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Abstract: Strengthening routine immunization systems to successfully deliver childhood vaccines
during the second year of life (2YL) is critical for vaccine-preventable disease control. In Ghana, the
18-month visit provides opportunities to deliver the second dose of the measles–rubella vaccine (MR2)
and for healthcare workers to assess for and provide children with any missed vaccine doses. In 2016,
the Ghana Health Service (GHS) revised its national immunization policies to include guidelines
for catch-up vaccinations. This study assessed the change in the timely receipt of vaccinations per
Ghana’s Expanded Program on Immunizations (EPI) schedule, an important indicator of service
quality, following the introduction of the catch-up policy and implementation of a multifaceted
intervention package. Vaccination coverage was assessed from household surveys conducted in
the Greater Accra, Northern, and Volta regions for 392 and 931 children aged 24–35 months with
documented immunization history in 2016 and 2020, respectively. Age at receipt of childhood vaccines
was compared to the recommended age, as per the EPI schedule. Cumulative days under-vaccinated
during the first 24 months of life for each recommended dose were assessed. Multivariable Cox
regression was used to assess the associations between child and caregiver characteristics and time to
MR2 vaccination. From 2016 to 2020, the proportion of children receiving all recommended doses on
schedule generally improved, the duration of under-vaccination was shortened for most doses, and
higher coverage rates were achieved at earlier ages for the MR series. More timely infant doses and
caregiver awareness of the 2YL visit were positively associated with MR2 vaccination. Fostering a
well-supported cadre of vaccinators, building community demand for 2YL vaccination, sustaining
service utilization through strengthened defaulter tracking and caregiver-reminder systems, and
creating a favorable policy environment that promotes vaccination over the life course are critical to
improving the timeliness of childhood vaccinations.

Keywords: immunization; life course; 2YL; catch-up vaccination; missed opportunities for vaccina-
tion (MOV); vaccination timeliness; age appropriate; quality improvement; Ghana; EPI

1. Introduction

Endorsed by the World Health Assembly in 2020, the Immunization Agenda 2030
(IA2030) aims to reduce the morbidity and mortality caused by vaccine-preventable diseases
(VPDs) worldwide [1]. The framework calls on countries to strengthen their immunization
programs to reach at least 90% vaccination for all vaccines recommended in their national
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immunization schedule, including coverage with three doses of the diphtheria–tetanus–
pertussis vaccine (DTP3) and two doses of the measles-containing vaccine (MCV2). DTP3
coverage by age 12 months indicates routine immunization (RI) program performance.
In contrast, timely receipt of MCV2 is essential to prevent the spread of measles and is
important for continued progress toward measles elimination goals [2].

In addition to high vaccination coverage, effective VPD control also requires the timely
administration of recommended vaccines according to a specified national schedule [3].
Vaccination schedules aim to maximize the benefits of timely protection while minimizing
VPD risk or adverse effects following immunization (AEFIs). Thus, schedules consider a
range of age-specific factors, including susceptibility to disease and biological response
to immunizations. Delayed vaccination increases susceptibility to VPDs, which can lead
to increased morbidity and mortality [4–6]. Conversely, vaccine administration before
the recommended age may attenuate vaccine effectiveness since maternal antibodies are
still present in the child’s immune system and may interfere with the immune response
to vaccination [7,8]. Thus, vaccination coverage and the timing of vaccination are both
important metrics for evaluating the quality and effectiveness of vaccination programs.

The World Health Organization (WHO) recommends countries establish and strengthen
a well-child visit in the second year of life (2YL), including vaccination and other services
as part of a continuum of care [9]. In addition to providing vaccination opportunities for
vaccine doses recommended during the 2YL, such as MCV2, a strengthened 2YL vaccination
platform may also provide catch-up vaccination opportunities for children older than one
year who are missing vaccine doses recommended during infancy [9].

In 2012, Ghana became the first country in the African region to introduce MCV2,
during the 18-month visit, into its RI schedule [10,11]. At the time of MCV2 introduction,
Ghana also introduced two infant vaccines, the pneumococcal conjugate vaccine (PCV)
and the rotavirus vaccine, to be administered during established visits for pentavalent
vaccine [12]. By 2015, coverage with the last doses of the PCV and rotavirus vaccines
had reached 88%, levels similar to those of the more established third dose of the pen-
tavalent vaccine, whereas MCV2 (offered as a combined measles–rubella [MR] vaccine
since 2013 [13]) coverage lagged at 63%, underscoring challenges with vaccination beyond
infancy [14].

From 2015 to 2020, the Ghana Health Service (GHS), in collaboration with the U.S. Cen-
ters for Disease Control and Prevention (CDC), designed and implemented interventions
to strengthen the 2YL platform and to facilitate the introduction of the meningococcal A
conjugate vaccine (Men A) in 2016. During early to mid-2016, the CDC and GHS conducted
baseline health facility and household surveys in three underperforming regions of the
country to understand the factors associated with poor MCV2 coverage [11]. The baseline
assessment highlighted region-level inequities in coverage across various vaccine doses,
with several factors contributing to low MCV2 coverage, including a 9-year gap, since the
most recent EPI staff training; insufficient supportive supervision and defaulter tracing;
weak communication between health care workers (HCWs) and caregivers; and poor HCW
practices around documentation of immunization data coupled with inadequate stocks of
updated immunization recording and reporting tools [11,15].

To address the gaps highlighted by the baseline assessment, a multifaceted package of
2YL strengthening strategies was designed and implemented in the selected regions. On the
service-delivery side, interventions broadly included improving the quality and frequency
of EPI training and supportive supervision to improve RI program performance at the
district and health-facility levels. HCW capacity-building activities focused on several
key areas, including strengthening defaulter tracing, providing catch-up vaccine doses,
improving recording and reporting practices of catch-up and 2YL vaccine doses, reinforcing
practices related to vaccine vial-opening policies, and enhancing interpersonal communi-
cation with caregivers about the importance of 2YL vaccination. Social mobilization and
demand-generation activities had a broader scope, primarily centered on increasing vaccine
confidence and awareness about the importance of 2YL vaccination among caregivers and
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their communities. These efforts included several approaches, such as door-to-door inter-
personal communication, referring individuals for catch-up vaccinations, disseminating
tailored messages for 2YL vaccination through mass-media channels, engaging with local
community leaders, and collaborating with daycare proprietors to promote the benefits
of immunization.

Additionally, these activities strived to improve screening and referral practices at
daycare facilities. In 2016, EPI policies were revised to include guidelines around catch-up
vaccination for children under the age of five years with missing vaccine doses. Immu-
nization data-collection tools and databases were also revised to include indicators for
2YL vaccination.

Understanding the impact of the 2YL project activities on the timing of childhood
vaccination may provide insights for refining strategies to enhance timely vaccine adminis-
tration and child survival. In this study, we assessed the change in vaccination timeliness
among children aged 24–35 months before and after project implementation from 2016
to 2020 in three regions of Ghana. We also evaluated the extent to which children were
under-vaccinated for vaccine doses during the first 24 months of life. This study makes an
important contribution to the limited understanding of vaccination timeliness in Ghana,
since previous studies had a limited geographic scope, focused solely on infant vaccines,
and were conducted prior to the establishment of the 2YL platform [16–19]. Although pre-
vious research suggested that delays in infant vaccinations were common in Ghana, similar
to other low- and middle-income countries (LMIC), the extent of subnational variation in
vaccination timeliness remains to be explored [20].

