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Abstract 
Introduction: studies have highlighted the importance of gut microbiota (GM) to the host immune defenses, influencing the host 
development and physiology. Changes in the composition and diversity of GM have been detected in some disease and could be 
implicated in the pathophysiological mechanisms of them. Objective: the purpose of this study was to show an overview of the 
current knowledge about the GM of patients with airway diseases (AD). Methodology: the literature search was performed in four 
databases, using a combination of the descriptors: “Gastrointestinal Microbiome”, “Gut Microbiome”, “Gut Microbiota”, “Cystic Fibrosis” 
(CF), “Asthma”, “Pulmonary Hypertension” (HP) and/or “Chronic Obstructive Pulmonary Disease” (COPD). Results: fifteen studies 
were herein included: ten of CF and five of asthma. No study about other AD matched the inclusion criteria. In all studies about CF, 
changes were detected in GM, particularly quantitative and qualitative microbial changes. For asthma, data showed changes in GM 
also including a reduction of microbial richness, evenness and diversity and in the Bacteroidetes/Firmicutes ratio. Conclusions: the 
current data indicate the existence of GM changes in AD. However, due to the few studies for asthma and the lack of investigations 
on HP and COPD, it was not possible to confirm whether these GM changes are observed in other AD. Furthermore, this review shows 
the necessity of more studies in this area to characterize dysbiosis and which alterations are more frequent observed in AD patients. 
Keywords: Gut Microbiota. Airway Diseases. Cystic Fibrosis. Asthma. Pulmonary Hypertension. Chronic Obstructive Pulmonary Disease.

Resumo
Introdução: estudos têm destacado a importância da microbiota intestinal (GM) para as defesas imunológicas do hospedeiro, 
influenciando o desenvolvimento e a fisiologia do hospedeiro. Mudanças na composição e diversidade da GM foram detectadas em 
algumas doenças e podem estar implicadas nos mecanismos fisiopatológicos delas. Objetivo: o objetivo desta revisão foi avaliar 
estudos sobre a microbiota intestinal (MI) de pacientes com doenças das vias aéreas (DA). Metodologia: esta pesquisa bibliográfica foi 
realizada em quatro bases de dados, utilizando a combinação dos descritores: “Microbioma Gastrointestinal”, “Microbioma Intestinal”, 
“Microbiota Intestinal”, “Fibrose Cística” (CF), “Asma”, “Hipertensão Pulmonar” (HP), “Doença Pulmonar Obstrutiva Crônica” (DPOC). 
Resultados: quinze estudos foram incluídos: dez de FC e cinco de asma. Nenhum estudo sobre outra DA correspondeu aos critérios 
de inclusão. Em todos os estudos sobre FC, foram detectadas alterações na MI, particularmente alterações microbianas qualitativas 
e quantitativas. Para a asma, os dados mostraram mudanças na MI, incluindo também uma redução da quantidade, uniformidade 
e diversidade microbiana e na razão Bacteroidetes/Firmicutes. Conclusão: os dados atuais indicam a existência de alterações na MI 
nas DA. No entanto, devido aos poucos estudos para asma e à falta de investigações para HP e DPOC, não foi possível confirmar se 
essas alterações na MI são observadas em outras DA também. Além disso, esta revisão mostra a necessidade de mais estudos nessa 
área para caracterizar a disbiose e quais alterações são mais frequentes em pacientes com DA.
Palavras-chave: Microbiota Intestinal. Doenças das Vias Aéreas. Fibrose Cística. Asma. Hipertensão Pulmonar. Doença Pulmonar 
Obstrutiva Crônica.

INTRODUCTION
Human gut microbiota (GM) has been extensively 

studied in recent years and has been recognized as a key 
player in the regulation of immune system1. These studies 
have evidenced the presence of dysbiosis in some pathol-

ogies and have discussed the importance of these GM 
changes in the development and outcome of diseases 2.

In this context, evidences have indicated the existence 
of the complex relationships between GM and the lung, 
with implications for both lung and intestinal diseases 3. 
Airway diseases (AD) are characterized by some changes 
in pulmonary function, usually with chronic inflammation, 
impairment of the life quality, without effective treatments 
that lead to the cure. In this group are cystic fibrosis (CF), 
asthma, pulmonary hypertension (PH) and chronic ob-
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structive pulmonary disease (COPD). Mechanisms through 
which GM could influence the lung immune responses 
are not well understood, but some evidences point to a 
crosstalk between these organs, which is mediated by GM, 
specially through toll-like receptors (TLR) signaling and 
cellular homing 4. 

