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Abstract

The gut and lung microbiota are essential to health and vital for the development of the 
immune system and homeostasis. The vital cross-talk between mucosal tissues of our body 
in chronic respiratory conditions as asthma, chronic obstructive pulmonary disease and 
cystic fibrosis in stable conditions as well as during exacerbations is still poorly studied 
and understood. The gut-lung interaction and the dysbiosis of microbiota and leaky guts 
in the aetiology of these chronic respiratory diseases are reviewed. (BRN Rev. 2019;5(1):19-34)
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INTRODUCTION

The gut and respiratory tract epithelia have 
common anatomical similarities. Both are de-
rived from the endoderm and consist of co-
lumnar epithelial cells with projection of mi-
crovilli or cilia that function as a physical 
barrier and as sentinels for the immune sys-
tem in conjunction with associated lymphoid 
tissue. Otherwise, both epithelia have sub-
stantial differences. The intestinal lumen is 
an oxygen-poor environment and the move-
ment of matter is unidirectional, from the 
mouth to the anus. The respiratory tract and 
alveoli are oxygen-rich and movement is bi-
directional with no physical barrier between 
the larynx and the most distal alveolus. These 
different environments result in distinct mi-
crobial life in each organ1.

The intestinal tract represents not only a cru-
cial component of the body’s defence system 
against the external environment, but is also 
responsible for the breakdown and absorp-
tion of essential nutrients and the uptake of 
water and electrolytes. The barrier function 
of the intestinal tissue contributes to the first 
line of defence in the human body and is 
composed of a static epithelial and a dynam-
ic luminal and subepithelial layer. Intestinal 
epithelial stem cells, residing at the base of 
crypt-villus axes, mature to various sub-
types of intestinal epithelial cells. Besides 
absorptive enterocytes and mucus-secreting 
goblet cells, Paneth cells are specialised in 
maintaining the bacterial gradient along the 
crypt-villus axis by secretion of antimicrobial 
products. In addition, entero-endocrine cells 
connect the central nervous system with the 
neuro-endocrine system by secretion of hor-
mones regulating digestive functions. This 

static epithelial barrier is composed by intes-
tinal epithelial cells that interact with each 
other via a complex multilayer system. Tight 
junctions form a selectively permeable seal 
between adjacent epithelial cells. The dynam-
ic part of the intestinal barrier is composed of 
the luminal microbiota and mucus as well as 
epithelial and immune cell products secreted 
into the lumen. The intestinal epithelium is 
furthermore covered by a thick mucus layer 
with large mucin glycoproteins as the ma-
jor component, secreted by the goblet cells. 
Underneath the epithelial layer in the lami-
na propria, scattered intestinal immune cells 
and tissue specific organised lymphoid struc-
tures, such as the Peyer’s patches are located. 
The immune response of the gut depends to 
a great extent on innate immune cells such 
as dendritic cells (DCs), monocytes/macro-
phages and the heterogeneous group of in-
nate lymphoid cells in the intestine (Fig. 1). 

There is growing clinical interest in second-
ary organ manifestations of chronic respira-
tory diseases and respiratory viral infec-
tions are often accompanied by intestinal 
symptoms2-6. Gastro-intestinal (GI) disease 
is more prevalent in patients with chronic 
obstructive pulmonary disease (COPD) than 
in healthy populations7,8. A population-based 
cohort showed a 2.72 times higher risk of 
Crohn’s disease in COPD sufferers than that 
in healthy controls9. Vice versa is also report-
ed: up to 50% of adults with inflammatory 
bowel disorders and one third of patients with 
irritable bowel syndrome have pulmonary in-
volvement, such as inflammation or impaired 
lung function10,11. 

An emerging area of interest is this relation-
ship between the GI and respiratory tract, the 
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influence of host-associated microbiota on local 
and systemic immunity as well as the patho-
genetic links between microbiota and this gut-
lung axis.

