Preprints are preliminary reports that have not undergone peer review.

6 Research Sq uare They should not be considered conclusive, used to inform clinical practice,

or referenced by the media as validated information.

War-associated increase in pediatric respiratory
infections in Western Ukraine: a regional study
from Chernivtsi Oblast (2022-2025)

Olena Koloskova
Bukovinian State Medical University

Ksenia Rudan

xenia,rudan®gmail . com

Bukovinian State Medical University

Nataliya Bohutska
Bukovinian State Medical University

Khrystyna Buryniuk-Hloviak
Bukovinian State Medical University

Olena Vlasova
Bukovinian State Medical University

Kateryna Vlasova
Bukovinian State Medical University

Article

Keywords: epidemiological analysis, impact of war on child health, pneumonia, pediatric respiratory
infections, respiratory hospitalization, internally displaced children

Posted Date: May 4th, 2026
DOI: https://doi.org/10.21203/rs.3.rs-9186042/v1

License: €© ® This work is licensed under a Creative Commons Attribution 4.0 International License.
Read Full License

Additional Declarations: No competing interests reported.

Page 1/13


https://doi.org/10.21203/rs.3.rs-9186042/v1
https://doi.org/10.21203/rs.3.rs-9186042/v1
https://doi.org/10.21203/rs.3.rs-9186042/v1
https://creativecommons.org/licenses/by/4.0/

Abstract

Acute respiratory infections remain a major cause of pediatric morbidity and hospitalization worldwide.
Armed conflicts disrupt healthcare systems and living conditions, increasing the vulnerability of children
to infectious diseases. Since 2022, the full-scale war in Ukraine has led to large-scale population
displacement and significant pressure on regional healthcare systems. However, quantitative evidence
on the impact of prolonged war on pediatric respiratory disease patterns remains limited. This is
particularly important for regions hosting internally displaced populations. Here we show that the burden
of pediatric respiratory infections in Chernivtsi Oblast increased substantially during 2022-2025, with a
53% rise in hospitalizations and a marked increase in disease severity. The proportion of pneumonia
increased over time, accompanied by a more than twofold rise in severe and complicated cases, and
strong associations with emergency care utilization. These findings indicate that pneumonia is a key
driver of increased healthcare burden during wartime and that prolonged conflict contributes to more
severe disease in children. Our results highlight the need for adaptive healthcare strategies and improved
surveillance systems in conflict-affected regions.

INTRODUCTION

Acute respiratory infections are among the leading causes of morbidity and hospitalization in children
worldwide. Their burden is particularly high in conditions associated with adverse social, environmental,
and healthcare-related factors.

Armed conflicts are known to substantially affect population health, especially in vulnerable groups such
as children. The full-scale war in Ukraine has led to large-scale internal displacement, overcrowding in
temporary settlements, chronic psycho-emotional stress, disruption of access to primary healthcare,
decreased vaccination coverage, and increased antibiotic use [1]. These factors may contribute to
changes in the incidence, structure, and severity of pediatric respiratory infections [2, 3].

Chernivtsi Oblast, located near the European Union border, has become a major transit and settlement
region for internally displaced populations since the beginning of the war. The region has experienced a
significant influx of children from active conflict areas, including Donetsk, Kharkiv, Luhansk,
Zaporizhzhia, Kherson, and Mykolaiv regions. These population movements have created additional
pressure on the healthcare system and may have influenced epidemiological patterns of respiratory
diseases [4, 5, 6].

Despite increasing attention to the health consequences of war, there is limited systematic evidence on
long-term changes in the epidemiology of pediatric respiratory infections in regions hosting displaced
populations [7, 8,9, 10]. In particular, data on hospitalization rates, disease structure, and mortality
remain insufficient.

The aim of this study was to conduct a retrospective epidemiological analysis of temporal changes in
hospitalization, prevalence, mortality, and the structure of respiratory diseases among children in
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Chernivtsi Oblast during the period of the full-scale war (2022-2025).