The aim of this systematic review was to show an 
overview of the current knowledge about the GM changes 
in the main ADs, to evaluate whether there is dysbiosis 
and to determine what are the main alterations observed 
in these diseases. 

METHODS
This systematic review was performed according to the 

PICOS (Patient, Intervention, Comparators, Outcome, Study) 
design protocol structure, used to develop the main ques-
tion as well as inclusion and exclusion criteria. Our team 
searched for articles where the GM of healthy individuals 
(HI) was compared with the GM of patients with specific 
AD (CF, asthma, PH and COPD), published from 2008 to 
December 2018. The search was made in four (4) electron-
ic databases (MEDLINE/LILACS, PubMed, ScienceDirect 
and Scopus), using combination of descriptors from The 
Medical Subjective Headings (MeSH) and Health Sciences 
Descriptors (DeCS). The descriptors utilized in all platforms 
were “Gastrointestinal Microbiome”, “Gut Microbiome”, 
“Gut Microbiota”, “Asthma”, “Cystic Fibrosis”, “Pulmonary 
Hypertension”, “Chronic Obstructive Pulmonary Disease” 
in combination with Boolean operators (OR, AND, NOT). 

We included in this review only original observational 
studies which were designed to examine the qualitative and 
quantitative changes of the GM in the target population. 
No restriction was applied regarding language, age, gen-
der, level and duration of disease. Two authors performed 
independently the research. Discrepancies in the article 
election/exclusion were resolved by discussion involving 
consultation with a third expert subject until the consensus 
of all authors. Furthermore, manual research was made in 
the reference list of the relevant articles to enable a further 
inclusion in our review, without any bias towards author or 
journal. Details of the systematic review were registered 
(CRD42018103438) in the PROSPERO International Pro-
spective Register of Systematic Reviews.

RESULTS
In the electronic search conducted in the databases, 

it was found 1912 articles. 1101 duplicated articles were 
excluded. After the analysis of titles and/or abstracts, 64 
articles were selected. Only 15 articles met the inclusion 
criteria of this review (fig 1). 

Regarding the studies comparing GM from individuals 
with CF and their HI, we found 363 articles. Of these arti-
cles, 211 were duplicated studies. After reading titles and/
or abstracts only 28 were selected. Outcomes of interest 
were identified in ten articles (fig 1). 

About asthma, we initially found 1341 articles that 

compared the GM of patients with HI; of these, 789 were 
excluded because they were duplicates. After performing 
the analysis of titles and/or abstracts, 32 were screened. 
Only five articles presented all inclusion criteria (fig 1). 

About the systematic search using the descriptors for 
PH, 35 articles were found and 12 duplicated articles were 
excluded. No articles compared the GM of the individuals 
with PH and HI (fig 1).

In the systematic search for COPD, it were used the 
additional descriptors “pulmonary emphysema” and “bron-
chitis”, although these expressions are no longer used to 
define COPD. For PE, only two articles were found, and none 
of them addressed the outcomes of interest (fig 1). About 
the systematic search using the descriptors for Bronchitis, 
40 articles were found and 15 articles were duplicates and 
excluded. After the reading of the titles and/or abstracts, 
21 were excluded. After reading the complete text, all 
manuscripts were excluded because they did not meet the 
inclusion criteria (fig 1). In the systematic search using the 
descriptors “chronic obstructive pulmonary disease”, 131 
articles were found. After reading the titles and/or abstracts 
of the remaining, no articles were found that addressed the 
outcomes of interest (fig 1).

Major GM changes in airway diseases 
The overall studies found alterations in the GM; how-

ever the taxonomic groups differed among the articles 
(Table 1). The data showed evidence of reduction of the 
microbial richness and/or diversity in CF patients 5-9. Only 
three studies associated the GM species diversity with the 
age, two of them showed reduction of the species diversity 
with the increase in age 7,8. Despite the few studies about 
GM and asthma, the results indicate some alterations. Only 
one study evaluated the species diversity in asthma patients 
10. A reduction of the microbial richness and diversity with 
no changes in alpha-diversity was described in one study 10.