MICROBIOTA OF THE HEALTHY GUT 
AND LUNGS

Mammalian body surfaces exposed to the en-
vironment are covered by diverse microbiota. 
Their compositions depend on a multitude of 
different factors and include host genetics, en-
vironment and host immunity. Furthermore, 
the specific functional characteristics of the dif-
ferent body surfaces determine the number and 
the composition of their cognate microbiota12.

The characterisation of the microbiome is an 
important initial step in understanding the 
role of the microbiome to health and disease. 
Each healthy adult typically harbours more 
than 1000 species of bacteria belonging to a 
relatively few known bacterial phyla with Bac-
teroidetes and Firmicutes being the dominant 
lineages (phyla) of the domain Bacteria13. 

The GI tract is the best studied host-associat-
ed microbial ecosystem. The human intestine 
harbours nearly 100 trillion micro-organisms 
composed of more than 1000 distinct bacteri-
al species14 and is by far the most densely 
colonised surface of the human body. Weigh-
ing approximately 1.5 kg, microbial residents 
in the GI tract outnumber human cells about 

Figure 1. Structure of the intestinal barrier (adapted from Samadi N et al.80, reproduced with permission from © 2018 American College of 
Allergy, Asthma & Immunology). 
sIgA: soluble immunoglobulin A; DC: dendritic cells.
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10-fold and genome size 100-fold15. Variations 
along the GI tract are governed by the prevail-
ing environment, including pH, the concen-
tration of bile acids, retention time of digesta, 
mucin properties and host defence factors16. 
Therefore, there is considerable variation in 
the constituents of the gut microbiota among 
apparently healthy individuals17. Four bacte-
rial phyla dominate the GI tract: the most 
abundant phylum is Bacteroidetes, followed by 
Firmicutes. Proteobacteria and Actinobacteria are 
the other two dominant phyla18,19. Different 
factors modulate the variation of the gut mi-
crobiome in humans as illustrated in figure 2. 
While gut microbiota compositions on species 
level differ between individuals, a core micro-
biome exists, which fulfils essential metabol-
ic functions20. Briefly, fermentation of certain 
non-digestible dietary compounds and endog-
enous mucus, absorption of ions, as well as 
production of vitamins belong to the key func-
tions of intestinal microbiota21. Bacterial num-
bers increase successively between upper and 
lower intestinal tract and fermentation pro-
cesses are most intense in cecum and proxi-
mal colon12.

The lungs have a large surface area of > 130 m2 
consisting of around 100,000 small airways 
and 200 million alveoli. The large surface re-
sponsible for oxygen uptake is concomitantly 
exposed to numerous micro-organisms such 
as viruses, bacteria or fungi, particles, aller-
gens, pollutants and tobacco smoke. The lungs 
are therefore equipped with effective antimi-
crobial defences. Healthy lungs were long 
considered to be sterile but culture-indepen-
dent approaches have detected microbial DNA 
in the lungs of healthy individuals22,23. With 
an estimated number of 10-100 bacteria per 
1000 human cells, the lower respiratory tract 

is one of the least-populated surfaces of the 
human body24. The composition of the lung 
microbiome is determined by the balance of 
three factors: (1) microbial immigration into 
the airways; (2) elimination of microbes from the 
airways; and (3) the relative reproduction rates 
of its community members, as determined by 
regional growth conditions. Sources of micro-
bial immigration include the inhalation of air, 
subclinical microaspiration of upper respira-
tory contents and direct dispersal along the 
airway mucosa. Microbial elimination is driv-
en by mucociliary clearance, cough and adap-
tive and innate immune defences25. Tempera-
ture, oxygen tension, pH, nutrient density, local 
anatomy, and host defence are spatially het-
erogeneous across the airways and the lungs 
affecting local microbiological growth condi-
tions15 (Fig. 3).

