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Immunization is essential for preventing infectious diseases, yet timely vaccination remains a challenge globally, particularly in regions affected by
war and disrupted healthcare infrastructure. Ukraine faces unique challenges, including systemic issues and vaccine hesitancy, impacting immu-
nization timeliness.

Aim — to determine the rate and characteristics of delayed immunization and its completeness among children in three regions of Ukraine.
Material and methods. A cross-sectional, community-based survey was conducted at state and private primary healthcare facilities in Kyiv, Bucha,
Rivne, and Lutsk. Data were collected via structured questionnaires, face-to-face parental interviews, and medical documentation review. Statistical
analyses included descriptive statistics, chi-square tests, logistic regression, and Kaplan-Meier analysis.

Results. Out of 152 children, 64.3% were fully vaccinated, but only 50% received timely vaccinations. The significant reasons for delays included
untimely healthcare visits (29.2%), vaccine hesitancy (25.8%), and acute iliness (18%). The presence of comorbidities in children was a statistically
significant risk factor for delayed immunization. Kaplan-Meier analysis illustrated notable delays, especially for older children.

Conclusion. This study identifies critical barriers to timely immunization, emphasizing the need for improved healthcare accessibility, targeted edu-
cational initiatives, and enhanced professional training. Further research is required to develop comprehensive interventions, particularly considering
Ukraine’s complex demographic challenges due to internal displacement of the population.

The study was conducted in accordance with the principles of the Declaration of Helsinki. The study protocol was approved by the Local Ethics
Committee for all participants. The informed consent was obtained from patients.

The authors declare no conflict of interest.

Keywords: child health, health services, immunization schedule, patient acceptance of health care, public health surveillance, vaccination refusal,
vaccination coverage.

BigknapgeHi Ta HeBaBepI.LIEHi wenneHHa giten: nepexpecHe [OCNiAKEHHS LWASXOM onuUTyBaHHA

HaceneHHsa KuiBcbkoi, PiBHeHcbKOi Ta BonuHcbKoi o6nacrei YkpaiHu

€.0. INpeyyxd’, I.B. FTHunockypeHko? A.l. Bonoxa’,

'HaLioHansHWi yHiBEpCUTET OXOPOHW 3A0P0B’A YKpaiHy imeHi 1.1, LLynuka, m. Kui

2HHLI «IHcTuTyT Gionoril Ta MearumnHMy KUIBCbKOro HallioHabHOr O yHiBepcuTeTy iMeHi Tapaca LLleBuetka, Ykpaita

IMYHIZaUIA € Ba>X/IMBOK YMOBOK MPOMIIAKTUKM IHPEKUIRHNX 38XBOPIOBaHb, NPOoTe 3a0e3MNeyYeHHd CBOEYACHOCTI BakKUMHAUIT 3a/IMWLAETLCA
rnoGansHUM BUKIVKOM, OCOOMMBO B PENOHAX, WO NOTEPNADTb Bif BiiH Ta NOPYLWEeHb POOOTU MeANYHO! IHPPAaCTPYKTYPU. YKpaHa CTUKAETLCHA
3 YHIKaNbH1MK1 NnpodnemMamn, cepes AKX — CUCTEMHI He4OMIKM Ta BaraHHA WOAO0 BakLMHALI, WO BN/IMBAE HA CBOEHACHICTD L EN/IeHb.

Mera: B13HaUMTV piBEHb Ta OCOOAMBOCTI BIAKIAAEHNX LLEMIEHb, @ TAKOX MOBHOTY 3@BEPLUEHNX CXeM Cepefl AiTel y TPbOX perioHax YKparHu.
Martepian Ta metoam. [poBeeHO NepexpecHe JOCNIMKEHHS WAAXOM ONUTYBAHHS HACeNeHHA Ha 0a3i AepxXaBHMX Ta NprBaTHMX 3ak1adis
NEPBUHHOT MEANKO-CAHITAPHOI IONOMOIN Y Taknx mictax, ak Kuis, byuda, PiBHe Ta Jlyubk. [lani 3i6paHo 3@ A0NOMOIr Ol CTPYKTYPOBAHNX aHKeT,
0COOUCTUX IHTEPB'I0 3 BaTbkaMmu Ta aHanizy MeanyHol AoKyMeHTaull. [1ns cTaTuCTMYHOro aHanisy BMKOPUCTaHO ONUCOBY CTATUCTUKY, KpUTepil xz,
NOTICTUYRY perpecito Ta aHanis 3a metoaoM Kannasa-Maepa.