2. Materials and Methods
2.1. Study Site

The present study includes a subset of data collected as part of the broader 2YL
initiative in the Greater Accra Region (GAR), Northern Region (NR), and Volta Region (VR)
of Ghana [11]. Although Ghana reorganized its administrative regions in 2018 following a
referendum vote to create new regions, this study used the pre-2018 regional boundaries for
GAR, NR (now the Northern, North East, and Savannah Regions), and VR (now the Oti and
Volta Regions) for both surveys to ensure comparability of findings. According to the 2021
national census, these regions collectively accounted for 37.2% of Ghana’s total population
of 30.8 million inhabitants [21]. They were selected because they had lower-than-expected
MR2 coverage due to various programmatic challenges. GAR is predominantly urban,
characterized by higher levels of education, high-income variability, a dense population,
and high residential mobility [22]. The population in VR, largely separated from the rest of
Ghana by Lake Volta, the country’s largest lake, experiences barriers to access to healthcare,
including RI services [23]. NR is predominantly rural, and while it is the country’s largest
region, it has one of the lowest levels of socio-economic and educational attainment in
Ghana. Additionally, it is sparsely populated and includes seasonally mobile pastoralist
communities with infrequent contact with the health system.

2.2. Sampling and Participant Selection

This study was derived from baseline and endline household surveys conducted
in March 2016 and August 2020 to estimate the immunization coverage among children
12–35 months old [11,24]. The details of the baseline and endline household survey design
have been previously described elsewhere [11,24]. Briefly, both surveys used a stratified
multi-stage cluster sample design. Within each region, enumeration areas (EAs) were
selected by probability proportional to size, and, following a listing of all households in
selected EAs, a simple random sample was drawn. In households with eligible children
in the 12–23 month or 24–35 month age groups, caregivers could respond for up to two
children (i.e., one interview per child in each age group). If multiple children were in the
12–23 month or 24–35 month age group, one child was chosen randomly. For the endline
survey, children were eligible if they were aged 12–35 months as of March 2020. The selec-
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tion of the cutoff was intended to minimize potential bias in the analytic sample related to
the disruptions in immunization services caused by the COVID-19 pandemic. Trained field
staff administered a standardized questionnaire to the selected child’s caregiver. The survey
questions included demographics and characteristics of the child, caregiver, and household;
the caregiver’s immunization awareness, knowledge, attitudes, beliefs, and perceptions
regarding family, community, and healthcare worker support for immunizations; and the
childhood vaccination history assessed by home-based vaccination record (child health
record booklet—CHRB) data, health-facility records, or caregiver recall.

The present study reports on data collected from children ages 24 to 35 months with
vaccination status and date of vaccination validated using either the child’s CHRB or
health-facility records.

This project was approved by GHS’s Ethics Review Committee and the U.S. Centers
for Disease Control and Prevention.

2.3. Definitions and Derived Variables

The age of the vaccination receipt was calculated in days for each recommended dose
by subtracting the date of vaccination from the child’s date of birth. Vaccination timeliness
was assessed by comparing the age of vaccination receipt with the age recommendations
listed in Ghana’s immunization schedule (Table 1). Based on the age of vaccination receipt,
a dose was considered timely if the vaccine was administered within 28 days after the
recommended age. Early doses were those received before the earliest nationally accepted
valid age. A dose was considered valid if received on or after the minimum recommended
age. For multi-dose antigens, validity was determined if they were received on or after the
minimum interval (i.e., 4 weeks). For each specific dose, days under-vaccinated were used
as a continuous measure to assess the time in days between the end of each recommended
age range until either when the child was vaccinated or when 24 months was reached. We
considered each recommended age range to begin at the fewest number of days and to end
at the greatest number of days possibly composing the given number of months (Table 1).

Table 1. Recommended and minimum ages for Ghana routine childhood immunization schedule.

Vaccine Recommended Age of Administration Age in Days When Dose
Considered Early

Age in Days after Recommended
Age When Under-Vaccination

Count Initiated *

BCG At birth or within 2 weeks of delivery - ≥21 days
OPV0 At birth or within 2 weeks of delivery - ≥21 days
OPV1 6 weeks (42 days) <42 days ≥49 days
PCV1 6 weeks (42 days) <42 days ≥49 days

Pentavalent 1 6 weeks (42 days) <42 days ≥49 days
Rotavirus 1 6 weeks (42 days) <42 days ≥49 days

OPV2 10 weeks (70 days) <70 days ≥77 days
PCV2 10 weeks (70 days) <70 days ≥77 days

Pentavalent 2 10 weeks (70 days) <70 days ≥77 days
Rotavirus 2 10 weeks (70 days) <70 days ≥77 days

IPV 14 weeks (98 days) <98 days ≥105 days
OPV3 14 weeks (98 days) <98 days ≥105 days
PCV3 14 weeks (98 days) <98 days ≥105 days

Pentavalent 3 14 weeks (98 days) <98 days ≥105 days
MR1 9 months (273 days) <273 days ≥303 days

Yellow Fever 9 months (273 days) <273 days ≥303 days
Men A 18 months (542 days) <542 days ≥572 days
MR2 18 months (542 days) <542 days ≥572 days

BCG, bacillus Calmette-Guérin; IPV, inactivated polio vaccine; Men A, meningitis serogroup A conjugate vac-
cine; MR, measles–rubella vaccine, OPV, oral polio vaccine; Pentavalent vaccine includes diphtheria, pertussis,
tetanus, Haemophilus influenzae type b, and hepatitis B vaccines; PCV, pneumococcal conjugate vaccine. * Each
recommended age range (either week or month of visit) is assumed to end at the greatest number of days that
could compose the given number of weeks or months. Since BCG and OPV0 are recommended at birth, they can
either be timely or delayed and cannot be administered too early unlike the other tracer vaccines.
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2.4. Data and Statistical Analysis

Among children aged 24–35 months with written documentation of their immuniza-
tion history, we estimated age-specific coverage rates for doses in the MR series calculated
as the cumulative percentage of children vaccinated up to that month. Percentage estimates
and their 95% confidence intervals (CIs) accounting for survey design and region-specific
sampling weights were calculated and displayed graphically. We reported the median
number of days for each vaccine dose, with the interquartile range (IQR), during which
children were under-vaccinated for the first 24 months of life. Medians and proportions
were compared using the Mann–Whitney and chi-square tests, respectively.