Similar to the intestine, Firmicutes and Bacte-
roidetes are the two predominant phyla de-
tected in the airways and core microbiota of 
healthy individuals consists of Pseudomonas, 
Streptococcus, Prevotella, Fusobacteria, Veillonella, 
Haemophilus, Neisseria and Porphyromonas26-29. 
The lung microbiota is probably not resident 
in healthy individuals but rather transiently 
recolonised by micro-aspiration from the oral 
cavity: the ubiquity of subclinical micro-aspi-
ration of pharyngeal secretions among healthy 
subjects is a long-established and validated 
observation30. 

THE GUT-LUNG AXIS

Gut microbiota are considered crucial for the 
proper development, maturation and reactivity 
of the immune system. Secreted and structural 
components of micro-organisms can influence 
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Figure 2. Determining factors of the gut microbiome.
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Figure 3. Determining factors of the lung microbiome (adapted from Dickson RP et al.25, reproduced with permission from © 2015 
Dickson, Huffnagle).
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the host immune response both locally and at 
distal sites. Micro-organisms serve as an inex-
haustible source of micro-organism-associated 
molecular patterns (MAMPs) as well as patho-
gen-associated molecular patterns (PAMPs). The 
two are recognisable on the host’s cells through 
pattern-recognition receptors (PRRs), which in-
clude toll-like receptors (TLRs) and nucleo-
tide-binding receptors (NODs)15,31. Toll-like re-
ceptors are found on intestinal epithelial cells 
and immune cells within the lamina propria. 
Their activation in intestinal epithelial cells by 
microbial ligands results in epithelial cell pro-
liferation and expression of antimicrobial pep-
tides and secretion of immunoglobulin A (IgA) 
by plasma cells in the lamina propria leading 
to enhanced intestinal barrier function. Com-
mensal micro-organisms can enter the intesti-
nal lamina propria through an opening in the 
barrier function as a result of injury or through 
active sampling. These micro-organisms in the 
lamina propria are either phagocytosed and 
eliminated by macrophages or engulfed by DCs 
and carried to the mesenteric lymph nodes. Rec-
ognition of infected apoptotic cells and bacteria 
results in the differentiation and upregulation 
of pro-inflammatory helper-interleukin [IL]-17 
producing cells (Th17), involved in the recruit-
ment, activation and migration of neutrophils. 
Induction of B cells occurs also in the GI lym-
phoid tissue, particularly in Peyer’s patches and 
in isolated lymphoid follicles. Specific popula-
tions of commensal bacteria can induce regu-
latory T cells (Tregs) to maintain homeostasis by 
production of anti-inflammatory cytokine IL-10 
(Fig. 4). 

These T and B cells can migrate via the tho-
racic duct and into the circulation. In this 
way, these sensitised T and B cells are distrib-
uted to various effector sites, including the 

respiratory tract to prevent attachment of patho-
gens to the mucosa by excretion of specific 
IgA resulting in a common mucosal immune 
defence system. The gut-associated lymphoid 
tissue (GALT) plays an important role in this 
mucosal immune system32. Nasopharynx-as-
sociated lymphoid tissue (NALT) exposed to 
both airborne and alimentary antigens has 
also a major role in antibody immunity of the 
respiratory tract. 

Bacterial products that have a significant ef-
fect on overall host status surely included the 
short-chain fatty acids (SCFAs). These SCFAs 
are produced by metabolisation of resistant 
starches and dietary fibres through fermenta-
tion and decomposition. Fatty acids with a 
carbon number between 2 and 6 are consid-
ered SCFAs and have the following names: 
C2: acetic; C3: proprionic; C4: butyric; C5: 
valeric and C6: caproic acid33. These SCFAs 
account for 2-10% of the total energy con-
sumption in humans and are the main ener-
gy source for large intestinal epithelial cells33. 
The concentration of SCFAs ranges between 
70-140 mmol/L in the proximal colon and be-
tween 20-70 mmol/L in the distal colon34. Ac-
etate is thought to be more prevalent, followed 
by proprionate and butyrate. Nearly all SCFAs 
absorbed by the colon are thought to pass 
through the portal vein from the colon capil-
laries to reach the li ver33. The concentrations 
of SFCAs in healthy human peripheral blood 
are estimated as 100-150 µmol/L for acetate, 
4-5 µmol/L for proprionate and 1-3  μmol/L 
for butyrate35. 

