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Abstract 

Background. Vaccinations are highly effective in preventing infectious diseases, which 

otherwise present a serious challenge to the health of individuals and public health. To 

identify potential gaps in vaccination coverage, we examined childhood vaccination levels 

in Frankfurt am Main (FFM) and the Rhein Neckar district (including Heidelberg city, 

RNHD) prior to, during and following the COVID-19 pandemic. Moreover, we explored 

various factors that appear to contribute to lower vaccination levels in specific 

communities in either or both locations. The results are intended to guide strategies for 

designing and improving vaccination services for specific groups in local health settings. 

Methods. A retrospective analysis was conducted to examine the vaccination rates of 

children in Frankfurt am Main and the Rhein Neckar district (including Heidelberg city) 

by using anonymized data from school entry examinations spanning the years 2017 to 

2024. Data pre-processing, analysis, and visualization were performed using R (5.4.2). 

Frequencies and percentages were calculated for sociodemographic and vaccination rates 

(the completeness of the vaccination schedule recommended by STIKO for children). 

Multivariate logistic regression was performed to determine factors with a significant 

impact on vaccination uptake. Results. Multinomial logistic regression with ‘measles-

only’ (Measles) as the reference category revealed distinct predictor patterns across 

vaccination levels. In both regions, children who completed preventive medical check-ups 

had higher odds of completing the schedule of vaccination plus at least one additional 

vaccine (ScheduledPlus) versus, measles-only vaccination. In RNHD, children from 

Eastern European language families and low- and medium-social-status backgrounds 

showed higher odds of completing the scheduled vaccinations without the recently 

introduced rotavirus vaccination (ScheduledNotRota), versus measles-only vaccination. 

In FFM, strong interaction effects were observed between medical examination 

completion and migration background, with children from non-German birthplaces 

showing dramatically reduced odds of complete vaccination when preventive care was 

incomplete. Discussion. The proportion of children with a complete vaccination status 

remained stable over the study period in both locations, with no evidence of post-

pandemic decline. Nevertheless, this stability masks important heterogeneity in vaccine 

coverage patterns across sociodemographic groups. Systematic identification and 

modeling of interactions between nationality, parental employment, and healthcare 

utilization tell a compelling “double jeopardy” story that the effects of these risk factors 

are not additive but synergistic. Regular medical check-ups remain an important factor in 

Academic Editor: Alessandra 

Casuccio 

Received: 8 May 2026 

Revised: 9 July 2026 

Accepted: 11 July 2026  

Published: 14 July 2026 

Copyright: © 2026 by the authors. 

Licensee MDPI, Basel, Switzerland. 

This article is an open access article 

distributed under the terms and 

conditions of the Creative Commons 

Attribution (CC BY) license. 

https://doi.org/10.3390/vaccines14070618
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


Vaccines 2026, 14, 618 2 of 16 
 

https://doi.org/10.3390/vaccines14070618 

ensuring high vaccination coverage among children until they start school and underscore 

the justification for such established preventive care programs. A nuanced understanding, 

however, is crucial for moving beyond simplistic, one-size-fits-all public health 

messaging.  

Keywords: vaccination coverage; preschoolers; public health; infectious diseases 

 

1. Background 

1.1. Vaccination as a Public Health Intervention 

Infectious diseases account for a substantial proportion of deaths worldwide [1], 

highlighting the persistent need for effective public health interventions [2]. Vaccination 

is one of the most effective public health interventions, substantially reducing the 

incidence, complications, morbidity, and mortality associated with vaccine-preventable 

infectious diseases [3, 4]. However, its effectiveness depends on several critical factors, 

including public compliance and trust in vaccinations [5], as well as structural barriers 

such as access, distribution, affordability, and reimbursement [6]. 

1.2. National Vaccination Policy and Monitoring in Germany 

In Germany, the Standing Committee on Vaccination (Ständige Impfkommission, 

STIKO) issues a schedule of national vaccination recommendations as a guideline for 

necessary or beneficial vaccinations [7]. Distinct from other vaccines on the schedule, 

measles is the only vaccine that is legally mandatory for school entry. Immunizations are 

commonly delivered during routine preventive child health check-ups [8] and 

documented in paper vaccination cards possessed by individual patients. Prior to starting 

school in Germany, children are legally required to attend a cost-free school entry health 

examination, called the “Einschulunguntersuchung” (ESU), typically around the age of 

five or six. Conducted by pediatricians from the local Health Authority (Gesundheitsamt), 

it evaluates vaccination status along with the child’s physical health, vision, hearing, 

motor skills, and social–emotional development to determine school readiness. 

There is no local or national register for vaccination in Germany. National estimates 

using health insurance data indicate coverage levels of approximately 80–90% for 

individual vaccines, though these data lack granularity for subnational disparities [9]. 

Therefore, fragmented data sources (e.g., school entrance examinations, population 

surveys, and health insurance claims data) need to be used to estimate coverage [10]. 

1.3. Predictors of Vaccination Coverage 

Despite its effectiveness in preventing infectious diseases, vaccination coverage is 

influenced by a range of sociodemographic and structural factors [11-14]. Parent-level 

barriers—including knowledge deficits, negative attitudes, and practical access 

constraints—have been identified as key determinants of under-vaccination in high-

income settings [15]. Previous studies have identified key predictors of vaccine uptake, 

including nationality [16-18], parental employment status [19], socioeconomic status and 

the child’s place of residence [20, 21]. Also, those who do not fully participate in 

preventive check-ups are less likely to be fully vaccinated [22]. Understanding these 

factors is essential for identifying gaps in vaccine coverage and informing targeted public 

health strategies. 
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1.4. Objectives of the Present Study 

This study examined vaccination rates in pre-school children, evaluating the 

completeness and trends in vaccination coverage among children in accordance with 

STIKO recommendations from 2017 to 2024. For this, we investigated vaccination uptake 

for both mandatory and recommended vaccinations, analyzed changes in vaccination 

rates over time, and compared regional differences between FFM and RNHD. 

Furthermore, this study aimed to identify factors associated with lower vaccination 

acceptance and provide insights into the effectiveness of existing vaccination strategies, 

thereby supporting targeted public health measures and future vaccination policy. 

2. Methods 

2.1. Study Design and Data Sources 

This cross-sectional study analyzed routine data, collected on the basis of federal 

state legislation, during school entry health examinations (ESU). The data were collected 

independently by local public health authorities in two German regions: the Rhein Neckar 

district (including Heidelberg city, RNHD) in the state of Baden-Württemberg, and the 

city of Frankfurt am Main (FFM) in the state of Hessen. Pseudonymized datasets were 

used without individual patients’ identifiers. 

