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Abstract

Background: Vaccination coverage declined in many countries during the COVID-19 pandemic,
including in Bosnia and Herzegovina. We evaluated a telephone-based outreach intervention
implemented in primary healthcare facilities (PHCs) in the Federation of Bosnia and Herzegovina.
The intervention targeted missed routine vaccinations among children aged 0-7 years. Method: Using
a programmatic, non-randomized pre—post design, healthcare teams reviewed registries to identify
under-vaccinated children, and parents were contacted by phone to facilitate catch-up visits. Results:
Among age-eligible children, vaccination coverage increased from 66.5% to 74.2% for measles—
mumps-rubella (MMR) dose 1, from 43.4% to 51.7% for MMR dose 2, and from 50.4% to 55.9% for
the fourth dose of diphtheria-tetanus—acellular pertussis-inactivated poliovirus-Haemophilus
influenzae type b vaccine (DTaP-IPV-Hib). Mixed-effects models adjusting for age, sex, and
clustering by facility and canton showed higher odds of vaccination post-intervention for MMR dose
1 (adjusted odds ratio [aOR] 1.65), MMR dose 2 (aOR 1.61), and DTaP-IPV-Hib dose 4 (aOR 1.39; all
p<0.001). Conclusions: These results show that registry-based, proactive outreach can yield
significant improvements in routine childhood vaccination coverage in real-world settings and may
be a scalable approach for decentralized health systems recovering from pandemic disruptions.

Keywords: routine immunization; vaccine coverage; catch-up vaccination; outreach intervention;
health system strengthening

1. Introduction

Routine childhood immunization is among the most effective and cost-effective public health
interventions, saving millions of lives and preventing many diseases worldwide. However, after
years of steady progress, that momentum was disrupted during the COVID-19 pandemic. Health
systems were stretched, access to vaccination services became more limited, and many families
delayed or missed routine immunization altogether. In addition, vaccine hesitancy has increased,
partially due to unexpected or uncomfortable experiences associated with the novel COVID-19
vaccines, adding another layer of difficulty [1]. COVID-19 vaccination may have contributed to this
hesitancy by shaping beliefs about side effects, reducing confidence in the safety of certain vaccines
[1,2]. By 2021, the impact was clear: the WHO and UNICEF estimated that around 25 million infants
worldwide were unvaccinated or under-vaccinated, marking the largest sustained drop in routine
childhood immunization coverage in nearly 30 years [3,4].

Keeping routine immunization on track is challenging in decentralized health systems, where
governance, financing, and service delivery are spread across different levels. Thus, recovery does
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not occur evenly. Some areas rebound faster than others, but gaps persist. Without support and
intervention, the risk of widening these gaps becomes entrenched and a significant setback, with
long-term consequences for population health.

Vaccination coverage in Bosnia and Herzegovina has long struggled to reach high levels for
several antigens, with measles-containing vaccines being of particular concern [5]. National
WHO/UNICEF Estimates of National Immunization Coverage (WUENIC) show a decline in measles
vaccine coverage in Bosnia and Herzegovina during the COVID-19 period, with only partial recovery
in 2023-2024 [6]. The consequences of these gaps are visible, as the Federation of Bosnia and
Herzegovina has experienced repeated measles outbreaks. In 2024, over 7,000 cases were recorded,
with 5,103 cases from 2014 to 2015 and 1,132 cases in 2019. During the 2019 outbreak, over 90% of
reported cases in the Sarajevo Canton occurred among unvaccinated children. Local evidence from
the Mostar Health Center showed a statistically significant decline in MMR vaccination coverage
during and after the COVID-19 pandemic compared with pre-pandemic years [7]. This pattern and
repeated outbreaks are a clear sign that immunity gaps remain and that measles continues to circulate
[5, 8, 9].

