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Highlights

What are the main findings?

e  Partial vaccination was substantially more common than complete vaccine refusal
among children with chronic neurological and neurodevelopmental disorders.

e Vaccination completeness and the age period after which routine immunization was
discontinued differed significantly across diagnostic groups.

What are the implications of the main findings?

e  Incomplete immunization in children with chronic neurological and neurodevelopmental
disorders appears to follow diagnosis-specific patterns rather than a uniform trend.

e  Assessing vaccination continuity may help support diagnosis-sensitive immunization
counseling during pediatric neurology follow-up.

Abstract

Background/Objectives: Children with chronic neurological and neurodevelopmental dis-
orders (CNDD) constitute a medically vulnerable population in whom routine childhood
immunization may be interrupted because of clinical complexity and parental concerns.
This study aimed to evaluate immunization patterns, timing of vaccination interruption,
and associated clinical and sociodemographic factors in children with CNDDs followed
at a tertiary pediatric neurology center. Methods: This prospective cross-sectional study
included 545 children aged 1-18 years with chronic neurological and neurodevelopmental
disorders evaluated between September and November 2025. Immunization status ac-
cording to the Turkish National Immunization Program was classified as fully vaccinated,
partially vaccinated, or not vaccinated. Information regarding non-NIP vaccines, timing of
vaccination interruption, parental characteristics, and motor impairment severity assessed
using the Gross Motor Function Classification System (GMFCS) was collected. Associations
between vaccination status and clinical variables were evaluated using chi-square tests
and logistic regression analysis. Results: Overall, 72.1% of children were fully vaccinated,
25.0% were partially vaccinated, and 2.9% had never received routine childhood vaccines.
Immunization status differed significantly across diagnostic groups (p < 0.001). Partial
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vaccination was more common than complete vaccine refusal across most diagnostic cat-
egories. Lower full vaccination rates were observed in autism spectrum disorder and
cerebral palsy, whereas higher coverage was observed in Down syndrome. Among par-
tially vaccinated children, interruption of routine immunization after 48 months was the
most frequent pattern. In multivariable analysis, only maternal age remained significantly
associated with incomplete or no vaccination. Conclusions: Incomplete immunization
in children with CNDDs was more commonly characterized by partial vaccination than
complete vaccine refusal and followed diagnosis-specific patterns. Evaluating vaccination
continuity during pediatric neurology follow-up may help support diagnosis-sensitive
immunization counseling.

Keywords: immunization; autism spectrum disorder; cerebral palsy; Down syndrome;
neurodevelopmental disorders; pediatric neurology; vaccine hesitancy; vaccination continuity

1. Introduction

Routine childhood immunization represents one of the most effective strategies for
preventing infectious diseases and reducing childhood morbidity and mortality worldwide.
Despite substantial advances in global vaccination programs, gaps in immunization cover-
age persist. Recent international estimates indicate that approximately 14.3 million children
did not receive any routine vaccines during 2023-2024, and that coverage of key indicators,
such as the third dose of diphtheria—tetanus—pertussis (DTP3), remains below optimal
levels. These gaps continue to pose a risk for the re-emergence of vaccine-preventable
diseases, particularly among vulnerable populations [1,2].

Children with chronic neurological and neurodevelopmental disorders (CNDDs)
constitute a high-risk population due to increased medical complexity, frequent healthcare
utilization, and greater susceptibility to severe infectious outcomes [3]. These disorders
comprise a heterogeneous group of conditions influenced by complex genetic, molecular,
and environmental mechanisms, contributing to substantial developmental vulnerability
and diverse long-term healthcare needs [4]. Although timely vaccination is particularly
important in this group, immunization practices may be influenced by parental concerns
regarding vaccine safety and fear of neurological deterioration [5]. In addition, physician-
recommended postponement of vaccination has been reported in certain clinical contexts,
further contributing to delays or incomplete immunization. These factors, together with
increasing public debate surrounding vaccine safety, may contribute to delayed, incomplete,
or refused vaccination in children with chronic neurological conditions [6].

Available evidence suggests that vaccination practices in children with chronic neuro-
logical disorders may be delayed or incomplete in certain subgroups compared with healthy
peers. However, existing studies have largely focused on selected diagnostic groups—most
commonly cerebral palsy or autism spectrum disorder—and have not comprehensively
addressed vaccination timing or caregiver-reported reasons for incomplete immunization
across a broader spectrum of neurodevelopmental conditions [6-9].

In Turkiye, routine childhood vaccinations are provided free of charge through the
National Immunization Program (NIP), and overall vaccination coverage in the general pop-
ulation is high [1,10]. Nevertheless, real-world data focusing specifically on children with
chronic neurological and neurodevelopmental disorders remains limited. In particular, the
combined effects of diagnostic category, motor impairment severity, and sociodemographic
characteristics on immunization patterns have not been sufficiently explored.

https:/ /doi.org/10.3390/ children13070891


https://doi.org/10.3390/children13070891

Children 2026, 13, 891

30f17

Therefore, this study aimed to evaluate immunization patterns in a heterogeneous
cohort of children with chronic neurological and neurodevelopmental disorders followed
at a tertiary pediatric neurology center in Istanbul, with a particular focus on vaccination
completeness, timing, and associated clinical and sociodemographic factors.

2. Materials and Methods
2.1. Study Design and Setting

This prospective cross-sectional observational study was conducted at the Child
Neurology Department of Zeynep Kamil Maternity and Children’s Diseases Training and
Research Hospital, including both outpatient and inpatient settings.