These two sites from different metropolitan regions were selected and analyzed 

separately. This approach provides a broader, complementary picture of vaccination 

uptake while maintaining similar demographic diversity, particularly regarding 

nationalities. This reduces confounding effects when examining vaccine uptake within 

each location. Differences in the availability of socioeconomic data between sites also 

allowed an assessment of how contextual factors and data depth have the potential to 

influence results. 

In both regions, attendance at the ESU is mandatory for all children prior to school 

entry. The examinations in FFM are typically performed within the year of school 

enrollment, while in RNHD, the examinations are typically performed within two years 

prior to school enrollment. The study data include the available data collected in FFM 

from 2018 to 2024, and in RNHD from 2017 to 2024. At both sites, the examinations include 

a comprehensive health assessment carried out jointly by a pediatrician and other health 

professionals. During the examination, pediatricians evaluate the child’s medical history, 

physical development and their record of preventive health check-ups. However, the 

content and process of the examination, as well as data collection procedures, are defined 

independently by each federal state. Consequently, the datasets from FFM and RNHD 

have structural differences and cannot be merged or directly compared; all analyses were 

therefore conducted separately for each region. 

2.2. Outcome and Predictor Variables 

Vaccination status was categorized in both locations into four outcome indicators 

based on the completion of the schedule of STIKO-recommended childhood vaccines [23]. 

ScheduledPlus: All scheduled vaccinations plus rotavirus or other non-mandatory 

vaccinations, including tick-borne encephalitis (FSME), hepatitis A and influenza (only 

RNHD). 

ScheduledNotRota: All expected scheduled vaccines, excluding rotavirus, due to its 

inclusion in the schedule only late within the study period (Supplementary Table S 3 and 

Table S 4). 

Measles: Measles (legally required for school entry), but otherwise an incomplete 

vaccination schedule. 

NotMeasles: Incomplete vaccination schedule with no measles vaccination. 
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Childhood vaccination against a specific disease was considered to be complete if the 

child had received the scheduled number of doses according to STIKO [7] by the year of 

the ESU. The vaccines assessed included varicella (chickenpox), measles, mumps, rubella, 

meningococcus, Streptococcus pneumoniae, pertussis (whooping cough), tetanus, 

diphtheria, polio, Hemophilus influenzae type b (Hib), and hepatitis B virus. Records with 

missing vaccination data (all) were excluded from the analysis (RNHD: 7.1%; FFM: 3.8%). 

In each location, a set of categorical sociodemographic predictors from ESU was 

assessed for analysis. In the RNHD dataset, the initial candidate predictors included the 

child's nationality (Nationality), family language (LanguageFamily), parental 

employment status (Employment), parental education level (Education), family 

socioeconomic status (Status), the child’s birthplace (BirthplaceChild), child living with 

one or two parents (Residence), media consumption (Media), speech therapy needs 

(Speech_therapy), the duration of kindergarten attendance (Kindergarten), and 

completion of a series of childhood medical examinations, distinct from the ESU 

examinations, known as U-tests (MedicalExam). In the FFM dataset, predictors included 

nationality (“NationalityFather”, “NationalityMother”, and “NationalityChild”), 

birthplace (“BirthplaceFather”, “BirthplaceMother”, and “BirthplaceChild”), language 

(family language, “LanguageFamily”; primary carer language, “LanguageCarer”; the 

child’s proficiency, “LanguageAbility”; and the child’s native language, 

“LanguageNative”), the child’s number of siblings (“Siblings”), attendance of U-test 

medical examinations (“MedicalExam”), and the duration of kindergarten attendance 

(“Kindergarten”). 

2.3. Data Preparation and Handling of Missing Data 

For both datasets, categorical variables were recoded into meaningful groups. 

Missing values for predictors were not omitted but were explicitly categorized as 

“Unknown” to retain all cases in the analysis and avoid biased estimates from complete-

case analysis. Reference categories for all factors were pre-specified based on clinical 

relevance or to represent the largest or most stable group (marked with an asterisk in 

Supplementary Table S2). 

2.4. Statistical Analysis 

The association between vaccination status and sociodemographic predictors was 

examined using multinomial logistic regression with four outcome categories, including 

Measles as the reference category. This approach was adopted in response to reviewer 

comments to distinguish between (i) fully vaccinated children (ScheduledPlus and 

ScheduledNotRota), (ii) partially vaccinated children (Measles only), and (iii) children 

missing essential vaccinations (NotMeasles). In addition to the main effects outlined in 

Section 2.2, the final RNHD model included significant interactions between 

LanguageFamily and Nationality, MedicalExam, BirthplaceChild, and Media. The final 

FFM model included interactions between MedicalExam and BirthplaceChild and 

Kindergarten. While the models differed, the strategy was consistent across both regions: 

First, collinearity among predictors was assessed using Cramér’s V test, and 

predictors with high collinearity (V > 0.7) were removed from the model. 

Second, a main-effects model was fitted using the multinom() function in R (version 

4.5.2 [22]). 

Third, to explore effect modification, all possible two-way interactions between the 

remaining main effects were systematically evaluated. Each interaction was tested by 

adding it to the main effects model, and its significance was assessed using a likelihood 

ratio test. All interactions with a p-value of < 0.01 were initially retained for further 

analysis. 
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Fourth, a combined model including nominally significant interactions was fitted. 

Due to increased model complexity, shared variance, and inflated standard errors, many 

interactions lost significance in this full model. More parsimonious models were then 

optimized, retaining only those interactions that remained statistically significant (p < 

0.05) while decreasing AIC and increasing McFadden’s pseudo-R-squared values within 

the context of the combined model. 

Model coefficients were estimated via maximum likelihood. The results are reported 

as odds ratios (ORs) with 95% confidence intervals (CIs). Odds ratios (ORs) > 1 indicate 

higher odds of the specified outcome category compared with the reference category 

(Measles), while ORs < 1 indicate lower odds. Statistical significance for individual 

predictors was assessed at α = 0.05. Model performance was compared primarily using 

the Akaike Information Criterion (AIC) and McFadden’s pseudo-R-squared. Prediction 

accuracy was assessed through classification tables comparing predicted versus observed 

outcomes. 

3. Results 

3.1. Study Population and Descriptive Statistics 

The analysis included 42,619 children from the RNHD region and 36,861 children 

from the FFM region. Participant vaccination characteristics are listed in Table 1. 

Table 1. Participant characteristics. 

