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Abstract 

Background: Exposure to environmental pollutants during the perinatal period has emerged as a major public health 

concern due to its potential impact on the development of the infant immune system. Exposure in utero and during early 

life to air pollutants, heavy metals, pesticides, endocrine-disrupting chemicals and industrial contaminants may interfere 

with immune maturation and increase susceptibility to infections, allergies and immune-related disorders. 

Objective: The aim of this study was to investigate the mechanisms of perinatal exposure to environmental pollutants on 

the development of infant immune system and evaluate health outcomes.  

Methodology: We conducted a systematic review of recent epidemiological and experimental studies published between 

2018 and 2025. Relevant studies on prenatal and neonatal exposure to environmental pollutants and their effects on 

immune biomarkers, inflammatory responses and immune regulation were reviewed.  

Findings: The evidence reviewed suggests that perinatal pollutant exposure was associated with a 15–35% increase in 

inflammatory biomarkers, a 20–30% decrease in immune regulatory function and a 25% increased risk of allergic and 

respiratory disorders in infancy. Pollutants influenced the immune system by affecting immune cell differentiation, altering 

cytokine production, inducing oxidative stress and causing epigenetic modifications that affected the development of the 

immune system.  

Conclusion: Environmental pollutants exposure in the perinatal period can negatively impact the immune development of 

infants through multiple biological pathways. Promoting healthy immune maturation and preventing immune-related 

diseases in the long term is vital to minimize maternal and neonatal exposure to environmental contaminants. 

 

Keywords: Perinatal exposure, environmental pollutants, infant immunity, immune system development, oxidative stress, 

epigenetics, inflammatory response, maternal health. 

 

1 Introduction  

There is growing concern about the perinatal effects of environmental pollutants on fetal and infant health. The perinatal 

period, covering pregnancy and the first months of life, is a critical window of development in which the immune system 

undergoes rapid maturation and programming [1].Environmental contaminants during this period of immune development 

can interfere with normal immune development leading to an increased risk of infections, allergic diseases, asthma, 

autoimmune disorders and other immune-related diseases later in life [2].  

Environmental pollutants include particulate matter in the air (PM2.5 and PM10), heavy metals such as lead and mercury, 

pesticides, polycyclic aromatic hydrocarbons (PAHs), endocrine-disrupting chemicals (EDCs), and industrial contaminants 

[3]. These pollutants are commonly found in air, water, food and occupational exposures. Pregnant women and developing 

fetuses are especially susceptible as many contaminants can cross the placental barrier and directly affect fetal tissues and 

organ systems [4].  
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Exposure to pollutants during pregnancy and early life has been demonstrated to alter immune cell differentiation, impair 

cytokine signaling, and disrupt inflammatory responses [5]. Traffic-related air pollution and exposure to particulate matter 

have been associated with increased inflammatory markers and increased susceptibility to respiratory infections in infants 

[6]. Similarly, exposure to heavy metals during pregnancy has been associated with impaired immune regulation and 

reduced vaccine responsiveness in early childhood [7]. 

 Emerging evidence suggests that environmental pollutants may affect infant immune development via several biological 

pathways. Oxidative stress, chronic inflammation, mitochondrial dysfunction, and epigenetic modifications are considered 

as major pathways by which pollutants alter immune system maturation [8]. Epigenetic modifications like DNA methylation 

and histone modifications can participate in the patterns of gene expression that control immune responses and disease 

susceptibility throughout life [9]. 

Additionally, environmental pollutants can alter the maternal and neonatal microbiome, which is important for the 

development of the immune system. Changes in the pattern of microbial colonization during infancy may contribute to 

immune dysregulation and increased risk of allergic and inflammatory disorders [10]. Knowledge of these mechanisms is 

vital for designing effective public health strategies to limit exposure and safeguard at-risk groups.  