PesynbraTtun. 3i 152 aiteli nosHICTIO BakUMHOBaHUMK Oynun 64,3%, npote nuwe 50% oTpumany wennenHs s4acHo. OCHOBHMUMMN NPUYMHAMM
BiATEPMIHYBaHHA Oy HECBOEYACHI Bi3WTIN A0 Nikaps (29,2%), BaraHHs Woa0 BakumMHauii (25,8%) Ta roctpi 3axsoptoBaHH4 (18%). HaaBHICTb CynyTHIX
3axBOPKOBaHb Y AiTei Oy/1a CTaTUCTUYHO 3HaYYLLIMM PaKTOPOM PU3KMKY BIATEPMIHOBAHOT BakUMHaUT. AHai3 Kannana-Maepa npoaeMoHCTpyBan
MOMITHI 3aTPVIMKW, OCOOIMBO cepep AiTein CTapLioro BiKy.

BucHoBKW. [10CNIKEHHA BUABKNO Oap’epn, LLO NepellkomKaoTs CBOEYACHI BakLMHaLUIl, BKa3youn Ha HEOOXIAHICTb NONINWEHHSA AOCTYNHOCTI
MeAVYHOT AONOMOr M, BNPOBAAXKEHHA LINIBOBMX OCBITHIX NPOrpam Ta NiaBULLEHHA KBanidikauil MeanyHnx NpauiBHMKIB. MNoaansili AOCIIXEHHA
MaIoTh OYTV CNPAMOBAHI Ha PO3POOKY KOMINIEKCHIMX 3aX0AIB 3 YPaxyBaHHAM CKN8AHNX AeMOrPadiuHX BUKANKIB B YKPaiHi, NOB'A3aHMX i3 BHYTPILLHIM
nepemilLeHHAM HaCeNeHH4.

LlocnimKeHHa BUKOHAHO BIANOBIAHO A0 NPUHLUMNIB [e1bCIHCHKOT Aeknapadil. [poToOKON AOCNIMKEHHSA MOTOXEHO NTOKA/TbHUM ETUYHIM KOMITETOM
YCTaHOBW. Ha npoBeaeHHA AOCNIMKEHb OTPMMAHO IHPOPMOBaHY 3roaly 0aTbkis, AiTel.

ABTOPY 32ABNGIOTE NPO BIACYTHICTb KOHM/IKTY HTEpecCiB.

KntouoBi cnoBa: 370poB’d AiTel, MeanyHi Nocnyr, KkaaneHaap WenneHs, NPUXUIbHICTL NauieHTiB 40 MeANYHOT A0NOMOrU, Harnsa rpoOManacbkoro
300POB’A, BIAMOBA BiAl BAKLMHALLT, OXONNEHHA LLUENNEHHAMU.
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Introduction

thod of prevention of a number of infectious

diseases. Since the implementation of the Ex-
panded Programme on Immunization (EPI) in 1974,
the percentage of children protected against six
diseases (tuberculosis, diphtheria, tetanus, pertussis,
poliomyelitis, and measles) has steadily increased,
gradually expanding to include other infections. As
aresult, immunization today prevents approximate-
ly 2—3 million deaths annually [24]. For example, in
Ukraine, between 1965 and 2015, a significant de-
cline in mortality was observed both in the general
population (1.6—2.6 times) and among children un-
der 14 years (15.2—20.4 times) [17]. Despite this
significant progress, globally, routine childhood im-
munization coverage levels have recently declined,
influenced notably by the COVID-19 pandemic
[11], and in Ukraine specifically, due to the full-scale
war by russia.