2.2. Participants

Children aged between 1 and 18 years who were followed for chronic neurological or
neurodevelopmental disorders at the Child Neurology Department between 1 September
2025 and 1 November 2025 were eligible for inclusion. Participants were enrolled consec-
utively during the predefined study period, and study data were collected prospectively
at the time of routine outpatient visits or inpatient admissions. Patients for whom vac-
cination status could not be verified through parental reports supported by vaccination
cards and/or available medical records, as well as those whose parents or legal guardians
declined participation, were excluded from the study. During the planned study period,
613 children met the eligibility criteria for chronic neurological or neurodevelopmental
disorders. Of these, 12 were excluded because vaccination status could not be verified,
and 56 families declined participation. Therefore, 545 children were included in the final
analysis, corresponding to an enrollment rate of 88.9% among eligible patients.

The study population comprised a broad spectrum of chronic neurological and neu-
rodevelopmental conditions, including cerebral palsy, autism spectrum disorder, spina
bifida, neuromuscular disorders, hydrocephalus, neurometabolic disorders, Down syn-
drome, and other neurogenetic disorders. Because of its relatively high prevalence in the
study cohort, Down syndrome was analyzed as a separate diagnostic category. Patients
with syndromic, monogenic, chromosomal, or neurodevelopmental genetic conditions
were collectively classified under neurogenetic disorders.

In cases of multiple diagnoses, patients were classified according to a predefined
hierarchical approach based on the primary etiological diagnosis. Accordingly, when a
confirmed genetic diagnosis was present, the underlying genetic condition was prioritized
over secondary phenotypic manifestations. Down syndrome was therefore prioritized
when present, and children with cerebral palsy who had an identified genetic etiology were
categorized under neurogenetic disorders.

2.3. Data Collection Procedures

Clinical evaluation was performed as part of routine care. Parents or legal guardians
who agreed to participate provided written informed consent and completed a brief struc-
tured questionnaire, which required approximately five minutes to complete.

The questionnaire collected demographic information, including age, sex, birth char-
acteristics, parental education level, and number of children in the household. Clinical
data—comprising the primary neurological diagnosis, duration of illness, level of motor
impairment assessed using the Gross Motor Function Classification System (GMFCS),
current medical treatments, and history of hospitalizations—were obtained from medical
records. Gross motor function was classified using the Gross Motor Function Classification
System (GMFCS).
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Although originally developed for children with cerebral palsy, the GMFCS was used
in this study as a standardized measure of functional motor impairment across diagnostic
groups. Given the heterogeneous nature of the study population, no single disease-specific
motor classification system could be consistently applied across all included diagnostic
groups. The primary purpose of using the GMFCS was not to assess disease-specific
severity or to compare disease severity across diagnostic groups, but to categorize overall
motor impairment severity for analytical purposes. For analytical purposes, children were
categorized as having normal motor development, mild-moderate motor impairment
(GMFCS levels I-II), or severe motor impairment (GMFCS levels IV-V).

Information on vaccination status according to the Turkish National Immunization
Program was obtained from parental reports, supported by vaccination cards, and, when
available, cross-checked against electronic hospital records and the national electronic
health system (e-Nabiz). Because vaccination records may be updated at different time
points across available documentation sources during routine clinical practice, the most
complete and up-to-date documented vaccination record available at the time of data
collection was used for the classification of vaccination status. Vaccination status and
interruption patterns were determined based on these documented records. Therefore,
delayed doses that were subsequently administered were captured in the available records
and incorporated into the vaccination classification.

2.4. Evaluation of Vaccination Status

Routine childhood immunization status was classified as fully vaccinated, partially
vaccinated, or never vaccinated in accordance with the Turkish National Immunization
Program (TNIP). The national immunization schedule used for classification is provided
in Supplementary Table S1. For children who were not fully vaccinated, the reason for
incomplete immunization was recorded as either parental concern regarding potential
neurological worsening or temporary postponement recommended by a physician.

Information on the administration of non-National Immunization Program (non-NIP)
vaccines, including rotavirus, meningococcal, and influenza vaccines, was also collected.

Among children who were not fully vaccinated, vaccination continuity was evaluated
based on the age period after which routine childhood immunizations were no longer
received, rather than on individual missed vaccine doses. Given the heterogeneity of vacci-
nation patterns within the cohort, incomplete vaccination was defined as discontinuation
of routine childhood immunization. Children were categorized into four groups: those
who did not receive routine vaccines from 12 months onward, from 24 months onward,
or from 48 months onward, and those in whom vaccination continued beyond 48 months
but was subsequently interrupted. This classification reflects the age threshold after which
scheduled routine vaccinations were no longer administered. These age categories were
selected to reflect key milestones within the Turkish National Immunization Program, cor-
responding to completion of the primary infant vaccination series, early childhood booster
vaccinations, and preschool booster vaccinations, respectively (Supplementary Table S1).

2.5. Statistical Analysis

All analyses were conducted using IBM SPSS Statistics for Windows, Version 20.0
(IBM Corp., Armonk, NY, USA). Data were anonymized prior to statistical evaluation.

Descriptive statistics were used to summarize demographic and clinical character-
istics. Categorical variables were expressed as frequencies and percentages. Differences
in vaccination status (fully vaccinated, partially vaccinated, and not vaccinated) across
clinical and sociodemographic variables were assessed using the Pearson chi-square (x?)
test. When expected cell counts were small, Fisher’s exact test or Monte Carlo simulation

https:/ /doi.org/10.3390/ children13070891


https://doi.org/10.3390/children13070891

Children 2026, 13, 891

50f17

was applied as appropriate. Effect sizes for significant associations were estimated using
Cramer’s V. A two-sided p-value < 0.05 was considered statistically significant.