The interplay between SFCAs and immune 
function is extensively studied1,15,33,36,37. Sev-
eral G-protein coupled receptors (Gpr) for 
SCFAs have been reported: Gpr41/free fatty 
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receptor  (FFAR) 3, Gpr43/FFAR2, Gpr109A/
hydroxycarboxylic acid receptor (HCA) 2 and 
olfactory receptor (OR/Olfr) Olfr78 (mouse)/
OR51E2 (humans) (Fig.  5). Gpr41/FFAR3 is 
found in a wide range of tissues including 
neutrophils while Gpr43/FFAR2 is highly ex-
pressed on immune cells38. Gpr109A/HCA2 
is a receptor to butyrate as well as β-hy-
droxybutyric acid, a ketone body and par-
ticipates in regulation of Treg homeostasis33. 
Butyrate manifests broad anti-inflammatory 
activities such as immune cell activation, 
proliferation, migration, adhesion and cyto-
kine expression39. Short-chain fatty acids play 

an important role in T cell polarisation and 
induction40.

Short-chain fatty acids are widely known as 
histone deacetylase (HDAC) inhibitors and 
they may be involved in the expression of 
cytokines in T cells and the induction of Treg 
cells via inhibition of HDAC41. Short-chain 
fatty acids also affect immunoregulation in 
neutrophils, monocytes and macrophages and 
suppression of nuclear factor-kappa B activity 
and inhibition of HDAC are possible under-
lying mechanisms but SFCAs have also pro-
moting functions in neutrophils33.

Figure 4. Immune system interaction and microbiota in the gut (adapted from Budden KF et al.1, reproduced with permission from 
Springer Nature, © 2016 Macmillan Publishers Limited, part of Springer Nature). 
IL: interleukin; LPS: lipopolysaccharide; LTA: lipoteichoic acid; PSA: prostate-specific antigen; SCFAs: short-chain fatty acids;  
Treg: regulatory T cell.
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Intriguingly is the possible central role of 
SCFAs in the diet-gut microbiome-host me-
tabolism axis and the protection of the body 
against deteriorating metabolic control and 
inflammatory status associated with western 
lifestyles42. Although not properly assessed, 
it can be hypothesised that bacterial products 
of the lung microbiota can exert their effects 
on the intestinal mucosa.

MICROBIAL GUT DYSBIOSIS  
IN CHRONIC AIRWAY DISEASES

Shifts in the composition of the intestinal mi-
crobiota have been reported in the context of 

chronic airway diseases as asthma, cystic fi-
brosis (CF) and COPD. The term dysbiosis 
refers to a state in which changes in the di-
versity and abundance of gut microbiota, their 
metabolic activities and local distribution pro-
duces harmful effects. 

a. Asthma

Increased risk of asthma has been associated 
with reduced microbial diversity in the gut 
during early infancy37,43. Other allergic condi-
tions as rhino-conjunctivitis, eczema or posi-
tive skin test reactivity were not associated 
with this gut diversity neither was asthma 