The main phyla evaluated in articles were Firmicutes, 
Bacteroidetes and Actinobacteria. Regarding the CF, the 
increase in the relative abundance of Firmicutes was detect-
ed in two studies 9,11. On the other hand, two other studies 
described a decrease in this phylum 8,12. A reduction of the 
abundance of Bacteroidetes was detected in three studies 
8,9, 11 and an increase in this phylum was observed in one 
study12. Only two studies showed reduction of the levels 
of Bacteroides in asthma patients 10,13, also a reduction of 
Bacteroidetes/Firmicutes ratio in one study on asthma 13.

Regarding CF, studies have showed a decrease in the 
beneficial intestinal bacteria that could be considered mark-
ers of gut health. In two studies with the genus Roseburia, 
there was a decrease in those bacteria 9,12. In four studies, 
the authors found a reduced level of Faecalibacterium 
prausnitzii 5,9,11,12. The data showed one study describing 
the reduction of F. prausnitzii in asthma [10] and other one 
showed increase 14.

Regarding the Actinobacteria, it was found a reduction 
in two studies 11,12 and other two articles found an increase 



Gut microbiota changes in airway diseases:
a systematic review

355Rev. Ciênc. Méd. Biol., Salvador, v. 19, n. 2, p. 353-360, mai./ago. 2020

in the levels of this phylum in CF patients 8,9. Low levels of 
Bifidobacterium spp. were detected by many authors 5,6,9,11-

16. Only one study found that the order Lactobacillales was 
significantly enriched in CF patients. Regarding asthma, 
a reduction in the levels of Bifidobacterium 17, B. longum, 
B. breve and B. bifidum 11, and increase level of Bifidobac-
terium13, B. adolescentis was detected14. This genus was 
negatively correlated with the disease duration and posi-
tively with the IgE levels in asthma patients 14. Regarding 
Lactobacillus, one study identified higher levels of this 
genus in asthma patients 17, but other showed a reduction 
of these bacteria 18.

Regarding CF, an increase in the level of Proteobacteria 
was observed in some studies 8,12 while a reduction was 
described by others authors 9,11. The increased abundance 
of Escherichia coli was found in two studies that assessed 
the GM of children 8,19. In contrast, in one study, authors 
detected a reduction in the levels of this bacterial species 

5. In asthma patient only one study identified higher levels 
of the E. coli 18. A reduction in the abundance of Clostrid-
ium clusters XIVa 15 and of Cl. coccoides 5. Other studies 
observed an increase in the level of the, Cl. difficile [8], Cl. 
clostridioforme and Cl. nexile 12 in CF patient. But a reduction 
in the abundance of Cl. leptum sub group was showed in 
asthma patients 17.

The relationship of the GM composition and the lung 
function was evaluated only in three articles for CF. The 
forced expiratory volume in 1s (FEV1) 

5 and the forced vital 
capacity (FCV) 15 did not show any correlation with the GM 
composition. One article showed positive relation between 
FEV1 and GM diversity 9. When studying the GM of children 
with CF, it was observed that the alteration in GM leads 
to changes in functional capacities of the microbiome 8. 
Metabolomic analyses suggests that the changes in the 
GM could be involved with pathways of unsaturated fatty 
acids biosynthesis and xenobiotic metabolism 11.

Figure 1 – Flowchart of identification and selection of articles about composition of GM of patients with Asthma, CF, HP, PE, 
Bronchitis and COPD.

Fonte: Autoria própria
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Table 1 – Studies about gut microbiota changes and airway diseases.

Reference Disease Sample size Age range Technique for 
Analysis Results: patients compared with healthy individuals

Burke et al. 
20179

Cystic
Fibrosis

43 patients
69 HI 21-40 years NGSa

↓Bacteroidetes, Proteobacteria, Cyanobacteria and Verruco-
microbia
↑Firmicutes and Actinobacteria
↓Alcaligenaceae, Prevotellaceae, Bifidobacteriaceae and Pep-
tococcaceae
↑Enterococcus, Bacteroides, Leuconosto
↓Roseburia, Prevotella, Odoribacter, Faecalibacterium and 
Bifidobacterium

Fouhy et al. 
201711

Cystic
Fibrosis

6 patients
6 HI 20-71 years NGS

qPCRb

↑Firmicutes
↓Actinobacteria, Bacteroidetes and Proteobacteria 
↓Bifidobacterium, B. Longum and Faecalibacterium prausnitzii
↑Enterococcus faecalis, Clostridium and Ruminococcus gnavus

