Brazilian Journal of Global Health 2024; v4 nl4 Received in: 01/07/2024 Accepted in: 27/09/2024 30

Probiotics, microbiota and air pollution

Giovanna Arena Reis Santos', Vitoria da Paixao’, Roberta Foster', Marilia Farrajota', Robério Pereira Pires',
Karina Pantaleao Hilario Silva', Francys Helen Damian', André Luis Lacerda Bachi?, Mauro Walter Vaisberg'

'Federal University of Sao Paulo, Sao Paulo - SP, Brazil.
2Santo Amaro University, Sao Paulo - SP, Brazil.

ABSTRACT

OBJECTIVE

The aim of this review is to focus on the effects of using probiotics as a protective factor for various organic systems, especially
the respiratory tract, when exposed to air pollution.

METHODS

A narrative bibliographic review of scientific articles published between January and May 2024 in the public health databases SCIELO
and PubMed, in Portuguese and English, was conducted, with the following guiding questions: What is the impact of air pollution on
human health and the microbiota? What is the role of probiotics in this context? Additionally, the following descriptors were used: air
pollution; microbiome; microbiota; gut microbiota; microbiota in respiratory tract; probiotics.

RESULTS

The review first introduces the reader to the main adverse effects of air pollution on human health, with a focus on the respiratory
tract. Then, is provided information on the gut and respiratory microbiome and its importance in maintaining health. Finally, we
review the literature demonstrating the importance of probiotics in maintaining the gut and respiratory microbiota, particularly their
ability to minimize the incidence of inflammatory and infectious diseases.

CONCLUSIONS

The use of probiotics is an important tool for maintaining respiratory health in polluted environments.

DESCRIPTOR

Particulate matter, Microbiome, Microbiota, Bacteria.
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INTRODUCTION

Air pollution is now considered one of the major public
health problems in both developed and developing countries.
It has been exacerbated by increasing urbanization, and it
is estimated that up to 70% of the population of these coun-
tries live in urban areas where anthropogenic pollutants are
a major problem. Interestingly, a recent study by Gupta et
al. (2022)" suggests that populations in developing countries
already account for a significant number of places exposed to
air pollutants"*

It is estimated that millions of deaths each year are a direct
result of air pollution. In addition, a significant number of dis-
eases are associated with breathing unhealthy air, affecting
virtually all organ systems, particularly the respiratory and
cardiovascular systems?.

Air pollution can be classified in different ways, such as
primary if the pollutant originates from the emitting source,
or secondary if it is produced by a photochemical reaction in
the atmosphere*®. It can also be anthropogenic if it is due to
human activities, or non-anthropogenic if it is due to natural
factors*>. Given these different classifications, it is important
to emphasize that anthropogenic emissions, which include for
example the use of fossil fuels, coal, biomass and emissions
from refineries, are the greatest threat to health®.

However, the most important classification of pollutants is
related to their characteristics, which can be classified as gas
pollution or particulate matter (PM). PM are solid compounds
suspended in the air that are small enough to be inhaled’. They
are classified by particle size, measured in micrometers (um),
into three diameters, PM 0.1, PM 2.5 and PM 10, with the am-
bient concentration generally expressed in pg/m?.

Human exposure to PM is associated with several respirato-
ry diseases, including chronic obstructive pulmonary disease,
asthma and interstitial lung lesions®. In addition, PM, especial-
ly 2,5, can not only enhance immune responses and inflam-
mation, both locally and systemically®, but is also considered
an important factor that can alter the microbiota towards a
pathogenic profile™.

It is worth noting that while the term microbiota refers to
the totality of microorganisms, the term microbiome refers to
the totality of genes of these microorganisms inhabiting a giv-
en environment, including commensal, symbiotic and patho-
genic bacteria that interact with each other and function as an
organized community''.

In this context of interaction between bacteria and the or-
ganisms in which they live, a probiotic is defined by the con-
sensus of the International Scientific Association of Probiotics
and Prebiotics as "a product containing bacteria that are alive
and viable at the time of administration to the host, in the
quantzity required to effectively benefit those using the prod-
uct "2,

There is growing evidence that probiotics have immunomod-
ulatory, metabolic and other health-promoting properties’.