To describe factors associated with the timeliness of 2YL vaccination, we conducted
an exploratory analysis evaluating the influence of (1) caregiver awareness of the 18-month
visit and (2) the number of valid and timely infant doses on time to MR2 vaccination
adjusting for key demographic characteristics of the child (age, sex, birth order), mother
(age, education, marital status, religion), the household (urban/rural settlement) and
year of the survey. Caregiver knowledge of the immunization schedule is an established
predictor of childhood vaccination, and improving caregiver awareness of the 2YL visit
was a key objective of the intervention package, with elements addressing this issue at the
community and health-facility levels. Given that previous studies suggested that delayed
vaccinations during infancy may influence the likelihood of completing the immunization
schedule recommended during the first year of life [25,26], we extrapolated from those
findings to hypothesize timely receipt of infant vaccinations would be associated with
timely 2YL vaccine receipt.

Factors associated with time to MR2 vaccination (defined as the number of days be-
tween the recommended vaccination age and the date MR2 was given) were examined
using univariable and multivariable Cox regression and reported as crude and adjusted
hazard ratio (HR and aHR), respectively, where HR < 1 implies delayed vaccination com-
pared with the referent group (“hazard” being the conditional probability of receiving
MR2 at time t, given that MR2 has not been received before time t). The hazard ratio
compares the average instantaneous risk of vaccination with MR2 over the study period
(the hazard) among a randomly chosen pair of children, one from the exposed group
and another from the non-exposed group. Children with no MR2 vaccination recorded
were right-censored at the age of the interview. We assessed the proportional hazards
assumption for each covariate using graphical plots (log-negative log survival plots). The
assumption of proportional hazards was violated for the child’s age. Thus, we computed
age-stratified Cox regression models, allowing the baseline hazards to vary by the child’s
age. These models were implemented separately for each region, with ‘hazard’ here on
referred to as ‘likelihood’.

All analyses were performed using the appropriate clustering and weighting state-
ments to account for the complex survey design described above. Given our analytic
sample’s inclusion criteria, we used Stata’s subpop option to conduct analyses using the
complete data file to maintain an accurate variance estimation. The Taylor series lineariza-
tion method was used to calculate the variance of the parameter estimates. Unweighted
case frequencies and weighted proportions are reported. All analyses were performed
using Stata version 17 [27].

3. Results
3.1. Participant Characteristics

Table 2 describes the characteristics of the surveyed children and their households for
each region. A total of 464 and 959 children aged 24–35 months across the three regions were
surveyed for the 2016 and 2020 surveys, respectively. The present study included a subset
of 392 and 931 children with vaccination records in 2016 and 2020, respectively. A detailed
description of the analytic subsets is provided in Supplementary Figure S1. From 2016 to
2020, the vaccination record availability (primarily driven by CHRB availability) increased
significantly across all regions (Table 2). In 2016, the vaccination record availability ranged
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from 76.9% (95% CI: 61.0, 87.7) in GAR to 89.3% (95% CI: 82.8, 93.6) in NR. In 2020, it ranged
from 91.4% (95% CI: 86.5, 94.6) in GAR to 99.5% (95% CI: 97.8, 99.9) in VR.

The median age of the children with vaccination records was 29 months (IQR: 27, 33;
Table 2). Nearly half of these children were male, with a higher proportion (69.1%) in NR
in 2016 compared to 2020. The respondent was primarily the child’s mother (94.6% in GAR,
92.6% NR, and 89.9% in VR), and the median maternal age for both survey rounds was
30 years, ranging from 29.5 years in VR in 2016 to 32 in GAR in 2020. While the proportion
of children from urban settlements was >92% for GAR in both survey rounds, there was
temporal variation in NR (23.8–30.0%) and VR (30.2–26.7%). Most mothers were Christian
in GAR and VR (≥88% for both years) and Muslim in NR (49.5% in 2016 and 72.2% in 2020).
From 2016 to 2020, caregiver awareness of the need for an 18-month visit before the second
birthday increased significantly in NR (19–46.7%) and VR (36.8–57.0%) but decreased in
GAR (62.8–58.3%). Timely receipt of infant vaccinations also improved from 2016 to 2020
in NR and VR, but not in GAR, with an increase in the proportion of children who received
more than 10 timely infant doses in NR (24.1–30.0%) and VR (49.3–59.6%), but a decrease in
GAR (60.1–56.1%). Nonetheless, GAR experienced an improvement in the proportion of
children receiving 6–10 timely doses (17.7–24.3%).

3.2. Timing of Vaccinations

Figure 1 illustrates the cumulative percentage of children aged 24–35 months vac-
cinated with the MR series by region. From 2016 to 2020, the cumulative proportion of
children who received MR1 by the recommended age of 9 months increased in GAR (48.2%
to 52.5%) and NR (32.6% to 34.7%) but decreased in VR (49.2% to 39.5%). Over the same
period, the cumulative proportion of children who received MR2 by the recommended age
of 18 months increased in VR (20.5–38.1%) and remained unchanged in GAR (42%) and
NR (26.0%).

Figure 1 also highlights the dropout from MR1 to MR2 by region between survey
rounds, with a lower coverage of MR2 than MR1 at each survey. In all regions, some
children were vaccinated as early as 4 months for MR1 and 10 months for MR2, albeit
less frequently in 2020 when compared with 2016. The slopes of the curves around the
recommended times of receipt for both doses were steep in 2020 compared to the more
gradual slopes observed in 2016, which is indicative of higher coverage levels being
achieved more rapidly in 2020 relative to 2016 across all regions. For example, between the
ages of 9 and 12 months, MR1 coverage increased from 32.6% to 71.7% in 2016 and from
34.7% to 83.4% in 2020 among children in NR. In this cohort, MR1 coverage reached 83.7%
and 92.3% by the end of 2YL during 2016 and 2020, respectively. Similarly, whereas MR2
coverage at 18 months was 26% for both years among children in NR, it increased to 56%
in 2016 and to 73.0% in 2020 by 24 months.

In 2016, the recommended minimum coverage of 90% for MR1 was achieved by
11 months in GAR, by 13 months in VR, and not achieved in NR (Figure 1). In 2020, 90%
MR1 coverage was achieved by 14 months in both NR and VR and not achieved in GAR.
Although the recommended minimum coverage of 90% for MR2 was not achieved in any
region by 24 months of age, catch-up vaccination during the 2YL enabled increases in
coverage across all regions. VR was closest to achieving the coverage target in 2020, with
cumulative MR2 coverage at 24 months reaching 85.8%.
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Table 2. Characteristics of children 24–35 months of age in Greater Accra, Northern, and Volta regions, 2016–2020.