Characteristic FFM RNHD 

Vaccination category n (%) n (%) 

ScheduledPlus 12.990 (35.2) 25.361 (59.5) 

ScheduledNotRota 12.491 (33.9) 6.235 (14.6) 

Measles 8.593 (23.3) 7.083 (16.6) 

NotMeasles 1.375 (3.7) 897 (2.1) 

Missing 1.412 (3.8) 3.043 (7.1) 

Complete records, n (%) 35.449 (96.2) 39.576 (92.9) 

Total records, n 36.861 42.619 

Gender n n 

Male 18.986 21.986 

Female 17.875 20.633 

Age years years 

Mean (SD) 73.0 (3.48) 61.2 (5.36) 

Range (min.–max.) 49–97 49–93 

n 36.861 42.619 

SE 0.018 0.026 

Note. For FFM (records 2018–2024); for RNHD (records 2018–2025). Dark gray—table headings; 

light gray—table section headings. Percentages for vaccination categories were calculated relative 

to total records. SD—standard deviation; SE—standard error. The variable “Other” represents other 

countries/nationalities or stateless individuals. 

The proportion of children to complete at least their full schedule of vaccination 

(scheduled with or without rotavirus vaccination) remained constant over the study 

period, from 79.6 to 79.9% in RNHD, and from 72.2% to 71.4% in FFM. A comprehensive 

overview of vaccination coverage for RNHD (Supplementary Table S3) and FFM (Table 

S4) is provided in the supplementary data. 

3.2. Model Selection and Goodness of Fit 

To address the reviewers’ request to distinguish between partially vaccinated and 

unvaccinated children, we performed multinomial logistic regression with four outcome 
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categories (Table 1), using Measles as the reference group. This approach allowed a direct 

comparison between children receiving the absolute minimum legally required level of 

vaccination (Measles) and those receiving the recommended schedule, as well as optional 

vaccinations (in both scheduled categories) and children not receiving the minimum 

vaccination requirement (NotMeasles). 

The model selection process favored interaction models over main-effects models in 

both regions. In RNHD, the final multinomial model included eight of 11 predictor 

variables (“Nationality”, “LanguageFamily”, “Employment”, “BirthplaceChild”, 

“MedicalExam”, “Residence”, “Status”, and “Media”), with three variables not included 

due to missing values (Kindergarten) and lack of significant effect (“Speech_therapy” and 

“Education”). The final RNHD model had an AIC of 72,506 and McFadden’s R-squared 

of 6.20%, with the most significant interaction effects between LanguageFamily and 

Nationality, BirthplaceChild, MedicalExam and Media. In FFM, the final model included 

eight of 13 predictor variables (“BirthplaceChild”, “NationalityFather”, 

“LanguageFamily”, “Siblings”, “LanguageCarer”, “LanguageAbility”, “MedicalExam”, 

and “Kindergarten”), with five variables not included due to no significant effect 

(“NationalityMother”, “BirthplaceMother”, and “LanguageNative”) and collinearity with 

other variables (“NationalityChild”, “BirthplaceFather”, and “LanguageNative”; Table S 

1). The final FFM model had an AIC of 75,009 and McFadden’s R-squared of 12.54%, with 

significant interactions between MedicalExam and Birthplace as well as Kindergarten 

attendance (Table 2). 

Table 2. Final model performance metrics comparing the performance of the main-effects model 

versus intermediary and final interaction models for RNHD and FFM. 

Model (Location) N 
Para- 

Meters 
AIC Delta_AIC 

Pseudo-R2 

Mc- 

Fadden 

Final RNHD 39,576 243 72,506 0.0 6.20% 

Intermediate 10 RNHD 39,576 243 72,518 12.0 6.18% 

Intermediate 5 RNHD 39,576 225 72,545 39.0 6.10% 

Main effects RNHD 39,576 81 72,606 100.1 5.65% 

Final FFM 35,449 147 75,009 0.0 12.54% 

Intermediate 6 FFM 35,449 321 75,111 102.2 12.81% 

Intermediate 3 FFM 35,449 381 75,198 188.5 12.85% 

Main effects FFM 35,449 87 75,394 385.1 11.95% 

Note. AIC = Akaike Information Criterion; Delta(Δ)_AIC = difference in AIC relative to the best-

fitting (Final) model within each location. Sample sizes differ between RNHD and FFM models due 

to listwise deletion of missing cases. The Final model in each location, highlighted in light gray, was 

retained as the preferred specification for each location on the basis of minimum AIC, consistent 

with the principle of parsimony; note that for FFM, the Intermediate 3 model achieved a marginally 

higher pseudo-R2 (12.85%), despite a substantially higher AIC (ΔAIC = 188.5), reflecting the cost of 

its additional parameters (381 vs. 147). 

3.3. Key Findings from RNHD 

The multinomial logistic regression for RNHD revealed distinct patterns of 

association across the three vaccination outcome categories relative to the category 

measles, but otherwise incomplete scheduled vaccinations (Figure 1 and Supplementary 

Table S5). 
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Figure 1. Odds ratios of significant predictors by vaccination outcome category (RNHD). Note: 

Reference category: Measles. Error bars represent 95% confidence intervals. Red dotted line: OR > 1 

indicates higher odds of that outcome versus Measles; OR < 1 indicates lower odds. Plot excludes 

non-significant effects and unknown predictor values (Table S5). 

Highest Vaccination Levels (ScheduledPlus vs. Measles) 

Children with Mixed German nationality showed significantly higher odds of com-

pleting all scheduled vaccinations plus additional recommended vaccines relative to those 

with measles only vaccination (OR: 1.35; 95% CI: 1.01–1.80; p = 0.039). Complete medical 

examinations were also strongly associated with scheduled plus vaccination relative to 

measles-only vaccination (OR: 1.58; 95% CI: 1.45–1.72; p < 0.001). Conversely, children 

from “Other” language backgrounds had 60% lower odds of scheduled plus vaccination 

compared with measles-only (OR: 0.40; 95% CI: 0.23–0.68; p < 0.001), as did those with 

birthplace unknown (OR: 0.49; 95% CI: 0.15–1.61; p = 0.091). 

Scheduled Vaccinations Levels (ScheduledNotRota vs. Measles) 

Several factors were associated with higher odds of completing the established 

schedule of vaccination versus measles-only vaccination. Children from “Other” language 

backgrounds had three-fold higher odds of completing the established schedule of vac-

cinations compared with children with measles-only (OR: 3.04; 95% CI: 2.22–4.18; p < 

0.001), as did those from Eastern European language families (OR: 2.77; 95% CI: 1.42–5.44; 

p = 0.003). Lower social status was also surprisingly associated with higher odds of sched-

uled without rotavirus vaccination relative to measles-only vaccination (OR: 1.47; 95% CI: 

1.28–1.69; p < 0.001). 
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No Measles Vaccination (NotMeasles vs. Measles) 

Children without a documented birthplace (“Unknown”) had substantially higher 

odds of not being vaccinated for measles relative to kids with measles-only vaccination 

(OR: 6.85; 95% CI: 4.79–9.80; p < 0.001). Mixed German nationality, meanwhile, was 

protective against no measles vaccination (OR: 0.14; 95% CI: 0.03–0.69; p = 0.016). 