Figure 5. Short chain fatty acids and receptors. 
FFAR: free fatty receptor; Gpr: G-protein coupled receptors; HCA: hydroxycarboxylic acid receptor; Olfr: olfactory receptor; OR: olfactory 
receptor; SCFAs: short-chain fatty acids.
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associated with microbiota composition later 
in life43. Others reported that reduced bacteri-
al diversity of the infant’s intestinal flora was 
associated with increased risk of allergic sen-
sitisation, allergic rhinitis and peripheral blood 
eosinophilia but not asthma or atopic derma-
titis in the first six years of life44. In infants, 
the composition of the gut microbiota and cae-
sarean section have been linked to atopic man-
ifestations and colonisation with Clostridium 
difficile at one month of age was associated 
with wheeze and eczema throughout early life 
and with asthma after 6-7 years45. Increased 
risk of asthma has also been associated with an 
increase in Bacteroides fragilis and total anaer-
obes in early life, decreases in Escheria Coli 
and relative abundances of Faecalibacterium spp, 
Lachnospira spp., Rothia spp. and Veillonella spp.46-48. 
In the latter study, this reduction in bacterial 
taxa was accompanied by reduced levels of 
faecal acetate and dysregulation of enterohe-
patic metabolites. Although these studies em-
phasise the potential for microbe-based diag-
nostics and therapies, potentially in the form 
of probiotics, to prevent the development of 
asthma and other related allergic diseases in 
children, only inoculation of germ-free mice 
with the bacterial taxa reported by Arrieta 
et al.48 ameliorated airway inflammation in 
these animals. Recurrent antibiotic treatment 
during early infancy also impacts on the di-
versity of the microbiota early in life and has 
been shown to correlate with the development 
of an asthmatic phenotype later in life49,50. 
Positive associations between the presence 
of beneficial bacteria, such as Bifidobacterium 
longum in the gut and a lower incidence of 
asthma have also been identified51.

Furthermore, in mice it was illustrated that in-
testinal exposure to the capsular glycoantigen 

polysaccharide A(PSA), from Bacteroides Fra-
gilis is a potent immunomodulator molecule, 
able to inhibit asthma induction in a T-cell 
dependent fashion and that this protection is 
IL-10 dependent52. It has also been reported 
that Helicobacter pylori alleviates murine aller-
gic airway disease through activation of Treg 
cells or by promoting tolerogenic reprogram-
ming of DCs53,54. In adults, the overall com-
position of the faecal microbiota in individu-
als with allergic asthma does not differ from 
healthy individuals55,56. 

The development of asthma can be influenced 
by SCFAs. An association between asthma risk 
and decrease in concentration of acetate in fae-
ces in infants has been reported48. In mice, a 
high-fibre diet resulted in increased circulat-
ing levels of SCFAs and protection against al-
lergic inflammation in the lung, whereas a 
low-fibre diet decreased levels of SCFAs and 
increased allergic airway disease. Treatment of 
mice with SCFAs proprionate led to alterations 
in bone marrow haematopoiesis that were 
characterised by enhanced generation of mac-
rophage and DC precursors and subsequent 
seeding of the lungs by DCs with high phago-
cytic capacity but an impaired ability to pro-
mote T helper type 2 (TH2) cell effector func-
tion and these effects were dependent on 
GPR41/FFAR3 but not GPR42/FFAR 257.

Short-chain fatty acids receptors are consid-
ered as a highly “druggable” target. In the 
future, such receptor-targeted approaches may 
offer complementary therapies in the inflam-
matory management of asthma1. Longitudi-
nal and intervention studies need to unravel 
whether these changes in gut and respirato-
ry microbiota are a cause or consequence in 
asthma.
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b. Cystic fibrosis

Cystic fibrosis (CF) is the most common life-lim-
iting autosomal recessive disease in Cauca-
sians and causes multisystem complications 
with progressive lung disease, pancreatic in-
sufficiency and a profound impact on growth 
and nutrition. Cystic fibrosis transmembrane 
conductance regulator gene dysfunction itself 
modifies the ecological environment in the gut 
by impaired neutralisation of gastric bile58. Se-
rial analysis of the gut and respiratory micro-
biome in CF in infancy demonstrated that dis-
tinct genera dominated in the gut compared 
to those in the respiratory tract with a core 
microbiota dominated by Veillonella and Strep-
tococcus. Bacterial diversity increased signifi-
cantly over time, with evidence of more rapid 
acquired diversity in the respiratory tract. 
Interestingly, changes in diet also resulted in 
altered respiratory microflora, suggesting a 
link between nutrition and microbial commu-
nities in the respiratory tract. These data illus-
trate that even in infants with CF, nutritional 
factors and gut colonisation patterns are de-
terminants of the microbial development of 
the respiratory tract microbiota59.