Although it is clear that air pollution is an important con-
tributor to human health and can even lead to changes in the
microbiota, the role of probiotics in this context has been little
studied. For this reason, this review focuses on the key findings
of this triad - air pollution X microbiota X probiotics - on human
health.

METHODS

This study is structured as a narrative literature review
that provides a critical analysis of the current scientific evi-
dence on the proposed main topic. It will also provide in-
formation that will contribute to evidence-based healthcare
practice. Five steps were recommended to conduct this stu-
dy: 1) definition of the topic and the main objective of the
study, 2) definition of the inclusion criteria for the studies,
3) definition of the selected studies, 4) methodological as-
sessment of the included studies and 5) interpretation of the
main results.

After these steps, and after defining the topic and the main
objective of the study, the following guiding questions were
formulated: What is the impact of air pollution on human
health and the microbiota? What role do probiotics play in
this context? On this basis, the following descriptors were

31

used in the study: Air pollution, microbiome, microbiota, gut
microbiota, microbiota in respiratory tract, and probiotics. It
should be clarified that not only the Boolean operator "AND"
was used to combine the descriptors and thus limit the search
to articles that dealt with these specified terms, such as "air
pollution 'AND' microbiota 'AND’ probiotics”, but also the Boo-
lean operator "OR" was used to extend the search to include
articles that contained any of the specified terms, such as "air
pollution 'OR" microbiota 'OR’ probiotics”.

As this is a narrative review, a bibliographic review was
conducted through an online search for scientific articles in
the public health databases SCIELO (Scientific Electronic Li-
brary Online) and PubMed (National Institutes of Health of
the US National Library of Medicine) published between 2004
and 2024. This included original articles as well as systema-
tic reviews and meta-analyses in Portuguese and English in
the above-mentioned databases from 2004 to 2024. All data
analyses were conducted between January and May 2024.

After searching for articles, 257 articles that met the inclu-
sion criteria were initially selected. However, the following
were excluded: 37 articles because they were duplicates, 82
articles without "free full text", 42 articles because they did
not address the topic of the study and a further 27 studies
because they did not answer the guiding questions. Thus, 46
articles were used that fully met the inclusion criteria re-
commended for this narrative review article according to the
flowchart shown in Figure 1.

Figure 1: Flowchart of the article selection process.
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RESULTS AND DISCUSSION

In a systematic review and meta-analysis, Bont et al.
(2022)" presented evidence of an association between air
pollution and various diseases, with PM 2.5 in particular being
strongly associated with an increased risk of atherosclerosis,
hypertension and stroke'.

When inhaled, larger diameter PM (>10) are restricted to
the upper respiratory tract, while smaller particles (<2.5) can
reach the alveoli. PM 2.5 can also penetrate the endothelium
of the airways, enter the capillaries and accumulate in the
systemic circulation'. From the blood, this PM can in turn
cross the endothelium and reach various extrapulmonary or-
gans'e.

However, the lungs are still considered to be the organ most
affected by pollution and are better characterized in terms
of the effects of exposure to PM. In this sense, it has been
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described that every 10 pg/m? increase in PM 10 in the air
is associated with a 0.58% increase in respiratory mortality,
while the same increase in PM 2.5 is associated with a 2.07%
increase in hospital admissions for respiratory diseases'” '@,

In mice, exposure to PM 2.5 reduced mitochondrial density,
increased expression of NADPH oxidase 2, significantly redu-
ced total lung capacity, inspiratory capacity and lung com-
pliance®.

It is also important to note that PM 2.5 has a large enough
surface area to transport biological material such as viruses
and bacteria, as well as chemical substances and metallic
compounds that accumulate in the lungs and promote in-
flammation with potential functional impairment?°.

Therefore, PM, especially PM 2.5, is considered a major en-
vironmental stressor and significant threat to public health,
as shown by Gupta et al.(2024)* where a 1 pug/m? increase in
PM 2.5 concentration was associated with a 13.5% increase
in serum levels of tumor necrosis factor-alpha (TNF-alpha).