Interaction Effects 

Significant interaction effects indicated that the effect of family language on vaccina-

tion status was modified by nationality, medical examination completion, and media con-

sumption. For example, relative to the odds of receiving measles-only vaccination, the 

combination of Eastern European nationality with incomplete medical examination 

showed particularly strong associations with both no measles (OR: 0.52; 95% CI: 0.15–1.81) 

and scheduled vaccines without rotavirus (OR: 0.27; 95% CI: 0.10–0.73; p = 0.010) . 

3.4. Key Findings from FFM 

The multinomial analysis for FFM (N = 35,449) revealed distinct predictor patterns 

across vaccination categories, with particularly strong interaction effects involving 

medical examination completion (Figure 2 and Supplementary Table S 6). 

 

Figure 2. Odds ratios of significant predictors by vaccination outcome category (FFM). Note: 

Reference category: Measles. Error bars represent 95% confidence intervals. Red dotted line: OR > 1 

indicates higher odds of that outcome versus Measles; OR < 1 indicates lower odds. Plot excludes 

non-significant effects and unknown predictor values. 
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Highest Vaccination Levels (ScheduledPlus vs. Measles) 

Complete medical examinations in children were strongly associated with the 

highest level of vaccination coverage compared with children with measles-only 

vaccination (OR: 2.32; 95% CI: 1.98–2.72; p < 0.001). Longer kindergarten attendance (>4 

years) was associated with greater odds of the highest coverage of vaccination relative to 

measles-only vaccination (OR: 1.12; 95% CI: 1.03–1.22; p = 0.010). Children whose primary 

caregiver had a moderate proficiency in the German language had higher odds of 

vaccination relative to measles-only (OR: 1.41; 95% CI: 1.26–1.57; p < 0.001). Paternal 

nationalities from Africa/Asia (OR: 1.37; 95% CI: 1.23–1.52; p < 0.001), Turkey (OR: 1.48; 

95% CI: 1.28–1.71; p < 0.001), and Arabic states (OR: 1.14; 95% CI: 1.01–1.29; p = 0.037) also 

showed higher odds of vaccination (scheduled plus) relative to measles-only vaccination. 

Conversely, lower odds of achieving the highest level of vaccination relative to 

measles-only vaccination was associated with children: whose caregiver language status 

was unknown (OR: 0.86; 95% CI: 0.78–0.94; p = 0.002); whose own language ability was 

unknown (OR: 0.76; 95% CI: 0.68–0.84; p < 0.001) or low ability (OR: 0.80; 95% CI: 0.70–

0.91; p < 0.001); and children with two or more siblings (OR: 0.92; 95% CI: 0.86–0.99; p = 

0.028). 

Scheduled Vaccinations Levels (ScheduledNotRota Vs. Measles) 

Non-German family language was associated with higher odds of having completed 

the expected schedule of vaccination, without rotavirus, relative to measles only 

vaccination (OR: 1.52; 95% CI: 1.38–1.67; p < 0.001). Paternal Turkish nationality showed a 

particularly strong association with the minimum schedule of vaccinations relative to 

measles-only vaccination (OR: 2.00; 95% CI: 1.73–2.31; p < 0.001), as did paternal 

nationalities from Eastern Europe (OR: 1.43; 95% CI: 1.29–1.60; p < 0.001), Africa/Asia (OR: 

1.37; 95% CI: 1.23–1.52; p < 0.001), and Arabic states (OR: 1.40; 95% CI: 1.23–1.58; p < 0.001). 

Having two or more siblings (OR: 1.14; 95% CI: 1.06–1.22; p < 0.001) and moderate 

caregiver German ability (OR: 1.20; 95% CI: 1.06–1.35; p = 0.003) were also associated with 

higher odds of completing scheduled vaccinations, without rotavirus, relative to measles-

only vaccination. 

Unknown caregiver language status showed the strongest positive effect on 

scheduled vaccination without rotavirus compared with measles-only (OR: 2.71; 95% CI: 

2.47–2.98; p < 0.001). Unknown or shorter kindergarten attendance was associated with 

higher odds of the minimum schedule vaccination relative to measles-only: unknown 

attendance (OR: 0.77; 95% CI: 0.59–0.99; p = 0.044), 0–2 years (OR: 0.83; 95% CI: 0.71–0.96; 

p = 0.015), and 2–3 years (OR: 0.90; 95% CI: 0.82–1.00; p = 0.045). Incomplete medical 

examinations were strongly associated with scheduled vaccinations without rotavirus 

relative to measles-only vaccination (OR: 0.59; 95% CI: 0.50–0.69; p < 0.001). 

No Measles Vaccination (NotMeasles vs. Measles) 

Children with an Eastern European birthplace had higher odds of not having measles 

vaccination relative to measles vaccination (OR: 2.28; 95% CI: 1.00–5.21; p = 0.051). 

Unknown duration of kindergarten attendance was also strongly associated with no 

measles vaccination relative to only-measles (OR: 2.67; 95% CI: 1.77–4.03; p < 0.001), while 

longer kindergarten attendance (>4 years) was protective (OR: 0.65; 95% CI: 0.53–0.80; p < 

0.001). Paternal nationalities from Africa/Asia (OR: 0.77; 95% CI: 0.61–0.97; p = 0.026) and 

Turkey (OR: 0.68; 95% CI: 0.46–1.00; p = 0.051) showed lower odds of no measles 

vaccination relative to measles-only vaccination. Unknown caregiver language status, on 

the other hand, was strongly associated with a child not having the legally mandated 

measles vaccination relative to measles-only (OR: 2.01; 95% CI: 1.64–2.47; p < 0.001), as 
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were children documented with an unknown (OR: 1.49; 95% CI: 1.20–1.85; p < 0.001) or 

low ablity (OR: 1.29; 95% CI: 1.07–1.55; p = 0.009). 

Interaction Effects 

The combination of incomplete medical examinations with a non-German birthplace 

showed dramatically reduced odds of higher vaccination levels. For children with 

incomplete medical examination, those from Eastern European backgrounds had a 93% 

lower odds of scheduled plus additional vaccination versus measles-only vaccination 

(OR: 0.07; 95% CI: 0.04–0.11; p < 0.001). Similarly, those from Africa/Asia had 84% lower 

odds (OR: 0.16: 95% CI: 0.09–0.29; p < 0.001), those from Arabic backgrounds had 86% 

lower odds (OR: 0.14; 95% CI: 0.04–0.47; p = 0.001), and those from Other birthplaces had 

94% lower odds (OR: 0.06; 95% CI: 0.01–0.49; p = 0.009). Similar patterns were observed 

for scheduled vaccination without rotavirus, with Eastern European (OR: 0.07), 

African/Asian (OR: 0.09), Arabic (OR: 0.09), and Other (OR: 0.06) birthplaces all showing 

substantially reduced odds of scheduled vaccination when medical examinations were 

incomplete relative to measles-only. 

