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Abstract
Objectives: This review aimed to verify indoor and outdoor pollution, host and environmental
microbiome, and the impact on the health of the pediatric population.
Sources: A review of the literature, non-systematic, with the search for articles since 2001 in
PubMed with the terms “pollution” AND “microbiome” AND “children’s health” AND “COVID-19”.
Summary of the findings: Prevention of allergic diseases includes the following aspects: avoid
cesarean delivery, the unnecessary overuse of antibiotics, air pollution, smoking in pregnancy
and second-hand tobacco smoke, stimulate breastfeeding, soil connection, consume fresh fruits
and vegetables, exercise and outdoor activities and animal contact. The children’s microbiota
richness and diversity decrease the risk of immune disbalance and allergic disease development.
Conclusions: Lifestyle and exposure to pollutants, both biological and non-biological, modify the
host and the environment microbiome provoking an immune disbalance with inflammatory con-
sequences and development of allergic diseases.
© 2021 Sociedade Brasileira de Pediatria. Published by Elsevier Editora Ltda. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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Introduction

There are live microbial colonies in the gastrointestinal,
respiratory, and skin tracts promoting health or developing
the disease. The microbiome is composed of trillions of
microbes (bacteria, archaea and microbial eukaryotes) and
viruses, genetic material, and communication with each
ecologic site, while microbiota is the totality of microbes
found in this niche. Dysbiosis is the imbalance in any micro-
bial ecosystem. Current sequencing technologies detect and
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analyze the human microbiome with the greatest number of
details ever described.1 Variation in the composition or func-
tion of microbial ecological systems was evaluated through
the 16S, a small subunit of rRNA gene, and sequencing
techniques.2

The hypothesis of the origins of health promotion and dis-
ease development (DOHaD) suggests that an environment
where children live in the first 1000 days is associated with a
higher risk of developing diseases.3 Environmental factors
such as ultra-processed food, antibiotics, and infections
interrupt adequate microbial succession, contributing to
intergenerational and lifelong deficits in growth and devel-
opment. The first 1000 days, starting in conception to age 2
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are represented as a critical window for child growth and
neurologic development. In this period of life, there is a
maturation of immunological pathways, which maintain
child health and normal growth.4,5

The function of the respiratory tract is the exchange of
respiratory gases. The respiratory system microbiota can act
like a guardian that offers resistance against colonization by
pathogenic microorganisms. This microbiota may be associ-
ated with the maintenance of respiratory and immunological
homeostasis. Factors influencing the microbial population in
the respiratory system have been evaluated to determine
how they affect respiratory health.6

Lower microbial exposure early in life decreases micro-
bial diversity in urban lifestyles leading to changes in micro-
bial stimulation and is being associated with increased
predisposition to allergic diseases.7

The skin area is one of the widest in the human body, and
its microbiome plays a major role in developing immunity and
creates a barrier to protect from pathogenic microorganisms.
This barrier shows a direct contact between the individual
and the environment, and an important site for interactions
of the microbiota with the immunologic system. The human
skin is diverse in its microorganism community and its compo-
sition varies according to age, location, and period of analysis.
The distribution of these bacteria on the skin is influenced by
the degree of hydration, type of delivery, pollution, exposure
to ultraviolet radiation, sex hormones, diet, among others.8

The analysis and interpretation of the human microbiome
in the context of human host biology and the environment
reveals the importance of microbiota for the immune
response and shows the potential involvement of the micro-
biome in developing allergic diseases.9

This review aimed to verify indoor and outdoor pollution,
host and environmental microbiome, and the impact on
children's health.
Early-life microbiome and environmental
influences

The microbiome has had a heavy influence on human health
and development since it is established in early life. Poten-
tial variations in the composition and function of the micro-
biome in early life result from lifestyle, type of delivery,
breastfeeding, dietetic habits, and use of antibiotics.10 The
origins of the development hypothesis are based on varia-
tions in child programming that occur by environmental
exposures in a critical period in the initial months of life.11

Non-pathogenic microorganisms were detected in the
amniotic fluid or placenta of normal concepts, indicating an
exchange of microbes from mother to fetus. The maternal
microbiome in the prenatal period could modulate the
baby's immunologic system. Colonization in pregnancy with
Escherichia coli HA107 has been related to alter the innate
immunologic response in the intestinal mucosa and affecting
the offspring transcriptome.12