Indeed, it has been reported that PM 2. 5 can enhance im-
mune responses and inflammation by apparently recruiting
leukocytes, secreting immunoglobulin E (IgE) and histamine,
activating Toll-like receptors (TLRs) 2 and 4, and promo-
ting increases in interleukins (IL) IL-4, IL-5, IL-13 and IL-17,
chemokines such as IL-8, ROS, and the production of pro-in-
flammatory cytokines, IL-4, IL-5, IL-13 and IL-17, chemokines
such as IL-8, reactive oxygen species (ROS), lipid peroxidation
and the production of pro-inflammatory cytokines, in contrast
to the inhibition of cytokines such as interferons (IFNs) and
transforming growth factor beta (TGF-beta)®?'.

In addition to this information highlighting the impact of air
pollution on human health, the involvement of the microbiota
and probiotics in the same context was also the subject of
this review.

Although the exact role of the microbiota and its impor-
tance in the process of chronic disease development is still
unclear, it is clear that disruption of indigenous microbial po-
pulations leads to a proliferation of pathogens and increased
susceptibility to infection, which has been demonstrated in
both the gastrointestinal tract and the respiratory tract?.

With regard to the microbiota of the respiratory tract, it
should be noted that it depends on factors such as the intrin-
sic characteristics of the individual, diet and environmental
factors. The importance of the microbiota lies mainly in the
fact that the loss of its integrity is associated with the pro-
liferation of pathogenic bacteria that cause respiratory di-
seases with high morbidity and mortality, especially in young
adults and children'®.

The nasal cavity is the site of the initial airway defense
against inhaled pollutants, and the nasal microbiota also acts
as a defense against noxious stimuli, both through the stimu-
lation and mechanical action of the cilia and as a protection
against certain pathogens, such as Streptococcus pneumo-
niae, Haemophilus influenzae and Moraxella catarrhalis. In
this way, the mechanisms of the immune response at this site
serve not only to eliminate microorganisms but also to adapt
to the environment®. However, although the physiological
barriers of the nose are very efficient, many pollutants are
not eliminated by the mucociliary barrier or by mechanisms
mediated by macrophages, among others, and can be taken
up by epithelial cells and translocated to other organs, both
via the bloodstream and the lymphatic system?.

In a literature review, Xue et al. (2020)'° showed that in-
creasing environmental pollution led to a decrease in cory-
nebacteria and an increase in pathogenic bacteria, including
Haemophilus influenzae and Streptococcus pneumoniae.

Several studies in the literature indicate that both the gut
and respiratory microbiota play an important role in lung
homeostasis'?>2, suggesting that the gut microbiota is fun-
damental to the regulation of human physiology, including
respiratory health.

It is important to clarify that the composition of the gut
microbiota can be altered by air pollutants, particularly PM
2.5, a factor that has been associated with the development
of lung disease due to disruption of the gut-lung axis? . In
this context, it has been suggested that the gut microbiota
can modulate airway homeostasis through the production of
molecules known as PAMPs (Pathogens-Associated Molecular
Patterns), which migrate from the gut to the lungs and mo-
dulate airway immune functions. However, it is worth noting
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that pollution in itself is a factor that alters the airway micro-
biota, which in turn leads to changes in the composition and
proliferation of pathogenic bacteria'®?.

Therefore, pollutants that come into contact with the
upper respiratory tract, such as pathogens and pollutants
from different parts of the body, alter homeostasis by activa-
ting the innate immune response and inducing an inflamma-
tory response?.

Similar to the gut, the upper respiratory tract harbors a
very diverse microbiota, including pathogenic, symbiotic and
commensal microorganisms, and each environment may have
one or more different types of microbiota?®-3'.

It is also worth noting that the most abundant ‘phylum’ in
the upper respiratory tract is Proteobacteria, Firmicutes and
Bacteroids®' and this composition can vary according to indi-
vidual factors such as genetics, diet and advancing age?.

With this in mind, it is clear that the intake of probioti-
cs not only modulates the composition of the microbiota,
but can also provide significant health benefits, particularly
through their immunomodulatory and metabolic properties®.