Interaction effects were also observed for kindergarten attendance: children with 

incomplete medical examination who attended kindergarten for 0–2 years had 30% lower 

odds of having scheduled plus additional vaccination (OR: 0.70; 95% CI: 0.53–0.93; p = 

0.013) and 43% lower odds of scheduled without rotavirus vaccination (OR: 0.57; 95% CI: 

0.43–0.74; p < 0.001) relative to the odds of measles-only vaccination. These findings 

indicate a pronounced “double jeopardy” effect, where migration background combined 

with healthcare disengagement substantially increases the risk of incomplete vaccination. 

4. Discussion 

This study investigated the vaccination rate of pre-school children and the 

sociodemographic factors associated with complete childhood vaccination status in two 

large German districts, Rhein-Neckar-Kreis (RNHD) and Frankfurt am Main (FFM), using 

data from mandatory pre-school medical examinations. While global trends indicate 

stagnating or declining childhood vaccination coverage in many high-income countries 

following the COVID-19 pandemic [24], our findings demonstrate no decline in RNHD 

and FFM from 2017 to 2024. Nevertheless, our findings, from multinomial logistic 

regression analysis, also highlight that the level of vaccination coverage is not uniform, 

but is strongly influenced by a complex interplay of socioeconomic, cultural, and 

healthcare utilization factors. While at first glance, for example, children with a foreign 

background often had higher odds of receiving all scheduled vaccines; the positive effect 

of language and nationality, however, was in many situations significantly modulated by 

other interacting factors, such as media, birthplace, nationality, kindergarten attendance 

and medical examinations. The significance of these modeling interactions underscores 

that the impact of a single risk factor cannot be understood in isolation. 

4.1. Principal Findings and Comparison with Existing Literature 

While global analyses indicate that many high-income countries maintain childhood 

vaccination coverage above 90% [25], our findings, derived from robust multinomial 

logistic regression models with Measles as the reference category, reveal distinct 

pathways to vaccination completion. Rather than a simple vaccinated/unvaccinated 

dichotomy, children progress through identifiable stages: from no measles vaccination 

(NotMeasles) to measles-only (Measles), to scheduled vaccinations without rotavirus 

(ScheduledNotRota), to complete coverage (ScheduledPlus). The predictors of these 

transitions differ significantly, with complete medical examinations emerging as the 

strongest consistent predictor of progression to higher vaccination levels in both regions 
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In both FFM and RNHD, incomplete completion of preventive medical check-ups (U-

tests) was one of the strongest predictors of under-vaccination, with ORs of 1.58 (RNHD) 

and 2.32 (FFM) for ScheduledPlus versus Measles, and protective effects against 

NotMeasles. This reinforces that children disengaged from routine pediatric care are at 

the highest risk, not merely for missing vaccinations, but for lacking the minimum legally 

required measles protection. Parental employment effects differed by region: in RNHD, 

single-parent employment reduced odds of ScheduledPlus (OR: 0.87), while in FFM, 

having two or more siblings reduced odds of ScheduledPlus (OR: 0.92) but increased odds 

of ScheduledNotRota (OR: 1.14), suggesting household composition effects may operate 

differently across vaccination stages. This aligns with extensive research demonstrating 

that socioeconomic deprivation is a major barrier to preventive healthcare, including 

vaccination, likely due to factors such as reduced health literacy [11, 26], limited access to 

services [5, 27], and competing priorities within the family [28]. These check-ups serve not 

only as an opportunity for vaccination but also as a point of contact where healthcare 

providers can build trust and educate parents. 

The impact of migrant background on vaccination status was also significant, though 

its manifestation differed between the regions, likely reflecting the different definitions of 

variables relating to migration background as well as the unique demographic 

compositions of FFM and RNHD. In both contexts, however, children from non-Western 

European backgrounds generally faced higher odds of under-vaccination. This finding is 

consistent with studies across Europe and North America, which have identified migrant 

status as a risk factor, often linked to language barriers [29, 30], differing health beliefs 

[31], lower accessibility and trust in the healthcare system [5, 6, 30, 32-34], and challenges 

navigating a new country’s medical infrastructure [29, 35]. 

4.2. The Critical Role of Multi-Factorial Causes: A Nuanced Understanding 

The most novel contribution of our study is the quantification of interaction effects, 

which reveal that vaccination disparities are synergistic, not additive. In FFM, incomplete 

medical examinations combined with non-German birthplace produced dramatic 

reductions in odds of complete vaccination: Eastern European (OR: 0.07; 95% CI: 0.04–

0.11), Africa/Asia (OR: 0.16; 95% CI: 0.09–0.29), Arabic (OR: 0.14; 95% CI: 0.04–0.47), and 

other birthplaces (OR: 0.06; 95% CI: 0.01–0.49) all showed 84–94% reduced odds of 

ScheduledPlus versus Measles when preventive care was incomplete. For 

ScheduledNotRota, reductions were 91–94% across all non-German birthplaces. These are 

not modest interaction effects; they represent the near-elimination of vaccination 

completion odds when healthcare disengagement coincides with migration background. 

In RNHD, LanguageFamily × MedicalExam interactions showed similar patterns: Eastern 

European language families with incomplete medical examinations had 73% lower odds 

of ScheduledNotRota (OR 0.27). This “double jeopardy” is quantifiable, severe, and 

demands targeted intervention. 

4.3. Differences Between Regions and Methodological Strengths 

While overarching themes were consistent, the specific interaction structures differed 

between regions in ways that illuminate local epidemiology. In RNHD, where birthplace 

data were limited, LanguageFamily emerged as the primary cultural predictor, interacting 

with nationality, medical examination, and media consumption. In FFM, with richer 

birthplace data, MedicalExam × Birthplace interactions dominated, suggesting healthcare 

access barriers are particularly acute for children of foreign-born parents. These 

differences do not represent contradictory findings but demonstrate how local data 

availability and demographic composition shape which social determinants are most 

salient. The FFM model explained more variance (McFadden’s R-squared: 12.6%) than 
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RNHD (6.2%), likely due to predictor richness, though both models identified healthcare 

engagement as the modifiable core determinant. 

4.4. Limitations 

Our study is subject to several limitations. First, its cross-sectional nature precludes 

any conclusions about causality. Second, the data were collected for administrative, not 

research, purposes, meaning some potentially relevant variables (e.g., parental 

vaccination attitudes and confidence) were unavailable. While validated instruments such 

as the Vaccination Confidence Scale [36, 37] exist for measuring parental attitudes, these 

data are not routinely captured in school entry examinations. Also, household income and 

employment structure (e.g., single- vs. dual-earner households) were not available in the 

administrative dataset and represent important directions for future research, given their 

established relevance in the broader literature. 