Vaccinating children according to recommended
time intervals is crucial for forming individual pro-
tection, supporting child development [28], and cre-
ating herd immunity necessary for controlling
disease outbreaks and protecting children who are,
for various reasons, still unimmunized [20]. Cur-
rently, vaccination coverage is a widely used indica-
tor to identify strengths and weaknesses in immuni-
zation programs and access to healthcare services in
general [30].

Several methods are employed to monitor vacci-
nation coverage, each with its advantages and disad-
vantages [5]. Current approaches to evaluating im-
munization program coverage generally focus on the
proportion of vaccinated children across different

l mmunization is considered the primary me-

age groups. In Ukraine, for instance, the public
health sector continues to utilize an aggregated da-
tabase from 2008 known as UkrVak [15]. However,
such systems inadequately address the crucial aspect
of the timely administration of scheduled vaccines
[10]. Timely vaccination serves as an essential com-
plementary indicator to standard coverage metrics,
offering critical insights within the context of disease
control [1]. Conversely, administering vaccines pre-
maturely or without appropriate intervals between
doses may compromise the completeness of protec-
tion [29].

The primary objective of this analysis was to esti-
mate the proportion of children with delayed vac-
cinations and completed schedules according to the
National Immunization Schedule in three regions of
Ukraine.

The aim of the study is to estimate the timing of
vaccination against antigens included in the Nati-
onal Immunization Schedule and the completeness
of immunization schemes among children in three
regions of Ukraine.

Materials and methods of the study

Data source. The study was conducted at state and
private primary healthcare facilities (HCFs) in Kyiv,
Bucha, Rivne, and Lutsk. Data collection was per-
formed through a community-based survey via face-
to-face parental interviews, examinations, and re-
views of their children’s medical documentation
(form No. 063 /0 «Vaccination card» [14]).

During the visit to parents who expressed interest
in participating in the study, completed structured
questionnaires, providing essential demographic,
socio-economic, and health-related information

(Table 1).

Table 1

Compositions of the questionnaire

Component

Means

Sociodemographic characteristics | Region of residence

Type locality (urban/rural)

Age and gender of the child

Medical history

Information about pregnancy complications (e.g., preeclampsia)
Presence of chronic or concomitant diseases in children, previous infections, and other
health conditions that could potentially influence immunization timing

Parental vaccination attitudes and
practices

Vaccination status of parents, including whether the mother and father were vaccinated ac-
cording to the National Immunization Schedule during childhood, their immunization against
diphtheria, tetanus, influenza, and other recommended vaccines

Family vaccination practices

Information on siblings, including their vaccination completeness and timely adherence to
the immunization schedule

Reasons for vaccination delays

Parents reported explicit reasons for delaying immunization, categorized into medical (e.g.,
acute illness), logistical (e.g., vaccine shortage), or personal (e.g., vaccine hesitancy, misinfor-
mation)
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Table 2
Method of calculating age at birth and age at vaccination in days using the dot-separated date format
NIS-recommended time for vaccination
Antigens 1%t dose 2™ dose 3 dose
start date end date start date end date start date end date
HepB DoB DoB+30 d DoB+59d DoB+160 d DoB+179 d DoB+210d
BCG DoB+2 d DoB+60 d NA
Polio DoB+59 d DoB+90 d DoB+119 d DoB+150 d DoB+179 d DoB+540
DTP DoB+59d DoB+90 d DoB+119 d DoB+150 d DoB+179d DoB+540
Hib DoB+59d DoB+90 d DoB+119 d DoB+150 d DoB+179 d DoB+395
MMR DoB+364 d DoB+390 DoB+2190d DoB+2220d NA

A total of 152 questionnaires and forms on immu-
nization were included in the analysis. The gender
distribution was equal: 76 female (50%) and 76 male
children (50%).

Definition of primary outcome. The primary out-
come of the study was delayed vaccination for pri-
mary immunization series for hepatitis B (HepB,
3 doses), Bacillus Calmette-Guérin (BCG; 1 dose),
poliomyelitis (Polio, 3 doses), diphtheria, tetanus,
and pertussis (DTP, 3 doses), Haemophilus influen-
zae type b (Hib, 3 doses) and measles, mumps, and
rubella (MMR, 2 doses). Booster doses for DTP and
Polio were also included in the additional analysis.