Compared with healthy controls, children with 
CF have significantly different intestinal micro-
bial core structures. The levels of Eubacterium 
rectale, Bacteroides uniformis, Bacteroides vulga-
tus, Bifidobacterium adolescentis, Bifidobacterium 
catenulatum and Faecalibacterium prausnitzii were 
reduced in children with CF. A similar but 
more extreme pattern was observed in chil-
dren with CF who were taking antibiotics. 
Interestingly, administration of Lactobacillus 
GG partially restored intestinal microbiota60. 
Comparison of the predominant faecal micro-
biota compositions of a group of paediatric 

CF patients and their healthy siblings demon-
strated that general medium counts, as well 
as counts on media specific for lactic acid bac-
teria, Clostridia, Bifidobacterium spp, Veillonella 
spp. and Bacteroides-Prevotella spp. were consis-
tently higher in sibling samples than in CF 
samples, whereas the reverse was found for 
enterobacterial counts61. 

A recent study identified the role of the CF 
mutation on the CF microbiota and demonstrat-
ed that those who were homozygous-F508del 
had more altered faecal microbiota compared 
to the other CF genotypes62. Studies on gut 
microbiota in stable adults with CF demon-
strate significant altered microbiota, includ-
ing reduced microbial diversity, an increase 
in Firmicutes and reduction of Bacteroidetes 
compared to the non-CF control population. 
Furthermore, CF patients presenting with se-
vere lung dysfunction had significantly re-
duced gut microbiota diversity relative to 
those presenting with mild or moderate dys-
function and a significant negative correla-
tion was observed between the number of 
intravenous antibiotic courses and gut micro-
biota diversity63. 

The influence of gut microbes on respiratory 
immunity is further illustrated by the effects 
of ingested probiotics and prebiotics on respi-
ratory infections and diseases. Probiotics have 
been shown to reduce the incidence of CF 
pulmonary exacerbations64,65. Previous stud-
ies already indicate that probiotic administra-
tion in CF also reduces the intestinal inflam-
mation in these patients66.

These data illustrate the need to determine 
opportunities to minimise the disruption to 
the CF gut microbiota that occurs due to the 
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disease and its management to influence 
lung disease outcomes.

c. Chronic obstructive pulmonary 
disease

Changes in gut microbiota as well as the in-
terplay between gut and lung microbiota is 
poorly studied in patients with COPD. One 
study analysed respiratory tract microbiome 
in healthy smoking and non-smoking sub-
jects21. The authors reported that lung bacte-
rial communities resemble those in the oral 
cavity but also that the mouth microbiome 
differed between smokers and non-smokers 
in species such as Prophyromonas, Neisseria 
and Gemella. Porphyromonas, linked to peri-
odontal disease, is generally increased in 
smokers who show a decreased inflammato-
ry response to this organism67. At least, the 
data of this study suggest that smoking dis-
rupts the normal community structure in 
the mouth. The possible link between these 
changes in mouth community and onset of 
disease development needs further research.

Smoking also disrupts the gut microbiota. Smok-
ers have increased levels of Bacteroides-Prevorella 
than non-smokers: similar patterns are re-
ported in patients with Crohn’s disease68. The 
opposite seems also be true: smoking cessa-
tion substantially alters the intestinal micro-
biota: key representatives from the phyla of 
Firmicutes and Actinobacteria increase while 
Bacteriodetes and Proteobacteria decrease after a 
controlled stop smoking program69. The au-
thors suggest a potential mechanistic associa-
tion between these microbial shifts and alter-
ations in body weight after smoking cessation.  
The causes of these smoking-associated changes 

in the composition of the gut microbiota were 
recently reviewed and are probably a combi-
nation of environmental, host and microbial 
changes1.