According to the literature, the effect of probiotics is based
on a complex network of signaling pathways that enable an
exchange of information between the cells of the immune
system and commensal bacteria. Specifically at the gut le-
vel, this close communication between the cells themselves
and the microbiota favors and maintains the balance between
immunological tolerance and immunogenicity, leading to im-
mune homeostasis®.

It is widely recognized that the immunomodulatory func-
tions of the gut microbiota influence not only the local and
systemic immune system, but also the nervous and respira-
tory systems, thus describing the gut-brain and gut-lung axis.
Changes in the microbiota can therefore lead to significant
changes in the immune functions of these systems3.

In addition to these aspects, it is known that colonization
of the gut by beneficial commensal microbiota in response
to ingestion of probiotics is also able to induce luminal pro-
duction of secretory immunoglobulin A (IgA), thus enhancing
local protection®#%* and to increase the expression of TLR-2
and the mannose receptor CD206 on the surface of dendritic
cells (DC) and macrophages, favoring the stimulation of the
adaptive immune response®.

In the case of pattern recognition receptors such as TLRs,
once identified, probiotic agents promote the regulation of
key signaling pathways, leading to the release of the trans-
cription factor NF-kB and mitogen-activated protein kinases
(MAPKs), resulting in the secretion of cytokines by T cells and
the feedback of the innate immune response.

Probiotics such as Lactobacillus helveticus IMAU70129, Lac-
tobacillus rhamnosus GG, Lactobacillus rhamnosus KLSD and
Lactobacillus casei IMAU60214, can stimulate innate immuni-
ty, by increasing the phagocytic and bactericidal activities of
human monocyte-derived macrophages and reactive oxygen
species levels, and enhancing nuclear translocation of the
transcription factor NF-kB pp65 and TLR2-dependent signa-
ling¥.

In addition, probiotics can modulate the inflammatory
response of non-specific innate immunity*® by not only sti-
mulating the production of ILs, IFNs, TNF-alpha and growth
factors by dendritic cells, lymphocytes, macrophages, mast
cells, granulocytes or intestinal epithelial cells*“! but also
by stimulating the production of IL-10 and regulatory T cells
(Tregs)*.

According to the systematic review and meta-analysis by
Ebrahimpour-Koujan et al. (2020)# Lactobacilus casei Shiro-
ta, both fermentum and rhamnosus, can influence the release
of cytokines in saliva and reduce inflammation in the face of
environmental pollution*. In particular, the study by Agha-
mohammad et al. (2022)* showed a decrease in IL-6 produc-
tion.

It is important to note that it has been reported that PM
2.5-induced lung inflammation can be modulated by probio-
tics through the gut microbiota, which in turn promotes the
action of various protective mechanisms, such as direct neu-
tralization of PM, blocking of oxidative stress and induction of
cellular defense mechanisms?%:46,
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CONCLUSIONS

It is well known that the study of the microbiota has expan-
ded from the gut to other systems, and in this sense, the res-
piratory tract as a whole also harbors diverse microbiota, the
maintenance of which is important for the respiratory health
of individuals. Although environmental pollution is one of the
factors associated with microbiota dysfunction in this area
of the body, the use of probiotics has been shown to protect
the respiratory tract from the development of infectious and
inflammatory diseases.

REFERENCES

1.

10.

11.

12.

Gupta N, Yadav VK, Gacem A, Al-Dossari M, Yadav KK, Abd
El-Gawaad NS, Ben Khedher N, Choudhary N, Kumar P, Ca-
valu S. Deleterious effect of air pollution on human microbial
community and bacterial flora: a short review. Int J Envi-
ron Res Public Health [Internet]. 22 nov 2022 [cited 19 jun
2024];19(23):15494. Available at: https://doi.org/10.3390/
ijerph192315494.

Manisalidis 1, Stavropoulou E, Stavropoulos A, Bezirtzo-
glou E. Environmental and health impacts of air pollution:
a review. Front Public Health [Internet]. 20 feb 2020 [ci-
ted 19 jun 2024];8. Available at: https://doi.org/10.3389/
fpubh.2020.00014.