Delayed vaccination for each vaccine was defined as
administration of the vaccine dose after the recom-
mended age. Date of birth and age at vaccination (for
individual vaccine dose) were calculated in dot-sepa-
rated date format. Vaccination was categorized as de-
layed if given later than the proposed timeframe accord-
ing to the National Immunization Schedule in Ukraine
(NIS) and recommendations of the Order #595 by the
Ministry of Health of Ukraine [16] (Table 2).

Statistical analysis. The mean age (in days) for
each vaccine dose was calculated by subtracting the
child’s date of birth from the date of vaccination.
Standard deviations were computed to measure vari-
ability. The calculation formula is as follows:

Z?:l(vi - Bi)

n

where: V, — date of vaccination of child i; B, — date
of birth of child i; n — total number of vaccinated
children.

Chi-square tests or Fisher’s exact tests were ap-
plied to identify associations between categorical
variables, such as region, locality (urban/rural),
presence of maternal pregnancy complications, pres-
ence of comorbidities in children, parental vaccina-
tion status, and delayed vaccination status.

Mean age =

The Shapiro—Wilk test was used to assess norma-
lity of age distribution; since the assumption of nor-
mality was not met, non-parametric Mann—Whitney
U tests were used.

Logistic regression analyses (univariate and multi-
variate) were conducted to identify predictors of delayed
immunization. Variables that showed statistical signifi-
cance (p<0.05) at univariate logistic regression were
included in a multivariate logistic regression model.
Odds ratios (OR) with 95% confidence intervals (CI)
were calculated to quantify the strength of associations.

The Kaplan—Meier analysis was performed to
evaluate the timing of MMR vaccination among
children. The curve illustrates the probability of re-
maining unvaccinated over time following the re-
commended vaccination age. This analysis helps to
visually and statistically assess delays and compli-
ance with the vaccination schedule.

The statistical significance was set at p<0.05, and
all statistical analyses were performed using statisti-
cal software packages (e.g., SPSS v.26).

Results of the study

Sociodemographic and health-related characteristics.
Opverall, information on socio-demographic informa-
tion, medical history, and attitudes towards immuni-
zation provided by caregivers is provided in Table 3.

Mean age and standard deviation for receiving each dose
per antigen. Table 4 summarizes the analysis of the identi-
fication of the mean age for receiving each vaccine dose.

Overall vaccination status of children. Table 5 below
summarizes the vaccination coverage for specific vac-
cines. Coverage for each specific vaccine was calculated
from all children included in this particular study.

Of the 152 children included for analysis,
98 (64.3%), with 95% CI: 56.6—-71.6% were fully
vaccinated while 76 (50.0%), with 95% CI: 42.1—
57.9% were fully vaccinated on time (Fig. 1). Among
them, 20 children (13.2%, with 95% CI: 8.7-19.5%)
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Table 3
Sociodemographic and health information provided by caregivers
Component Total (%)
Sociodemographic characteristics
Region of residence:
Kyiv 53 (34%)
Kyiv (city) 50 (32%)
Rivne 32 (21%)
\olyn 21(13%)
Settlement type:
Urban 132 (86%)
Rural 22 (14%)
Age of the child
1< 21(13%)
>1-6< 52 (34%)
>6 79 (53%)
Gender
Girls 76 (50%)
Boys 76 (50%)
Medical history
Information about pregnancy complications (Yes) 16 (10%)
Presence of chronic or concomitant diseases in children (Yes) 40 (26%)
Natural history of vaccine-preventable diseases 23 (12%)
Parental vaccination attitudes and practices
Fully vaccinated mother in childhood 141(92%)
Fully vaccinated father in childhood 127 (83%)
Booster dose against diphtheria and tetanus received by mother 83 (54%)
Booster dose against diphtheria and tetanus received by father 74 (48%)
Annual vaccination against influenza by mother 48 (31%)
Annual vaccination against influenza by father 26 (%)
Other vaccines by mother
COVID-19 97 (63%)
Other (varicella, HPV) 5 (3%)
Other vaccines by father (COVID-19) 82 (53%)
Family vaccination attitudes and practices
(information on siblings, including their vaccination completeness and timely adherence to the immunization schedule)