Greater Accra Northern Volta

2016
N = 100

2020
N = 224

2016
N = 211

2020
N = 535

2016
N = 153

2020
N = 200

n % (95% CIs) n % (95% CIs) n % (95% CIs) n % (95% CIs) n % (95% CIs) n % (95% CIs)
Vaccination record availability *
Children with vaccination cards 73 76.9 (61.0–87.7) 190 83.1 (75.9–88.5) 189 89.3 (82.8–93.6) 518 96.2 (94.2–97.5) 130 87.5 (80.1–92.3) 193 96.8 (89.2–99.1)

Children with facility register verification 0 0.0 15 8.3 (4.1–16.0) 0 0.0 10 2.2 (1.2–4.1) 0 0.0 5 2.6 (0.6–11.1)
Children with either vaccination record 73 76.9 (61.0–87.7) 205 91.4 (86.5–94.6) 189 89.3 (82.8–93.6) 528 98.4 (96.6–99.2) 130 87.5 (80.1–92.3) 198 99.5 (97.8–99.9)

Child’s sex
Female 37 45.8 (35.0–57.0) 98 49.8 (41.0–58.6) 75 30.9 (23.2–39.8) 251 47.2 (42.8–51.8) 66 48.9 (40.1–57.7) 105 54.7 (46.5–62.7)
Male 36 54.2 (43.0–65.0) 107 50.2 (41.4–59.0) 114 69.1 (60.2–76.8) 277 52.8 (48.2–57.2) 64 51.1 (42.3–59.9) 93 45.3 (37.3–53.5)

Birth order
First 26 47.2 (28.4–66.9) 72 38.6 (30.9–46.9) 41 18.9 (13.8–25.2) 108 22.0 (17.9–26.8) 30 22.2 (16.1–29.8) 63 34.8 (27.8–42.7)

Second 20 18.1 (9.7–31.1) 54 24.6 (18.6–31.7) 39 20.1 (13.5–28.9) 122 23.9 (20.3–27.9) 31 27.0 (20.8–34.3) 36 19.6 (13.6–27.4)
Third or more 27 34.7 (20.8–51.7) 79 36.8 (30.9–43.2) 109 61.0 (50.4–70.7) 298 54.1 (48.4–59.7) 69 50.8 (43.7–57.9) 99 45.6 (39.9–51.4)

Maternal age (years)
<25 10 13.8 (5.6–30.0) 20 9.0 (5.1–15.5) 37 15.0 (8.6–24.9) 63 12.7 (9.4–16.9) 29 23.3 (16.9–31.1) 44 23.4 (18.6–28.8)

25–34 33 46.5 (29.4–64.4) 106 50.8 (43.3–58.2) 84 53.7 (38.6–68.2) 137 26.6 (22.2–31.6) 55 40.5 (31.8–50.0) 80 41.2 (33.8–49.0)
≥35 30 39.7 (24.3–57.5) 79 40.2 (33.8–47.0) 68 31.3 (21.2–43.4) 328 60.7 (54.4–66.6) 46 36.2 (27.8–45.6) 74 35.5 (29.7–41.7)

Maternal education
Never attended school 10 9.6 (4.3–20.1) 15 6.9 (4.1–11.2) 136 74.3 (64.0–82.4) 373 68.1 (60.5–74.8) 40 29.6 (18.8–43.4) 36 17.1 (9.8–28.0)

Primary 15 30.3 (18.9–44.8) 16 6.6 (4.1–10.4) 14 5.9 (2.9–11.4) 43 8.0 (5.4–11.6) 23 15.5 (10.1–23.0) 34 15.7 (10.5–23.0)
Secondary or higher 47 60.1 (46.9–72.0) 174 86.5 (80.4–91.0) 39 19.9 (13.9–27.6) 110 24.0 (18.1–31.1) 67 54.9 (40.8–68.3) 127 67.2 (53.2–78.6)

Maternal marital status
Single/Divorced/Separated/Widowed 4 2.8 (1.0–7.9) 27 14.2 (9.1–21.4) 3 1.3 (0.4–4.1) 12 2.8 (1.1–6.6) 6 5.0 (2.1–11.4) 22 9.8 (6.2–15.1)

Married/Co-habitating 69 97.2 (92.1–99.0) 178 85.8 (78.6–90.9) 186 98.7 (95.9–99.6) 516 97.2 (93.4–98.9) 124 95.0 (88.6–97.9) 176 90.2 (84.9–93.8)
Maternal religion

Christian 64 88.3 (77.6–94.3) 175 88.2 (79.2–93.6) 66 34.9 (23.4–48.4) 125 22.1 (13.6–33.6) 116 88.0 (76.9–94.2) 172 87.8 (79.7–92.9)
Muslim 7 8.1 (3.1–19.3) 29 11.0 (5.7–20.3) 104 49.5 (32.6–66.5) 359 72.2 (59.2–82.3) 5 4.2 (1.1–14.8) 13 5.6 (2.4–12.7)

Traditionalist 2 3.6 (0.9–13.4) 0 0.0 -4.4 15 13.1 (4.2–33.9) 37 2.5 (1.8–10.1) 9 7.8 (3.4–17.0) 5 2.9 (0.8–7.7)
None / Do not know 0 0.0–2.6 1 0.7 (0.1–4.8) 4 0.0 (0.8–8.6) 7 1.3 (0.4–4.0) 0 0.7 (0.1–5.2) 8 4.1 (1.8–9.1)

Settlement type
Urban 65 92.2 (71.4–98.2) 183 93.0 (80.6–97.7) 64 23.8 (11.7–42.5) 145 30.0 (16.7–48.0) 45 30.2 (16.0–49.6) 54 26.7 (13.9–45.1)
Rural 8 7.8 (1.8–28.6) 22 7.0 (2.3–19.4) 125 76.2 (57.5–88.3) 383 70.0 (52.0–83.3) 85 69.8 (50.4–84.0) 144 73.3 (54.9–86.1)

Caregiver aware of need for 18 mo visit before
2nd birthday

No 35 37.2 (23.0–54.0) 94 41.7 (31.4–52.9) 154 81.0 (67.5–89.8) 278 53.3 (43.3–62.9) 78 63.2 (54.8–70.8) 88 43.0 (35.3–50.9)
Yes 38 62.8 (46.0–77.0) 111 58.3 (47.1–68.6) 35 19.0 (10.2–32.5) 250 46.7 (37.1–56.7) 52 36.8 (29.2–45.2) 110 57.0 (49.1–64.7)
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Table 2. Cont.

Greater Accra Northern Volta

2016
N = 100

2020
N = 224

2016
N = 211

2020
N = 535

2016
N = 153

2020
N = 200

Number of valid timely infant doses †

None timely 3 2.5 (0.8–7.2) 18 11.1 (6.2–18.9) 36 16.2 (9.1–27.1) 82 14.6 (10.5–20.0) 9 6.8 (3.6–12.8) 19 7.5 (3.6–15.1)
1–5 doses 10 19.7 (9.2–37.4) 20 8.6 (5.4–13.4) 61 36.4 (27.6–46.2) 150 27.4 (21.9–33.7) 29 20.6 (14.4–28.6) 34 15.7 (11.6–21.1)

6–10 doses 13 17.7 (9.2–31.2) 46 24.3 (18.1–31.8) 45 23.3 (17.8–30.0) 149 28.0 (23.7–32.7) 29 23.2 (16.4–31.9) 33 17.2 (11.7–24.4)
>10 doses 47 60.1 (42.2–75.7) 121 56.1 (48.6–63.2) 47 24.1 (14.3–37.6) 147 30.0 (22.7–38.4) 63 49.3 (40.5–58.1) 112 59.6 (49.2–69.1)

* Source vaccination records include child health record books and facility-based registers. Total Ns shown and denominator of proportion includes all sampled children in the region
during the specified survey round. Characteristics included in this table are among children with vaccination records. † Includes 14 doses total: bacillus Calmette-Guérin (BCG);
pentavalent 1, 2, and 3; rotavirus 1, and 2; oral polio vaccine 1, 2, and 3; pneumococcal conjugate vaccine (PCV) 1, 2, and 3; yellow fever, measles–rubella 1. Sample sizes are unweighted,
and percentages and 95% CIs are weighted. Bold values denote statistical significance of the design-based chi-square test comparing 2016 to 2020 at the p < 0.05 level.



