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Abstract
Purpose Gut microbiota are able to generatemetabolites that can alter the function of immune cells and play a major role in health
and disease. Understanding the changes in gut microbiome during infections including virus may help to use novel strategies in
the therapeutic interventions.
Methods We have reviewed recent reports on role of gut microbiome in lung infections and its possible importance in COVID-19.
Results Most of the studies provide an insight into the possible role of gut microbes during lung diseases including chronic
obstructive pulmonary disease (COPD), cystic fibrosis, lung cancer, and other respiratory problems such as allergy and asthma.
However, clinical evidence underlying gut-lung crosstalk during respiratory viral infections is limited.
Conclusion This review provides an overview of the role of the gut microbiome during respiratory viral infections mainly
focused on COVID-19 and possible evidence for its crosstalk targeting as new therapeutics.
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Introduction

In December 2019, a series of cases of unsolved respiratory
viral pneumonia was occurred in Wuhan, China. Primarily,
most of the cases were considered to have linked with the
seafood market in Wuhan. Later, it was identified that human
to human transmission played a major role in the disease out-
break (Yuki et al. 2020). This disease was rapidly spread from
Wuhan to other places in China and the rest of the world. To
identify the causal organism of this disease, a huge number of
tests were conducted. Finally, the International Committee on
Taxonomy of Viruses (ICTV) named the causative virus as
SARS-CoV-2 and the disease name as COVID-19 (Cui et al.
2019). This disease has been affecting a huge number of peo-
ple in the worldwide, approximately more than 216 countries

and territories (Zhang et al. 2020c; Zheng 2020). As of 21st
October 2020, around 40,251,950 cases have been infected
and 1,116,131 deaths occurred worldwide according to the
World Health Organization (WHO, 2020).

Six species of corona viruses arewell known to cause diseases
in human, among them the Middle East Respiratory syndrome
Coronavirus (MERS-CoV) and Severe Acute Respiratory
Syndrome Coronavirus (SARS-CoV) are zoonotic diseases,
which caused severe respiratory illness and had higher fatality
rates (Ye et al. 2020). Now, the recent pandemic COVID-19 is
the seventh type of corona viruses. Phylogenetic study of its
single stranded RNA viral genome (29,903 nucleotides) has re-
vealed that the COVID-19 is almost similar (89.1% nucleotide)
with SARS-like coronaviruses that had previously found in bats
in China (Wu et al. 2020b). This information possibly explains
the behavior of the present novel COVID-19 in human infec-
tion. Moreover, the mutational profile shows the highest muta-
tion in the orf1ab gene especially the transitional mutation is
much more frequent than transversion (Gupta et al. 2020).
SARS-CoV-2 multifractal approach-based study concluded
that structure organization linked to large fluctuations in ge-
nome imparting virulence in the virus (Mandal et al. 2020).
Now, the current trend is the development of an effective vac-
cine and clinically efficient therapeutic treatment methods for
COVID-19. Until that, we are reliant on preventative methods,
such as social distancing and good hand hygiene to minimize
the infection rates (WHO, 2020). An alternative addition to
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such preventative measures would be the strengthening im-
mune system of individuals to better fight against COVID-19
(Gasmi et al. 2020). Here, our normal gut microbiome comes to
play a significant role. We know that trillions of nonpathogenic
bacteria are living within our gut system referred as gut
microbiome or normal microbiota. These organisms perform
important functions in the body such as the production of vita-
mins, aiding digestion, and stimulation of our immune system
to fight against infectious pathogens (Lazar et al. 2018).
Maintaining a high level of gut bacterial diversity is key to
maintain good health. A loss of bacterial diversity in the gut
results in a physiological change within our gut system that can
initiate common infections and inflammation. It is also com-
mon that the microbiome of the gut can decrease with the age,
this may also be important factors in COVID-19 infections and
high mortality rate in older aged people (Gasmi et al. 2020).