Babies born from cesarean section have microbiota simi-
lar to the human skin, and those born by non-cesarean sec-
tion have similar to the maternal birth canal and intestinal
microbiota. In the first 24 hours after birth, the microbiota
of various parts of the body of children born by cesarean
S33
section is colonized with Staphylococcus spp. (like the resi-
dents on the mother's skin), and those born by natural deliv-
ery are colonized by Prevotella and Atopobium spp. (vaginal
bacteria).13 Infants born by non-natural delivery had a sig-
nificantly higher risk of asthma.14

Influenced by breastfeeding and dietetic habits, the gut
microbiome became mature when its composition stabilizes.
Breastfed babies are colonized by Bifidobacteria and Lacto-
bacillus spp. and formula-fed children have higher propor-
tions of clostridialis and proteobacteria.15 Breastfeeding can
protect against wheezing in the initial months in high-risk
babies of asthmatic mothers.16

Prenatal maternal exposure to antibiotics changed the
diversity of both infant and mother microbiota. Antibiotics
in children in the early months of life could alter gut coloni-
zation (Ruminococcus and clostridialis). Another study sug-
gested that dysbiosis caused by antibiotics in childhood
stimulates the development of childhood asthma.17

The composition and metabolic activity of the enteric
microbiota in early life makes the gastrointestinal system a
target for immunologic modulation and the balance of the
immune response. There has been an interest to clarify the
agents or nutrients involved in this process, especially with
probiotics or prebiotics.18 These provoked several interven-
tions with different probiotic strains in pregnancy, the post-
natal period, or both for the prevention of allergies. Most of
these studies focused primarily on outcomes such as atopic
dermatitis and food allergy mediated by IgE, and most
showed a significant reduction in the development of AD
(25% to 50%), but no consistent effects on any other result in
allergic diseases.19 Microbial metabolites (e.g. Butyrate)
could protect against the development of allergic diseases
by T-regulatory cells. Higher consumption of fresh foods and
a lower intake of saturated fat is associated to a lower risk
of childhood asthma or wheezing, particularly higher con-
sumption of vegetables, fruits, and fish during pregnancy.19
Indoor environment

Household pollution involves biological agents, such as house
dust mite allergens, insects, pollen, animal dander, fungi, in
addition to bacterial endotoxins.20

Few studies have observed the relationship between
microbiomes and the consequences observed by fungi and
moisture. Fungal and moisture damage have been provoked
changes in the composition of microbiomes in dwellings.21

Estimated risk suggests that high-level exposure to micro-
bial was associated with a higher risk of respiratory symptoms
(RR = 1.24). There was a strong association with some fungal
species (Aspergillus, Penicillium, Cladosporium and Alterna-
ria) exposure (RR = 1.73). There was a higher risk of wheezing
(RR = 1.20) or allergic rhinitis (RR = 1.18) from any microbial
exposure.22 Children exposed to higher intra-household mold
concentrations are at higher risk for lower respiratory tract
infections [Odds ratio (OR) = 1.20]. There was a greater risk
the greater the exposure to the total concentration of fungi
(OR = 1.27) than to visible molds (OR = 1.20).23

Living room dust samples were collected to verify if some
individual bacterial genera in the indoor microbiota may pre-
dict asthma development in children. They were followed up
to 10.5 years old. There were a higher household diversity of
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microorganisms in non-asthmatics children. The microbiota in
the homes of asthmatics was phylogenetic different from that
in homes of non-asthmatic subjects. The presence of Lacto-
coccus increased the risk for asthma (adjusted OR = 1.36).
The bacterial abundance of genera (especially order Actino-
mycetales) decreased the risk of asthma, but not indepen-
dently.24 There was an association between indoor microbes
exposure and severity of asthma in children. The severity of
non-atopic asthma was related to the fungal levels
(OR = 2.40). Volutella genus was related to the severity of
asthma, especially in atopic patients. Kondoa yeast can be
protective and Cryptococcus affects asthma severity.25

Pets can affect the internal microbial diversity and conse-
quently the household exposure to microorganisms. The
presence of animals, loss of water in the hydraulic system,
abuse of air conditioning (AC), comparing homes in the sub-
urban area with homes in the urban area, and measurements
of dust composition were associated with microbial richness.
Differences in microbiota were observed in the use of AC and
household occupation characteristics (people and animals).
Occupancy rates were related to good bacterial rates, such
as Lactobacillus johnsonii.26