Addressing parental vaccine hesitancy requires a multifaceted strategy that combines
transparent communication, as well as clear counseling on expected side effects and differences
between vaccines. However, communication alone is often insufficient unless it is translated into
structured interventions. In this context, identifying under-vaccinated children and linking them
with targeted reminders and proactive outreach interventions is needed to convert parental intention
into actual vaccine uptake [10]. The WHO'’s Tailoring Immunization Programmes (TIP) framework
addresses this gap by emphasizing the identification of under-vaccinated groups followed by
targeted interventions that support, motivate, and enable vaccine uptake. Strong evidence shows that
reminder/recall systems and proactive outreach can improve both uptake and timeliness of childhood
vaccination [11,12]. A Cochrane systematic review confirmed that these interventions increase
vaccination coverage [13]; for example, telephone reminder systems have been associated with
meaningful increases in MMR coverage, with registry-based outreach producing relative gains of
around 10% [14]. Similarly, an adolescent-population-based study revealed that those receiving
reminders were nearly twice as likely to become up-to-date as those without active follow-ups [15].

However, these mixed findings indicate that the effectiveness of such interventions depends not
only on the communication modality used but also on how well these systems are integrated into
routine service delivery. In the Federation of Bosnia and Herzegovina, recall and reminder practices
are not implemented, and there are no systematic mechanisms to identify under-vaccinated
children—a gap that has been confirmed by previous qualitative research among healthcare workers
[16].

Despite this evidence base, the extent to which such interventions are effective remains
insufficiently documented in Southeast Europe. This evidence gap is important because local health
system organization, trust dynamics, and service delivery capacity may influence an intervention’s
effectiveness and scalability. Thus, this study evaluated an intensive immunization outreach
intervention implemented by primary healthcare facilities in the Federation of Bosnia and
Herzegovina. Using individual pre-post vaccination records, we assessed changes in coverage and
estimated adjusted intervention effects for key antigens while accounting for clustering at the facility
and canton levels.

2. Materials and Methods

2.1. Study Design and Setting

We carried out a non-randomized pre—post intervention study between April and November
2023 in the Federation of Bosnia and Herzegovina (FBiH). In Bosnia and Herzegovina, routine
childhood immunization schedules are defined at three entity levels: the Federation of Bosnia and

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202604.1167.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 16 April 2026

Herzegovina, Republika Srpska, and the Brcko District. However, this evaluation applies only to the
schedule implemented in the Federation of Bosnia and Herzegovina.

The intervention was delivered through primary healthcare centers (PHCs) responsible for
routine childhood immunization services. For the evaluation, we relied on routinely collected
immunization registry data, comparing each child’s vaccination status immediately before the
intervention (“pre”) with their status after outreach and sufficient time was allowed for catch-up
vaccination (“post”).

2.2. Selection of Participating PHCs

Participating PHCs were those involved in implementing intensive immunization outreach
activities during the study period and that agreed to participate in these activities. Data were
collected from 60 PHCs out of 79 total facilities in the FBiH. The evaluation included all PHCs where
the intervention was operationalized and for which complete pre- and post-intervention registry data
were available. The study did not involve random selection of facilities. Of the 19 PHCs that did not
participate in the intervention, 10 declined to participate, while 9 were not included because they had
already achieved satisfactory vaccination coverage. The 10 PHCs that declined were predominantly
small facilities with a low child population.

2.3. Study Population

This study included 28,264 children identified through facility immunization registries as having
delayed or incomplete vaccination, representing approximately 26% of the estimated total population
aged 0-7 years in the Federation of Bosnia and Herzegovina (108,710 children). Coverage analyses
were restricted to age-eligible children within this intervention cohort for each vaccine dose assessed.
Children were eligible for inclusion if they had a registry record during the intervention period and
were identified as either unvaccinated or partially vaccinated for one or more antigens under the
immunization schedule used in the Federation of Bosnia and Herzegovina. Children who had not yet
reached the recommended age for a particular dose were excluded from analysis.