Wang X, Chen L, Cai M, Tian F, Zou H, Qian Z (, Zhang Z, Li
H, Wang C, Howard SW, Peng Y, Zhang LE, Bingheim E, Lin H,
Zou Y. Air pollution associated with incidence and progression
trajectory of chronic lung diseases: a population-based cohort
study. Thorax [Internet]. 2 feb 2023 [cited 18 jun 2024]:tho-
rax—2022-219489. Available at: https://doi.org/10.1136/tho-
rax-2022-219489.

Falcon-Rodriguez Cl, Osornio-Vargas AR, Sada-Ovalle |, Segu-
ra-Medina P. Aeroparticles, composition, and lung diseases.
Front Immunol [Internet]. 20 jan 2016 [cited 19 jun 2024];7.
Available at: https://doi.org/10.3389/fimmu.2016.00003.
Anderson JO, Thundiyil JG, Stolbach A. Clearing the air: a
review of the effects of particulate matter air pollution on
human health. J Med Toxicol [Internet]. 23 dec 2011 [cited 19
jun 2024];8(2):166-75. Available at: https://doi.org/10.1007/
s13181-011-0203-1.

Park M, Joo HS, Lee K, Jang M, Kim SD, Kim I, Borlaza LJ, Lim
H, Shin H, Chung KH, Choi YH, Park SG, Bae MS, Lee J, Song H,
Park K. Differential toxicities of fine particulate matters from
various sources. Sci Rep [Internet]. 19 nov 2018 [cited 18 jun
2024];8(1). Available at: https://doi.org/10.1038/s41598-018-
35398-0.

Pryor JT, Cowley LO, Simonds SE. The physiological effects of
air pollution: particulate matter, physiology and disease. Front
Public Health [Internet]. 14 jul 2022 [cited 19 jun 2024];10.
Available at: https://doi.org/10.3389/fpubh.2022.882569.
Kyung SY, Jeong SH. Particulate-Matter related respiratory
diseases. Tuberc Respir Dis [Internet]. 2020 [cited 19 jun
2024];83(2):116. Available at: https://doi.org/10.4046/
trd.2019.0025.

Xu X, Jiang SY, Wang TY, Bai Y, Zhong M, Wang A, Lippmann
M, Chen LC, Rajagopalan S, Sun Q. Inflammatory response
to fine particulate air pollution exposure: neutrophil versus
monocyte. PLoS ONE [Internet]. 8 aug 2013 [cited 30 jun
2024];8(8):e71414. Available at: https://doi.org/10.1371/
journal.pone.0071414.

Xue Y, Chu J, Li Y, Kong X. The influence of air pollu-
tion on respiratory microbiome: a link to respiratory
disease. Toxicol Lett [Internet]. Nov 2020 [cited 30 jun
2024];334:14-20. Available at: https://doi.org/10.1016/].
toxlet.2020.09.007.

Lee JT, Frank DN, Ramakrishnan V. Microbiome of the
paranasal sinuses: update and literature review. Am
J Rhinol Amp Allergy [Internet]. Jan 2016 [cited 19 jun
2024];30(1):3-16. Available at: https://doi.org/10.2500/
ajra.2016.30.4255.

Salminen S, Collado MC, Endo A, Hill C, Lebeer S, Qui-
gley EM, Sanders ME, Shamir R, Swann JR, Szajewska H,
Vinderola G. The International Scientific Association of
Probiotics and Prebiotics (ISAPP) consensus statement
on the definition and scope of postbiotics. Nat Rev Gas-

Universidade Santo Amara

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

33

troenterol Amp Hepatol [Internet]. 4 may 2021 [cited
18 jun 2024];18(9):649-67. Available at: https://doi.
org/10.1038/541575-021-00440-6.

. Mazziotta C, Tognon M, Martini F, Torreggiani E, Rotondo

JC. Probiotics mechanism of action on immune cells and
beneficial effects on human health. Cells [Internet]. 2 jan
2023 [cited 19 jun 2024];12(1):184. Available at: https://
doi.org/10.3390/cells12010184.