Children aged 6 to 17 years were assessed whether molds,
house dust mites, and endotoxin in indoor settings increase
the risk of allergic diseases. Mold/mildew odor increased
the risk of developing asthma (OR = 1.60). Levels of
IgE�170 KU/L related to asthma (OR = 1.81). The greater
the exposure to biological agents presents in the home (> 8
agents), the risk of eczema (OR = 0.17) and asthma
(OR = 0.49), respectively, was reduced.27

Differences in microbial composition were noted
between homes and schools. Eighty-six species of bacteria
were found with different abundance between schools and
homes. Some species have been in homes, such as Entero-
bacter cloacae, Escherichia coli, and Klebsiella compared
with Serratia marcescens in the schools. In the classroom, a
higher microbial diversity was related to asthma in children
(OR = 1.07), while there was no association with domestic
microbial diversity (OR = 1.00).28 Schools with greater fungal
diversity had a low prevalence of allergic sensitization and a
high prevalence of asthma. Increased exposure to endotoxin
in the schools increased the allergic sensitization prevalence
and higher levels of Penicillium spp also increased the num-
ber of children with atopic sensitization.29

Household non-biological pollutants are gases, particles,
formaldehyde, and volatile organic compounds (VOCs).
Domestic air pollution (PAH) resulting from the burning of
polluting fuels such as coal, kerosene and biomass is a global
environmental health problem.20 Secondhand smoke (SHS)
has been extensively studied and contributes to the develop-
ment of non-communicable diseases. Tobacco maternal
exposure pre-and postnatal was related to the development
of asthma in children.30
Outdoor environment

Clinical manifestations of asthma or allergic rhinitis are
inversely related to exposure to environmental microorgan-
isms. The vast diversity of microbial exposure of children liv-
ing on farms protects against asthma risk. A wide range of
microbes in farms largely explains the protective action of
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the agricultural environment on the risk of asthma in
children.31

The potential contribution of microbiota to increasing the
numbers of allergic patients has become the focus of many
studies. These findings, related to the increased risk of aller-
gic diseases, suggest that the movement from rural to urban
life in Western society is one of the main factors for this
change.32

Similar settings were used to study the relationship of
environmental microbial exposures in the epidemiology of
asthma and allergies in childhood. Children of the same
genetic origin, living in different environmental conditions
on farms were compared with children from urban areas.
There were significant differences in asthma epidemiology.
A large number of microbes in the farm environment could
be protective against asthma and allergies onset.32

Lung function and nasopharyngeal swabs were collected
in a prospective cohort in Ghana in a rural area. The lower
diverse phenotype of nasopharyngeal microbiota showed
greater resistance to small airways (R5-R20 = 17.9%) com-
pared to the more diverse phenotype.33 Atopy was more
common among school-age children in Finland Karelia com-
pared to the same region from Russia. These neighboring
regions have contrasting socioeconomic differences,
although both have the same climatic and geographic char-
acteristics. The preserved, developed and built natural envi-
ronment is scarce in Russian Karelia. However, in Finnish
Karelia, the environment and lifestyle of people are remark-
ably more Western and modern. The skin and nasal micro-
biota in both populations were evaluated to verify how
lifestyle and environment could affect colonization. The dif-
ference in the microbiome of the skin and nasal microbiota
could explain the possible mechanism that observation.
There were an abundance and diversity of Acinetobacter
that contribute to the low prevalence of allergic diseases in
Russia Karelia. Proteobacteria were more common (33.3%)
in the Finnish sample comparing to the Russian (19.7%). Fir-
micutes were less common in Finland (13.9%) comparing to
Russia (47%).34

The impact of particulate pollutants on human health is
not only due to direct effects, may also involve the effect on
bacterial behavior in the host. The normal diversity of the
microbiome and the number of species are fundamental to
maintaining health. Carbon, the main component of particu-
late matter (PM), is implicated in the predisposition to infec-
tious respiratory diseases, inducing changes in bacterial
biofilms of Streptococcus pneumoniae and Staphylococcus
aureus.35

Atmospheric PAHs concentrations were related to those
of pollutants, such as PM10, NO2 and SO2. In the atmosphere
a high level of the genus Micrococcus (Actinobacteria) and
PAHs with high molecular weight, and Bacillus and PAHs with
low molecular weight. Elevated urinary 1-OHPyrene levels
have been associated with childhood asthma and correlated
with elevated levels of PM2.5 and PM10. In addition, an
abundance of oral Prevotella-7 was also found. PAHs can dis-
rupt signaling pathways by microbiota imbalance, like a
purine and lipid metabolism, a folate carbon reservoir, and
pyrimidine metabolites which contribute to public health
problems.36

