indicator of a strong immunisation
system and an important marker of equity within that system. Our study
found a significant association between household wealth and timely
MCV1 uptake. Children from middle and high-income families were
more likely to receive MCV1 on time, aligning with findings from else-
where [18,19]. While immunisation services in The Gambia are free,
indirect costs like transportation and potential income loss from seeking
services might deter vaccination, particularly for the poorest house-
holds. Moreover, these households often face multi-dimensional
poverty, which is a complex problem that goes beyond income [55].
This encompasses various deprivations like limited education, living in
urban slums, lack of empowerment in healthcare decisions, and time
constraints, all of which can hinder timely vaccination uptake.

Our study identified proximity to an immunisation facility with
functional vaccine cold storage as a key factor influencing timely MCV1
uptake. However, limited cold-storage is a persistent challenge in many
developing countries. The 2014WHOmulti-dose vial policy, advising on

minimizing wastage while ensuring safety, recommends discarding
opened vials within six hours unless specific conditions are met [56].
This can lead to “batching” in facilities lacking functional cold-storage,
where healthcare workers wait to accumulate enough children before
opening a vial to avoid waste. This, unfortunately, can delay vaccina-
tions, especially for children attending outreach clinics without func-
tional cold-storage facilities. Interestingly, research in The Gambia has
shown that over 70 % of healthcare workers are willing to open multi-
dose vials even if the batching threshold is not met, suggesting poten-
tial to optimise vaccination visits and reduce delays [57]. Another
promising solution lies in accelerating the implementation of single-use
technologies like measles vaccine micro-needle patches [58]. These in-
novations could reduce reliance on functional cold-storage and, poten-
tially, improve timely vaccination, particularly in outreach settings.

There are some limitations to the design, dataset, and analytical
approach used in this study. Due to the cross-sectional design of our
study, we cannot establish causality between the examined predictive
factors and the observed outcomes. Instead, we can only suggest an
association, and thus, our findings should be interpreted with caution.
However, cross-sectional surveys are the only feasible method for
exploring these associations, as it would be unethical to observe and
follow up children until untimely vaccinations are realised. Addition-
ally, many factors associated with untimely vaccination existed well
before the children in the study were born, suggesting that temporality is
likely present for most observed relationships. We recognise that we did
not consider contextual and qualitative factors such as vaccine hesi-
tancy, beliefs, social norms, rumours, overall trust in government and
the immunisation system that can affect a family’s decision to vaccinate
their children. However, our study concentrated on quantifiable de-
terminants, utilising two robust and complementary conceptual frame-
works. In our analysis of geographic accessibility and facility-level
factors that determine timeliness, we assumed that households received
vaccination services from the nearest clinic. This might not always be
true, as individuals may bypass closer facilities due to perceived service
quality issues [59–61], or service managers may assign communities to
specific clinics based on geographic boundaries or operational effi-
ciency, even if they are not the nearest. Additionally, we assumed a
constant travel speed in our model and did not account for potential
variations in travel time resulting from seasonal changes in travel speed
due to weather conditions.

To refine future analysis on travel time models and how facility
factors impact uptake of timely vaccination, it may be possible to collect
information about the specific clinic where services are received using
electronic immunisation registers or demographic surveillance systems.
It is also important to note that our travel time estimates may have been
biased by the random displacement of DHS cluster locations. However,
we mitigated this by extracting median travel times within 5 km and 2
km buffer zones for rural and urban clusters, respectively [39]. Addi-
tionally, using the complete census of all Gambian immunisation facil-
ities, instead of a limited sample, significantly enhanced the robustness
of our travel time models by minimizing potential misclassification er-
rors [62].

Despite these limitations, our study has several strengths. First, we
utilised modelled travel time as a supply-side determinant of timely
vaccination, an improvement over reported travel times or distances
used in previous studies [11,19]. Second, our two main datasets, the
2019–20 GDHS and the data from the national immunisation facility
mapping conducted by The Gambia EPI programme in 2019, were
temporally aligned. This improves the quality of our estimates compared
to previous studies that have relied on combining facility dataset from
databases which may be out of date with population data such as DHS
datasets [63,64]. Third, our collaboration with the Gambia EPI
improved the facility data with relevant additional variables such as
staffing and service scheduling, further enhancing the analysis. Lastly,
our study examined broader quantitative factors, diverse vaccines
scheduled during different timepoints in infancy, and utilised robust

Fig. 5. Summary of the estimated relationships of the predictors of timely
vaccination in the multivariate analyses. Only variables found to be significant
for at least one vaccine are shown.

O. Wariri et al. Vaccine 43 (2025) 126500 

8 



theoretical frameworks to gain a deeper understanding of the complex
factors that influence timely childhood vaccination.

In conclusion, our study, guided by robust conceptual frameworks,
has provided insight into the key factors that drive timely childhood
vaccination in The Gambia. While demand-side factors influencing
households’ recognition of the need to seek immunisation services were
the most prominent determinants, supply-side factors like travel time to
facilities, cold chain availability, and staffing levels also played a sig-
nificant role. It’s important to note that these determinants varied
depending on the specific vaccine and timing of doses. This detailed
analysis provides valuable information for immunisation programme
managers and service providers. By prioritising interventions and allo-
cating scarce resources based on these identified determinants, they can
maximize their impact and ensure children receive timely vaccinations
throughout their first year of life.
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