Miragoli et al. 
20175

Cystic 
Fibrosis

30 patients
8 HI 10-22 years PCR-DGGEc

qPCR

↓ Escherichia coli/Shigella, Blautia spp., Faecalibacterium 
prausnitzii, Collinsella aerofaciens, Dialister invisus, Eubacterium 
rectale and Bifidobacterium adolescentis, Ruminococcus gnavus, 
Bifidobacterium spp., Cl. coccoides group, and Ruminococcaceae 
family, Ba. vulgatus and Ba. uniformis
↓Butyrate-producing bacteria and acetogens
↓Prevalence and abundance of Sulfate-Reducing Bacteria

Debyser et al. 
201612

Cystic 
Fibrosis

15 patients 
11 HI 1.6-15.6 years

Gel electropho-
resis
LC-MS/MSd

↓Firmicutes and Actinobacteria 
↑Proteobacteria and Bacteroidetes 
↓Spectral count of proteins from the genera Faecalibacterium, 
Eubacterium, Roseburia and Ruminococcus
↑Spectral count of proteins from the Blautia and Clostridium 
species
↑Burkholderiales and Enterobacteriaceae, Clostridiaceae and 
genus Clostridium (Clostridium clostridioforme and Clostridium 
nexile)

Manor et al. 
20168

Cystic 
Fibrosis

14 patients
12 HI < 3 years NGS

↓α – diversity (Shannon index)
↑Proteobacteria (E. Coli) and Actinobacteria 
↓Firmicutes, Bacteroidetes and Verrucomicrobia
↑Lactobacillales, Veillonella
↓Clostridiales but ↑ Cl. difficile 

Nielsen et al. 
20167

Cystic 
Fibrosis

23 patients
35 HI 0-18 years NGS

↓Number and diversity 
↑ Bacteroides, Genera Streptococcus and Falvonifractor 
No difference in Clostridium abundance but ≠ tendences with age

Duytschaever et 
al. 201315

Cystic
Fibrosis

21 patients
24 HI

8 months – 5, 6 
years

DGGE
CEe

qPCR

↓Bifidobacterium longum, Bifidobacterium catenulatum, Bifido-
bacterium pseudocatenulatum and Bifidobacterium adolescentis
↓Clostridium XIV

Hoffman et al. 
201319

Cystic 
Fibrosis

12 patients
12 HI

15 days – 3,6 
years NGS ↑E. coli

Scanlan et al.
20126

Cystic 
Fibrosis

4 patients
4 HI

3-72
years PhyloChipf

↓Taxonomic richness, evenness and diversity
↓Bifidobacterium sp.
↑inter-individual variation

Duytschaever et 
al. 201116

Cystic 
Fibrosis

21 patients
24 HI

9 months –15 
years

Bacterial
culture
DGGE

↓Clostridia, Bifidobacterium spp., Veillonella spp., and Bacteroides 
and Prevotella spp 
↑Enterobacterial counts 

Ishaq et al. 
201817 Asthma 15 patients 

5 HI 30-45 years
PCR-DGGE
Real-time PCR
CE

↓Bifidobacterium, Lactobacillus and Clostridium leptum sub group

Wang et al. 
201810 Asthma 36 patients 

185 HI NGS
↓ Faecalibacterium prausnitzii, Sutterella wadsworthensis and 
Bacteroides stercoris 
↓Microbial richness, evenness and diversity

Begley et al. 
201813 Asthma 24 patients 

8 HI 18–69 years NGS
↓ Bacteroidetes/Firmicutes ratio
↓Bacteroides, Enterobacteraceae
↑Bifidobacterium, Lachnospiraceae

Okba et al. 
201818 Asthma 80 patients 

40 HI 18-45 years Bacterial Culture ↑ Lactobacillus and E. coli

Hevia et al. 
201614 Asthma 21 patients

22 HI 28-50 years NGS
↑Faecalibacterium, Bifidobacterium adolescentis
↓Bifidobacterium longum, Bifidobacterium breve and Bifidobac-
terium bifidum

aNext Generation Sequencing (NGS), bReal-time Polymerase chain reaction (qPCR), cDenaturing Gradient Gel Electrophoresis (DGGE), dLiquid Chroma-
tography – Mass spectrometry/Mass spectrometry (LC-MS/MS), eCapillary Electrophoresis (CE), fHigh-density phylogenetic microarray (PhyloChip).
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DISCUSSION
Cystic fibrosis, asthma, PH and COPD are chronic dis-

eases that affect the lungs and the life quality of patients, 
with hundreds of millions of people suffering every day 
from these illnesses. Recently, the role of the GM in the 
regulation of the immune response has been recognized 
while studies have showed the existence of GM changes 
during some pathologies 20. In this review, we bring in-
formation on what currently is known regarding the GM 
alterations during some AD. 