2.4. Data Sources and Data Collection Procedures

The outreach intervention consisted of several coordinated components meant to improve
vaccine uptake among under-vaccinated children. To maximize intervention success, a standardized
operation protocol was developed and implemented. Healthcare workers responsible for registry
review and caregiver outreach received one-day preparatory training on the study procedures, the
use of the protocol, and a standardized communication approach. Structured communication
referred to a predefined framework for delivering immunization messages while also allowing PHCs
to respond to caregivers’ questions and concerns. In addition, the training covered active listening,
empathetic communication, respectful engagement, and management of vaccine-related concerns.
To ensure message consistency, during training, PHC workers received promotional materials and
key communication messages developed by the World Health Organization (WHO). Trained
healthcare workers systematically reviewed facility immunization registries to identify children with
delayed or incomplete immunization. Caregivers were contacted by telephone and provided with
tailored reminders and invitations to attend catch-up vaccination appointments. The core message
reminded caregivers of their children’s vaccination status and provided information about the
benefits of vaccination and the risks of vaccine-preventable diseases, with emphasis on measles due
to recent outbreaks. These messages also reassured caregivers regarding vaccine safety. In addition
to delivering the core message, calls included practical support, such as scheduling vaccination
appointments and helping parents to overcome potential access barriers. Calls were conducted by
healthcare workers employed in PHCs, including both nurses and doctors. If there was no response
to the initial call, the caregiver was contacted a second or, when needed, third time. During outreach
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calls, caregivers were asked about reasons for missed vaccinations, and these caregiver-reported
barriers were recorded using standardized response categories.

Data were collected using a standardized electronic form and included child age and sex; facility
and canton identifiers; pre- and post-vaccination status for each antigen/dose assessed; and caregiver-
reported barriers to vaccination. Data were entered into a centralized database in real time, with
logical checks to reduce entry errors.

Children who could not be reached after three attempts were flagged for future follow-up
through regular immunization services. Post-intervention vaccination status was assessed 30 days
after the last outreach attempt.

2.5. Outcomes and Variable Definitions

For each antigen and dose, vaccination status was coded as vaccinated (1), not vaccinated (0), or
not yet eligible for vaccination (99). For the regression analysis examining uptake among eligible
children, the outcome was recorded as a binary variable (vaccinated vs not vaccinated), and children
not yet eligible for vaccination were excluded. The primary outcomes were the pre-post change in
coverage for selected vaccine doses prioritized because of lower baseline coverage and programmatic
relevance (MMR dose 1, MMR dose 2, and DTaP-IPV-Hib dose 4). Secondary descriptive outcomes
captured pre—post coverage changes for other doses where baseline coverage was already higher.

2.6. Intervention Description

The intervention included several components. First, healthcare workers checked the registers
and generated lists of children overdue for vaccination. Second, healthcare workers—both nurses
and doctors—contacted caregivers using the most recent available telephone number in the registry.
A minimum of three calls were attempted before a child was classified as not reached. Third, the
reason for delayed or missed vaccination was recorded using predefined categories with an option
for free-form text notes. Fourth, when caregivers agreed, an appointment was scheduled to minimize
follow-up. Finally, vaccination status was re-verified after the intervention window. This workflow
was implemented across all participating facilities.

2.7. Statistical Analysis

The statistical analysis was performed using R, version 4.5.2. Demographic characteristics are
summarized using descriptive statistics. For antigens, vaccination coverage was calculated as the
proportion of age-eligible children who were vaccinated at the pre- and post-intervention time points.
Changes in vaccination status within individuals were assessed by applying McNemar’s test.

To estimate adjusted intervention effects and account for clustering in a decentralized service
delivery setting, the mixed-effects logistic regression models were fitted. Vaccination status was a
binary outcome, and the intervention period was the main exposure.

3. Results

The study population consisted of 28,264 children, with a mean age of 3.31 years (SD = 1.85).
Males accounted for 51.2% of the cohort.

Table 1. Characteristics of the study population.

Variable Value
Number of children 28,264
Mean age (SD) 3.31 (1.85)
Male (%) 51.2

3.1. Changes in Vaccination Coverage
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After the intervention, coverage improved across all antigens. Among age-eligible children,
MMR dose 1 increased from 66.5% to 74.2%, MMR dose 2 from 43.4% to 51.7%, and DTaP-IPV-Hib
dose 4 from 50.4% to 55.9% (Table 2). For vaccines that were already performing well at baseline (see
Supplementary Materials), the changes were more modest. Overall, the improvements were
statistically significant (with McNemar’s test confirming the differences at p <0.001).

Table 2. Vaccination coverage before and after the intervention among age-eligible children.