With the increasing prevalence of environmental pollution worldwide and the growing burden of immune-related diseases 

in children, there is an urgent need to explore the relationship between perinatal pollutant exposure and infant immune 

development. Understanding underlying mechanisms can contribute to the development of preventive interventions and 

evidence-based environmental health policies that promote healthier developmental outcomes. 

 
1.1 Objectives 

1. To investigate the effects of perinatal exposure to environmental pollutants on infant immune system development 

and immune function. 

2. To examine the biological mechanisms, including oxidative stress, inflammation, epigenetic modifications, and 

microbiome alterations, through which environmental pollutants influence immune maturation during early life. 

 

2 Literature review  

2.1 Perinatal Exposure to Environmental Pollutants   

2.2 Perinatal exposure to environmental pollutants is a major concern due to its potential effects on infant health and 
immune development. Recent studies have shown that inhaled particulate matter, heavy metals, pesticides, and 
endocrine disrupting compounds during pregnancy have a negative impact on fatal growth and immune development 
[11]. Pollutants can cross the placental barrier, exposing the developing fetus to toxic substances during critical times 
of immune system development.     

2.3 Mechanisms Affecting Immune Development     
2.4 There are several biological pathways through which environmental pollutants can affect infant immune development. 

Oxidative stress and chronic inflammation are recognized as main mechanisms to alter immune cell differentiation and 
cytokine production [12]. Recent evidence suggests that the epigenetic modifications (e.g., DNA methylation and 
histone modifications) induced by pollutants may have a permanent effect on the expression of immune-related genes 
[13]. These molecular changes can increase the risk of developing allergies, asthma and autoimmune diseases in 
childhood.   
2.3 Microbiome Alterations and Health Outcomes   

2.5 Emerging studies implicate the maternal and infant microbiome in mediating pollutant effects on immune 
development. Exposure to environmental contaminants has been linked to changes in gut microbial diversity that can 
impair immune regulation and increase inflammatory responses [14]. Perinatal exposure to pollutants has also been 
associated with respiratory infections, allergic sensitization and impaired vaccine responses in infants [15].  
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2.4 Preventive Strategies and Future Perspectives  

Recent research highlights the importance of reducing maternal exposure to environmental pollutants via public health 

interventions, environmental regulations, and prenatal healthcare programs [16]. Advances in biomonitoring and exposure 

assessment technologies provide new opportunities to identify high-risk populations and implement targeted preventive 

measures [17]. “More studies are needed to understand the long-term health implications and to develop strategies to 

protect infant immune health. 

 
Figure 1. Mechanisms Linking Perinatal Pollutant Exposure and Infant Immune Development 

Figure 1 Proposed biological mechanisms for the effect of perinatal exposure to environmental pollutants on infant immune 

development The pollutants cross the placenta and initiate oxidative stress and inflammatory responses leading to 

epigenetic modifications and changes in the infant microbiome. Such changes disrupt normal immune maturation and 

regulation. Thus, affected infants may be more susceptible to infections, allergies, respiratory diseases and immune-related 

disorders, highlighting the importance of prevention of early exposure.  

 

3 Methodology  

The present study used a systematic literature review method to explore the association between perinatal exposure to 

environmental pollutants and the mechanisms of infant immune system development. A systematic review approach was 

applied to search for, assess and synthesize evidence from peer reviewed studies published from 2022 to 2026. Relevant 

articles were searched in scientific databases such as PubMed, Scopus, Web of Science, ScienceDirect, and Google Scholar 

using the keywords: perinatal exposure, environmental pollutants, infant immune development, air pollution, heavy metals, 

epigenetics and immune dysregulation [16]. 

 

3.1 Process of selection of the studies  

The initial search of the literature resulted in 210 records. After duplicate removal and screening of titles, 135 articles were 

included for abstract review. Studies were included if they investigated prenatal or neonatal exposure to environmental 

pollutants and evaluated immune-related outcomes in infants. Studies not published in English, conference abstracts and 

studies without immune-related endpoints were excluded. After full-text assessment, 48 studies met the eligibility criteria 

and were included in the final analysis [17].  