So far, many researchers (Liu et al. 2020; Chen et al. 2020b;
Huang et al. 2020) have been focused on the clinical symptoms
of the COVID-19 patients; the obtained results revealed that
those individuals are older or having other clinical complica-
tions are more susceptible to COVID-19 infection. Many peo-
ple, particularly the younger, are less susceptible and develop
only very mild disease. Recent researchers have confirmed that
the gut microbiota plays an important role in the body defense
mechanism and mounting an immune response to pathogens
like coronavirus (Chen et al. 2020b; Huang et al. 2020).
Previous reports confirmed that coronavirus enters into human
cells by binding with angiotensin converting enzyme 2 (ACE2)
receptor. ACE2 is necessary for entry of SARS-CoV-2 through
viral spike (S) proteins and involvement of host cellular serine
protease TMPRSS2 as a cofactor for S protein priming (Yan
et al. 2020). A recent study observed that natural variations
facilitate a higher expression of ACE2 depending on the popu-
lation and functional gene expression. This result in ACE2
homo-dimerization, which leads to hindrance of TMPRSS2
mediated cleavage of ACE2 and reduced or no SARS-CoV-2
entry or viral replication (Sharma et al. 2020).

ACE2 also has the main impact on gut microbiota composi-
tion, consequently affecting cardiopulmonary infections (Cole-
Jeffrey et al. 2015). Over 60% of COVID-19 patients report
confirmation of having gastrointestinal symptoms like nausea,
vomiting, and diarrhea. The patients with these symptoms had
overall more critical diseases (Jin et al. 2020; Lin et al. 2020).
The discovery of gut microbiota and its metabolites may provide
potential preventive and treatment targets for those who are sus-
ceptible to the COVID-19. In the future, they could serve as a
potential therapeutic target for the development of drugs.

Origin and colonization of COVID-19

The severe acute respiratory syndrome coronavirus 2 (SARs-
CoV-2) has said to be originated from a place in China called

Wuhan as a case of severe unidentified pneumonia (Zhou et al.
2020). After by the confirmation of the virologists, named as
Novel Coronavirus Pneumonia (NCP) which was caused by
Novel Corona virus, later on, WHO officially named it as
“Defined coronavirus disease”( COVID-19). Formal name and
designation for the current disease was given based on commu-
nication conductivity in clinical and research trials (Wang et al.
2020). The virus belongs to a large class of prevalent viruses,
β-corona virus family. Unlike other hosts, SARs-CoV-2 also has
natural host, intermediate hosts, and final hosts which make the
researcher in delaying to find the treatment with enormous chal-
lenges. SARs-CoV-2 has a high mortality and infectivity rate as
compared to Middle East Respiratory Syndrome Corona Virus
(MERS-CoV) (Zheng 2020). There are studies revealing inter-
esting facts about the genomic sequences of the SARS-Cov-2
and Bat SARs corona virus (SARSr-CoV-RaTG13) were 79.5%
and 96% leading to an acute decision that the novel coronavirus
would have spread from bats (Guo et al. 2020). According to the
WHO, the first case of the novel coronavirus was reported on
12th December 2019.

The patient presented with most of the respiratory symp-
toms such as dry cough; dyspnoea; gastrointestinal problems
such as nausea, vomiting, and diarrhea; fever; running nose;
headache; abdominal discomfort; myalgia; and fatigue which
are the common symptom criteria used to screen the novel
corona virus disease (Shen et al. 2020). According to the pub-
lished reports, bats are said to be the original natural host and
reservoir of the infection; pangolins and snakes are said to be
the intermediate hosts (Wan et al. 2020). Current scenario
shows that patients infected with COVID-19 are the running
source of infection. Droplets suspension in the air and close
contact with a person infectedwith the COVID-19may lead to
the transmission of the current event (Galbadage et al. 2020).
Reports studied the colonization of the virus in the lungs
which are able to identify based on the gastrointestinal sam-
ples, sputum, saliva, and urine. Tears and conjunctival secre-
tions are also said to be the main route of transmission from
one individual to others (Mackenzie and Smith 2020; Xia
et al. 2020).