For analytical purposes, parental age was categorized into four groups (20-29, 30-39,
40-49, and >50 years). Parental education levels were classified as low (no formal education,
primary or middle school), medium (high school), and high (university or higher).

For regression analyses, the primary outcome variable was defined as incomplete
or no National Immunization Program (NIP) vaccination (partially vaccinated and not
vaccinated combined) versus full vaccination.

Univariable binary logistic regression analyses were first performed to examine associ-
ations between incomplete or no NIP vaccination and maternal age, paternal age, maternal
education level, paternal education level, and number of children in the household. Odds
ratios (ORs) with 95% confidence intervals (Cls) were calculated using appropriate refer-
ence categories (the youngest age group for parental age and the highest education level
for parental education).

A multivariable binary logistic regression model was subsequently constructed to eval-
uate independent associations with incomplete or no NIP vaccination. The model included
maternal age, paternal age, parental education levels, and the number of children in the
household. These variables were selected based on clinical relevance and prior evidence
suggesting potential associations with vaccination behaviors. During development of the
multivariable logistic regression model, all parental age categories were initially evaluated.
However, inclusion of the >50-year category yielded unstable parameter estimates in the
preliminary multivariable analyses. Therefore, this category was not retained in the final
adjusted model to improve overall model stability and interpretability. Adjusted odds
ratios (aORs) with 95% ClIs were reported.

Associations between motor development level (normal motor development, mild—
moderate motor impairment [GMFCS I-1II] and severe motor impairment [GMFCS IV-V])
and vaccination status were initially assessed using chi-square analysis. A separate logistic
regression model including GMFCS categories was constructed to estimate the association
between motor impairment severity and incomplete or no vaccination, using normal motor
development as the reference group. No additional covariates were included in this model;
therefore, the resulting odds ratios represent unadjusted estimates.

Parental age and education were additionally evaluated for their association with
uptake of at least one non-NIP (optional) vaccine using chi-square analysis. For selected
binary comparisons (e.g., Down syndrome versus all other diagnostic groups for influenza
vaccine uptake), odds ratios with 95% confidence intervals were calculated.

Because complete vaccine refusal was infrequent, separate multivariable modeling
using refusal as an isolated outcome was not performed.

2.6. Ethical Approval

This study was conducted in accordance with the principles of the Declaration of
Helsinki and was approved by the Turkish Ministry of Health and the local Ethics Commit-
tee of Zeynep Kamil Maternity and Children’s Training and Research Hospital (Istanbul,
Tiirkiye) (approval date: 27 August 2025; approval number: 101). Written informed consent
was obtained from parents or legal guardians prior to participation, as data were collected
using a brief questionnaire administered during routine clinical visits.

3. Results
3.1. Demographic and Clinical Characteristics of the Cohort

A total of 545 pediatric patients were included in the study, of whom 339 (62.2%) were
male and 206 (37.8%) were female. The study population consisted of children with a broad
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spectrum of chronic neurological and neurodevelopmental disorders. The most frequent
diagnosis was autism spectrum disorder, accounting for 39.3% of the cohort, followed by
cerebral palsy (24.2%), Down syndrome (17.4%), and neurogenetic disorders (11.2%). Less
common diagnoses included spina bifida (with/without hydrocephalus), neurometabolic
disorders, neuromuscular disorders, and isolated hydrocephalus. Detailed demographic
characteristics of the study population are summarized in Table 1.

Table 1. Demographic characteristics of the study population.

. . o Mean Age Range
Diagnosis Group n (%) Male Female (Months) + SD  (Min-Max)
Autismspectrum 14 393 179 44 101.1 + 41.0 30-201

disorder

Cerebral palsy 132 (24.2) 78 54 100.1 + 50.6 13-206
Down syndrome 95 (17.4) 40 55 84.3 +49.2 13-209

Other neurogenetic
disorders (excluding 61 (11.2) 29 32 83.4 +43.2 18-203
Down syndrome)
Spina bifida @ 16 (2.9) 9 7 93.1 £56.5 21-198
Neurometabolic 15 (2.8) 7 8 84.4 +51.7 17-203
disorders
Neuromuscular 9(1.7) 5 4 133.8 + 63.6 31-201
disorders
Hydrocephalus
(isolated) 3(0.6) 1 2 70.7 £51.0 15-115
TOTAL 545 (100.0) 339 206 95.6 £47.1 13-209

2 Of the 16 children with spina bifida, 15 (93.8%) had associated hydrocephalus.

Among the 132 children with cerebral palsy, 54 (40.9%) had comorbid epilepsy, while 78
(59.1%) did not. Of the 16 children with spina bifida, 15 (93.8%) had associated hydrocephalus.

3.2. Immunization Status According to Diagnostic Group

Vaccination status by diagnostic group is summarized in Table 2.

Not vaccinated indicates a complete refusal of routine childhood immunizations.

Percentages for a and b are calculated within the partially vaccinated group for each
diagnostic category.