Intriguing is the role of Helicobacter pylori. 
While this pathogen has long been linked 
with decreased incidence of asthma and al-
lergy, s2 meta-analyses suggested that in-
fection with H. pylori is positively associat-
ed with an increased incidence of COPD 
and other chronic bronchial diseases70, and 
that systemic immune responses triggered by 
H. pylori have different roles in the aetiology 
of different lung disorders1. Longitudinal and 
intervention studies will be needed to unrav-
el whether these changes in gut and respira-
tory microbiota are a cause or consequence 
of COPD.

d. Exacerbations of chronic 
obstructive pulmonary disease

He et al.36 recently analysed the key concep-
tual features of exacerbations of chronic gut 
and lung diseases. They are both associated 
with profound bacterial dysbiosis and dys-
regulation, inducing host inflammatory re-
sponses: both exacerbation conditions in-
clude a disruption of the homeostatic balance 
between the resident organ microbiota and 
host immune mechanisms. Neither of the 
conditions have hallmarks of an acute infec-
tion, in which the pathogenetic bacterial spe-
cies overtake a tissue site and contribute to 
tissue injury. In cases where antibiotics are 
beneficial, it is believed to be via manipula-
tion of the bacterial community composition 
or indirect immunomodulatory effects of the 
antibiotics.
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Publications on the role of oral non-typeable 
Haemophilus influenzae (NTHi) immunisa-
tion with non-typeable Haemophilus influen-
zae have challenged the role of gut immuni-
ty in the pathophysiology of exacerbations 
of COPD71. Oral immunisation with inacti-
vated NTHi in subjects with moderate-to-se-
vere COPD had significant reductions in 
both positive sputum cultures and frequency 
of acute episodes without changes in specif-
ic IgA in secretions71. These observations 
contribute to the hypothesis that acute exac-
erbations occur as an uncontrolled and in-
appropriate inflammatory response to bac-
teria colonising damaged airways due to an 
ineffective Peyer’s patch-derived T lympho-
cyte response and emphasise the critical 
role of the common mucosal system72 (Fig. 6). 
It is of note that aspiration of the bronchus 
content may deliver up to 1011 bacteria per 
day in the gut and a prospective study in 
smokers over a winter period showed a sig-
nificant seasonal increase in antigen-reactive 
T-cells, consistent with the idea that swal-
lowed sputum leads to antigen presentation 
to the GALT as a physiological mechanism 
of antigen handling73,74. Intriguing in this 
context is the imbalance of Th17 and Treg 
cells and their respective cytokines in COPD 
patients in different stages, as observed in 
various autoimmune disorders. These cells 
are normally in a state of balance; if this 
balance is shifted toward Th17 cells, inflam-
matory processes are triggered throughout 
the body75. It has been demonstrated that the 
proportion of Th17 cells in peripheral blood 
and secreted Il-17 and TGF-β 1 levels in spu-
tum are significantly higher in acute exacer-
bations of COPD than in stable COPD pa-
tients and controls, indicating that acute 
exacerbations of COPD are associated with 

a shifting toward a pro-inflammatory re-
sponse with imbalance between Th17/Treg 
cells76. These Th17 CD4+ lymphocytes pro-
duce IL-17A that promotes the activation of 
bronchial fibroblasts, epithelial cells and 
smooth muscle cells, and induces them to 
produce pro-inflammatory cytokines respon-
sible for the recruitment of neutrophils and 
their local infiltration, aggravating COPD 
symptomatology77.

Immunotherapy with inactivated NTHi is as-
sumed to augment this physiological loop 
based on aspiration content into the gut by 
stimulation of T-cells in the Peyer’s patches of 
the GI tract to improve airway immune func-
tion72. Although this concept is very challeng-
ing, a systematic review concludes that the 
H.  influenzae vaccine taken orally in patients 
with chronic bronchitis and COPD does not 
have a significant reduction in the number 
and severity of acute exacerbations78. It would 
be useful to assess further both the longitu-
dinal outcomes after one and two years fol-
lowing vaccination using careful standardised 
measurement protocols in COPD patients as 
well as the assessment of effects of vaccina-
tion in high-risk populations not yet diag-
nosed with COPD as a means of establishing 
the prophylactic capabilities of such vacci-
nation78. 