The virus employed by damaging the internal lining of
the alveoli and blood capillaries; the debris from the ex-
asperations such as plasma proteins gets accumulated on
the alveolar wall which results in the thickening of the
internal lining (Guo et al. 2020). Due to the thickened
internal lining of the alveolar sac, transfer of the oxygen
in and out of the RBCs is made difficult for the domain,
which results in difficulty of breathing as the concentra-
tion of the oxygen in the body is reduced. Hence, due to
shortage of the oxygen supply to various organs of the
body, there is impaired normal functioning of the body.
At this stage, there is no immediate response from the
human immune system due to lack of immunity to fight
against the virus (Wang et al. 2020; Wu et al. 2020a).
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Epidemiology and pathogenesis

Recent report suggests that the SARs-CoV2 might be originat-
ed and transmitted from the bat as a potential reservoir and
transmitter (Wu et al. 2020a). It is important to understand the
severity and infectivity caused by the COVID-19 in the case of
the human race. Based on the reports published by the WHO,
82% of the patients suffering from COVID-19 showed mild
symptoms of the disease and interestingly, they recovered soon
(Yuen et al. 2020). Also, children presented with very severe
symptoms which were rated at 2.4% and are more prone to
developing chronic diseases and mortality (Prill et al. 2012;
Yuen et al. 2020). In addition to these facts, which supplements
the patients who are suffering from the COVID-19 such as age,
severe underlying disease, other secondary infections, and co-
infections like the influenza virus, Klebsiella pneumoniae may
lead to speed up the severity of the event (Chen et al. 2020a, pp.
2013–2019; Morris et al. 2017). So, it is important for the
physician to screen out the individual based on some of the
parameters such as hypoxia where the oxygen concentration
in the blood is very much reduced, due to the abruption or the
severe damage to the alveoli and alveolar trees. Shortness of
breath and X-ray analysis of the lungs shows opaque to glassy
appearances (Guo et al. 2020).

Acute respiratory distress syndrome

Acute respiratory distress syndrome (ARDSs) found in severe
cases of the COVID-19 have a direct correlation between each
other which may lead to enormous complications such as
pneumonia, which is highly fatal. The patient presented with
symptoms such as mucus less dry cough, shortened exchange
of the gases in and out of the lungs, difficulty in breathing, and
most importantly increased heart rate (Yi et al. 2020). If the
individual is not suffering from ARDS, the severity of the
COVID-19 in the individual is very less and can be treated
with simple medications and speedy recovery. In addition to
this, due to the severity of the infections from the COVID-19
and ARDS, an individual has a decreased or impaired immu-
nity; once the individual gets infected with the ARDS, the
scenario leads to pneumonia (Yuki et al. 2020).

COVID-19 can be differentiated into the different categories
or the stages based on the carrier factors and symptoms in order to
simply the severity of infection (Shi et al. 2020;Yuen et al. 2020).
First category: these are the clear cut scene of the asymptomatic
state of individuals where the domain is infected with the virus,
but there is no sign of any infections due to lack of promisable
symptoms, who acts as carriers. As the reports say, these are the
major risk factors present in the society due to lack of knowledge
in them and have higher chances of spreading the disease (Shi
et al. 2020). Second category: individual presented with mild
febrile illness, dry cough, headache, and conjunctivitis which
are the common symptoms due to the abruptions in the upper

respiratory tract. The third category, as said above in the second
category, a similar presentation from the domain, but requires
hospitalisation due to worsened respiratory systems. Chances of
mortality are high, cures if treated. Fourth category: these are the
severe case of the infection where fatality is very high, domain
presented along with ARDS and pneumonia (Yuen et al. 2020).

The main function of the alveoli is to pump and transfer the
oxygen to various blood capillaries; these capillaries transfer the
oxygen to RBCs to all other internal organs of the body. On
intervention of the COVID-19, these tiny air sacs of the alveoli
get damaged and the process of the pumping of the oxygen thus
reduced (Siordia 2020). Due to pneumonial damaged air sacs
from the ARDSs, fluidic particles start secreting out of the rup-
tured cells and proteins which leads to the development of pneu-
monia. Furthermore, these systems imbalance the oxygen intake
into the lungs which results in slow down of the oxygen ex-
change (Nathan et al. 2020; Siordia 2020).