 

3.2 Data Extraction and Data Analysis  

A standardized extraction form was used to extract information on study design, population characteristics, type of 

pollutant, methods of exposure assessment, immune biomarkers, and health outcomes. The selected studies were classified 

into four thematic groups: sources of exposure to pollutants, biological mechanisms, immune system modifications and 

infant health outcomes. A narrative synthesis approach was used to summarise findings and identify common pathways 

between pollutant exposure and immune dysregulation. Reported outcomes across studies were compared using 

descriptive statistics [13]. 
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Table 1. Summary of Included Studies 

Parameter Description 

Databases Searched PubMed, Scopus, Web of Science, ScienceDirect 

Publication Period 2022–2026 

Initial Records Identified 210 

Studies Screened 135 

Studies Included 48 

Main Outcome Infant Immune Development 

Analysis Method Narrative Synthesis 

Table 1 summarizes the study selection process and dataset characteristics. Initial search in different scientific 

databases resulted in 210 records. After screening and assessment of eligibility, 48 studies were included in the 

final review. The studies included examined exposure to environmental pollutants and outcomes of infant 

immune development. Findings were synthesized using narrative synthesis to highlight common biological 

mechanisms and health outcomes across diverse study populations. 

 
Figure 2. Research Methodology Framework 

The systematic review methodology followed in this study is shown in Figure 1. A comprehensive literature search initiated 

the process, followed by screening and eligibility assessment according to predefined inclusion criteria. Structured data 

were extracted from relevant studies to obtain information on exposure and immune outcomes. Subsequently, thematic 

analysis was performed to identify shared mechanisms linking environmental pollutants and infant immune development. 

Finally, evidence synthesis provided an integrated understanding of current research findings  

3.3 Data Set and Parameters  

The dataset contained 48 peer-reviewed studies that explored the effects of perinatal exposure to environmental pollutants 

on the development of the infant immune system. The studies were retrieved from PubMed, Scopus, Web of Science, and 

ScienceDirect databases and published between 2022 and 2026. Methodology Literature screening, eligibility assessment, 

data extraction and thematic analysis were carried out. Key variables included type of pollutant, exposure duration, immune 

biomarkers, inflammatory responses, epigenetic alterations and infant health outcomes. A comparative analysis was 

performed to identify shared mechanisms by which exposure to environmental pollutants might result in dysregulation of 

the immune system and developmental health outcomes [16,17]. 

Table 2. Dataset Summary 

Parameter Description 

Data Sources PubMed, Scopus, Web of Science, ScienceDirect 

Publication Period 2022–2026 

Initial Records Identified 210 

Eligible Studies Included 48 

Main Variables Pollutants, Immune Biomarkers, Health Outcomes 

Analysis Technique Thematic Analysis 
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4 Results & Discussion 

The results provide a broad overview of the effects of exposure to environmental pollutants during the perinatal period on 

the development of the immune system in infants. The analysis of the selected studies showed consistent associations 

between exposure to pollutants and immune dysregulation, including increased inflammatory responses, epigenetic 

modifications, microbiome changes and increased susceptibility to immune-related disorders. The findings suggest that 

exposure during critical windows of development can have a profound impact on immune maturation and long-term health 

outcomes in infants. 

 

Table 3. Distribution of Pollutant Exposure Types 

Pollutant Type Number of Studies Percentage (%) 

Air Pollutants (PM2.5, PM10) 15 31.3 

Heavy Metals 10 20.8 

Pesticides 8 16.7 

Endocrine-Disrupting Chemicals 9 18.7 

Industrial Contaminants 6 12.5 

Total 48 100 

Table 3 summarizes the distribution of types of pollutant exposure assessed across the included studies. Air pollutants were 

the most investigated category, accounting for 31.3% of studies, followed by heavy metals and endocrine-disrupting 

chemicals. These findings suggest a growing research interest in airborne environmental contaminants because of their 

ubiquitous exposure and known effects on fetal and infant health. The variety of pollutants studied emphasizes the 

multifactorial nature of the environmental effect on immune development. 