Bont J, Jaganathan S, Dahlquist M, Persson A, Stafoggia
M, Ljungman P. Ambient air pollution and cardiovascular
diseases: an umbrella review of systematic reviews and
meta-analyses. J Intern Med [Internet]. 8 mar 2022 [ci-
ted 30 jun 2024]. Available at: https://doi.org/10.1111/
joim.13467.

Li D, LiY, Li G, Zhang Y, Li J, Chen H. Fluorescent recons-
titution on deposition of PM2.5 in lung and extrapulmo-
nary organs. Proc National Acad Sci [Internet]. 28 jan 2019
[cited 18 jun 2024];116(7):2488-93. Available at: https://
doi.org/10.1073/pnas.1818134116.

Xian M, Ma S, Wang K, Lou H, Wang Y, Zhang L, Wang C,
Akdis CA. Particulate matter 2.5 causes deficiency in
barrier integrity in human nasal epithelial cells. Allergy
Asthma Amp Immunol Res [Internet]. 2020 [cited 19 jun
2024];12(1):56. Available at: https://doi.org/10.4168/
aair.2020.12.1.56.

Analitis A, Katsouyanni K, Dimakopoulou K, Samoli E,
Nikoloulopoulos AK, Petasakis Y, Touloumi G, Schwartz
J, Anderson HR, Cambra K, Forastiere F, Zmirou D, Vonk
JM, Clancy L, Kriz B, Bobvos J, Pekkanen J. Short-Term
effects of ambient particles on cardiovascular and respi-
ratory mortality. Epidemiology [Internet]. Mar 2006 [ci-
ted 19 jun 2024];17(2):230-3. Available at: https://doi.
org/10.1097/01.ede.0000199439.57655.6b.

Zanobetti A, Franklin M, Koutrakis P, Schwartz J. Fine par-
ticulate air pollution and its components in association
with cause-specific emergency admissions. Environ Health
[Internet]. Dec 2009 [cited 18 jun 2024];8(1). Available
at: https://doi.org/10.1186/1476-069x-8-58.

Chew S, Kolosowska N, Saveleva L, Malm T, Kanninen KM.
Impairment of mitochondrial function by particulate mat-
ter: implications for the brain. Neurochem Int [Internet].
May 2020 [cited 30 jun 2024];135:104694. Available at:
https://doi.org/10.1016/j.neuint.2020.104694.

Gupta N, Abd EL-Gawaad NS, Osman Abdallah SA, Al-Dos-
sari M. Possible modulating functions of probiotic Lacti-
plantibacillus plantarum in particulate matter-associated
pulmonary inflammation. Front Cell Infect Microbiol [In-
ternet]. 9 jan 2024 [cited 18 jun 2024];13. Available at:
https://doi.org/10.3389/fcimb.2023.1290914.

Seagrave J. Mechanisms and implications of air pollu-
tion particle associations with chemokines. Toxicol
Appl Pharmacol [Internet]. 1 nov 2008 [cited 18 jun
2024];232(3):469-77.  Available at: https://doi.or-
g/10.1016/j.taap.2008.08.001.

Dumas A, Bernard L, Poquet Y, Lugo-Villarino G, Neyrolles
0. The role of the lung microbiota and the gut-lung axis in
respiratory infectious diseases. Cell Microbiol [Internet].
30 oct 2018 [cited 18 jun 2024];20(12):e12966. Available
at: https://doi.org/10.1111/cmi.12966.

Hardy BL, Merrell DS. Friend or foe: interbacterial com-
petition in the nasal cavity. J Bacteriol [Internet]. 19
oct 2020 [cited 19 jun 2024]. Available at: https://doi.
org/10.1128/jb.00480-20.

Alison E, Oberdorster G. Translocation and effects of ul-
trafine particles outside of the lung. Clin Occup Env Med.
2006 [cited 19 jun 2024]; 5(4):785-96. Available at: ht-
tps://pubmed.ncbi.nlm.nih.gov/17110292/.