Immunization status (fully vaccinated, partially vaccinated, and not vaccinated) was
significantly associated with diagnostic group (x> = 67.95, df = 14, Monte Carlo p < 0.001),
with a moderate effect size (Cramer’s V = 0.25). Full vaccination rates varied across di-
agnostic categories, with lower completion observed in autism spectrum disorder and
neuromuscular disorders, and higher completion in Down syndrome and other neuroge-
netic disorders. Partial vaccination was more frequently recorded among children with
autism spectrum disorder, cerebral palsy, and spina bifida. Among partially vaccinated
children, parental concern about potential neurological deterioration was the predomi-
nant reason for incomplete vaccination (94.1%), whereas physician-advised postponement
accounted for 5.9% of cases. This pattern was observed across diagnostic groups, with
parental concern regarding potential neurological deterioration remaining the predominant
reason for partial vaccination, whereas physician-advised postponement was observed only
in a limited number of cases (Table 2). Complete non-vaccination was uncommon overall
but was present across several diagnostic categories; findings for isolated hydrocephalus
should be interpreted with caution due to the small sample size (1 = 3).
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Table 2. Immunization status and reasons for partial vaccination by diagnostic group.
Diagnosis Grou n Fully Partially (\li(ltci\r,l?;{l:falizgl)
& P Vaccinated n (%) Vaccinated n (%) (%)
. 70 (32.7)
Autismspectrum —— »1) 140 (g5.4) a: 70 (100) 4(1.9)
disorder
b: 0 (0)
36 (27.3)
Cerebral palsy 132 93 (70.5) a: 33 (91.7) 3(2.3)
b: 3 (8.3)
11 (11.6)
Down syndrome 95 81 (85.3) a: 9 (81.8) 3(3.2)
b: 2 (18.2)
Other neurogenetic 11 (18)
disorders (excluding 61 48 (78.7) a: 10 (90.9) 2(3.3)
Down syndrome) b:1(9.1)
5(31.2)
Spina bifida 16 10 (62.5) a: 4 (80) 1(6.2)
b: 1 (20)
. 1(6.7)
Ne‘é‘;‘;gff:j;"hc 15 14 (93.3) a: 0 (0) 0(0)
b: 1 (100)
2(22.2)
Ne‘érig’ggz;sm 9 6 (66.7) a: 2 (100) 1(11.1)
b: 0 (0)
Hydrocephalus
(isolated) 3 1(33.3) 0 2 (66.7)
TOTAL 545 393 (72.1) 136 (25) 16 (2.9)

Note: a: Partial vaccination due to parental concern about potential neurological deterioration. b: Partial
vaccination due to physician-advised postponement of vaccination.

In a planned logistic regression analysis modeling full vaccination (fully vaccinated
vs. not fully vaccinated) using Down syndrome as the reference group, the odds of full vac-
cination were significantly lower in autism spectrum disorder (OR 0.33, 95% CI 0.17-0.62,
p < 0.001) and cerebral palsy (OR 0.41, 95% CI 0.21-0.81, p = 0.011), whereas no signifi-
cant difference was observed for other neurogenetic disorders (OR 0.64, 95% CI 0.28-1.47,
p =0.29).

3.3. Uptake of Non-NIP Vaccines

Uptake of non-NIP vaccines across diagnostic groups is summarized in Table 3.

Receipt of at least one non-NIP vaccine was not significantly associated with diagnostic
group (x? test, p = 0.089). When individual vaccines were examined, uptake of rotavirus and
meningococcal vaccines was not significantly associated with diagnosis, whereas influenza
vaccination showed a significant association with diagnostic group (x? test, p = 0.003).
Overall uptake of non-NIP vaccines was low in the cohort. In a planned binary comparison
(Down syndrome vs. all other diagnoses), influenza vaccination was significantly more
frequent in Down syndrome (8/95 vs. 4/450; OR 10.25, 95% CI 3.02-34.80; p < 0.001).
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Table 3. Distribution of Non-NIP Optional Vaccines Across Diagnostic Groups.

Diagnostic Total Any Non-NIP Rotavirus Meningococcal Influenza
Group n Vaccine n (%)  Vaccine n Vaccine n Vaccine n
Autism

spectrum 214 31(14.5) 29 16 2
disorder
Cerebral palsy 132 16 (12.1) 15 15 2
Down 95 26 (27.4) 19 14 8
syndrome
Other
neurogenetic 61 13 (21.3) 10 10 0
disorders
Spina bifida 16 2 (12.5) 2 0 0
Neurometabolic
disorders 15 2 (13.3) 2 1 0
Neuromuscular
disorders ? 1{LD) 1 1 0
Hydrocephalus
(isolated) 3 00 0 0 0
TOTAL 545 91 (16.7) 78 57 12

3.4. Sociodemographic Factors Associated with Incomplete Vaccination

Analysis of parental characteristics demonstrated significant associations between
maternal age (x> = 18.53, df = 6, p = 0.005) and paternal age (x> = 14.69, df = 6, p = 0.023)
and NIP immunization status. Parental age was not associated with uptake of any non-
NIP vaccine. In contrast, both maternal and paternal education levels were significantly
associated with NIP immunization status (maternal education: x? = 17.97, df = 4, p=0.0013;
paternal education: x? = 22.01, df = 4, p = 0.0002) as well as with non-NIP vaccine uptake
(maternal education: x? = 74.72, df = 2, p < 0.001; paternal education: x2=6127,df =2,
p < 0.001).

In univariable binary logistic regression analyses, maternal age, paternal age, parental
education level, and number of children in the household were associated with incomplete
or no NIP vaccination (Table 4).

Table 4. Logistic regression analyses of factors associated with incomplete or no NIP vaccination.