The categorization of missing data as ‘Unknown’ retains cases but may obscure the 

reasons for missing data. Given that in many cases, Unknown values were shown to 

significantly affect vaccination outcomes, the reasons why data are missing are apparently 

relevant. 

Third, the differences in data collection between FFM and RNHD, while handled by 

separate analyses, mean that the models are not directly comparable, limiting our ability 

to draw firm conclusions about regional differences in vaccination determinants. 

Finally, residual confounding from unmeasured variables is always possible in 

observational studies. 

4.5. Implications for Policy and Practice 

The findings underscore the importance of addressing structural and social 

determinants to improve vaccination uptake and reduce inequities in child health 

outcomes. Accordingly, the findings have clear implications for public health policy and 

clinical practice. Interventions must move beyond broad demographic categories and 

adopt a more targeted approach. Our results strongly support the implementation of 

integrated programs that simultaneously address socioeconomic needs and healthcare 

access. 

1. Family language/caregiver and child's German ability: Vaccination-specific 

reminder systems (SMS/app-based; multilingual) tied to the newborn screening or 

medical examination (U-Tests) schedule, especially relevant for caregivers with 

lower German proficiency navigating appointment scheduling. This could be paired 

with interpreter-supported or translated appointment reminder calls from family or 

children’s doctors when a family is known to have limited German language 

proficiency or exposure. 

2. Duration of kindergarten attendance: Kindergarten appears to function as a “catch 

point” for vaccination status checks. The longer children stay enrolled, the more 

likely gaps get closed (or over-supplemented). Formalize kindergarten entry and 

annual re-verification as a vaccination-status checkpoint, not just a one-time entry 

requirement (as under the Measles Protection Act—Masernschutzgesetz), with 

mandatory documentation review at each childcare transition, not only at 

enrollment. This would help catch children who enter with incomplete records and 

shorten the “0–2 year” window where risk is currently only modestly reduced. For 

children with a short attendance duration (0–2/3 years), prioritize outreach at the 

point of childcare registration rather than waiting for later verification cycles, since 

these children currently show the weakest protective association. 

3. Stage-specific targeted outreach: Interventions should differentiate by vaccination 

level. For children lacking measles vaccination, unknown birthplace and caregiver 
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language status predominate, suggesting the need for identity documentation 

support and interpreter services at first contact. For Measles-only children, 

kindergarten duration and medical examination completion are leverage points; late 

kindergarten enrolment should trigger automatic vaccination review. For 

ScheduledNotRota children, paternal Turkish nationality (OR: 2.00) and non-

German family language (OR: 1.52) predominate, indicating the need for culturally 

specific education around rotavirus and other newer optional vaccines, not generic 

reminders. 

4. Single-earner households: Reduce appointment burden for single-earner 

households by bundling vaccination reminders with existing administrative 

touchpoints. Vaccination reminders should link to existing touchpoints already used 

by single-earner families, such as child support administration, childcare enrollment, 

or U-Test appointments, to reduce the number of separate visits required. 

5. High-risk flag system: The combination of incomplete medical examination with 

birthplace in Eastern Europe, Africa/Asia, Arabic-speaking countries, or other 

regions should trigger automatic coordinated referral for joint medical examination 

completion plus vaccination review. Current administrative processes (employing 

separate vaccination and examination tracking) miss this high-risk intersection. Our 

data suggest this flag system would capture children with 84–94% reduced odds of 

complete vaccination. 

5. Conclusions 

In conclusion, this study demonstrates that childhood vaccination coverage in 

Germany is not a binary outcome but exists along a continuum with distinct 

sociodemographic profiles at each stage. The quantified “double-jeopardy” effects—84–

94% reductions in odds of complete vaccination when migration background coincides 

with healthcare disengagement—demand stage-specific, intersectional interventions. 

Effective strategies must move beyond one-size-fits-all messaging to (1) flag high-risk 

birthplace × medical examination combinations for immediate joint intervention; (2) 

address language barriers for NotMeasles children; (3) leverage kindergarten and U-

examination completion for Measles-only children; and (4) provide culturally specific 

education for ScheduledNotRota families. Future research should test whether 

coordinated examination–vaccination interventions can break these documented 

synergistic disadvantage patterns. 

Supplementary Materials: The following supporting information can be downloaded at: 

https://www.mdpi.com/article/10.3390/vaccines14070618/s1. Table S1: Cramer’s V test for 

association between variables (0 no assoc. 1 perfect assoc.); Table S2: Vaccination coverage for each 

variable value; Table S3: Vaccine status among pre-school children in RNHD (2017–2024); Table S4: 

Vaccine status among pre-school children in FFM (2018–2024); Table S5: Multinomial logistic 

regression analysis of vaccination category, relative to only measles, by child, family, and 

administrative predictors, including interaction effects, for RNHD; Table S6: Multinomial logistic 

regression analysis of vaccination category, relative to only measles, by child, family, and 

administrative predictors, including interaction effects, for FFM. 

Author Contributions: C.M.D.: Conceptualization, Data Curation, Formal Analysis, Investigation, 

Methodology, Project Administration, Software, Validation, Visualization, Writing—Original Draft, 

and Writing—Review and Editing; J.W.: Conceptualization, Data Curation, Investigation, 

Methodology, Validation, and Writing—Review and Editing; K.A.: Data Curation, Investigation, 

Methodology, Validation, and Writing—Review and Editing; N.K.: Validation and Writing—

Review and Editing; S.R.M.: Data Curation and Writing—Review and Editing; M.K.: Data Curation 

https://doi.org/10.3390/vaccines14070618


Vaccines 2026, 14, 618 14 of 16 
 

https://doi.org/10.3390/vaccines14070618 

and Writing—Review and Editing; A.K.: Project Administration, Resources, and Writing—Review 

and Editing; S.K.: Data Curation and Writing—Review and Editing; P.T.: Conceptualization, 

Resources, and Writing—Review and Editing; R.Z.: Conceptualization, Data Curation, Formal 

Analysis, Investigation, Methodology, Project Administration, Software, Supervision, Validation, 

Visualization, Writing—Original Draft, and Writing—Review and Editing. All authors have read 

and agreed to the published version of the manuscript. 

Funding: This research did not receive any specific grant from funding agencies in the public, 

commercial, or not-for-profit sectors. 

Institutional Review Board Statement: The data used in this study are routine data collected as 

part of the legal mandate of the states and authorized for secondary use for scientific purposes 

(Hessen: § 24 para. 1 HDSIG; Baden-Württemberg: § 6 HGöGD). The analysis is based on 

pseudonymized routine data and was conducted in accordance with the guidelines for Good 

Epidemiological Practice (GEP) of the German Society for Epidemiology, as well as the applicable 

data protection regulations (in particular the General Data Protection Regulation and the Federal 

Data Protection Act). No further ethics approval is required. 