Wypych TP, Wickramasinghe LC, Marsland BJ. The influen-
ce of the microbiome on respiratory health. Nat Immunol
[Internet]. 9 sep 2019 [cited 18 jun 2024];20(10):1279-90.
Available at: https://doi.org/10.1038/s41590-019-0451-
9.

Stricker S, Hain T, Chao CM, Rudloff S. Respiratory and
intestinal microbiota in pediatric lung diseases—current
evidence of the gut-lung axis. Int J Mol Sci [Internet]. 18
jun 2022 [cited 30 jun 2024];23(12):6791. Available at:
https://doi.org/10.3390/ijms23126791.

Cheng WL, Chang CC, Luo CS, Chen KY, Yeh YK, Zheng JQ,
Wu SM. Targeting lung-gut axis for regulating pollution par-



Brazilian Journal of Global Health 2024; v4 nl14

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

ticle-mediated inflammation and metabolic disorders. Ce-
ls [Internet]. 15 mar 2023 [cited 19 jun 2024];12(6):901.
Available at: https://doi.org/10.3390/cells12060901.
Bulanda E, Wypych TP. Bypassing the gut-lung axis via mi-
crobial metabolites: implications for chronic respiratory
diseases. Front Microbiol [Internet]. 3 may 2022 [cited 19
jun 2024];13. Available at: https://doi.org/10.3389/fmi-
cb.2022.857418.

Elgamal Z, Singh P, Geraghty P. The upper airway mi-
crobiota, environmental exposures, inflammation, and
disease. Medicina [Internet]. 14 aug 2021 [cited 19 jun
2024];57(8):823. Available at: https://doi.org/10.3390/
medicina57080823.

Kumpitsch C, Koskinen K, Schopf V, Moissl-Eichinger C.
The microbiome of the upper respiratory tract in heal-
th and disease. BMC Biol [Internet]. 7 nov 2019 [cited 18
jun 2024];17(1). Available at: https://doi.org/10.1186/
$12915-019-0703-z.

Proctor DM, Relman DA. The landscape ecology and
microbiota of the human nose, mouth, and throat.
Cell Host Amp Microbe [Internet]. Apr 2017 [cited 19
jun 2024];21(4):421-32. Available at: https://doi.or-
g/10.1016/j.chom.2017.03.011.

Whelan FJ, Verschoor CP, Stearns JC, Rossi L, Luinstra K,
Loeb M, Smieja M, Johnstone J, Surette MG, Bowdish DM.
The loss of topography in the microbial communities of
the upper respiratory tract in the elderly. Ann Am Thorac
Soc [Internet]. May 2014 [cited 19 jun 2024];11(4):513-
21. Available at: https://doi.org/10.1513/annalsats.
201310-3510c.

Dang AT, Marsland BJ. Microbes, metabolites, and the gut-
lung axis. Mucosal Immunol [Internet]. 11 apr 2019 [ci-
ted 18 jun 2024];12(4):843-50. Available at: https://doi.
org/10.1038/s41385-019-0160-6.

Reid G, Younes JA, Van der Mei HC, Gloor GB, Knight
R, Busscher HJ. Microbiota restoration: natural and su-
pplemented recovery of human microbial communities.
Nat Rev Microbiol [Internet]. 29 nov 2010 [cited 18 jun
2024];9(1):27-38. Available at: https://doi.org/10.1038/
nrmicro2473.

Yousefi B, Eslami M, Ghasemian A, Kokhaei P, Salek Far-
rokhi A, Darabi N. Probiotics importance and their immu-
nomodulatory properties. J Cell Physiol [Internet]. 14 oct
2018 [cited 18 jun 2024];234(6):8008-18. Available at: ht-
tps://doi.org/10.1002/jcp.27559.