RESULTS
Pediatric Respiratory Hospitalizations During the War

During the first year of the full-scale war (2022) in Chernivtsi Oblast, a total of 29,739 pediatric
hospitalizations were recorded, of which 27.4% were due to respiratory diseases. Across the 2022-2025
period, the total number of bed-days for children hospitalized with respiratory infections reached 60,141.
Specifically, 1,040 children with community-acquired pneumonia spent 10,278 bed-days in hospital,
representing 15.6% of total bed occupancy. Infants under one year accounted for 940 cases (11.5%) of
respiratory hospitalizations, primarily due to acute bronchiolitis and community-acquired pneumonia.
Over four years, pediatric hospitalizations due to respiratory diseases increased by 4,324 episodes,
representing a 53.0% rise compared to the first year of the war (Fig. 1).

Trends in Community-Acquired Pneumonia

Severe and complicated forms of community-acquired pneumonia increased by 131.3% over the study
period. The proportion of hospitalized pneumonia cases among emergency department visits grew from
76.6% in 2022 to 87.8% in 2025. The share of community-acquired pneumonia within respiratory
hospitalizations also increased from 12.7% in 2022 to 19.3% in 2025, reflecting both rising prevalence
and severity of disease (Fig. 2).

Hospital Burden and Internally Displaced Children

The majority of children hospitalized for respiratory infections presented with severe or complicated
conditions requiring inpatient monitoring. Annual hospital visits for pediatric respiratory infections
increased by 65.9% compared to pre-war levels, and hospitalizations rose by 47.1%. The average number
of emergency department visits among internally displaced children (IDPs) was 1,018.25 per year, with
hospitalization rates ranging from 76.6% in 2022 to 87.8% in 2025 (Fig. 3).

Correlation Between Hospitalization Variables

Correlation analysis using Pearson coefficients revealed strong positive associations between total
pediatric respiratory hospitalizations (RespHosp) and pneumonia cases (r = 0.93), as well as with
emergency department visits (EDvisits, r = 0.82) and hospitalizations following these visits (EDhosp, r =
0.87). Pneumonia cases alone were highly correlated with ED visits (r = 0.90) and ED hospitalizations (r =
0.94), underscoring the significant contribution of pneumonia to hospital workload. Hospitalizations of
IDPs (IDPhosp) showed moderate positive correlation with total IDP visits (IDPvisits, r = 0.62) and
moderate negative correlations with ED visits and ED hospitalizations (r from - 0.46 to -0.57), reflecting a
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gradual decline in the proportion of IDPs among total visits and hospitalizations over time. Overall, these
analyses suggest that general trends in healthcare burden during the 2022-2025 war period were
primarily driven by overall respiratory hospitalizations and pneumonia, whereas IDP-related variables
exerted more localized effects (Fig. 4).

Given the limited number of annual observations, the correlation analysis was considered exploratory
and intended to identify potential relationships between epidemiological indicators rather than to
establish causal associations.

Regional Distribution of Hospitalized Internally Displaced Children

Children from Donetsk, Kharkiv, and Mykolaiv regions accounted for the largest numbers of
hospitalizations, while fewer cases originated from Luhansk, Zaporizhzhia, and Kherson regions. The
overall number of visits to the emergency department of Chernivtsi Regional Children’s Clinical Hospital
by internally displaced children was distributed across regions as follows
(https://datawrapper.dwcdn.net/PBu18/3/): Donetsk (746 children), Kharkiv (541), Kyiv (861), Mykolaiv
(206), Kherson (275), Zaporizhzhia (253), and Luhansk (119) regions (Fig. 5.). These numbers reflect
pronounced regional variations in the impact of the conflict and internal displacement on pediatric
healthcare utilization. These regional differences highlight the differential impact of displacement on
pediatric hospital care within Chernivtsi Oblast.

Pediatric Respiratory Mortality

Over the four-year study period, 49 children aged 0-18 years died, with infants under one year
accounting for 75.5% of deaths. The mortality rate due to respiratory diseases in pediatric patients was
14.3%.

DISCUSSION

This study provides a comprehensive assessment of hospitalizations of children with respiratory
diseases in the Chernivtsi Oblast during the first four years of the full-scale war (2022-2025). The results
indicate a significant increase both in the number and severity of hospitalizations. In 2022, the share of
hospitalizations due to respiratory diseases among all pediatric admissions was 27.4%, rising by 53.0%
t0 32.4% in 2025 [11]. Notably, the number of severe and complicated cases of community-acquired
pneumonia increased by 131.3% over the four-year period [11], with the average share of pneumonia
among respiratory hospitalizations rising from 12.7% in 2022 to 19.3% in 2025 [12, 13].