Vaccines 2024, 12, 716 9 of 19

Vaccines 2024, 12, x FOR PEER REVIEW 9 of 19 
 

 
Vaccines 2024, 12, x. https://doi.org/10.3390/xxxxx www.mdpi.com/journal/vaccines 

3.2. Timing of Vaccinations 
Figure 1 illustrates the cumulative percentage of children aged 24–35 months 

vaccinated with the MR series by region. From 2016 to 2020, the cumulative proportion of 
children who received MR1 by the recommended age of 9 months increased in GAR 
(48.2% to 52.5%) and NR (32.6% to 34.7%) but decreased in VR (49.2% to 39.5%). Over the 
same period, the cumulative proportion of children who received MR2 by the 
recommended age of 18 months increased in VR (20.5–38.1%) and remained unchanged 
in GAR (42%) and NR (26.0%). 

 
Figure 1. Cumulative vaccination coverage by age in months for the first and second dose of 
measles–rubella (MR) vaccine among children aged 24–35 months in Greater Accra, Northern, and 
Volta regions in 2016 and 2020. Values indicate cumulative percentage of children vaccinated by 6, 
9, 12, 18, and 24 months of age. Shaded areas represent the 95% confidence intervals for the coverage 
estimates. 

Figure 1 also highlights the dropout from MR1 to MR2 by region between survey 
rounds, with a lower coverage of MR2 than MR1 at each survey. In all regions, some 
children were vaccinated as early as 4 months for MR1 and 10 months for MR2, albeit less 
frequently in 2020 when compared with 2016. The slopes of the curves around the 
recommended times of receipt for both doses were steep in 2020 compared to the more 
gradual slopes observed in 2016, which is indicative of higher coverage levels being 
achieved more rapidly in 2020 relative to 2016 across all regions. For example, between 
the ages of 9 and 12 months, MR1 coverage increased from 32.6% to 71.7% in 2016 and 
from 34.7% to 83.4% in 2020 among children in NR. In this cohort, MR1 coverage reached 

Figure 1. Cumulative vaccination coverage by age in months for the first and second dose of measles–
rubella (MR) vaccine among children aged 24–35 months in Greater Accra, Northern, and Volta
regions in 2016 and 2020. Values indicate cumulative percentage of children vaccinated by 6, 9, 12, 18,
and 24 months of age. Shaded areas represent the 95% confidence intervals for the coverage estimates.

3.3. Duration of Under-Vaccination during the First 24 Months of Life

Across the immunization series, the duration of under-vaccination tended to be longer
for most doses in NR compared to other regions for both survey rounds (Table 3). From
2016 to 2020, the median number of days under-vaccinated decreased for most doses
across all regions. Nonetheless, the results were mixed in GAR, with the duration of
under-vaccination increasing significantly for some doses, including BCG, yellow fever
(YF), and the oral poliovirus vaccine (OPV) series. Notably, the median duration of MR2
under-vaccination decreased significantly across all regions, by 68 days in NR and 52 days
in both GAR and VR.

Across all regions and for both survey rounds, the duration of under-vaccination
generally increased with each subsequent scheduled visit and tended to be similar for
scheduled doses during the same visit (Table 3). The exception was the duration of under-
vaccination for OPV doses in 2020, which tended to be longer relative to the doses scheduled
during the same visit. For instance, the median number of days under-vaccinated with
the third dose of OPV in GAR in 2020 was 46 but was only 16 for the third dose of the
pentavalent vaccine.

From 2016 to 2020, the proportion of children aged 24–35 months receiving all recom-
mended doses on a timely basis increased in NR (9.9% to 13.6%) and VR (24.6% to 27.3%)
but decreased in GAR (33.6% to 30.0%). None of these changes were statistically significant.
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Table 3. Days under-vaccinated with various doses of vaccine during the first 24 months among
children aged 24–35 months * in Greater Accra, Northern, and Volta Regions, 2016 and 2020.

Greater Accra Northern Volta
2016

(N = 71)
2020

(N = 205)
2016

(N = 189)
2020

(N = 528)
2016

(N = 128)
2020

(N = 198)

Vaccine n Median
(IQR) n Median

(IQR) n Median
(IQR) n Median

(IQR) n Median
(IQR) n Median

(IQR)
BCG 62 2 (1, 6) 177 4 (1, 19) 168 22 (8, 65) 506 17 (6, 40) 112 10 (3, 24) 164 7 (2, 51)

OPV1 21 16 (11, 54) 77 29 (11, 90) 124 16 (10, 74) 393 24 (8, 62) 80 14 (7, 25) 113 13 (5, 30)
PCV1 21 18 (11, 96) 56 14 (7, 682) 122 18 (10, 90) 356 16 (6, 34) 83 14 (7, 27) 108 10 (5, 22)

Pentavalent 1 22 16 (11, 96) 57 14 (7, 682) 123 16 (10, 55) 358 17 (6, 34) 81 15 (7, 29) 110 10 (5, 23)
Rota1 20 16 (10, 54) 60 15 (7, 682) 127 17 (10, 77) 357 17 (6, 35) 80 14 (7, 27) 108 10 (5, 22)
OPV2 42 10 (4, 41) 125 29 (7, 75) 159 30 (14, 130) 459 41 (14, 96) 100 18 (8, 37) 138 14 (6, 38)
PCV2 42 19 (4, 41) 104 14 (5, 40) 159 32 (14, 130) 438 23 (9, 48) 99 18 (8, 37) 136 11 (6, 30)

Pentavalent 2 41 10 (4, 41) 105 12 (4, 40) 162 29 (14, 124) 440 24 (9, 49) 101 18 (8, 36) 138 12 (6, 38)
Rota2 42 19 (6, 41) 107 12 (4, 62) 160 33 (14, 146) 439 24 (10, 52) 99 18 (8, 36) 136 12 (6, 30)
OPV3 50 16 (4, 47) 149 46 (12, 169) 173 47 (23, 220) 493 59 (22, 356) 117 21 (9, 47) 161 18 (7, 57)
PCV3 52 17 (4, 46) 128 16 (5, 62) 169 57 (24, 233) 484 33 (14, 65) 116 21 (9, 47) 158 14 (6, 36)

Pentavalent 3 50 18 (4, 47) 130 16 (5, 42) 171 47 (23, 175) 484 33 (14, 67) 118 23 (9, 47) 162 15 (7, 43)
MR1 25 27 (15, 34) 58 54 (12, 428) 99 97 (30, 428) 263 42 (16, 155) 42 47 (13, 121) 87 33 (13, 135)
YF 25 27 (15, 31) 73 58 (12, 428) 99 126 (31, 428) 305 60 (24, 212) 40 47 (13, 122) 90 41 (19, 130)