No other children 55 (36%)
Fully vaccinated siblings 20 (13%)
Delay with the vaccination of siblings 77 (50%)
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All doses completed Timely vaccinated  Additional vaccinations Vaccinations received on time

Fig. 1. Overall vaccination status of children in Kyiv, Rivne, and  F9- 2. Age distribution by vaccination timing among children
Volyn regions in Kyiv, Rivne, and Volyn regions
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received vaccines against pneumococcal infection,
13 children (8.6%, 95% CI: 5.1-14.1%) were vacci-
nated against varicella and influenza.

A difference was observed when comparing chil-
dren’s ages between the timely and delayed vaccina-
tion groups, indicating that children’s age may be as-
sociated with timely or delayed immunization across
different age groups (U=2088.0, p=0.0032) (Fig. 2).

Timeliness for each specific vaccine was calculated
based on the proportion of children vaccinated timely
for that vaccine within the cohort (Fig. 3). Notably,
the lowest timely vaccination coverage was observed
for the sixth dose of the Polio vaccine (57.2%).

Reasons for vaccination delays were reported by
76 caregivers (50%), with a summary provided in
Table 6.

Multilevel logistic regression analysis. The table
below presents the results of the multilevel logistic
regression analysis performed to identify factors as-
sociated with delayed immunization among chil-
dren. Odds Ratios (OR) along with their 95% Con-
fidence Intervals (95% CI) and p-values are
provided for each factor (Table 7).

Kaplan—Meier curve for MMR vaccine. The anal-
ysis focused on determining the duration between
the recommended vaccination age (12 months after
birth) and the actual vaccination date. Steeper de-
creases in the curve indicate periods when vaccina-
tion uptake was higher, while flatter sections sug-
gest intervals with significant vaccination delays

(Fig. 4).

70 67.5% 67.5% 67.8% 67.8% 67.8% 67.6% 67.8% 67.6%
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Table 4

Mean age and standard deviation for receiving each dose per
antigen received by children in Kyiv, Rivhe, and Volyn regions

Vaccine Mean Age | Standard Deviation

antigen | dose (days) (days)
HepB 1 4450 896.4
2 530.5 952.4

3 /137 1043.7

Polio 1 2655 7912
2 3773 824.0

3 480.6 894.5

DTP 1 2719 790
2 4077 845.0

3 463.0 /870

Hib 1 119.8 567.8
2 219.7 605.0

3 290.3 663.2

MMR 1 7014 879.2
2 2348.2 896.1

Note: the table summarizes the mean age (in days) and standard deviation for re-
ceiving each vaccine dose among children. The BCG vaccine was intentionally
excluded from this table due to data inaccuracies identified during analysis

Table 5

Antigen-specific immunization coverage of children in
Kyiv, Rivne, and Volyn regions

Number of adminis-

Antigen trated doses (N)

Coverage (%)

HepB-3

BCG

Polio-3

DTP-3 67%

Hib-3

MMR-1

MMR-2

67.8%

67.8% 67.8% 67.8% 67.6% 67.8%

o6.4% 67.1%

Vaccine

Vaccine Groups

- HepB - MMR

- Hib

- DTP - Polio - BCG

Fig. 3. Timeliness of vaccination for specific vaccines among children in Kyiv, Rivne, and Volyn regions
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Prabability of Remaining Unvaccinated