Vaccine N (eligible) Before After (%) Absolute Change

(%) (Percentage
Points)
MMR (dose 1) 25318 66.5 742 77
MMR (dose 2) 9,014 434 51.7 +8.3
DTaP-IPV-Hib 24,887 50.4 55.9 +5.5

(dose 4)

3.2. Intervention Effects

The mixed-effects logistic regressions showed a statistically significant intervention effect. After
adjusting for age, sex, and clustering at the facility and canton levels, children assessed just after the
intervention were more likely to be vaccinated. The adjusted odds of vaccination are presented in
Table 3.

Table 3. Adjusted odds ratios (ORs) for vaccination uptake following the intervention, estimated using mixed-

effects logistic regression models adjusted for age, gender, and clustering by PHCs.

Vaccine Adjusted OR p- Value
MMR (dose 1) 1.65 <0.001
MMR (dose 2) 1.61 <0.001
DTaP-IPV-HiB (dose 4) 1.39 <0.001

3.3. Caregiver-Reported Barriers to Vaccination

Caregiver-reported reasons for missed vaccination were collected during outreach calls and
categorized into major barrier groups. The most frequently reported barriers were medical reasons
(44.4%), followed by access or system-related barriers (25.2%) and other reasons (16.2%). Hesitancy
or trust-related barriers accounted for 6.8% of responses, while informational or reminder-related
barriers represented 6.0%. A small proportion of cases were classified as already vaccinated
elsewhere (1.2%) or related to contact or tracing issues (<0.2%).

3.4. Association Between Barriers and Vaccination Uptake

Analyses of vaccination uptake were restricted to children who were age-eligible for vaccination.
Vaccination uptake following the intervention differed substantially by reported barrier type. In
adjusted analyses controlling for age, sex, and canton, children whose caregivers reported
informational or reminder-related barriers were significantly more likely to receive catch-up
vaccinations (adjusted odds ratio [aOR]: 2.46; 95% CI: 1.56—4.09). In contrast, hesitancy or trust-related
barriers were strongly associated with a lower likelihood of vaccination (aOR 0.06, 95% CI 0.04-0.10).
Medical barriers were not significantly associated with uptake (aOR 1.18, 95% CI 0.99-1.41),
suggesting that a proportion of these children may have become eligible for vaccination during the
observation period.

No significant association was observed for access/system barriers (reference category) or other
reasons.

4. Discussion
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Although progress is being made in increasing vaccination coverage, many children remain
under-vaccinated. Regarding barriers to childhood immunization in the Federation of Bosnia and
Herzegovina, qualitative evidence indicates that missed or delayed vaccinations were more
frequently related to medical- and system-level factors rather than forgetting or active refusal.

Our study found a measurable benefit for telephone reminders. The absolute gains of 5-8
percentage points for MMR dose 1, MMR dose 2, and DTaP-IPV-Hib dose 4 are of programmatic
importance. These findings are consistent with prior registry-based outreach evaluations and
systematic reviews demonstrating that telephone reminders can produce meaningful improvements
in MMR coverage under routine service conditions. In a Canadian population-level intervention,
MMR uptake increased by approximately 10% following telephone outreach, with more than 80% of
caregivers unaware that their child was behind prior to contact. Our analysis of caregiver-reported
barriers provides important insights into the mechanisms underlying missed vaccinations. The most
frequently reported reasons were medical conditions and system-level barriers, rather than active
refusal. This suggests that under-vaccination in this setting is driven primarily by practical and
clinical constraints, rather than vaccine hesitancy alone. This means that such reminder—recall
strategies could be effective mechanisms for closing immunity gaps [14]. Our results also align with
WHO guidance, suggesting that missed vaccinations frequently result from practical barriers, such
as forgetting appointments. Therefore, registry monitoring and reminder mechanisms are essential
for sustained improvements in vaccination uptake. Behavioral evidence further indicates that
facilitating vaccination directly through service delivery changes may be more effective than relying
on information provision alone [12]. Hesitancy-related barriers were associated with a markedly
lower likelihood of vaccination, indicating that reminder-based intervention alone may not be
sufficient to address trust-related concerns. This interpretation is further supported by randomized
evidence from digital immunization outreach interventions. Wijesundara et al. demonstrated that
electronic health record portal reminders produced a small but statistically significant increase in
early-season influenza vaccination uptake, whereas interactive voice response calls alone had a more
limited effect, suggesting that reminder systems may be most effective when embedded within
broader service facilitation mechanisms, such as appointment scheduling and real-time registry
review [17].