Pre-exposure for one week to diesel exhaust decreased
the clearance of Pseudomonas aeruginosa from murine



Figure 1 Interaction between indoor and outdoor environment, microbiome and health. Biodiverse environment and lifestyle.
(Modified from Haahtela et al.43).
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bronchial epithelial cells, however, this did not occur at a
pre-exposure of six months.37 Microbial characteristics, such
as the growth and virulence of opportunistic bacteria (Pseu-
domonas aeruginosa, Enterococcus faecalis and Escherichia
coli) were modified by internal and external dust.38

The high traffic-related air pollution (TRAP) promoted
high levels of diversity for bacteria in the high level of expo-
sure group compared to a low level of exposure group. There
were no differences in the mother's asthma status, gender,
or education. This study concluded that there was an alter-
ation related to exposure to TRAP in the lower respiratory
microbiota independently of asthma.39

Air pollution, mainly from rising CO2 levels, is the driving
force behind global warming as a consequence of the green-
house effect. The higher intensity and increased frequency
of rainfall, storms, sandstorms, or extreme weather events
such as heatwaves, droughts, blizzards, floods, and hurri-
canes are related to climate change.40 The growth of plants
and microorganisms modifies the external exposome and
results in disease, which is directly impacted by environmen-
tal changes.41

The genome to which the people are exposed is the result
of the exposome both the external and internal environ-
ment. The exposome includes three wide domains: specific
external, non-specific external, and internal domain. The
host microbiome associated with external microbial expo-
sure are essential to increase the risk of allergic diseases in
the first years of life. The increasing prevalence of autoim-
mune or allergic diseases was blamed for the loss of biodi-
versity and climate change resulting from human action.
The possible adverse consequences for humanity caused by
the loss of biodiversity have been a global concern. Industri-
alization, pollution, and widespread use of chemical prod-
ucts that impact the environment and microorganisms are
among the reasons for this loss42 (Fig. 143).
S35
Environment and COVID-19

Recent studies have shown an increase in mortality from
COVID-19 in places where there has been long-term expo-
sure to air pollution.44 In Korea, there was an association
between the levels of NO2, CO, and SO2 and SARS-CoV-2 in
confirmed cases.45 Air pollution has been associated to respi-
ratory viral infection. An increase in mortality in the order of
3% (95% CI = 6%-13%) due to non-malignant respiratory dis-
ease is estimated when there is an increase of 10 mg/m3 in
the concentration of PM2,5.46,47

Airway permeability is modified by gases such as nitrogen
dioxide (NO2) or ozone (O3) and breathable particles (PM).
Damage to epithelial cilia, the first line of defense against
coronavirus, and the ability of macrophages to phagocytize
the microorganism and prevent an effective immunologic
response against the infectious agent occurs after exposure
to fine particles or ultra-fine. Lifelong endemic exposure to
air pollutants causes chronic systemic inflammation that
leads to cardiovascular and respiratory diseases, metabolic
diseases, etc., considered comorbidities to COVID-19,
increasing the risk of serious illness or death in patients with
SARS-CoV-2 infection. In addition, the angiotensin-convert-
ing enzyme receptor 2 (ACE-2), the receptor for SARS-CoV-2
on respiratory cells, is overexpressed in long-term exposure
to air pollution. In fact, the lungs are damaged by pollution
and increase the activity of the ACE-2 enzyme, consequently
taking up the virus.48 This pattern was demonstrated in
Italy.49

Airborne pollen constitutes an important fraction of bio-
aerosols (solid and liquid biological airborne particles) and
functions as carriers of bacteria and viruses.50 Several bac-
terial and fungal pathogens transmitted through bioaerosols
cause respiratory abnormalities, hypersensitivity reactions,
and systemic infection.
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There is a strong influence of temperature, relative
humidity, precipitation, and wind, etc.51 and, together, they
help to explain the effect on COVID-19.52,53 The ability of
pandemic coronavirus to persist in the environment can
cause eventual exposure to pollen bioaerosols, further alter-
ing seasonality and transmission rate.54
Conclusion

Lifestyle and early exposure to pollutants, biologics, and
non-biologics change the host and the environment’s micro-
biome, provoking an immune disbalance with inflammatory
repercussions developing allergic diseases. Assessment of
exposure to indoor and outdoor pollutants in the environ-
ment at pregnancy and post-natally should be a concern to
pediatricians to implement for early detection and interven-
tion on the environment.
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