Few studies were found that match the inclusion/ex-
clusion criterion of this review. Most of them were about 
CF. That highlights the need for further studies to detect 
the existence of GM changes in AD and to determine its 
importance in the pathology of these diseases. We in-
cluded only studies without any intervention (probiotics, 
prebiotics or antibiotics) considering the effect on GM. 
Only data from human GM was analyzed because of 
limitations of some experimental models and because 
animals have a distinct GM 21 . Exclusion criterions such 
as respiratory and intestinal infection were used to avoid 
bias in the interpretation of results. The rigor inclusion 
/ exclusion criteria were necessary to provide the most 
relevant evidence related to the aim. The predominance 
of studies that evaluate the GM in CF could be reflected 
by the plenty of articles about lung microbiome for this 
disease 22. Although lung microbiome changes have been 
described to asthma and COPD as well, the volume of 
data has not been so wide as the one for CF 23-24. PH is a 
less prevalent disease than is CF, asthma and COPD, and 
this situation can explain the lack of studies about GM 
changes during the disease.

The development of the more advanced techniques of 
molecular biology has enabled a more accurate analysis 
of the GM. These new techniques have not only facilitated 
the identification of non-cultivated microorganisms 25 but 
also improved some experimental limitations such as the 
low sensitivity and the low reproducibility of the tradi-
tional techniques, allowing the identification of a larger 
number of species and better understanding about the 
complexity of the intestinal ecosystem 26. In our review, 
identification and classification of bacteria from the GM 
were predominantly performed through culture-indepen-
dent techniques. 

Despide the large number of data indicating the im-
portance of the GM changes during some diseases20, there 
is little knowledge about the existence of GM alterations 
in AD. According to the data, patients with CF showed a 
reduction in the GM diversity and richness. For asthma, 
the available data still do not avail a conclusion about 
the GM changes, even because one of study used stool 
bacteria culture for the analysis of the composition of GM 
18, which prevents wider conclusions. Microbial diversity 
decreased with age in CF patients 7, what is expected in 
healthy individuals also 27. In addition, the dysfunction in 
the Transmembrane Conductance Regulator (CFTR), asso-

ciated with the CF treatments, could affect the microbial 
diversity 7. CFTR gene variants were related to the shifts in 
fecal microbiota profiles in CF patients 28. Individuals with 
low bacterial richness are characterized as showing more 
adiposity, insulin resistance and dyslipidaemia and a more 
inflammatory phenotype 29. Another alteration detected 
in the studies that evaluated CF patients concerned the 
relative abundance of the Firmicutes, Bacteriodetes and 
Actinobateria phyla. Changes in the Firmicute/Bacte-
roidete ratio have been described in some pathological 
conditions 30,31. Changes in the Firmicutes/Bacteroidetes 
ratio have been described in infants and adults 32 and in 
some pathological conditions such as obesity33-35 and IBD 
30. Studies in experimental models of obesity, where mice 
have been feed with high-fat diet, and in ob/ob mice, have 
shown that the increase of the Firmicutes/Bacteroidetes 
ratio has been implicated in the increment of the efficiency 
of the energy harvest in addition to elevation of the en-
dotoxin levels and induction of the colonic inflammation 
35,36 . We suppose that this alteration could be implicated 
in the increase in the colonic and systemic inflammation. 
We suppose that this alteration could be implicated in the 
increase in the colonic and systemic inflammation. The 
current data do not allow determining whether changes 
in microbial diversity and richness are consequences or 
factors that contribute to the development of AD, but 
they show the existence of a lung-gut axis with possible 
implications for AD 37 .