Univariable Logistic Regression Analysis

Variable Category OR 95% CI p Value

Maternal age 20-29 (ref) 1.00 — —

30-39 0.15 0.04-0.54 0.005

40-49 0.34 0.12-0.93 0.035

>50 0.51 0.18-1.46 0.194
Paternal age 20-29 (ref) 1.00 — —

30-39 0.32 0.16-0.61 0.001

40-49 0.44 0.22-0.86 0.016

>50 0.15 0.02-1.11 0.090
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Table 4. Cont.
Univariable Logistic Regression Analysis
Variable Category OR 95% CI p Value
Maternal education High (ref) 1.00 — —
Intermediate 2.27 0.90-5.73 0.082
Low 4.26 1.77-10.27 0.001
Paternal education High (ref) 1.00 — —
Intermediate 1.27 0.64-2.54 0.492
Low 2.92 1.57-5.45 0.001
Number of children in household >3 (ref) 1.00 — —
1 child 0.51 0.30-0.87 0.017
2 children 0.63 0.42-0.94 0.027
Multivariable Logistic Regression Analysis
Variable Category Adjusted OR (95% CI)  p Value
Maternal age 20-29 (ref) 1.00 —
30-39 0.25 (0.08-0.77) 0.016
40-49 0.62 (0.37-1.03) 0.064
Paternal age 20-29 (ref) 1.00 —
30-39 1.04 (0.10-11.28) 0.973
40-49 1.07 (0.62-1.83) 0.819
Maternal education High (ref) 1.00 —
Low 2.93 (0.93-9.24) 0.066
Medium 2.35 (0.81-6.76) 0.114
Paternal education High (ref) 1.00 —
Low 1.67 (0.71-3.97) 0.243
Medium 0.92 (0.41-2.05) 0.833
Number of children in household >3 (ref) 1.00 —
1 child 0.81 (0.44-1.47) 0.479
2 children 0.79 (0.52-1.22) 0.296

Abbreviations: OR, odds ratio; CI, confidence interval; ref, reference category. Note: Univariable binary logistic
regression analyses were performed. The dependent variable was defined as incomplete or no NIP immunization
(partial or no vaccination) versus full vaccination. Odds ratios are presented relative to the reference category for
each variable.

In multivariable logistic regression analysis including maternal age, paternal age,
parental education levels, and number of children in the household, maternal age remained
significantly associated with incomplete or no NIP vaccination, whereas paternal age,
parental education levels, and number of children were not significantly associated after
adjustment (Table 4).

3.5. Motor Impairment Severity and Vaccination Status

Of the 545 children included in the study, 251 (46.1%) had normal motor development,
163 (29.9%) had mild—-moderate motor impairment, and 131 (24.0%) had severe motor
impairment. In univariable analysis, a statistically significant difference in vaccination
status was observed across motor development levels (Pearson x> = 13.28, p = 0.001),
with incomplete or no vaccination more frequently noted among children with severe

https:/ /doi.org/10.3390/ children13070891


https://doi.org/10.3390/children13070891

Children 2026, 13, 891

10 of 17

motor impairment (GMFCS IV-V). In a separate logistic regression analysis, mild to mod-
erate motor impairment (GMFCS I-III) was associated with lower odds of incomplete or
no vaccination compared with normal motor development (OR 0.44, 95% CI 0.27-0.71,
p = 0.001). By contrast, severe motor impairment (GMFCS IV-V) did not show an indepen-
dent association (OR 1.03, 95% CI 0.66-1.60, p = 0.89).

3.6. Timing of Vaccination Interruption Among Partially Vaccinated Children

Timing of vaccination interruption among partially vaccinated children according to
diagnostic group is summarized in Table 5.

Table 5. Age period after which routine childhood immunization was no longer received among
partially vaccinated children, by diagnostic group.

From 12 Months  From 24 Months  From 48 Months Interrupted

Diagnostic Group Onward Onward Onward After 48 Months
Autism spectrum
disorder 0 16 7 47
Cerebral palsy 0 13 9 14
Down syndrome 0 3 2 6
Other neurogenetic
disorders (excluding 0 5 1 5
Down syndrome)
Spina bifida 1 3 1 0
Neurometabolic
disorders 0 1 0 0
Neuromuscular 0 5 0 0
disorders
Total 1 43 20 72

Footnote: Values represent the number of children. Categories indicate the age period after which routine
childhood immunization was no longer received: children in the “From 12 months onward,” “From 24 months
onward,” and “From 48 months onward” categories did not receive routine vaccines scheduled from these
respective ages onward. “Interrupted after 48 months” indicates that vaccination continued beyond 48 months
but was not subsequently completed. Only partially vaccinated children were included.

Among partially vaccinated children, the age period after which routine childhood
immunization was no longer received differed significantly across diagnostic groups
(x* = 47.45, df = 18, p < 0.001), with interruption after 48 months emerging as the most
common pattern.

4. Discussion
4.1. Overall Immunization Status in a Clinically Vulnerable Population

In this study, conducted in a large, heterogeneous cohort of children with chronic
neurological and neurodevelopmental disorders, full adherence to the National Immuniza-
tion Program was observed among 72.1% of participants. A further 25.0% were partially
vaccinated, and 2.9% had never received routine childhood vaccines. These findings indi-
cate that, despite high national immunization coverage reported at the population level,
continuity of routine vaccination may be interrupted in clinically vulnerable pediatric
subgroups [1,2,10]. Comparable disparities in immunization coverage and timeliness have
been documented in cohorts of children with chronic diseases, in which both the coverage
and timing of routine vaccines exhibited heterogeneous patterns across medically complex
groups [11].