Galdeano CM, Perdigon G. Role of viability of probiotic
strains in their persistence in the gut and in mucosal im-
mune stimulation. J Appl Microbiol [Internet]. Oct 2004
[cited 18 jun 2024];97(4):673-81. Available at: https://
doi.org/10.1111/j.1365-2672.2004.02353.x.
Rocha-Ramirez LM, Pérez-Solano RA, Castanon-Alonso SL,
Moreno Guerrero SS, Ramirez Pacheco A, Garcia Garibay
M, Eslava C. Probiotic lactobacillus strains stimulate the
inflammatory response and activate human macrophages.
J Immunol Res [Internet]. 2017 [cited 19 jun 2024];2017:1-
14. Available at: https://doi.org/10.1155/2017/4607491.
Xiaonan L, Peng Y, Li Z, Christensen B, Heckmann AB, La-
gerqvist C, Stenlund H, Lonnerdal B, Hernell O, West CE.
Serum cytokine patterns are modulated in infants fed for-
mula with probiotics or milk fat globule membranes: a
randomized controlled trial. Plos One. 13 may 2021 [cited
19 jun 2024];16(5):e0251293. Available at: https://doi.
org/10.1371/journal.pone.0251293.

Djaldetti M, Bessler H. Probiotic strains modulate cytoki-
ne production and the immune interplay between human
peripheral blood mononucear cells and colon cancer ce-
lls. FEMS Microbiol Lett [Internet]. 18 jan 2017 [cited 18
jun 2024]:fnx014. Available at: https://doi.org/10.1093/
femsle/fnx014.

Wang X, Zhang P, Zhang X. Probiotics regulate gut micro-
biota: an effective method to improve immunity. Molecu-
les [Internet]. 8 oct 2021 [cited 19 jun 2024];26(19):6076.
Available at: https://doi.org/10.3390/molecu-
les26196076.

Kawashima T, Ikari N, Kouchi T, Kowatari Y, Kubota Y, Shi-
mojo N, Tsuji NM. The molecular mechanism for activating
IgA production by Pediococcus acidilactici K15 and the cli-
nical impact in a randomized trial. Sci Rep [Internet]. 22
mar 2018 [cited 18 jun 2024];8(1). Available at: https://

Universidade Santo Amara

42.

43.

44,

45.

46.

34

doi.org/10.1038/s41598-018-23404-4.

Bungau SG, Behl T, Singh A, Sehgal A, Singh S, Chiguru-
pati S, Vijayabalan S, Das S, Palanimuthu VR. Targeting
probiotics in rheumatoid arthritis. Nutrients [Internet]. 26
sep 2021 [cited 19 jun 2024];13(10):3376. Available at:
https://doi.org/10.3390/nu13103376.
Ebrahimpour-Koujan S, Milajerdi A, Larijani B, Esmaill-
zadeh A. Effects of probiotics on salivary cytokines and
immunoglobulines: a systematic review and meta-analysis
on clinical trials. Sci Rep [Internet]. 16 jul 2020 [cited 18
jun 2024];10(1). Available at: https://doi.org/10.1038/
s41598-020-67037-y.

Vaisberg M, Paixao V, Almeida E, Santos J, Foster R, Rossi
M, Pithon-Curi T, Gorjao R, Momesso C, Andrade M, Araujo
J, Garcia M, Cohen M, Perez E, Santos-Dias A, Vieira R,
Bachi A. Daily intake of fermented milk containing lacto-
bacillus casei shirota (lcs) modulates systemic and upper
airways immune/inflammatory responses in marathon
runners. Nutrients [Internet]. 22 jul 2019 [cited 19 jun
2024];11(7):1678. Available at: https://doi.org/10.3390/
nu11071678.

Aghamohammad S, Sepehr A, Miri ST, Najafi S, Rohani M,
Pourshafiea MR. The effects of the probiotic cocktail on
modulation of the NF-kB and JAK/STAT signaling pathways
involved in the inflammatory response in bowel disease
model. BMC Immunol [Internet]. 3 mar 2022 [cited 18
jun 2024];23(1). Available at: https://doi.org/10.1186/
$12865-022-00484-6.

Nam W, Kim H, Bae C, Kim J, Nam B, Lee Y, Kim J, Park
S, Lee J, Sim J. Lactobacillus HY2782 and bifidobacterium
HY8002 decrease airway hyperresponsiveness induced by
chronic PM2.5 inhalation in mice. J Med Food [Internet].
1 jun 2020 [cited 19 jun 2024];23(6):575-83. Available at:
https://doi.org/10.1089/jmf.2019.4604.