Microbiome-mediated crosstalk

Many studies (Ubags and Marsland 2017; Zhang et al. 2020a;
Sokolowska et al. 2018; Aarnoutse et al. 2019) observed that
lung diseases such as asthma, COPD, cystic fibrosis, allergy,
and lung cancer are associated with gut microbiome distur-
bances. Although, the clinical evidence for the impact of gut
microbiota on lung infections, as well as diseases, is not fully
understood. However, alteration in gut microbial metabolites
and related species is found to be responsible for the changes
in the lungs as inflammation responses as well as the disease
development (Zhang et al. 2020a). During viral infection like the
influenza virus, the injury was not caused by influenza infection;
in fact, the intestinal injury was due to the migration of lympho-
cytes via CCL25-CCR9 axis from the respiratory tract into the
intestinal mucosa (Table 1) (Dilantika et al. 2010). Therefore,
analysis of microbiome in healthy individuals and under dis-
eased conditions suggests that dysbiosis of gut microbiome
has been linked with lung health and disease conditions (Fig. 1).

Role of lung and gut microbiome in viral colonization

The development of new technologies in culture-independent
microbial analysis and identification uncovered the complex-
ity of microbial interaction with the host. The complex com-
munities in the various parts of the human body such as the
lung, skin, or gut are observed with an appreciable role in
maintaining immune homeostasis, organ, and tissue
(Dickson et al. 2016). The lung and gut are constantly exposed
to diverse microbiota, in fact, harbor abundant microbes
which direct communication or crosstalk through various
mechanism with lung or gut and collectively play a major role
in host immunity (Belkaid and Hand 2014). Interestingly, mi-
crobial colonization in the human lung is tightly connected
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with its anatomy and physiological function (Mathieu et al.
2018). It has been observed that microbial diversity transition
from the upper to the lower respiratory tract depends upon
gradients of pressure and temperature change. Moreover, col-
onization ofmicrobes in both lung and gut also depends on the
age and other respective physiological conditions (Milani
et al. 2017; Shastry and Rekha 2020).

The human gut provides opportunities for the colonization
of viruses and other microbes starting from the oral cavity,
through the esophagus, stomach, small intestine, colon, and
rectum (Hillman et al. 2017). The healthy gut is typically
dominated by bacteria belonging to the genera Bacteroides,
Faecalibacterium, and Bifidobacterium (Barcik et al. 2020).
Different studies on the human gut microbiome concluded
with various microbes besides bacteria and fungi (Shastry
and Rekha 2020), additionally, microbiota composed of virus-
es and archaea (Thursby and Juge 2017). The viruses mainly
belong to bacteriophages and the archaeal population is dom-
inated by Methanobrevibacter smithii (Barcik et al. 2020).
Many studies in human and mouse model demonstrate the

axis between the lung and gut through gut-associated lym-
phoid tissue (GALT) and inducible bronchus-associated lym-
phoid tissue (iBALT), which are part of the regulation of local
immune responses (Hwang et al. 2016; Tan et al. 2019). The
GALT and iBALT involve in the Th cell and cytotoxic (Tc)
responses through the production and secretion of IgA at mu-
cosal surfaces (McGhee and Fujihashi 2012). The connection
between the lung and gut through microbiome is an observa-
tion influenced by lung diseases and intestinal microbiome
changes and vice versa (Zhang et al. 2020a).

The mechanism in the communication between lung-gut is
still unclear, but the regulation through normal microbiota and
dysbiosis suggested that metabolites (short-chain fatty acids,
SCFAs), colonization induced immunity and other protective
functions significantly influence on viral colonization in the
human lungs (Barcik et al. 2020). A recent study on patients
undergoing allogeneic hematopoietic stem cell transplantation
(allo-HCT) found a significant correlation of impact on colo-
nization of the gut with butyrate-producing microbiota on the
prevalence of lower respiratory tract infection (LRTI). The

Table 1 Role of pathogenic bacteria on viral colonization in the lung and gut of the humans