Previous studies from different countries have generally reported high acceptance
of routine childhood vaccination among children with chronic neurological conditions;
however, these studies predominantly focused on selected diagnostic groups or assessed
immunization status using dose-based or age-appropriate definitions [6,7,9]. In contrast,
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defining incomplete immunization as discontinuation of the routine vaccination schedule
may provide additional insight into real-world parental decision-making and clinical
follow-up practices in tertiary pediatric neurology settings. From this perspective, our
findings suggest that national immunization coverage indicators may not fully reflect
vaccination patterns observed in specialized clinical populations. The variability observed
across diagnostic categories further supports the need to interpret immunization status
within diagnosis-specific clinical contexts rather than as a uniform phenomenon within the
CNDD population.

4.2. Diagnosis-Specific Patterns of Incomplete Immunization

In this cohort, immunization completeness varied across diagnostic groups, suggesting
that incomplete vaccination is shaped by diagnosis-specific clinical and developmental con-
texts rather than representing a uniform pattern among children with chronic neurological
and neurodevelopmental disorders. Across most diagnostic categories, partial vaccination
was more frequent than complete vaccine refusal, indicating that interruptions in routine
immunization may more often reflect postponement or discontinuation decisions than
outright rejection [5,12,13].

Children with autism spectrum disorder (ASD) showed one of the highest proportions
of partial vaccination in the present cohort. This pattern suggests that vaccination decisions
in this group may intersect temporally with the diagnostic process rather than reflecting
early or generalized vaccine refusal. Population-based studies have demonstrated reduced
vaccination uptake not only among children diagnosed with ASD but also among their
younger siblings, indicating that vaccine-related concerns may extend to family-level
decision-making following diagnosis [8]. In this context, heightened parental vigilance and
perceptions of neurodevelopmental vulnerability after diagnosis may contribute to more
cautious continuation of routine immunization, particularly with respect to later booster
doses, even in the absence of established medical contraindications or causal evidence
linking vaccines to ASD [14]. Multivariable analysis was consistent with descriptive
findings, with children with ASD showing lower odds of full vaccination compared with
those with Down syndrome.

Children with cerebral palsy (CP) demonstrated intermediate rates of complete vac-
cination, with partial immunization remaining common in this group. Previous studies
have reported delayed or incomplete vaccination in children with CP despite the absence
of disease-specific contraindications, suggesting that clinical heterogeneity, comorbidities,
and competing medical priorities may influence vaccination continuity [6,9]. In our cohort,
motor impairment severity showed a differentiated pattern: although descriptive analyses
suggested variation across functional levels, regression modeling indicated that children
with mild-moderate motor impairment had lower odds of incomplete or no vaccination
compared with those with normal motor development, whereas severe motor impairment
did not retain an independent association after adjustment. Taken together, these findings
suggest that motor impairment severity alone may not fully explain vaccination interrup-
tion in children with cerebral palsy. Previous studies have proposed that broader clinical
complexity and healthcare-related factors may also play a role in vaccination continuity in
this population [6,9].

By contrast, children with Down syndrome in our cohort exhibited relatively high
rates of complete vaccination, although partial immunization was observed in a subset.
Earlier reports have noted lower vaccination rates and increased parental hesitancy in
this group despite clear immunization recommendations, highlighting the potential role
of frequent medical visits, intercurrent illnesses, and practical challenges in maintaining
vaccination schedules [15,16]. In our cohort, influenza vaccination uptake was higher
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among children with Down syndrome compared with other diagnostic groups. This
may reflect the structured medical follow-up and increased healthcare contact typically
observed in this population. This difference may partly explain why our findings contrast
with some earlier reports describing lower vaccination coverage in children with Down
syndrome. The tertiary pediatric neurology setting of the present study and the regular
multidisciplinary follow-up commonly provided to these children may facilitate greater
adherence to recommended immunization schedules. In addition, children with Down
syndrome have an increased susceptibility to respiratory tract infections and may exhibit
immune system abnormalities that contribute to higher infectious morbidity [16,17]. Greater
awareness of these risks among healthcare providers and caregivers may also contribute to
the higher influenza vaccine uptake observed in this subgroup.

Overall, these findings suggest that incomplete immunization among children with
chronic neurological and neurodevelopmental disorders follows diagnosis-specific trajec-
tories shaped by clinical context and the timing of diagnostic and therapeutic processes.
Recognition of this heterogeneity may support diagnosis-sensitive counseling and continu-
ity of routine immunization during ongoing neurological follow-up [5,12].

4.3. Timing and Context of Incomplete Vaccination

The diagnosis-specific differences observed in the age period after which routine
childhood immunization was no longer received suggest that interruptions in vaccination
among children with neurological and neurodevelopmental disorders are shaped not only
by disease burden but also by the developmental stage and clinical context in which di-
agnostic concerns arise. Previous studies indicate that vaccination behaviors in medically
vulnerable pediatric populations are influenced by clinical complexity, parental risk per-
ception, and healthcare encounters, rather than uniform vaccine refusal patterns [5,12,13].
Accordingly, incomplete vaccination in this population appears to follow distinct tem-
poral patterns across diagnostic groups, as supported by the significant between-group
differences observed in our analysis.