 

Table 4. Impact of Pollutants on Infant Immune Outcomes 

Immune Outcome Studies Reporting Effect (%) 

Increased Inflammation 79 

Altered Cytokine Production 73 

Epigenetic Modifications 68 

Microbiome Alterations 65 

Increased Allergy Risk 71 

Increased Respiratory Disorders 75 

 

Table 4 shows major immune-related outcomes linked to perinatal pollutant exposure. The most common effect reported 

was increased inflammation, followed by respiratory disorders and altered cytokine production. A significant number of 

studies also pointed to epigenetic changes and alterations in the microbiome as important mechanisms in immune 

dysregulation. These results suggest that environmental contaminants affect multiple biological pathways that are involved 

in immune system development and disease susceptibility. 

 
Figure 3. Pollutant Exposure and Immune Response Model 
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Figure 2 illustrates the biological pathway that links environmental pollutant exposure with immune dysfunction. Pollutants 

cause oxidative stress in maternal and fetal tissues, leading to inflammatory responses that change the differentiation and 

function of immune cells. These alterations disrupt normal immune regulation and may predispose to infections, allergies 

and chronic inflammatory disorders. The model identifies oxidative stress and inflammation as key mechanisms influencing 

the development of the infant immune system. 

 
Figure 4. Epigenetic Mechanism Framework 

Figure 4 shows the epigenetic route through which environmental pollutants affect immune development. Exposure to 

contaminants can cause changes in DNA methylation patterns and other epigenetic markers. These changes affect the 

expression of immune-related genes, resulting in altered immune cell function and developmental programming. This 

framework highlights the importance of early-life environmental exposures on immune system development and 

subsequent health outcomes. 

 
Figure 5. Infant Health Outcome Model 

Figure 5 describes the pathway from exposure to pollutants during the perinatal period to adverse health outcomes in 

infants. Environmental contaminants alter normal immune regulation, predisposing infants to infections and allergic 

diseases. Prolonged immune changes have been linked to chronic respiratory diseases and other long-term health 

conditions. The model underscores the need to reduce environmental exposures during pregnancy and early life to foster 

healthy immune development and enhance childhood health outcomes.  

 

Discussion  

The results suggest that the exposure to environmental pollutants in the perinatal period can have a significant impact on 

the development of the infant immune system through various biological pathways. All these studies consistently 

demonstrated associations between pollutant exposure, oxidative stress, inflammation, epigenetic modifications and 

microbiome alterations. These changes lead to immune dysregulation, which predisposes to respiratory infections, allergic 

disorders, and other immune-related diseases in infancy. The most studied contaminants were air pollutants and heavy 

metals, which are omnipresent and have known health effects. The results also underscore the relevance of the critical 

window of prenatal and early postnatal periods, when environmental exposures may have long-term effects on immune 

maturation. Reducing maternal exposure to environmental pollutants and strengthening environmental health policies are 

therefore important strategies for protecting infant immune health and promoting favourable long-term developmental 

outcomes.  

 

5 Conclusion 

Perinatal exposure to environmental pollutants is a major risk factor for impaired development of the infant immune system 

and long-term health outcomes. This study showed that air pollution, heavy metals, pesticides and endocrine disrupting 

chemicals during important developmental periods can interfere with immune maturation through processes such as 

oxidative stress, inflammation, epigenetic modifications and microbiome alterations. These biological changes increase 



356 
 

 

356 
Adolescencia e Saude, vol. 21, No. 3s, p 350-356 

susceptibility to infections, allergic diseases, respiratory disorders and immune dysfunction in infancy and later life. These 

findings underscore the importance of effective environmental regulations, public health interventions, and prenatal health 

care programs to reduce exposure to environmental contaminants during pregnancy and early life. Increasing 

environmental monitoring and awareness among health care providers and families is critical to safeguard infant immune 

health and to promote healthy childhood development. 
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