MR2 44 159 (71, 159) 100 107 (18, 159) 142 159 (61, 159) 335 91 (22, 159) 85 95 (20, 159) 95 43 (17, 159)

* Cumulative days under-vaccinated during the first 24 months of life for a recommended vaccine. Under-
vaccination begins after the end of a recommendation period and continues until the child is vaccinated or
reaches 24 months of age. Sample includes only children with documented vaccination records. Inactivated
polio vaccine and meningitis serogroup A conjugate vaccine were introduced in 2018 and 2016, respectively, and
are excluded from this analysis. N represents total number of children under-vaccinated with any dose. Bold
values denote statistical significance of the Mann–Whitney Wilcoxon test at the p < 0.05 level. BCG, bacillus
Calmette-Guérin; MR, measles–rubella vaccine, OPV, oral polio vaccine; Pentavalent vaccine includes diphtheria,
pertussis, tetanus, Haemophilus influenzae type b, and hepatitis B vaccines; PCV, pneumococcal conjugate vaccine;
Rota, rotavirus vaccine.

3.4. Risk Factors for Time to MR2 Vaccination

In multivariable Cox regression models, several factors were significantly associated
with time to MR2 vaccination (Table 4). Across all regions, an increased number of valid,
timely vaccine doses during infancy was associated with an increased likelihood of MR2
vaccination. In NR, for example, as compared with children with no timely doses, those
receiving 1–5, 6–10, and >10 timely doses, respectively, experienced a 1.9 (95% CI: 1.3,
2.6), 2.1 (95% CI: 1.6, 2.9), and 2.2 (95% CI: 1.6, 3.0) higher likelihood of MR2 vaccination.
Caregiver’s awareness of the 18-month visit was significantly associated with an increased
likelihood of MR2 vaccination in NR (aHR: 1.2, 95% CI: 1.0–1.5) and VR (aHR: 1.5, 95% CI:
1.2–1.8), although the association was not significant in GAR (aHR: 1.2, 95% CI: 0.9–1.6).
In GAR and NR, but not VR, children of older mothers had a higher likelihood of MR2
vaccination when compared to those of mothers aged <25 years. Certain factors significantly
positively impacted the likelihood of MR2 vaccination in some regions, but not others.
These factors included earlier rank in birth order in NR and VR, male sex and rural residence
in NR, and Christian religion in GAR and NR.
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Table 4. Factors associated with time to vaccination for second dose of measles–rubella (MR2) vaccine among children aged 24–35 months in Greater Accra, Northern,
and Volta regions.

Greater Accra Northern Volta
Unadjusted Adjusted Unadjusted Adjusted Unadjusted Adjusted

HR 95% CI HR 95% CI HR 95% CI HR 95% CI HR 95% CI HR 95% CI

Child’s sex
Female REF REF REF REF REF REF
Male 1.1 (0.8–1.4) 1.2 (0.9–1.6) 0.7 (0.6–0.9) ** 0.7 (0.6–0.9) ** 1.0 (0.9–1.2) 0.9 (0.8–1.2)

Birth order
First REF REF REF REF REF REF

Second 0.9 (0.6–1.4) 1.0 (0.7–1.5) 1.0 (0.7–1.5) 1.0 (0.7–1.3) 0.9 (0.6–1.3) 1.0 (0.8–1.4)
Third or more 0.8 (0.5–1.2) 0.8 (0.5–1.1) 1.0 (0.7–1.3) 0.8 (0.6–1.0) * 0.6 (0.5–0.8) * 0.7 (0.6–1.0) *

Maternal education
Never attended school REF REF REF REF REF REF

Primary 0.8 (0.4–1.8) 0.8 (0.4–1.6) 1.1 (0.8–1.6) 1.0 (0.7–1.4) 1.1 (0.6–1.8) 0.9 (0.6–1.6)
Secondary or higher 1.0 (0.6–1.7) 1.2 (0.8–1.8) 0.9 (0.7–1.2) 1.0 (0.8–1.3) 1.8 (1.2–2.7) 1.4 (0.9–2.2)
Maternal age (Years)

<25 REF REF REF REF REF REF
25–34 1.9 (1.1–3.1) * 1.8 (1.0–3.3) 1.2 (0.9–1.6) 1.3 (1.0–1.6) 0.8 (0.5–1.0) 0.9 (0.6–1.3)
≥35 1.8 (1.1–3.0) * 2.1 (1.1–3.9) * 1.3 (1.0–1.7) * 1.5 (1.2–1.9) * 0.8 (0.6–1.1) 1.0 (0.7–1.4)

Maternal marital status
Single/Divorced /Widowed REF REF REF REF REF REF

Married/Co-habitating 1.0 (0.6–1.6) 0.8 (0.6–1.2) 1.2 (0.8–2.0) 1.0 (0.6–1.5) 1.2 (0.8–1.7) 1.3 (0.9–1.7)
Maternal religion

Other REF REF REF REF REF REF
Christian 1.2 (0.8–2.0) 1.4 (1.0–2.0) * 1.3 (0.9–1.8) 1.4 (1.0–1.9) * 1.6 (1.1–2.5) * 1.4 (0.9–2.1)

Settlement type
Urban REF REF REF REF REF REF
Rural 1.1 (0.6–2.1) 1.2 (0.8–1.7) 1.7 (1.3–2.3) ** 2.0 (1.4–2.7) *** 1.3 (0.8–2.0) 1.1 (0.8–1.6)

Caregiver aware of need for 18-month visit before second birthday
No REF REF REF REF REF REF
Yes 1.8 (1.2–2.7) ** 1.2 (0.9–1.6) 1.5 (1.2–2.0) ** 1.2 (1.0–1.5) * 1.7 (1.4–2.2) *** 1.5 (1.2–1.8) ***
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Table 4. Cont.

Greater Accra Northern Volta
Unadjusted Adjusted Unadjusted Adjusted Unadjusted Adjusted

HR 95% CI HR 95% CI HR 95% CI HR 95% CI HR 95% CI HR 95% CI

Number of valid timely doses †
None timely REF REF REF REF REF REF

1–5 doses 16.3 (4.3–62.3) *** 20.4 (6.3–65.8) *** 1.9 (1.3–2.6) *** 1.9 (1.3–2.6) *** 4.6 (2.2–9.4) *** 4.2 (2.0–8.9) ***
6–10 doses 25.5 (8.9–72.9) *** 31.3 (12.1–81.2) *** 2.1 (1.6–2.9) *** 2.5 (1.9–3.4) *** 6.4 (3.4–12.1) *** 6.2 (3.1–12.4) ***
>10 doses 31.1 (11.6–83.0) *** 36.4 (14.7–90.0) *** 2.2 (1.6–3.0) *** 3.2 (2.3–4.3) *** 7.1 (3.6–13.8) *** 6.1 (3.0–12.4) ***