Bacteria Type of disease/
infections

Viral infections Type of colonization Role/function Reference

Lung- microbiome
studies

Streptococcus
pneumoniae

Pneumonia HRSV infection Opportunistic
colonization

Exploit inflammation
and obtain nutrients

Nguyen et al.
2015;Bogaert et al.
2004

Staphylococcus
aureus

Chronic respiratory
infections

Rhinovirus, Influenza A
Virus

Opportunistic
colonization

Impaired mucociliary
clearance

Dickson et al. 2013;
Reddinger et al. 2016

Haemophilus
influenza

Chronic respiratory
infections

Epidemic Influenza ,
Rhinovirus

Opportunistic
colonization

Mucociliary
interactions,
lung inflammation

King 2012

Pseudomonas
aeruginosa

Chronic respiratory
infections

Rhinovirus Opportunistic
colonization

Biofilm production Dickson et al.
2013;Sörensen et al.
2020

Burkholderia
cepacia

Chronic respiratory
infections

Influenza virus Opportunistic
colonization

Biofilm production Dickson et al. 2013;
Fung et al. 1998

Klebsiella
pneumoniae

K. oxytoca

Pneumonia Influenza A virus Opportunistic
colonization

Biofilm production Lee et al. 2018;Lee et al.
2015

Gut- microbiome
studies

Clostridium
difficile

Acute infectious
diarrhea

Norovirus genogroup 2,
Sapovirus, Astrovirus

Opportunistic colonization
or contaminated food

Release toxins that
damage the cells
lining the intestinal
wall

Dickson et al. 2013; El
Feghaly et al. 2013

Faecalibacterium
prausnitzii

Inflammatory
bowel disease

Bacteriophages Opportunistic colonization Interstitial inflammation Cornuault et al. 2018

Campylobacter
enteritis

Traveler’s diarrhea Viral gastroenteritis Contaminated food Toxin produced disrupt
epithelial lining

Janssen et al. 2008

Pasteurella
multocida

Acute and chronic
infections in gut

Bovine respiratory
syncytial virus

Opportunistic colonization Biofilm formation, Sudaryatma et al. 2018;
Wilson and Ho 2013
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patients with a higher gut abundance of butyrate-producing
bacteria were fivefold less likely to develop viral LRTI in
allo-HCT patients. Interestingly, a viral infection like respira-
tory syncytial virus (RSV) or influenza virus in the lungs
induces through cellular immune response, which results in
significant changes in the gut microbiome and metabolome
which suggests a possible relation between the lung-gut
microbiome in viral colonization (Haak et al. 2018).

Gut-lung crosstalk and COVID-19

According to a recent study, patients infected with COVID-19
presented with acute febrile illness, dry cough, and dyspnea
along with the production of sputum, headache, vomiting, and
other gastrointestinal presentations (Chavez et al. 2020).
Studies reported that there is not only transmission of the
disease from animal to human but also virus can spread from
human to human by the close contact with the help of aerosols,
due to the evidence that viral RNAs were seen in the fecal
samples and anal swabs of the domain suffering from the
COVID-19. Therefore it is possible that there are some
chances of transmission of the virus through feaco-oral route
(Hindson 2020; Hu et al. 2020).

A recent study showed that there is a structural similarity
between the receptors-binding complex of SARS and
COVID-19, which means COVID-19 uses ACE2 as a recep-
tor (Zhang et al. 2020b). ACE2 is seen in an enormous amount
in epithelial walls of the human lung and intestine, and based
on the reports, these receptors are present on the luminal sur-
face of small intestinal epithelial wall especially in the crypts
and colon (Hamming et al. 2004). In addition, these are also
linked with the amino acid transport function of the of ACE2
to the microbial population in the GI tract, where the ACE2
mutants get lesser peptides to bind, hence show the altered gut
microbial population (Hashimoto et al. 2012). The respiratory
tract has its own microbiota, but patients who are suffering
from respiratory infections will always be suffering from the
GIT dysfunction which is very severe in most of cases reveal-
ing the gut-lung crosstalk (Enaud et al. 2020). Various reports
share the information of microbial population present in the
gut which may alter many other respiratory tract infections
caused such as ventilator-associated pneumonia (Dickson
et al. 2013). Since now, there is no direct clinical evidence
of the gut microbiome, which plays a role in the alteration in
moduling the severity caused by the COVID-19. However,
respiratory infection patients generally have gut dysfunction
complications with a more severe clinical course of the

Fig. 1 Possible gut-lung crosstalk
in respiratory viral infections.
Respiratory viral infections medi-
ate migration of lymphocyte from
the respiratory tract into the in-
testinal mucosa which can induce
intestinal injury (Dilantika et al.
2010). Dysbiosis can increase in-
testinal permeability as well as
alter metabolite production in the
gut, which lead to an increased
exacerbation of pre-existing lung
disease or risk for respiratory
diseases
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disease, indicating possible gut-lung crosstalk due to dysbiosis
or treatment complications.