The public health importance of closing these gaps is underscored by recurrent measles
outbreaks in the Federation of Bosnia and Herzegovina (2014-2015, 2019, and 2024) [4]. Official
surveillance data further show that declines in vaccination coverage have been followed by repeated
outbreaks, highlighting the critical role of maintaining high immunization coverage to preserve herd
immunity and protect vulnerable populations [8].

National WHO/UNICEF Estimates of National Immunization Coverage indicate an upward
trend in measles-containing and DTP-containing vaccine coverage in 2023-2024, following declines
during the COVID-19 period. Although these aggregate data cannot be directly attributed to the
present intervention, the timing and direction of change are consistent with the facility-level
improvements observed in this evaluation and provide supportive contextual evidence of recovery
in routine immunization [6]. Regan and Sullivan [18] have further emphasized that vaccination
timeliness is as important as overall coverage, particularly for MMR vaccines. Therefore, the observed
increase in our study may have implications not only for overall coverage, but also for reducing the
period of susceptibility among children who remain unprotected.

By contrast, earlier trials of telephone-only reminder/recall interventions reported more modest
and short-lived effects, largely due to difficulties in reaching families with inaccurate contact
information, highlighting the importance of combining registry review with facility-based outreach
and updated caregiver contact, as implemented in the present study [19]. Children who received
catch-up vaccination differed primarily by barrier type, with higher uptake among those facing
information or practical barriers and lower among those with medical or structural constraints.

Taken together, these findings demonstrate that registry-driven outreach embedded within
routine primary care can meaningfully improve vaccination uptake in decentralized health systems
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such as Bosnia and Herzegovina. Given that the intervention relied on existing registries, primary
care staff, and relatively low-cost telephone contact, it is likely to be feasible and adaptable in other
settings with fragmented governance, legacy trust challenges, and variable coverage, where passive
service delivery alone has proven insufficient to close immunity gaps. The implementation logic is
supported by recent systematic review evidence showing that digital health technologies designed
to improve vaccination uptake are frequently cost-effective, particularly when layered onto existing
health information systems and routine service workflows [20].

4.1. Limitations

A concurrent control group was not available, which limits causal inference and prevents full
separation of intervention effects from secular recovery trends, outbreak-related risk perception, and
parallel facility-level initiatives. In addition, participating PHCs may have been more motivated or
operationally stronger than non-participating facilities, potentially limiting the external validity and
generalizability of the findings. However, the relatively short intervention window, the consistency
of gains across priority antigens, and the use of individual-level paired data reduce the likelihood
that secular changes alone explain the findings. Future work should include controlled designs, such
as stepped-wedge or cluster-randomized trials, as well as cost-effectiveness analyses comparing
alternative outreach modalities to optimize resource allocation, such as SMS, digital tools, and
community health workers.

Despite these limitations, the real-world implementation context represents a significant
strength of this study, as it reflects the operational conditions under which immunization recovery
strategies must function in a health system.

5. Conclusions

This programmatic pre—post evaluation shows that registry-driven telephone outreach can
substantially improve vaccination coverage in a decentralized health system. The absolute gains of
5-8 percentage points for MMR dose 1, MMR dose 2, and DTaP-IPV-Hib dose 4 demonstrate that
these gains are programmatically meaningful and show that actively identifying under-immunized
children, reaching out directly to caregivers, and helping families to schedule appointments can close
immunity gaps, especially for later booster doses that are often missed.

Importantly, the intervention tackled some very practical system barriers. In particular, it
addressed the lack of structured recall systems and the limited follow-up of children who fall behind
on vaccination. In this way, routine services were strengthened under everyday, real-world
conditions, not in a controlled trial setting. Given that this approach relies on existing immunization
registries and relatively low-cost communication, registry-based outreach appears both feasible and
scalable. It may offer a realistic way to support immunization recovery and reduce the risk of future
outbreaks in similar settings, where passive service delivery alone has not been enough.
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