Our data confirm that internally displaced children (IDCs) significantly impacted hospital workload. The
average annual number of IDC visits to the emergency department of OKNP “Chernivtsi Regional
Children’s Clinical Hospital” was 1,018.25, with the share of hospitalizations ranging from 76.6% in 2022
to 87.8% in 2025 [14, 15]. Most hospitalizations involved children from Donetsk, Kharkiv, Mykolaiy,

Page 4/13



Kherson, Zaporizhzhia, and Luhansk regions, highlighting regional differences in the effects of the war
and migration on healthcare [16].

Correlation analysis revealed a strong positive relationship between the total number of pediatric
hospitalizations for respiratory infections and cases of pneumonia (r = 0.93), as well as emergency
department visits (EDvisits r = 0.82; EDhosp r = 0.87). IDC hospitalization indicators showed moderate
positive correlations among themselves (r = 0.62) and moderate negative correlations with other
indicators (r from - 0.46 to -0.57), indicating a gradual decrease in the proportion of IDCs among overall
hospitalizations in later years of the war [17].

Over the four-year war period in the Chernivtsi Oblast, 49 children aged 0—18 years died, with 75.5% of
deaths occurring in infants under one year of age. Mortality from respiratory diseases among all
deceased children was 14.3%, consistent with UNHCR estimates for refugee children (14.0-20.0%) [18].

Comparison with international data confirms the consistency of the findings: among 47,851 refugee
children in Romania, interstitial pneumonia was observed in 23.0% of cases, and severe acute respiratory
distress in 19.0%, reflecting the significant impact of war on child health in border regions [19].
Experience from Syria also indicates a high burden of respiratory pathology among internally displaced
children — 29.0% of respiratory disease cases, with chronic respiratory conditions in 14.0% of patients
[20].

This study demonstrates that the war not only increased the incidence and severity of pediatric
respiratory infections but also substantially increased the burden on the healthcare system, especially in
inpatient settings. However, prolonged residence of IDCs in the rear regions was associated with
stabilization of the frequency of visits and more rational hospitalization, suggesting adaptive processes
and partial improvement of children’s mental health [21, 22].

Thus, these findings expand the understanding of pediatric respiratory infection epidemiology during
wartime, emphasize the importance of considering IDC status and regional factors in healthcare
planning, and provide a basis for developing prevention strategies and optimizing treatment of children
in crisis conditions [23].

Limitations

A limitation of the present study is the relatively small number of time points used for correlation
analysis, which may influence the stability of correlation estimates. Therefore, these findings should be
interpreted cautiously and confirmed in studies with longer observation periods.

METHODS
Study Design and Population
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The study was conducted as a retrospective observational regional analysis using data from the
Chernivtsi Oblast (Ukraine) during the period of the full-scale Russian-Ukrainian war (2022-2025). The
study population included both local children and internally displaced persons (IDPs) from eastern
regions affected by the ongoing conflict. According to these data, as of 1 March 2026, a total of 19,104
children aged 0 to 18 years were officially registered as and granted the status of “internally displaced
persons” in the Chernivtsi Oblast. Hospitalization data were obtained from regional health records, and
cases were classified according to the primary respiratory diagnosis, including pneumonia, bronchiolitis,
and bronchial asthma. Children were stratified by age groups, with particular attention to those under
one year of age.

Data Collection and Processing

Data on hospital admissions, age, and region of origin were collected in Microsoft Excel (Windows 11)
for initial organization and cleaning. Descriptive statistics and inferential analyses were performed using
Statistica 13.5 (TIBCO Software Inc., Palo Alto, CA, USA) and RStudio version 2023.06.1 + 524 (R version
4.3.7; https://www.r-project.org/ ) for statistical calculations, correlation analyses, and visualization of
trends over time.