Year
2016 REF REF REF REF REF REF
2020 1.1 (0.7–1.8) 0.8 (0.6–1.2) 1.3 (0.9–1.8) 0.9 (0.7–1.3) 1.0 (0.7–1.3) 0.7 (0.5–1.0) *

† Includes 14 doses total: bacillus Calmette-Guérin (BCG); pentavalent 1, 2, and 3; rotavirus 1, and 2; oral polio vaccine (OPV) 1, 2 and 3; pneumococcal conjugate vaccine (PCV) 1, 2, and
3; yellow fever vaccine, measles–rubella 1. * p-value < 0.05. ** p-value < 0.01. *** p-value < 0.001
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4. Discussion

This study highlights improvements in the timely receipt of childhood vaccinations,
an important indicator of immunization service quality, following the implementation of
an initiative to strengthen the 2YL vaccination platform and introduce catch-up vaccination
policies in Ghana. From 2016 to 2020, under-vaccination occurred for fewer doses and
shorter duration. The proportion of children vaccinated by the recommended age was
higher in 2020 vs. 2016. The improvements were noted for vaccine doses recommended
during infancy and those offered during 2YL. Although the improvements varied across
doses and regions, the results suggest that, overall, more children were likely protected
at earlier ages against VPDs following the implementation of the immunization system
strengthening strategies. While the increases in coverage due to catch-up vaccination
were marginal in some regions, at the population level, they represent meaningful benefits
needed to stop disease transmission. For example, the recent increase in measles cases
in Ghana following several years of low disease incidence implies persistent pockets of
susceptible hosts sustaining transmission [13,28,29]. In addition to local measles spread,
Ghana remains at high risk for case importation given the country’s proximity to countries
lagging in measles control in an increasingly integrated region [30]. The improvements
in vaccination timeliness are, therefore, critical, since immunity gaps resulting from vac-
cination delays or inadequate immune response to vaccination can be exploited by case
importations resulting in disruptive outbreaks.

Vaccination-timing results for the MR series showed improvements in coverage during
2YL, illustrating the importance of strengthening the utilization of the 2YL platform to
facilitate catch-up vaccination and, ultimately, sustain progress toward the IA2030 goals.
Nonetheless, since the recommended minimum MR2 coverage of 90% was not attained
among children aged 24–35 months in any region (consistent with national MR2 coverage
of 83% reported in 2021 [31]), further opportunities remain for improvement in coverage.
Screening vaccination status at the time of school entry and providing catch-up vaccinations
for those with missed doses may be an additional effective strategy to reduce delays and
improve coverage among these older cohorts. Ghana has attained high net pre-primary
and primary school enrollment rates (~75% and >80%, respectively), particularly among
children in urban localities, and has also achieved gender parity in enrollment [32,33].
This means that, for regions like NR, where access to schools has improved [34] and our
analysis suggested urban–rural and gender disparities in time to MR2 vaccination, school-
based screening and vaccination at school entry could be attractive strategies to provide
equitable catch-up vaccination opportunities [35]. Urban–rural disparities in time to MR2
vaccination are especially noteworthy, since they are consistent with previous studies
showing lower MR series coverage and higher measles and rubella incidence in Ghanaian
urban areas [13,36,37].

Since preventing the administration of invalid vaccine doses is, to a greater degree,
the responsibility of healthcare workers, the decrease in the administration of early vaccine
doses over the study period points to the relative success of staff training and supervision
efforts. According to the Ghana EPI field guide [38], doses administered before the rec-
ommended age (age invalid) or not following the minimum spacing intervals (interval
invalid) should be readministered to ensure adequate protection. Thus, in addition to
potentially reducing vaccine efficacy [39], early vaccination may also inadvertently lead
to avoidable increases in programmatic costs and unnecessary risk of AEFIs [40]. Overall,
our findings corroborate previous studies showing that age- and interval-invalid vaccine
doses are common in African countries [41,42]. Further research is needed to understand
better the underlying reasons for invalid dose administration and improve adherence to
the EPI schedule.

Because the duration of under-vaccination tended to be similar for doses scheduled
during the same visit suggests high levels of receipt of multiple vaccines during the same
visit. Leveraging contacts with caregivers of children to provide multiple vaccinations dur-
ing the same visit, including appropriate catch-up doses, is critical for minimizing missed
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opportunities for vaccination (MOVs), decreasing the risk of defaulting from the system,
and reducing programmatic costs. Further, simultaneous vaccinations, where appropri-
ate, may also reduce caregivers’ opportunity costs, such as time away from work, travel
time, transportation costs, or the need for childcare while away. Our findings nonetheless
point to challenges with the consistent provision of simultaneous vaccinations given that
OPV, IPV, and MenA doses tended to have longer delays than the other scheduled doses
recommended during the same visit. First, IPV and MenA were, respectively, introduced in
Ghana in 2018 and 2016, and it is likely the implementation delays and inefficiencies associ-
ated with new vaccine introductions, coupled with a lack of awareness among HCWs and
caregivers about the new doses, contributed to the observed vaccination delays. Previous
studies evaluating IPV introduction have highlighted that HCWs and caregivers may have
concerns about the pain and possible adverse effects of multiple injections, given that the
vaccine was scheduled alongside several other more established injectable vaccines [43,44].
While not unique to IPV, such concerns may lead to deliberate delays or refusals [45]. This
issue could be addressed by disseminating evidence-based vaccine safety and acceptability
communication messages.

Additionally, implementing training and supervision programs focused on improv-
ing interpersonal communication between HCWs and caregivers can help address such
concerns. Second, due to funding delays, Ghana experienced widespread stockouts for
OPV and MenA in 2017 and 2019 [46], respectively, which likely meant many children
were left unprotected for long periods. Stockouts adversely impact vaccination timeliness,
since HCWs may be reluctant to open multi-dose vials for fewer children [47,48], leading
to MOVs and frustration among caregivers who are turned away. This may contribute to
hesitation about returning to complete the child’s scheduled vaccinations [49]. To increase
health-system resiliency when stockouts or other disruptions occur, it is important to have
systems in place enabling diligent follow-up and catch-up vaccination for children who
have missed vaccines. This requires strengthening of defaulter tracking systems and a
focus on strengthening record keeping to identify children with missing doses.

An increasing number of timely doses recommended during infancy was associated
with an increased likelihood of MR2 receipt. This is consistent with previous observations
that delayed vaccinations are an important predictor of not completing the first-year
immunization schedule [25] and that children who complete their infant vaccines by their
first year are more likely to receive 2YL vaccines [24]. Overall, the finding suggests that
even early deviations from the recommended schedule may have persisting effects that
adversely impact the timely receipt of 2YL vaccines, prolonging susceptibility to childhood
VPDs. The deviations may reflect barriers to childhood immunization. Still, they may also
result from intentional adjustments to the immunization schedule by HCWs to address
delayed initiation of a multi-dose series or the re-administration of previous invalid doses
while observing dose-spacing requirements. This highlights the importance of supporting
HCWs and caregivers to prevent children from falling behind on immunizations and, as
appropriate, to utilize 2YL contact points to catch up on missed doses.

