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Abstract

In recent decades, air pollution has become one of the most significant challenges shaping the
environment, public health, and sustainable development of nations. Despite the development of
international environmental initiatives and the implementation of environmental standards, pollutant
emissions continue to rise in most densely populated regions of the world. Urbanization,
industrialization, the growth of the vehicle fleet, the expansion of the energy sector, and inadequate
infrastructure modernization are leading to a steady increase in concentrations of suspended particles,
nitrogen oxides, sulfur compounds, ozone, and volatile organic compounds. These processes create
unfavorable conditions under which air ceases to fulfill its natural function of supporting human life
and ecosystems.
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Introduction

Pneumonia remains a leading cause of illness and hospitalization in infants and preschool-aged
children worldwide and remains a significant cause of childhood mortality, particularly in developing
countries. Despite advances in modern pediatrics, the introduction of vaccination programs, and
improved antibacterial therapy, severe and complicated pneumonia in children remains a persistent
problem. This is due to both age-related anatomical and physiological characteristics of the
respiratory system and the impact of external factors, including increasing attention to environmental
factors.

In recent years, a significant amount of data has accumulated demonstrating the adverse impact of air
pollution on the health of children. Fine particles, particularly PM2.5, can penetrate the distal
respiratory tract, causing epithelial damage, enhancing the inflammatory response, impairing
mucociliary clearance, and weakening the respiratory system's local defense mechanisms. In children,
especially young children, these mechanisms are more pronounced due to the immaturity of the
immune system and the increased sensitivity of the respiratory tract to inhalation exposure.

The regions of the Republic of Uzbekistan are characterized by markedly heterogeneous
environmental conditions. Large cities and industrialized areas, such as Tashkent and the Tashkent
region, are characterized by high vehicle traffic density, industrial congestion, frequent use of solid
fuels, and unfavorable meteorological conditions that contribute to the accumulation of pollutants in
the ground layer of the atmosphere. Meanwhile, in a number of regions with less anthropogenic
impact, air pollution levels remain relatively lower. Data from the Ministry of Ecology and open
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monitoring systems indicate persistently elevated PM2.5 concentrations in several regions of the
country, particularly in the autumn and winter. Despite some studies examining the impact of air
pollution on the incidence of respiratory illnesses in children, its role in the development of severe
and complicated forms of pneumonia remains understudied at the regional level. Data comparing the
clinical course of pneumonia in children with the environmental characteristics of specific regions
and areas are particularly limited, making it difficult to develop a comprehensive understanding of
the contribution of environmental factors to the severity of the disease.

In this regard, it is relevant to study the clinical characteristics of pneumonia in young and preschool-
aged children, taking into account the region of residence and environmental conditions. Analysis of
regional differences in the severity of the disease and the incidence of respiratory failure, combined
with data on air pollution, allows us to consider environmental factors as potential modifiers of the
clinical course of pneumonia. The obtained results may have practical implications for the
development of preventive measures aimed at reducing the risk of severe forms of the disease in
children living in ecologically unfavorable regions.

Materials and Methods

The study included medical records of 100 infants and preschool-aged children hospitalized with
pneumonia at the TSMU Clinic, in the Pediatric Pulmonology Department, and in the Neonatal
Pathology Department, for the period from January to March 2025. Patients were recruited from
various regions and districts of the republic. Age, region of residence, clinical form of pneumonia,
presence of respiratory failure, and complications were analyzed. Cases with insufficiently
documented data or severe chronic diseases were excluded.

Results

An analysis of clinical data from young and preschool-aged children (roughly 5-7 years old)
hospitalized with pneumonia in early 2025 revealed significant regional differences in disease
severity, which correlated with the environmental conditions in the regions of residence, primarily
with air pollution levels. Severe pneumonia cases predominated in the overall pattern of observations,
accounting for over 65%. A significant proportion of patients developed respiratory failure, which
was detected in approximately 60-65% of children. Stage I respiratory failure was recorded in 45—
50% of cases, while stage Il respiratory failure occurred in 10—15% of cases. Complicated pneumonia,
including acute bronchiolitis and septic conditions, was observed in 7-10% of cases.

The most severe pneumonia cases were recorded in children living in Tashkent city and Tashkent
region, including the Zangiata , Yangiyul , Kibray , Chinaz , Akkurgan , and Srednechirchik districts.
In this group, the proportion of severe pneumonia cases reached 70—75%, and respiratory failure of
varying degrees was detected in 65—-70% of patients. The incidence of grade 2 respiratory failure in
Tashkent and adjacent districts of Tashkent region was higher than in other regions, reaching 15—
18%. The most severe complicated forms of the disease were also observed in this group, including
a combination of pneumonia with acute bronchiolitis and isolated cases of pneumonia complicated
by sepsis.