ACE2 is specifically located on the surface of the luminal
intestinal epithelial cells and gut microbiota influences the
activity of ACE2 (Perlot and Penninger 2013). Therefore, it
is hypothesized that there is a close relationship between the
COVID-19 and the gut microbiota. Even a small quantity of
the bacteria present in the alveoli contributes to the equilibri-
um maintenance of the lung immune system. The gut bacteria
producing lactic acid by Lactobacilli increase the antiviral
immune response and activity of natural killer cells (Feng
et al. 2020). It is possible that novel targeted approaches to
modulate microbiota of the gut as one of the best therapeutic
approaches of COVID-19 and its comorbidities.

Emerging investigations indicate that gut-lung axis is a
fundamental cross-talk between gut and lungs microbiota.
Microbiota that inhabits in both lung and gut lives in a mutu-
alistic approach with the host. In the gut microbial communi-
ties, Firmicutes and Bacteroidetes are more predominant,
while Firmicutes, Bacteroidetes, and Proteobacteria dominate
in the lung (Marsland et al. 2015). A well-balanced gut micro-
bial community is of immense importance in the functioning
of a good immune system and health (McAleer and Kolls
2018). The gut microbiome has been reported to play an im-
portant role in pulmonary immunity via vital cross-talk be-
tween the lungs and gut microbiota (Keely et al. 2012). The
gut–lung axis allows the transport/diffusion of microbial me-
tabolites, endotoxins, and cytokines into the bloodstream
linking the gut and the lung. Few reports evidenced that the
involvement of Toll-like receptors (TLRs) (Wang et al. 2018),
T cell subsets (Luu et al. 2017) and inflammation cytokines
and surfactant protein D (Du et al. 2018), and some other
factors have been reported as the essential mechanisms.
However, probiotics, prebiotics, antibiotics, natural products,
or food diets have been attempted clinical and laboratory stud-
ies in different lung diseases as new therapeutic strategies that
target alteration of the gut microbiome (Vieira et al. 2016).

The microbiome has become identical for the collection of
bacterial species as well as fungal diversity or mycobiome is
an important part of the microbiome (Seed 2014).
Approximately, 400 different fungi have been isolated and
identified from humans (Halwachs et al. 2017) and the bio-
mass constitutes a number of biologically active compounds,
which might significantly influence on host immune system
(Underhill and Iliev 2014). Particularly, the gut mycobiota has
been proved to alter the innate immune system of the host via
Dectin-1 receptor (Iliev et al. 2012). Dysbiosis of gut fungal
diversity has been linked with gut inflammation, particularly
colitis exacerbation, observed in antifungal drug-treated mice
(Wheeler et al. 2016). Some native microbiome like
Lactobacillus salivarius also reported to produce in mice that
can considerably protect mice against pathogenic Listeria
monocytogenes. Most importantly, protection was also

observed against the naturally bacteriocin-resistant foodborne
pathogen, such as Salmonella typhimurium (Corr et al. 2007).

The significance of the microbiome inmodifying the innate
immune system in life occurs from several studies comparing
germ-free and specific pathogen-free mice. Germ-free mice
are categorized by with immature mesenteric lymph nodes,
few germinal centers, few lymphoid follicles, decreased quan-
tity of antimicrobial peptides, decreased immunoglobulin (Ig
A), and an overall decreased B, T, and dendritic cells
(Sommer and Bäckhed 2013). Furthermore, they observed
defects in the systemic immune system, since the spleen and
lymph node structures are affected with less germinal centers,
diffuse B and T cell zones, and low levels of circulating IgG.
Interestingly, colonizing germ-free mice with commensal bac-
terial species reversed the defects, then developed normal im-
mune system and normalized within a few weeks
(Macpherson and Harris 2004).