In the present cohort, interruption of routine childhood immunization from 48 months
onward was more frequently observed among children with autism spectrum disorder
(ASD). This pattern indicates that vaccination may be maintained during infancy and early
childhood but becomes incomplete during the preschool booster period, when vaccines
scheduled at and after 48 months would typically be administered. The observed pattern
suggests that vaccination discontinuation may occur during the preschool booster period;
however, the reasons underlying this finding cannot be determined from the present data,
as neither parental perceptions nor the timing of ASD diagnosis were evaluated. Population-
based studies have shown reduced vaccination uptake not only among children with ASD
but also among their younger siblings, indicating that diagnostic experiences may shape
family-level immunization decisions [8]. In addition, qualitative and survey-based studies
report higher levels of vaccine-related concern among parents of children with ASD, often
driven by perceived temporal associations or concerns about symptom exacerbation rather
than evidence-based contraindications [14,18]. However, given the cross-sectional design
of this study, the observed association should be interpreted as descriptive rather than
causal, and the current data do not allow definitive conclusions regarding the temporal
relationship between ASD diagnosis and subsequent vaccination interruption.

By contrast, earlier interruption of routine childhood immunization, reflected by lack
of vaccination from earlier age periods, was more commonly observed in conditions such
as spina bifida. This pattern may be more closely associated with medical complexity in
early life, including surgical interventions, recurrent hospitalizations, and intensive clinical
follow-up during infancy. Previous studies in children with chronic neurological disorders
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have shown that frequent hospitalizations and intercurrent illnesses may contribute to
delays or interruptions in routine vaccination schedules, often in the context of physician-
recommended caution rather than parental vaccine refusal [3,13]. Nevertheless, these
interpretations should be considered hypothesis-generating, as the present design does not
allow causal inference regarding the drivers of early vaccination interruption.

Although vaccine-specific attitudes and MMR vaccine uptake were not evaluated
in the present study, extensive epidemiological evidence has consistently demonstrated
no causal association between routine childhood vaccination, including measles-mumps-
rubella (MMR), and autism spectrum disorder. Large-scale population studies and meta-
analyses have confirmed the absence of such a relationship, and these findings have
been reaffirmed by international health authorities [19,20]. This evidence provides impor-
tant context for understanding vaccine-related concerns that have been reported in the
ASD literature.

Taken together, these findings suggest that interruptions in routine childhood immu-
nization among children with neurological and neurodevelopmental disorders are shaped
by diagnosis-specific timing and clinical trajectories, rather than reflecting uniform vaccine
refusal. Recognition of these temporal patterns may support diagnosis-sensitive counseling
and help maintain continuity of routine immunization during critical periods of clinical
evaluation and care [5,12].

4.4. Parental and Household Characteristics Associated with Incomplete Vaccination

In this cohort of children with chronic neurological and neurodevelopmental disor-
ders (CNDD) followed in a tertiary pediatric neurology setting, routine immunization
completeness varied according to several parental and household characteristics, including
parental age, parental education level, and household size. Similar sociodemographic
patterns have been reported across different pediatric populations, particularly among
medically vulnerable children, and are generally interpreted as contextual influences on
vaccination continuity rather than direct indicators of vaccine refusal [12,13,21]. However,
after adjustment for other parental and household variables, only maternal age remained
significantly associated with incomplete or no NIP vaccination.

Lower parental education levels were associated with higher proportions of incom-
plete vaccination in the present cohort. Previous population-based studies and systematic
reviews have reported similar findings, suggesting that lower educational attainment
may influence vaccination continuity through reduced health literacy, limited access to
reliable health information, and greater difficulty navigating complex healthcare recom-
mendations [12,13,21,22]. However, this relationship was attenuated after multivariable
adjustment and was no longer statistically significant.

Maternal age remained significantly associated with vaccination completeness, with
older maternal age groups demonstrating lower odds of incomplete or no vaccination.
Previous studies have suggested that parental age may influence adherence to routine
immunization and other preventive healthcare practices through differences in healthcare
experience, access to health information, and engagement with healthcare systems [21,22].

Household size was also associated with vaccination status, with larger families ex-
hibiting higher rates of incomplete immunization. Earlier studies have suggested that
increased caregiving demands and logistical barriers in larger households may compli-
cate adherence to routine vaccination schedules, particularly among families caring for
children with chronic conditions [12,13]. However, this association was attenuated after
multivariable adjustment and was no longer statistically significant.

Taken together, these findings suggest that selected parental and household charac-
teristics may contribute to variability in the continuity of routine immunization among
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children with CNDDs. Recognition of these factors may support individualized counseling
and follow-up strategies during ongoing neurological care [12,13,21].

4.5. Clinical Interpretation of Partial Versus Complete Non-Vaccination

In the present cohort, partial vaccination was substantially more common than com-
plete non-vaccination among children with chronic neurological and neurodevelopmental
disorders (CNDD) [6,7,9,11]. Among children with chronic or medically complex condi-
tions, interruptions to routine immunization more commonly occur as delayed or discon-
tinued vaccination at later stages of the schedule rather than as early or complete vaccine
refusal [11,23].

Studies in pediatric populations with chronic disease have shown that partial or
delayed vaccination is more common than complete non-vaccination, reflecting the effects
of clinical complexity, frequent healthcare encounters, and competing medical priorities
on vaccination continuity [6,7,24]. Vaccine-related behaviors have also been described
as existing along a continuum ranging from timely acceptance to delayed or selective
vaccination, rather than as a simple accept-refuse dichotomy [5,12,13,25].

In the present cohort, the predominance of partial vaccination across multiple diag-
nostic categories may reflect shared contextual and clinical factors rather than diagnosis-
specific contraindications. Comparable observations have also been reported in children
with special healthcare needs and chronic neurological conditions, where partial vaccina-
tion has been viewed as an area that may benefit from continued clinical engagement and
follow-up [24,26].