Tashkent and the Tashkent region are characterized by persistently unfavorable environmental
conditions due to high vehicle traffic density, industrial emissions, solid fuel use, and frequent
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temperature inversions. According to open-source environmental monitoring data, the average annual
concentration of fine particulate matter (PM2.5) in the region in 2024-2025 exceeded the World
Health Organization recommended levels by 6—8 times. This creates a chronic inhalation burden on
the respiratory system of children and can contribute to more severe inflammatory lung diseases.

severe pneumo nia
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Fig. 1. Comparison of pneumonia severity by district within the Tashkent region

In the Kashkadarya region, including the Shakhrisabz district, the proportion of severe pneumonia
cases was approximately 65-68%, with signs of respiratory failure detected in approximately 60% of
children. Stage II respiratory failure was recorded in 10-12% of cases. The environmental situation
in the region is characterized by increased air dust levels and exceeding permissible concentrations
of fine particles, which is associated with both industrial activity and natural climatic conditions.
These factors likely contribute to damage to the respiratory epithelium and a weakening of local
defense mechanisms in children.

Il severe pneumonia
B mild course

¥ other

Fig. 2. Percentage distribution of complicated pneumonia in children from the Kashkadarya
region

In the Surkhandarya region, severe forms of pneumonia accounted for over 60% of all cases, and
respiratory failure was observed in approximately half of patients, primarily stage 1. The proportion
of stage Il respiratory failure reached 8-10%. The region is periodically exposed to dust aerosols and
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is characterized by episodes of significantly elevated PM2.5 concentrations, which creates an
unfavorable environment for respiratory diseases, especially in young children.

In the Syrdarya region, including the city of Gulistan, severe pneumonia was recorded in 55-60% of
cases, and respiratory failure in 50-55%. Despite its relatively lower level of urbanization, the region
is subject to chronic exposure to dust particles, which can contribute to the severity of respiratory
tract inflammation in children.

In the Samarkand region, the proportion of severe pneumonia cases was 60-65%, and respiratory
failure was detected in more than half of patients.

The environmental situation in the region is characterized by moderately elevated levels of air
pollution, which, combined with seasonal climate fluctuations, can increase the susceptibility of
children to infectious diseases of the lower respiratory tract.

In the Fergana region, severe forms of pneumonia were detected in 50-55% of cases, which was
lower than in Tashkent and the Kashkadarya region. Respiratory failure was recorded in 45-50% of
cases and was predominantly stage 1. According to environmental monitoring, air pollution levels in
the region are assessed as moderate, which may explain the less severe course of the disease compared
to industrially and transport- heavy areas.

The most favorable clinical picture was observed in children from the Bukhara region, where severe
pneumonia occurred in 40—45% of cases, and respiratory failure occurred in less than 40% of patients.
The region's relatively favorable environmental conditions, including lower concentrations of fine
particulate matter in the air, may act as a protective factor, reducing the risk of developing severe and
complicated forms of the disease.

A comparison of clinical data with environmental indicators revealed that in regions with chronically
high levels of air pollution, particularly elevated PM2.5 concentrations, severe forms of pneumonia
in children are recorded 15-25% more frequently, and respiratory failure is 20-30% more frequently,
than in regions with relatively more favorable environmental conditions. These results indicate that
environmental stress, particularly prolonged exposure to fine aerosols, can be considered a significant
modifying factor aggravating the clinical course of pneumonia in infants and preschool-aged children.
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Fig. 3. Severity of pneumonia by region
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Fig. 4. Dependence of pneumonia severity on the level of air pollution ( PM 2.5)

At the same time, in regions with more favorable environmental conditions, such as Fergana,
Samarkand, and Bukhara, the proportion of severe and complicated forms of pneumonia was
significantly lower, suggesting that air pollution is an important modifying factor that increases
children's susceptibility to respiratory infections. The findings confirm the critical role of external
environmental factors in the development of severe pneumonia and respiratory failure in children,
emphasizing the need for systematic air quality monitoring, preventive measures among the child
population, and the development of regionally targeted strategies to reduce the risk of severe
respiratory diseases. Furthermore, the study results demonstrate the relevance of a comprehensive
approach to studying the impact of the environment on children's health, including combining clinical
analysis with air pollution assessments. This allows us to identify patterns in the distribution of
disease severity depending on environmental conditions and identify priority areas for prevention and
early intervention.

Conclusions

The study results show that severe forms of pneumonia, often complicated by varying degrees of
respiratory failure, predominate in infants and preschool-aged children. The most pronounced clinical
manifestations are observed in children living in Tashkent, the Tashkent region, and the Kashkadarya
region. These regions are characterized by high levels of air pollution and consistently elevated
concentrations of fine particulate matter (PM2.5), which appears to be directly related to the severity
of the disease and the increased incidence of complications.
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