Recent studies on modulating gut microbiota suggest that it
can reduce ventilator-associated pneumonia and enteritis; in
some cases, it can reverse side effects of antibiotics during
treatment of early influenza virus replication in lung epithelia
(Shimizu et al. 2018). Two randomized control trials on me-
chanical ventilated patients developed substantially less pneu-
monia with the supplementation of probiotics such as
Lactobacillus rhamnosus GG, live Bacillus subtilis, and
Enterococcus faecalis (Morrow et al. 2010; Zeng et al.
2016). Moreover, for patients with severe COVID-19 infec-
tion, the National Administration of Traditional Chinese
Medicine and China’s National Health Commission recom-
mended probiotics in the treatment as it used to prevent sec-
ondary bacterial infection and maintain balance in the intesti-
nal microecology (Gao et al. 2020).

Microbiome immunity

Microorganisms protect our health by inducing our immune
system to fight against infectious diseases including viral in-
fections and a healthy gut microbiome also helps to protect
dangerous immune over-reactions in the host that damages the
lungs, heart, and other vital organs (Belkaid and Hand 2014).
Due to this, excessive immune response may also cause respi-
ratory failure and deaths in several infectious diseases. The
normal microbiota constitutes microorganisms that live on
the surface of the skin, mouth, gastrointestinal and genitouri-
nary tract, and respiratory system. This microbiota interacts
with our cells and most of our health depends on our immune
system responses to infectious diseases (Lazar et al. 2018).
During viral infections, our body responds to infection initial-
ly by activating the innate and adaptive immune system.
These two mechanisms limit the multiplication of the virus
and help to eliminate infectious pathogens. But, few viruses
have evolved to develop mechanisms to evade the host

186 Res. Biomed. Eng. (2022) 38:181–191



immune response, as observed in SARS-CoV-2, which is re-
sponsible for current pandemic COVID-19 (Kumar et al.
2020; Tay et al. 2020).

The human body nurtures a vast number of microorgan-
isms, such as viruses, bacteria, and fungi, which lives on its
both internal and external surface. Research reports evidenced
that colonization of microbial cells in mucosal tissues during
childhood is more important for the maintenance, balancing,
and development of the immune system (Gensollen et al.
2016). Dysbiosis of the gut microbiota has been linked with
the development of a number of infectious diseases and also
non-infectious diseases including allergy, asthma, and COPD
(Sokolowska et al. 2018). Modified gut microbiota on viral
respiratory infections have been reported in several studies
(Hanada et al. 2018; Li et al. 2019; Grayson et al. 2018;
Demirci et al. 2019). In an experiment, C57BL6 mice was
treated with antibiotic streptomycin before infection with the
murine paramyxovirus type 1. A drastic reduction was ob-
served in microbial diversity of the intestine, without effecting
on lung microbial diversity after the treatment of streptomy-
cin. Reduction in microbial diversity in the intestine was re-
sulted in significantly increased mortality rate to respiratory
viral infection (Grayson et al. 2018). The increased mortality
to respiratory infection was connected with a low immune
response characterized by an increase in lung IL-6, IFN-γ,
and CCL2 simultaneously decrease in count of regulatory T-
cells (Tregs) in the lungs and intestinal tract (Zhang et al.
2020a). In healthy humans, the most common group’s intes-
tinal microbiota are genera Bifidobacteria, Bacteroides, and
Faecalibacterium (Robles Alonso and Guarner 2013). The
lower respiratory tract of the human body is one of the less
microbial populated surfaces with an approximately 10 to 100
bacterial cells per 1000 human cells (Sze et al. 2012). The
major bacterial groups detected in the lung airways are
Bacteroidetes and Firmicutes; there are minor groups includ-
ing Proteobacteria, Actinobacteria, and Fusobacteria within
their local microbiota (Erb-Downward et al. 2011; Hilty et al.
2010). In a recent report, the mechanism correlated with the
microbiota of the intestine and lung interaction in immune
response to the infection of Mycobacterium tuberculosis has
been explored (Negi et al. 2019).