1000 2000 3000 4000 5000

Days since recommended vaccination age
MMRI  —— MMRZ

Notes: MMR — Measles, mumps, and rubella vaccine. On the horizontal axis (X) —
the number of days after the recommended vaccination age (i.e., 12 months from
birth). On the vertical axis (Y) — the probability that a child has not yet received the
vaccination. If the curve drops sharply, this indicates that many children are vacci-
nated promptly or with minimal delay. If the curve is more gradual or remains flat, it
suggests significant delays in vaccination. A rapid decline in the curve shortly af-
ter the recommended vaccination age indicates that most children are vaccinated
on time or with only minor delays. If the curve remains relatively flat or decreases
slowly, it points to systemic problems or barriers contributing to delayed vaccina-
tion. Extended periods without changes in the curve (horizontal segments) may in-
dicate intervals during which vaccination was effectively unavailable or insuffi-
ciently promoted among the population

Fig. 4. Kaplan—Meier curve for time to MMR-1 vaccination
among children in Kyiv, Rivne, and Volyn

Discussion

This study provides essential insights into the
timing and completeness of childhood vaccinations
in three regions of Ukraine, highlighting important
findings for the national immunization program,
healthcare professionals, and caregivers. The com-
prehensive assessment of vaccination timing is criti-
cal for public health planning, especially given the
ongoing conflict and disruptions in healthcare ser-
vices [3], alongside recent outbreaks of polio [19]
and measles [22] and the current emerging situation
with outbreaks of vaccine-preventable diseases in
Ukraine [27]. Our findings underscore the necessity
of targeted interventions to improve vaccination
timeliness, ultimately increasing immunization co-
verage and enhancing protection against vaccine-
preventable diseases.

Approximately two-thirds (64.3%) of children in
our study were fully vaccinated, yet only half (50%)
completed vaccinations timely, indicating significant
gaps in adherence to recommended schedules. These
findings align with global trends of declining timely
vaccination due to systemic challenges and external
disruptions, such as the recent COVID-19 pandem-
ic [24] and the ongoing conflict in Ukraine [8].

Table 6
Reasons for vaccination delays reported by caregivers in Kyiv, Rivne, and Volyn regions
N° Reason Count Percentage (%) 95% CI
1 Untimely healthcare visits / travel abroad 26 292 20.8-394
2 Refusal due to vaccine safety concerns and not to 23 258 17.9-35.8
overload the immune system
3 Child was ill (most often acute respiratory infection; 16 18.0 1.4-272
4 cases of pertussis)
4 Refusal by healthcare workers 11 12.4 70-20.8
5 Organizational issues (e.g., absence of vaccines) 6 6.7 31139
6 Religious beliefs 5 56 244125
7 Awaiting vaccines at private facilities 2 2.2 06-78
Table 7

Multilevel regression analysis of factors associated with on-time vaccination in Kyiv, Rivhe, and Volyn regions

Mixed factors of socioderpographic data and parental Odds Ratio (OR) 95% CI p-value
attitudes
Urban (ref: Rural) 065 0.30-1.38 0.260
Gender (Female vs Male) 0.89 0.43-1.84 0.748
Pregnancy Complications (Yes vs No) 158 0.61-4.10 0.347
Child Comorbidities (Yes vs No) 212 1.01-4 .46 0.047
Mother Vaccinated (Yes vs No) 0.37 012-114 0.084
Father Vaccinated (Yes vs No) 0.44 017112 0.084

24
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The identification of additional vaccinations (e.g.,
pneumococcal and varicella) received by 21.7% of
children suggests parental awareness and acceptance
of supplementary preventive measures. Increasing
availability and awareness of these vaccines could
potentially improve general vaccination adherence.

A significant age difference between the timely
and delayed vaccination groups (U=2088.0,
p=0.0032) suggests that older children tend to have
more frequent delays. Younger children’s higher vac-
cination adherence may reflect recent improvements
in the health system, improvement of vaccine supply
chain, usage of multivalent products, or improve-
ment of parental attitudes towards vaccinations [9].

Delays of timely vaccination, primarily caused by
untimely healthcare visits or travel abroad (29.2%),
highlight gaps in healthcare system accessibility and
continuity of care. Given 1) the number of people
who left Ukraine, 2) the number of people who are
potentially planning to return, and 3) their unknown
immunization status — this issue has gained another
level of importance and complexity [4]. Vaccine
hesitancy due to safety concerns (25.8%) points to
the ongoing need for targeted educational interven-
tions aimed at caregivers. Acute illnesses (18.0%) as
reasons for delays underline the importance of
healthcare worker training to effectively manage
temporary contraindications and subsequent catch-
up vaccinations. Healthcare provider refusal
(12.4%) indicates possible gaps in knowledge or
compliance with guidelines among medical person-
nel, emphasizing the need for ongoing professional
education [21].