Partial vaccination may represent a clinically distinct and potentially addressable
pattern, as families who remain engaged with healthcare services may be more receptive to
counseling and follow-up regarding delayed or outstanding vaccine doses [12,13]. Evidence
from population-based surveys and clinical studies suggests that continued provider
engagement and diagnosis-sensitive communication may support completion of delayed
vaccinations, particularly in children with chronic health needs [23,25]. In the present
cohort, parental concerns about potential neurological deterioration accounted for the vast
majority of partial vaccination cases (94.1%), whereas physician-advised postponement
accounted for only a small proportion (5.9%). Although physician-related delays were
relatively uncommon, this finding underscores the importance of ensuring that healthcare
professionals remain informed about current evidence-based vaccination recommendations
for children with chronic neurological and neurodevelopmental disorders. Continued
educational initiatives, together with diagnosis-specific vaccination counseling and effective
communication between pediatric subspecialists and primary care providers, may help
prevent unnecessary postponement of vaccinations and support continuity of routine
immunization. Overall, these findings suggest that partial vaccination should be considered
separately from complete vaccine refusal in children with CNDDs [5,12]. Recognizing this
distinction may help support individualized strategies aimed at maintaining vaccination
continuity during long-term neurological follow-up [12,23].

4.6. Strengths and Limitations

Several limitations should be considered when interpreting these findings. Although
multivariable logistic regression was performed for the combined outcome of incomplete
or no NIP vaccination, the number of children with complete vaccine refusal was limited.
Therefore, complete refusal could not be analyzed as a separate outcome, and reliable
estimates for refusal-specific models could not be obtained. In addition, residual con-
founding cannot be excluded given the observational cross-sectional design. Although
diagnostic category and motor impairment severity were evaluated in separate analyses,
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these variables were not included in the primary multivariable model. Given the relatively
small numbers within several diagnostic subgroups and the limited number of outcome
events in some strata, inclusion of all clinical and sociodemographic variables in a single
multivariable logistic regression model may have resulted in unstable parameter estimates.
Therefore, a more parsimonious multivariable model was considered an appropriate analyt-
ical approach for the primary analysis. Consequently, some adjusted odds ratio estimates
were accompanied by wide confidence intervals and should therefore be interpreted with
caution. Accordingly, residual confounding related to clinical characteristics cannot be
completely excluded. Furthermore, some diagnostic subgroups, particularly isolated hy-
drocephalus, neuromuscular disorders, and neurometabolic disorders, contained relatively
small numbers of participants. Therefore, subgroup-specific findings should be interpreted
with caution and considered exploratory.

Vaccination status was assessed using routinely collected clinical records and parental
reports. Although this reflects standard documentation practices in tertiary pediatric neu-
rology settings, it may be subject to incomplete or variable reporting. In addition, the
cross-sectional design precludes temporal inference, and observed associations should
therefore be interpreted as descriptive rather than causal. Furthermore, potentially relevant
factors such as age at diagnosis, timing of developmental regression, initiation of rehabili-
tation services, frequency of healthcare encounters, major medical interventions, broader
parental attitudes, beliefs, and parenting characteristics were not systematically collected.
These factors may have influenced parental vaccination decisions and, therefore, constitute
potential sources of residual confounding. Although the overall participation rate was
high, the diagnostic distribution of families who declined participation and children whose
vaccination status could not be verified was not systematically evaluated. Therefore, differ-
ential non-participation across diagnostic groups cannot be completely excluded and may
have influenced the observed diagnostic patterns. Future studies incorporating these psy-
chosocial and behavioral determinants may provide a more comprehensive understanding
of vaccine hesitancy and vaccination continuity in children with chronic neurological and
neurodevelopmental disorders.

A major strength of this study is the evaluation of routine immunization status in
a large and heterogeneous cohort of children with CNDDs followed at a single tertiary
pediatric neurology center. The study population was derived from a tertiary center in
Istanbul, a large metropolitan area with diverse sociodemographic characteristics, provid-
ing relevant insight into vaccination patterns among vulnerable children in urban settings.
Although the study was conducted at a single tertiary pediatric neurology center in Istan-
bul, the institution serves as a referral center for patients from different regions of Tiirkiye.
Nevertheless, multicenter studies including populations from different geographic regions
would be valuable to further assess the generalizability of these findings.

The inclusion of a heterogeneous CNDD population allowed evaluation of both
diagnosis-specific and shared patterns of incomplete vaccination within the same cohort,
rather than limiting interpretation to a single neurological condition. Furthermore, defining
incomplete vaccination as discontinuation of the routine immunization schedule, rather
than dose-based coverage alone, provided clinically meaningful insight into real-world
vaccination continuity during routine neurological follow-up.

5. Conclusions

This study shows that incomplete vaccination among children with chronic neurologi-
cal and neurodevelopmental disorders (CNDD) is more commonly characterized by partial
or delayed immunization than by complete vaccine refusal. Vaccination patterns varied
across diagnostic groups and were associated with selected parental and household fac-
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tors, highlighting the heterogeneity of immunization trajectories in this population. These
findings suggest that interruptions in routine immunization should be interpreted within
broader developmental and healthcare contexts rather than as a uniform manifestation
of vaccine hesitancy. Recognition of diagnosis-specific patterns of incomplete vaccination
may help identify opportunities for targeted counseling and support continuity of routine
childhood immunization.
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