Informed Consent Statement: Patient consent was waived because the use of secondary data was 

based on the applicable legal mandate and did not require additional informed consent. 

Data Availability Statement: The data presented in this study are available upon reasonable request 

from the corresponding author due to ethical and data protection regulations. 

Conflicts of Interest: The authors declare no competing financial interests or personal relationships 

that could have an impact on this work. 

References 

1. Straif-Bourgeois, S.; Ratard, R.; Kretzschmar, M. Infectious Disease Epidemiology. In Handbook of Epidemiology; Springer: New 

York, NY, USA, 2014. 

2. Bloom, D.E.; Cadarette, D. Infectious Disease Threats in the Twenty-First Century: Strengthening the Global Response. Front. 

Immunol. 2019, 10, 549. https://doi.org/10.3389/fimmu.2019.00549. 

3. Almansour, Z.H. Influence of immunological awareness on enhancing the overall complying with health instructions and 

necessary vaccines during epidemics and pandemics. Hum. Vaccines Immunother. 2024, 20, 2406066. 

https://doi.org/10.1080/21645515.2024.2406066. 

4. Rappuoli, R.; Pizza, M.; Del Giudice, G.; De Gregorio, E. Vaccines, new opportunities for a new society. Proc. Natl. Acad. Sci. 

USA 2014, 111, 12288–12293. https://doi.org/10.1073/pnas.1402981111. 

5. Larson, H.J.; Clarke, R.M.; Jarrett, C.; Eckersberger, E.; Levine, Z.; Schulz, W.S.; Paterson, P. Measuring trust in vaccination: A 

systematic review. Hum. Vaccines Immunother. 2018, 14, 1599–1609. https://doi.org/10.1080/21645515.2018.1459252. 

6. Ver, A.T.; Notarte, K.I.; Velasco, J.V.; Buac, K.M.; Nazareno, J., 3rd; Lozanes, J.A.; Antonio, D.; Bacorro, W. A systematic review 

of the barriers to implementing human papillomavirus vaccination programs in low- and middle-income countries in the Asia-

Pacific. Asia Pac. J. Clin. Oncol. 2021, 17, 530–545. https://doi.org/10.1111/ajco.13513. 

7. Siedler, A.; Rieck, T.; Reuss, A.; Walter, D.; Poggensee, G.; Poethko-Muller, C.; Reiter, S. Estimating vaccination coverage in the 

absence of immunisation registers--the German experience. Euro Surveill 2012, 17, 23–29. https://doi.org/10.2807/ese.17.17.20152-

en. 

8. Schmidtke, C.; Kuntz, B.; Starker, A.; Lampert, T. Utilization of early detection examinations by children in Germany. Results 

of the cross-sectional KiGGS Wave 2 study. J. Health Monit. 2018, 3, 62–70. https://doi.org/10.17886/RKI-GBE-2018-100. 

9. Rieck, T.; Feig, M.; Eckmanns, T.; Benzler, J.; Siedler, A.; Wichmann, O. Vaccination coverage among children in Germany 

estimated by analysis of health insurance claims data. Hum. Vaccines Immunother. 2014, 10, 476–484. 

https://doi.org/10.4161/hv.26986. 

10. Rieck, T.; Steffen, A.; Lottes, M.; Badenschier, F.; Feig, M.; Rau, C. Impfquoten in Deutschland. Epidemiol. Bull. 2025, 50, 3–13. 

https://doi.org/10.25646/13589. 

11. Lanza-Leon, P.; Cantarero-Prieto, D.; Pascual-Saez, M. Exploring trends and determinants of basic childhood vaccination 

coverage: Empirical evidence over 41 years. PLoS ONE 2024, 19, e0300404. https://doi.org/10.1371/journal.pone.0300404. 

https://doi.org/10.3390/vaccines14070618


Vaccines 2026, 14, 618 15 of 16 
 

https://doi.org/10.3390/vaccines14070618 

12. Dube, E.; Gagnon, D.; MacDonald, N.E.; SAGE Working Group on Vaccine Hesitancy. Strategies intended to address vaccine 

hesitancy: Review of published reviews. Vaccine 2015, 33, 4191–4203. https://doi.org/10.1016/j.vaccine.2015.04.041. 

13. Williams, S.V.; Akande, T.; Abbas, K. Systematic review of social determinants of childhood immunisation in low- and middle-

income countries and equity impact analysis of childhood vaccination coverage in Nigeria. PLoS ONE 2024, 19, e0297326. 

https://doi.org/10.1371/journal.pone.0297326. 

14. Lyons, C.; Nambiar, D.; Johns, N.E.; Allorant, A.; Bergen, N.; Hosseinpoor, A.R. Inequality in Childhood Immunization 

Coverage: A Scoping Review of Data Sources, Analyses, and Reporting Methods. Vaccines 2024, 12, 850. 

https://doi.org/10.3390/vaccines12080850. 

15. Kaufman, J.; Tuckerman, J.; Bonner, C.; Durrheim, D.N.; Costa, D.; Trevena, L.; Thomas, S.; Danchin, M. Parent-level barriers to 

uptake of childhood vaccination: A global overview of systematic reviews. BMJ Glob. Health 2021, 6, e006860. 

https://doi.org/10.1136/bmjgh-2021-006860. 

16. Noroozi, A.; Esha, S.M.; Ghari, M. Predictors of childhood vaccination uptake in England: An explainable machine learning 

analysis of regional data (2021-2024). Vaccine 2025, 68, 127902. https://doi.org/10.1016/j.vaccine.2025.127902. 

17. Al Janabi, T.; Petrillo, G.; Chung, S.; Pino, M. Predictors of Vaccine Uptake among Migrants in the United States: A Rapid 

Systematic Review. Epidemiologia 2022, 3, 465–481. https://doi.org/10.3390/epidemiologia3040035. 

18. Gaber, S.N.; Wahed, W.Y.A.; Abrokwah, B.J.; Hawamdeh, M.I.A.; Elsidigg, L.A.; Wegdan, A.A.; Bassyouni, R.H. Predictors 

affecting vaccine hesitancy towards annual COVID-19 booster shots among populations from different countries. BMC Public 

Health 2025, 25, 1953. https://doi.org/10.1186/s12889-025-23047-x. 

19. Mindlin, M.; Jenkins, R.; Law, C. Maternal employment and indicators of child health: A systematic review in pre-school 

children in OECD countries. J. Epidemiol. Community Health 2009, 63, 340–350. https://doi.org/10.1136/jech.2008.077073. 