THE LEAKY GUT SYNDROME  
IN CHRONIC RESPIRATORY DISEASES

The GI barrier function is crucial in maintain-
ing homeostasis of the body and selective 
permeability of the intestinal barrier is essen-
tial for oral tolerance development. Appro-
priate immune response and overall health 
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require a concerted interaction of the GI bar-
rier, the host physiology and the GI luminal 
content. A number of intestinal and extra-in-
testinal diseases are described as being asso-
ciated with a changed intestinal barrier func-
tion and increased permeability. The “leaky 
gut syndrome” is a phenomenon of increased 
intestinal permeability due to disruption of 
tight junctions. 

On the basis of the concept that asthma is a 
T lymphocyte-mediated inflammatory disease 
involving the whole mucosal immune system, 
different studies reported an increased intestinal 

permeability in asthmatic children and adults79. 
A dysfunctional barrier of the entire GI tract 
has an essential contribution to food allergic 
reactions80. 

Studies in CF patients showed evidence for a 
CF enteropathy, manifested by enterocyte dam-
age and intestinal inflammation81,82. Further-
more, evidence is provided for an inverse cor-
relation between this enteropathy and lung 
function impairment and priming of the small 
intestine to absorb microbial products poten-
tially triggering hepatic inflammatory signal-
ling and fibrogenesis pathways82.

Figure 6. The common mucosal immune system (adapted from He Y et al.36, reproduced with permission from Taylor & Francis Ltd). 
GALT: gut-associated lymphoid tissue; Iga: immunoglobulin A; MLN: mesenteric lymph nodes; PP: Peyer’s patches.
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In COPD patients, it has been demonstrated 
that an altered intestinal permeability under 
resting conditions is intensified during daily 
life activities. These data suggest that COPD 
patients are unable to cope with the metabol-
ic demand of daily life activities, probably 
related to intestinal ischaemia and associated 
enterocyte damage83. Intestinal compromise 
could be a contributing factor in systemic 
inflammatory changes in COPD. Increased 
small intestinal permeability has also been 
reported in COPD patients hospitalised for an 
acute exacerbation84.

Further studies will be needed to unravel 
these enteropathic changes in the different 
disease conditions but they also indicate that 
the gut can become an interesting future tar-
get for therapeutic interventions in chronic 
respiratory conditions. Intestinal epithelial 
cell turnover and gut barrier functions must 
be considered as dynamic processes, affect-
ed by nutritional status, route of feeding as 
well as the adequacy of specific nutrients in 
the diet. 

CONCLUSIONS AND PERSPECTIVES

The gut and lung microbiota are essential to 
health and bacterial components and metab-
olites in the gut, and lungs have the capacity 
to modulate systemic and local immunity. 
Understanding the mechanisms that mediate 
the gut-lung cross-talk and the role of the gut 
and lung microbiota in mediating, maintain-
ing and regulating this cross-talk will shed 
new perspectives in understanding chronic 
respiratory conditions and will potentially 
lead to identification of new and effective 
avenues for treatment. Future studies are 

needed to better discern causative effects and 
longitudinal studies must identify the role of 
these lung-gut interactions not only on the 
development of chronic respiratory condi-
tions but also on their role in established 
chronic lung diseases. Future mechanistic 
microbiome studies should be directed to-
wards understanding interactions between 
the host and microbes, using metagenomics, 
metabolomics and meta-transcriptomics to 
identify differentially expressed microbial 
genes in the patient’s journey. Future studies 
will be needed to understand underlying 
mechanisms of the leaky gut syndrome in 
different chronic respiratory conditions. Gut 
dysfunction as well as gut-lung cross talks 
can become part of integrated management 
strategies in patients with chronic respiratory 
diseases.
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