Similar to CF and other pathologies, asthma pa-
tients exhibit GM alterations that characterize dysbiosis: 
reduction of microbial richness and diversity 10. Under 
representation of F. prausnitzii and Roseburia spp. are 
characteristics of dysbiosis and was detected. These re-
sults are similar to those observed in other pathologies 
38,39. F. prausnitzii and Roseburia spp. metabolize dietary 
components and produce short-chain fatty acids (SCFAs) 
40,41. Low amounts of these primary energy sources for 
the colonocytes may result in decreased intestinal bar-
rier integrity 42. The SCFAs play a protective role against 
intestinal inflammation and is likely to be important in 
both health and in specific disease states 42. Caco-2 cells 
treated with F. prausnitzii and its extracellular vesicles 
produced lower levels of inflammatory and higher levels of 
the anti-inflammatory cytokines 43 . Roseburia intestinalis 
suppressed intestinal inflammation by increasing Treg 
cell numbers and expression of the anti-inflammatory 
cytokines TSLP, TGF-β, and interleukin-10 (P < 0.05) in 
lipopolysaccharide-treated Caco-2 cells 44 . The decrease of 
F. prausnitzii and Roseburia spp. from GM might contrib-
ute to an increase of pulmonary inflammation during CF. 

Bifidobacteria, beneficial bacteria for the intestine, 
are also altered in CF patients and asthma. This has been 
described for other pathological conditions 45. Some 
studies detected a reduction of bifidobacteria or lacto-
bacilli 17 and others showed an increase of these genus in 
asthma patient 13,18. These bacteria have been used in the 
treatement of some pathologies because of their probiotic 
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effect, and some authors have discussed the beneficial 
effect of this supplementation for the asthma patients 46. 
The supplementation with a mixture of L. acidophilus, L. 
bulgaricus, B. bifidum, S. thermophilus (Bio-plus, Supherb, 
Israel) reduced pulmonary exacerbations in patients with 
CF 47. In children with CF, the administration of L. rham-
nosus GG (LGG) restored the composition of the GM, 
reduced the intestinal inflammation and contributed to 
its beneficial clinical effects 48. Also, the supplementation 
with probiotics used commercially contains 109 CFU bac-
teria: L. casei, L. rhamnosus, S. thermophilus, B. breve, L. 
acidophilus, B. infantis and L. bulgaricus improve quality 
of life and pulmonary exacerbation 49. These data suggest 
that supplementation with the probiotics improved the 
respiratory function. 

Data also show an alteration in the abundance of E. 
coli in patients with CF and asthma. The expansion of E. 
coli in the CF gut may be due to the decreased presence 
of antimicrobial SCFAs, the increased oxygenation of GI 
mucosal surfaces as a result of inflammation and the 
higher availability of glycerol from fat malabsorption 50. 
E. coli levels were increase in homozygous-F508del, the 
most common CFTR mutation, and in severe CF patients, 
while beneficial species (Faecalibacterium prausnitzii, 
Bifidobacterium spp., and Eubacterium limosum) were 
reduced 28. Similar results found to those were present 
investigation in a study involving children with CF in the 
use of antibiotic therapy 51 . The elevation of the E. coli 
levels of asthma patients was analyzed by bacterial culture 
18 using different methodologies, which could explain in 
part the opposite data obtained by groups 52.

The FEV1 is a marker of the lung function and has been 
used to monitor the evolution of the ADs. Cystic Fibrosis 
patients with severe lung dysfunction (FEV1 ≤ 40%) had re-
duced α-diversity when compared with those with mild or 
moderate lung dysfunction 9. However, no correlation was 
found in the fecal microbiota with the FEV1. The analysis of 
the relation of bacteria groups from GM with the function 
parameters may improve the understanding about the 
impact of the intestinal bacteria in the development and 
outcome of the disease.

The current data suggest the presence of the intestinal 
dysbiosis in individuals with CF and asthma. However, it 
is not possible to affirm that there is dysbiosis in other 
AD, due to the insufficient number of publications. The 
main alterations in the GM of CF and asthma patients are 
similar to the GM changes observed in other pathologic 
conditions such as alterations in Firmicutes and Bacteroi-
detes phyla, in the microbial diversity and richness and 
in the levels of beneficial bacteria as bifidobacteria. This 
panorama reveals the necessity of more studies that could 
bring information about the GM changes and the rele-
vance of dysbiosis for the AD. This information could show 
similarities of GM changes in the distinct AD and bring 
new possibilities of studies or therapies for the patients.
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