Since its establishment in 1979, the Ghanaian EPI schedule has increased in complexity
following various vaccine introductions over the years. The increased complexity has
implications for vaccination timeliness, since previous studies have suggested assessing
the vaccination status and scheduling age-appropriate catch-up regimens for children who
have fallen behind on immunizations can be challenging for overburdened HCWs [50–52].
Quality training and supportive supervision, supplemented with simple job aids, may
promote improvements in correct screening, recording of tools, and scheduling of doses.
Mobile-based immunization decision support systems to automatically construct age-
appropriate vaccination schedules for children have also shown promise in LMIC [53]
and should be further explored in the Ghana setting. Importantly, field guides should
also provide clear instructions and scenarios on what HCWs should do during encounters
with children who are behind on immunizations, especially in the absence of written
immunization records for the child.
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Systematic reviews have shown caregiver reminder/recall systems are effective inter-
ventions for improving service utilization and vaccination timeliness [54,55]. These include
a wide range of mediums ranging from person-to-person telephone calls, letters, home
visits, and text messages to combinations used to remind caregivers that vaccinations are
due (reminders) or overdue (recall). Emphasizing the reminder component of these systems
would likely be more effective for encouraging timeliness and preventing a build-up of
delayed doses, which may be more challenging to address later. Although reminders
are effective in increasing vaccination timeliness [56], their impact is less understood in
LMIC settings. Nonetheless, a randomized controlled trial in NR evaluating the effect of
telephone-call reminders on timely neonatal vaccination showed a 10.5% increase in timely
vaccination in the intervention arm compared to the control group [17]. Extending such
research to examine the impact of phone-based reminders on vaccination timeliness during
2YL may better inform immunization programming.

In this study, caregiver awareness of the 18-month visit was positively associated
with time to MR2 vaccination. The positive association suggests demand generation and
social mobilization efforts may be important contributors to improving vaccine timeliness.
Our findings suggest that targeted and proactive messaging to communities about the
importance and timing of 2YL vaccines should be emphasized to improve vaccination
timeliness. In areas like VR and NR, where religious affiliation is an important predictor of
2YL vaccination timeliness, involving local religious leaders and faith-based organizations
in raising awareness about 2YL vaccinations and broader vaccine promotion activities may
help mitigate community concerns and improve timely vaccine uptake. To incentivize uti-
lization of the 2YL visit, programs may also consider integrated demand-creation strategies
that raise awareness of the other preventative health services (e.g., deworming, growth
monitoring, and bed net distribution) typically delivered jointly with 2YL immunizations.
Lastly, high-quality respectful interpersonal communication skills are essential for HCWs
to educate caregivers on the benefits of the 2YL visit and the importance of adherence to the
recommended vaccination schedule. Previous research in Ghana and elsewhere has shown
that rude HCW behavior, inattention to caregiver questions, and not receiving enough
information during healthcare visits are major reasons caregivers do not bring back their
children for vaccinations, especially when they fall behind [49,57–60].

5. Strengths and Limitations

The timeliness of childhood vaccinations has seldom been studied in Ghana, and our
study is the first to assess the changes following the strengthening of the RI system using
data from a household survey specifically designed to assess immunization coverage in
the 2YL. We included data from multiple birth cohorts with high levels of vaccination
record availability.

Nonetheless, the proportion of children with written documentation of vaccination
status was significantly higher in 2020 compared to 2016 across all regions, potentially
limiting the interpretation of the pre–post comparisons. CHRB prevalence has markedly
improved in Ghana over recent decades [61], and it is possible the health-system improve-
ments achieved by 2020 facilitated increased CHRB availability, such that our 2020 sample
of children with CHRBs was more representative of the general population than our 2016
sample, particularly in terms of healthcare access and caregiver motivation to seek timely
vaccinations. Given that caregiver awareness of the importance of the CHRB is associated
with its retention and improved vaccination uptake [62,63], it is possible that the exclusion
of children without vaccination records in our analyses potentially resulted in a sample
of those with more knowledgeable and possibly more motivated caregivers in 2016 who
were more likely to seek timely vaccinations. Overall, this sampling difference would
have the effect of underestimating the true change in timeliness between 2016 and 2020.
This is most evident in GAR, where MR1 coverage at 10 months and beyond was higher
in 2016 compared with 2020, following significant increases in CHRB prevalence as well



Vaccines 2024, 12, 716 16 of 19

as maternal education levels, both of which are known to be correlated with childhood
immunization outcomes.

Another limitation of the pre–post study design is the lack of control or comparison
regions, which limits direct causal attribution of the observed changes to strengthening
the 2YL platform. Thus, we cannot exclude the possibility the observed changes were
attributable to contextual changes during the 4-year implementation period. Despite the
potential for confounding from other efforts to improve immunization coverage, there were
no other interventions in the study regions targeting 2YL vaccination platform strength-
ening during the study period. Future research should consider including control or
comparison areas.

Additionally, the examined factors associated with time to 2YL vaccination were
limited to those collected in the two survey rounds. There may be influential factors
not captured by this analysis, such as health-system issues related to vaccine supplies or
immunization program implementation, contextual barriers such as travel distance and
poor infrastructure, and as previously mentioned, caregiver attitudes about vaccinations.
Due to the cross-sectional nature of the data, causal inferences cannot be made. The study
was designed and powered to make inferences at the regional level, and the results are not
intended for national-level inferences. Nevertheless, our exploration of regional variations
provides learning opportunities to tailor programs to increase access and utilization of
the 2YL immunization services. Lastly, it is impossible to tease apart the relative effects
of the different components of the 2YL intervention package. As such, it is unclear how
much each component contributed to the observed changes in vaccination timeliness. In
the context of limited resources for improving vaccination programs, additional research is
needed to determine the relative impact and the cost–benefits of individual strategies and
their efficient targeting.

6. Conclusions

While the experience of strengthening the 2YL platform in Ghana was unique, the
lessons learned nonetheless provide valuable information for other countries that are con-
sidering introducing 2YL vaccines or catch-up vaccination policies into their RI programs,
particularly those with regions similar to our study sites. This study has shown substantial
improvements in the timeliness of vaccinations in three regions in Ghana following the
implementation of a package of interventions to strengthen the 2YL vaccination platform
and the revision of the EPI policy to include catch-up vaccination guidelines. The results
from this analysis demonstrate that improvements in the timeliness of vaccinations are
achievable through comprehensive HCW capacity building, strategic community engage-
ment initiatives, and an enabling policy environment encouraging vaccination during 2YL
and beyond. Despite the general successes, regional and urban–rural disparities in vaccina-
tion timeliness were noted and will require targeted and multifaceted solutions to address.
Additional efforts to not only improve vaccination coverage but to ensure that vaccines are
received at their recommended schedule can strengthen the routine immunization platform.

Supplementary Materials: The following supporting information can be downloaded at https://
www.mdpi.com/article/10.3390/vaccines12070716/s1: Figure S1: Flowchart of children included
in vaccination timeliness analyses in Greater Accra (GAR), Northern (NR), and Volta (VR) regions
during 2016 and 2020.
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