20. Sacre, A.; Bambra, C.; Wildman, J.M.; Thomson, K.; Bennett, N.; Sowden, S.; Todd, A. Socioeconomic inequalities in vaccine 

uptake: A global umbrella review. PLoS ONE 2023, 18, e0294688. https://doi.org/10.1371/journal.pone.0294688. 

21. Doherty, E.; Walsh, B.; O’Neill, C. Decomposing socioeconomic inequality in child vaccination: Results from Ireland. Vaccine 

2014, 32, 3438–3444. https://doi.org/10.1016/j.vaccine.2014.03.084. 

22. Ares-Blanco, S.; Lopez-Rodriguez, J.A.; Polentinos-Castro, E.; Del Cura-Gonzalez, I. Effect of GP visits in the compliance of 

preventive services: A cross-sectional study in Europe. BMC Prim. Care 2024, 25, 165. https://doi.org/10.1186/s12875-024-02400-

w. 

23. Ständige Impfkommission (STIKO): Empfehlungen der Ständigen Impfkommission beim Robert Koch-Institut (STIKO) 2026. 

Epid Bull 2026; 4: 7–9. https://doi.org/10.25646/13636.5. 

24. Haeuser, E.; Nguyen, J.Q.; Rolfe, S.; Nesbit, O.; Fullman, N.; Mosser, J.F. Assessing Geographic Overlap between Zero-Dose 

Diphtheria-Tetanus-Pertussis Vaccination Prevalence and Other Health Indicators. Vaccines 2023, 11, 802. 

https://doi.org/10.3390/vaccines11040802. 

25. Gbd, R.V.C.C. Measuring routine childhood vaccination coverage in 204 countries and territories, 1980-2019: A systematic 

analysis for the Global Burden of Disease Study 2020, Release 1. Lancet 2021, 398, 503–521. https://doi.org/10.1016/S0140-

6736(21)00984-3. 

26. Ekezie, W.; Awwad, S.; Krauchenberg, A.; Karara, N.; Dembinski, L.; Grossman, Z.; Del Torso, S.; Dornbusch, H.J.; Neves, A.; 

Copley, S.; et al. Access to Vaccination among Disadvantaged, Isolated and Difficult-to-Reach Communities in the WHO 

European Region: A Systematic Review. Vaccines 2022, 10, 1038. https://doi.org/10.3390/vaccines10071038. 

27. Bertoncello, C.; Ferro, A.; Fonzo, M.; Zanovello, S.; Napoletano, G.; Russo, F.; Baldo, V.; Cocchio, S. Socioeconomic Determinants 

in Vaccine Hesitancy and Vaccine Refusal in Italy. Vaccines 2020, 8, 276. https://doi.org/10.3390/vaccines8020276. 

28. Tauil Mde, C.; Sato, A.P.; Waldman, E.A. Factors associated with incomplete or delayed vaccination across countries: A 

systematic review. Vaccine 2016, 34, 2635–2643. https://doi.org/10.1016/j.vaccine.2016.04.016. 

29. Hurley, F.; Balanuta, M.S.; Flanagan, P. Barriers and facilitators associated with migrant parents’ decisions regarding childhood 

vaccinations: A mixed methods systematic review. Vaccine 2025, 62, 127588. https://doi.org/10.1016/j.vaccine.2025.127588. 

30. Wong, J.; Lao, C.; Dino, G.; Donyaei, R.; Lui, R.; Huynh, J. Vaccine Hesitancy among Immigrants: A Narrative Review of 

Challenges, Opportunities, and Lessons Learned. Vaccines 2024, 12, 445. https://doi.org/10.3390/vaccines12050445. 

31. Khuu, E.; Moussaoui, S.; Vignier, N.; Bonello, K.; Archer, E. Vaccine hesitancy among migrant populations in Europe: A mixed-

methods systematic review. Vaccine 2025, 68, 127954. https://doi.org/10.1016/j.vaccine.2025.127954. 

 

https://doi.org/10.3390/vaccines14070618


Vaccines 2026, 14, 618 16 of 16 
 

https://doi.org/10.3390/vaccines14070618 

32. Crawshaw, A.F.; Farah, Y.; Deal, A.; Rustage, K.; Hayward, S.E.; Carter, J.; Knights, F.; Goldsmith, L.P.; Campos-Matos, I.; 

Wurie, F.; et al. Defining the determinants of vaccine uptake and undervaccination in migrant populations in Europe to improve 

routine and COVID-19 vaccine uptake: A systematic review. Lancet Infect. Dis. 2022, 22, e254–e266. https://doi.org/10.1016/S1473-

3099(22)00066-4. 

33. Daniels, D.; Imdad, A.; Buscemi-Kimmins, T.; Vitale, D.; Rani, U.; Darabaner, E.; Shaw, A.; Shaw, J. Vaccine hesitancy in the 

refugee, immigrant, and migrant population in the United States: A systematic review and meta-analysis. Hum. Vaccines 

Immunother. 2022, 18, 2131168. https://doi.org/10.1080/21645515.2022.2131168. 

34. Deal, A.; Crawshaw, A.F.; Salloum, M.; Hayward, S.E.; Carter, J.; Knights, F.; Seedat, F.; Bouaddi, O.; Sanchez-Clemente, N.; 

Muzinga Lutumba, L.; et al. Understanding the views of adult migrants around catch-up vaccination for missed routine 

immunisations to define strategies to improve coverage: A UK in-depth interview study. Vaccine 2024, 42, 3206–3214. 

https://doi.org/10.1016/j.vaccine.2024.04.005. 

35. Lebano, A.; Hamed, S.; Bradby, H.; Gil-Salmeron, A.; Dura-Ferrandis, E.; Garces-Ferrer, J.; Azzedine, F.; Riza, E.; Karnaki, P.; 

Zota, D.; et al. Migrants’ and refugees’ health status and healthcare in Europe: A scoping literature review. BMC Public Health 

2020, 20, 1039. https://doi.org/10.1186/s12889-020-08749-8. 

36. Gilkey, M.B.; McRee, A.L.; Magnus, B.E.; Reiter, P.L.; Dempsey, A.F.; Brewer, N.T. Vaccination Confidence and Parental 

Refusal/Delay of Early Childhood Vaccines. PLoS ONE 2016, 11, e0159087. https://doi.org/10.1371/journal.pone.0159087. 

37. Gilkey, M.B.; Reiter, P.L.; Magnus, B.E.; McRee, A.L.; Dempsey, A.F.; Brewer, N.T. Validation of the Vaccination Confidence 

Scale: A Brief Measure to Identify Parents at Risk for Refusing Adolescent Vaccines. Acad. Pediatr. 2016, 16, 42–49. 

https://doi.org/10.1016/j.acap.2015.06.007. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual 

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury 

to people or property resulting from any ideas, methods, instructions or products referred to in the content. 

https://doi.org/10.3390/vaccines14070618