Statistical Analysis

Continuous variables were summarized using means and standard deviations or medians and
interquartile ranges, as appropriate. Categorical variables were expressed as counts and percentages.
Comparative analyses between groups were conducted using chi-square tests or Fisher’s exact tests for
categorical variables and t-tests or Mann—Whitney U tests for continuous variables. Correlation analyses
were performed using Pearson or Spearman coefficients, depending on data distribution. Adjusted odds
ratios (aOR) were calculated to assess the effect of displacement status on hospitalization risk,
controlling for age and primary diagnosis. Statistical significance was set at p < 0.05.

Data Visualization

Figures illustrating trends in hospitalizations, age distribution, and regional origin were generated in
RStudio. A geographical map showing the distribution of hospitalized IDPs from different regions was
created using Datawrapper (https://app.datawrapper.de/). All figures were formatted for clarity
according to Scientific Reports standards.

Ethical Considerations

This study was conducted as a retrospective observational regional analysis of pediatric hospitalizations
in the Chernivtsi Oblast (Ukraine) during the full-scale Russian-Ukrainian war (2022-2025). The study
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protocol was reviewed and approved by the Ethics Committee of the Bukovinian State Medical University
(protocol #4, 18.12.2025). All procedures were performed in accordance with relevant institutional and
national guidelines, as well as the principles of the Declaration of Helsinki, ensuring the protection of
patient confidentiality.

Informed consent

Due to the retrospective nature of the study and the use of anonymized, aggregated data derived from
hospital records and publicly available statistics, the requirement for obtaining informed consent was
waived by the Ethics Committee of the Bukovinian State Medical University.
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Figures

Fig. 1. Temporal trends in pediatric respiratory hospitalizations (2022-2025)
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Temporal trends in pediatric respiratory hospitalizations (2022-2025).

Respiratory hospitalizations increased from 8,163 cases in 2022 to 12,487 cases in 2025.

Fig. 2. Pneumonia among respiratory hospitalizations, showing severe and complicated
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Figure 2

Pneumonia among respiratory hospitalizations.
Annual proportion of pneumonia cases among pediatric respiratory hospitalizations.

The proportion of pneumonia increased steadily from 12.7% in 2022 to 19.3% in 2025, suggesting a
growing contribution of severe and complicated respiratory infections to overall hospitalizations.
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Fig. 3. Emergency visits and hospitalizations among internally displaced children (IDPs
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Figure 3

Emergency visits and hospitalizations among internally displaced children (IDPs).

Annual number of emergency department visits and hospitalizations among internally displaced
children.

IDP-related emergency visits decreased from 1,197 cases in 2022 to 852 cases in 2025, while
hospitalizations decreased from 917 to 748 cases. These findings indicate a reduction in the relative
contribution of IDPs to pediatric healthcare utilization over time.
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Fig. 4. Correlation of epidemiological indicators for pediatric respiratory iJ
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Figure 4

Correlation of epidemiological indicators for pediatric respiratory infections and IDP visits.

Correlation matrix showing pairwise associations between respiratory hospitalizations (RespHosp),
pneumonia cases (Pneumonia), emergency department visits (EDvisits), hospitalizations through the
emergency department (EDhosp), IDP-related visits (IDPvisits), IDP-related hospitalizations (IDPhosp),
and hospitalization rate (HospRate).

Strong positive correlations were observed between respiratory hospitalizations and pneumonia (r =
0.93), as well as between hospitalizations and emergency department indicators. Pneumonia was also
strongly correlated with emergency visits and hospitalizations. In contrast, IDP-related indicators
demonstrated weaker or negative correlations with overall healthcare utilization metrics. The
hospitalization rate showed relatively weak correlations with other variables.
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[ Geographic distribution of internally displaced pediatric
patients hospitalized in Chernivtsi by region of origin
(2022-2025). ]

The map demonstrates the number of hospitalized children originating from different regions of
Ukraine during the study period. Regions without registered cases are indicated by zero values.
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Figure 5

Geographic distribution of internally displaced pediatric patients hospitalized in Chernivtsi by region of
origin (2022-2025).

The map (https://datawrapper.dwcdn.net/PBu18/3/) illustrates the number of hospitalized children
originating from different regions of Ukraine during the study period. Regions with no registered cases
are indicated by zero values.
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