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Abstract

The human gut microbiota is central to maintaining health, influencing immune regulation, metabolic
functions, and disease susceptibility. Environmental microbiota—the microbial communities in soil,
air, and water—play a crucial role in shaping gut microbiota composition and functionality. However,
urbanization, industrialization, and modern lifestyles have significantly reduced exposure to these
environmental microbes, leading to diminished microbial diversity and associated health risks. This
paper investigates the pathways through which environmental microbial communities interact with
human gut microbiota, the implications of urbanization on microbial diversity, and the consequent
health outcomes. It highlights key mechanisms linking gut dysbiosis to diseases such as autoimmune
disorders, allergies, and metabolic syndromes. Furthermore, it explores interventions, including urban
greening, traditional dietary practices, and engineered probiotics, that can mitigate microbial loss.
Finally, this paper identifies knowledge gaps-and proposes.future research directions to enhance our
understanding of microbial ecosystemsand their role in human health.

Keywords: Environmental miefobiota, gut health; ‘mictobial diversity, urbanization, human
microbiome, ecological perspectives

POJIb MUKPOBMUOTBI OKPYKATOIIEM CPEJIbI B POPMHAPOBAHUH 310POBbSI
KNIIEYHUKA YEJTOBEKA: SKOJOI'MYECKHUE HNEPCIIEKTUBbBI
Aonypasakosa JI.C. , Huszosa E.M. , Kxapuzopa P.P.

AHIMKaHCKUM FOCYIAPCTBEHHBIN MEAUITUHCKII MHCTUTYT, TalllkeHT, Y30eKuCTaH.
AHHOTANUA
MukpoOuoTa KuIIeHHHKA YeI0BEKa UETpacT KITFOUEBYIO pOJib B HOMJACPKAHUM 3710POBbs, BIUSS Ha
UMMYHHYIO PETYJISAIHUI0, MeTaO0OJMYecKue - (DYHKIUN | BOCHPHUHMYHUBOCTH K 3a00JICBaHUSIM.
MukpoOuoTta OKpy>KaloIllen cpeasl — MUKPOOHBIe COOOIIECTBA MOYBbI, BO3AYXa M BOJBI — UTPacT
pelayo poibk B (OPMUPOBAHUU COCTaBa M- (DYHKIHOHHPOBAHVS MHKPOOMOTHI KHUIICYHHKA.
Onnako ypOaHu3anus, HHAYCTpHAIA3AlMS U COBPEMEHHBIM 00pa3 SKM3HM 3HAYMTENHFHO CHU3HIIU
BO3JICHCTBHE ITHX MHKPOOOB OKpPYKAIOIICH CPEAbl, 4TO NPUBETO Ky YMEHBIICHUIO MHKPOOHOTO
pa3zHoOoOpa3usi U CBS3aHHBIM! €/ HUM ‘pUCKaM IS 3710pOBbsi. B laHHOM cTaThe MCCIenyloTCs MyTH
B3aMMOJICUCTBHSI MHKPOOHBIX . COOOIMECTB, OKpYKaroImiel «Cpeibl. ‘¢ MHUKPOOHOTONH KHINCYHUKA
YeNoBeKa, BIUsHUE YpOaHU3AUMH HAa MUKPOOHOE pa3HO00pa3e 1, Kak' ClIeICTBUE, TOCIESICTBUS IS
3M0poBbsi. B Hel paccMaTpUBAIOTCS . KIIOYCBLIE || MCXaHU3MbI;, CBSI3bIBAIOIIME JHCOAKTEPHUO3
KHUIIIEYHHKA C TaKkuMU 3a00JCBaHMSIMM, KaK ayTOMMMYHHBbIC 3a0O0NeBaHUS, aJUIepTUU U
MeTabonnueckue CUHIpoMbl. Kpome Toro, B HEHM paccMaTpuBaIOTCS BMEIIATENHCTBA, BKIIIOUAs
O3€JICHEHHE TOPOJOB, TPAAUIIMOHHBIE METOAbI MHUTAHUS W HCIOIB30BAHHE MOIUMUIIMPOBAHHBIX
MPOOUOTUKOB, KOTOPHIE MOTYT CHU3UTH MOTEPI0 MUKPOOHOM momysiiiuu. HakoHelr, B JTaHHO# cTaTbe
BBISBIISIFOTCSL MPOOENbl B 3HAHUAX M TPEATaraloTCs HampaBlIeHUs OymayIIMX HCCIEAOBaHUN s

YIIYYIIIEHUs HAIIETO TOHUMaHUS MUKPOOHBIX SKOCUCTEM U X POJIU B 3[I0POBhE UETIOBEKA.
KiroueBbie ciaoBa: MukpoOuora OKpysKarolleil cpenbl, 310pOBbE KHUIIEYHHKA, MUKPOOHOE
pazHooOpasue, ypoaHu3aus, MUKpPOOHOM YeJIOBEKa, IKOJIOTUUYECKHUE MEPCIICKTHBHI.