Children with comorbidities were significantly
more likely to experience vaccination delays
(OR=2.12, p=0.047), reflecting potential uncertain-
ties among caregivers or healthcare providers re-
garding vaccination safety in medically complex
cases. The trend towards reduced vaccination delays
among children of fully vaccinated parents suggests
the influential role of parental attitudes and experi-
ences in vaccination adherence [25].

The Kaplan—Meier analysis provided critical in-
sights into the temporal dynamics of vaccination
uptake, with many children vaccinated soon after
the recommended age, although substantial delays
were evident for others. Flat sections on the curve
suggest periods of systematic disruptions or barriers,
emphasizing the importance of ensuring continuous
vaccine availability and accessibility. Rapid initial
decreases in the curve highlight periods of effective
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vaccination campaigns or increased public aware-
ness, reinforcing the value of sustained public health
messaging and needs in new strategies to increase
demand and acceptance, alongside with modern
trends of using electronic technologies [ 18].

Calculations of mean ages for vaccine doses re-
vealed substantial variations, indicating inconsistent
adherence to the immunization schedule across dif-
ferent antigens. Notably, data inaccuracies related to
BCG vaccinations highlight a crucial need for im-
proved data collection processes and accuracy
checks within the medical card and electronic
healthcare system as an alternative.

Our findings demonstrate significant variability in
vaccination timeliness, influenced by both healthcare
system constraints and caregiver attitudes, warrant-
ing targeted educational and logistical interventions.
It is important to emphasize that the existing system
for assessing vaccination coverage levels in Ukraine
requires substantial improvement, as current tools do
not allow for accurate and timely evaluation [13].
One such solution could be the development of a spe-
cialized module within the electronic healthcare sys-
tem, which is actively evolving in Ukraine [6] and,
once refined, could serve as an alternative and more
modern tool for both clinicians and public health pro-
fessionals. Systematic monitoring of vaccine admin-
istration age could serve as an additional and eftec-
tive tool for early identification and mitigation of
delays in vaccine delivery [26].

Additionally, in these challenging times, there is
a unique opportunity to unite all relevant sectors,
including healthcare professionals, public health ex-
perts, and service recipients, in the collective search
for optimal solutions. Regular training of healthcare
professionals on vaccination schedules, contraindi-
cations, and effective communication could signifi-
cantly enhance vaccination adherence [7]. Using
standardized screening checklists for contraindica-
tions and modern digital calculators that have al-
ready been implemented nationwide in certain set-
tings [2] could also be convenient and time-saving
solutions for healthcare providers. Enhanced com-
munity engagement and targeted public health cam-
paigns addressing common misconceptions and fears
related to vaccines are critical steps toward improv-
ing vaccination timeliness [12].

Further research with larger, nationally repre-
sentative samples is essential for a deeper under-
standing and developing robust interventions, es-
pecially given the substantial number of people
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who left Ukraine and may be planning to return,
adding another layer of complexity and urgency to
the issue [23].

Conclusions

This study highlights significant issues concern-
ing vaccination timeliness and completeness among
children in Kyiv, Rivne, and Volyn regions of
Ukraine. Only half of the children received vaccina-
tions within recommended timeframes, underscor-
ing systemic and individual-level barriers. Major
factors contributing to delayed vaccination included
logistical issues, healthcare provider refusals, and
caregiver vaccine hesitancy. Significant associations
between vaccination delays and child comorbidities
suggest targeted educational initiatives for both
healthcare providers and caregivers. The mean age
analysis of vaccine administration revealed substan-
tial adherence variability, indicating a need for clos-
er monitoring and standardized practices. Kaplan—
Meier analysis illustrated clear patterns of
vaccination delays, highlighting critical periods
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