Introduction
The human gut microbiota comprises trillions of microorganisms that interact with host physiology,
contributing to metabolism, immunity, and protection against pathogens (Lynch & Pedersen, 2016).
The diversity and stability of this microbial community are influenced by genetic, dietary, and
environmental factors. Among these, environmental microbiota—the diverse microbial populations
in soil, water, and air—are particularly important for establishing and maintaining gut microbiota
composition (Dominguez-Bello et al., 2019).
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However, the rapid pace of urbanization and modern lifestyle changes has profoundly altered human
interactions with the environment. Reduced exposure to environmental microbiota has been linked to
a global rise in immune-mediated diseases, allergies, and metabolic disorders (Blaser, 2016). This
paper explores the ecological relationship between environmental microbiota and human gut health,
identifies the pathways of microbial exchange, and evaluates the health consequences of diminished
microbial diversity. It also discusses practical interventions and highlights research gaps that warrant
further investigation.

Pathways of Microbial Exchange

Environmental microbes influence gut microbiota through diverse mechanisms:

1. Dietary Intake

Diet is a primary vector for introducing environmental microbes into the gut.

e Diets rich in plant fibers and fermented foods Stppert the growth of beneficial gut bacteria by
providing substrates for fermentation, leading to the.preduction of short-chain fatty acids
(SCFAs) that regulate gut-health and immunity (Arricta et al.»2014).

e Comparative studies'teéveal that children-in-rural Burkina Faso, whose diets are high in fiber
and minimally processed, havesmore diverse gut microbiota than urban children consuming
Western diets high in tefined sugars and fats (De Filippoetal., 2010).

2. Physical Interactionwith-Nature
Exposure to soil, plants, and animals introduces diverse microbes to the human microbiota.

e Farm environments, for example, expose individuals to microbial species that modulate

immune responses, reducing the risk of'allergies and asthia (Stein‘et al., 2016).
3. Airborne Microbial Transmission
Airborne microbes from natural ecosystems ‘can colonize human microbiota through inhalation or
dermal contact.

e Research in Finland shows that urban residents exposed to biodiverse natural environments
had more diverse skin\and gut microbiota, with corresponding reductions in inflammatory
biomarkers (Hanski‘et al., 2012).

Impact of Urbanization on Microbial Diversity
Urbanization has altered micrebial exposure in'several ways:
e Reduced Green Space Access: Urban residénts are less-exposed to natural environments,
leading to diminished contact wath soil and plant-asseciated microbes (Rook, 2013).
e Hygiene Practices: The widespread use of disinfectants and antibiotics disrupts microbial
transmission and diminishes gut microbial diversity (Blaser, 2016).
e Dietary Shifts: Urban diets often lack microbial richness due to heavy processing and low
fiber content, further reducing gut microbiota diversity (De Filippo et al., 2010).
The result is a global decline in microbial diversity, which is associated with increased rates of non-
communicable diseases such as obesity, diabetes, and autoimmune disorders.

Health Implications of Reduced Microbial Diversity
1. Immune Dysregulation
Loss of microbial diversity impairs immune system development and function.
e Insufficient exposure to environmental microbes during early life is linked to autoimmune
diseases like type 1 diabetes and inflammatory bowel disease (Dominguez-Bello et al., 2019).
2. Metabolic Disorders
Gut dysbiosis alters energy metabolism and increases the risk of obesity and type 2 diabetes.
e A study on obese individuals revealed significant reductions in gut microbial diversity,
impairing SCFA production critical for glucose and lipid regulation (Qin et al., 2012).
3. Allergies and Asthma
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The “hygiene hypothesis” posits that reduced microbial exposure increases susceptibility to allergic
diseases.
e Farm-raised children have lower rates of asthma and allergies than urban children due to
greater microbial exposure (Stein et al., 2016).

Strategies to Restore Microbial Diversity
1. Urban Greening
Increasing access to green spaces in urban areas enhances exposure to environmental microbiota.
e Biodiverse urban parks have been shown to increase microbial diversity on human skin and
gut microbiota (Hanski et al., 2012).
2. Probiotic and Prebiotic Use
Probiotics (beneficial live microbes) and.prebiotics (fibers-supporting microbial growth) can partially
restore gut microbiota.
e Engineered probiotics offer targeted solutions for spéecific microbial imbalances, but further
research is needed to’ensure safety and-efficacy-(Mills et al., 2019).
3. Traditional Dietary Practices
Encouraging diets rich jn unprocessed, fiber-rich, and fermented, foods can improve gut microbiota
diversity.
e Foods like kimehi,.yogurt, and sauerkraut contain live beneficial-microbes that promote gut
health (Arrieta et-al., 2014).

Knowledge Gaps and Future Directions
Despite advances in understanding the gut microbiota, significant knowledge gaps remain:
e Mechanisms of Microbial Transfer: Further research 1s needed to elucidate the pathways
through which airborne and soil microbes influence gut microbiota.
o Longitudinal Studies: Studies tracking microbial exposure/and:gut health across a lifetime
would provide eritical insights.
e Interdisciplinary. Approaches: Collaboration betweén ecelogists, microbiologists, and
public health experts is essential for.addressing complex ecological and health challenges.
Future research should also explore how climate change, which alters microbial ecosystems, impacts
gut microbiota and human health:

Conclusion

The interplay between environmental microbiota and gut microbiota is central to human health.
Urbanization and modern lifestyles have disrupted these ecological relationships, leading to reduced
microbial diversity and increased health risks. Restoring microbial diversity through urban greening,
dietary interventions, and probiotics offers promising avenues for mitigating these effects. By
addressing existing knowledge gaps and adopting interdisciplinary approaches, researchers can
develop innovative strategies to preserve microbial ecosystems and improve public health.
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