For the several years, the lungwas considered to be a sterile
organ but many publications have been proved that it harbors
its ownmicrobiota (Dickson et al. 2016; Huffnagle et al. 2017;
Erb-Downward et al. 2011; Hilty et al. 2010). Several studies
reported that the lungs of healthy individuals are most abun-
dant with the phyla Proteobacteria (Acinetobacter sp.),
Actinobacteria (Corynebacterium sp.), and Firmicutes
(Streptococcus sp.) (Bassis et al. 2015; Venkataraman et al.
2015; Aarnoutse et al. 2019). Immunity has been known to
play a very important role in the cause of pathogenesis in
asthma. In this, the involvement of TLRs and regulatory T
cell subsets is linked between gut microbiota, and allergy

was hypothesized. In a recent investigation, bacterial DNA
extracted from the stool samples of 88 healthy children and
92 children diagnosed with asthma were detected. Results
revealed that Faecalibacterium prausnitzii and Akkermansia
muciniphila was observed to be decreased in asthma patients
when compared to the healthy group. These two bacteria may
suppress the lung inflammation by modulating secreted bac-
terial metabolites, such as the decreased amount of IL-12 and
increased IL-10 (Demirci et al. 2019).

Several reports indicated that gut-liver-lung crosstalk plays
an essential role in the development of COPD (Young et al.
2016; Kuo 2013: Zhuang et al. 2019). The liver is one of the
key organs generating inflammatory cytokines and mediators
as an innate-immune response in other parts including the lung
and gut (Jenne and Kubes 2013). Subsequently, increasing
evidence suggested that the gut is linked to the liver and lungs
via dietary factors (Kuo 2013). In another study, it was found
that a decrease in levels of Actinobacteria sp. and
Bifidobacterium sp. and an increase in levels of
Enterococcus sp. were linked with lung cancer disease
(Aarnoutse et al. 2019). In addition, the destruction of the
normal function of the gut microbial diversity impacts on lung
cancer progression. An essential cross-talk between the lung
and gut microbiome has been reported in the progression of
lung diseases. The gut-lung axis allows for the movement of
cytokines, microbial metabolites, endotoxins, and hormones
into the bloodstream connecting with the gut niche and lung
(Zhuang et al. 2019).

It was also observed the change of intestinal microenviron-
ment in different lung diseases and also variations in the di-
versity of intestinal microbiota (Zhang et al. 2020a). This is a
clear indication of their vital cross-talk between the lungs and
intestine. A number of studies in recent days have been fo-
cused on the microbiota of the intestine during chronic respi-
ratory diseases. In one of the studies, Yi and colleagues com-
pared the bacterial diversity of the healthy individuals in the
upper respiratory tract with patients infected with the respira-
tory syncytial virus (RSV), parainfluenza, influenza, adenovi-
rus, rhinovirus, and coronavirus (Yi et al. 2014). Virus-
infected patients generally confirmed an increased occurrence
ofHaemophilus andMoraxella. Molyneaux et al. (2013) dem-
onstrated that healthy subjects with rhinovirus infection do not
alter the composition of the microbiota in induced-sputum
samples. COPD patients infected with rhinovirus can only
be seen an outgrowth of pathogenic bacteria, mainly of the
Proteobacteria phylum (e.g.,H. influenzae); this suggests sec-
ondary bacterial infections due to their predisposition. In re-
cent findings, it has confirmed that the intestine microbiome
can play a vital role in inducing immune responses in both
local and outside location, including the lungs. This could be
done by the systemic distribution of bacterial metabolites;
these are produced in the intestine but can reach different
organs through the bloodstream and exert their anti-
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inflammatory role (Belkaid and Hand 2014). Understanding
of the gut-lung axis in respiratory disease has been recognized
in recent years. Importantly, the existence of this mechanism
opens up new hopes for the development of therapeutic ap-
proaches to COVID-19 and other respiratory infections (Dhar
and Mohanty 2020).

Conclusions

In viral respiratory infections, alternations in the microbial com-
position of the airway and intestinal microbiota are observed,
commonly due to the major outgrowth of Proteobacteria and
Bacteroides. A microbiome-mediated cross-talk along the gut-
lung axis has been noted during lung infection specifically due
to alterations in the gut microbial species and metabolites.
However, clinical evidence-based mechanism by which the gut
impacts the lung environment and viral infection has not yet fully
understood. But, microbial metabolites such as SCFAs and pro-
biotic microbes influence the immune responses as well as in
preventing pathogen colonization. Interestingly, patients with re-
spiratory infections and diseases generally observed with gut
dysbiosis and related complications indicating gut-lung crosstalk.
In COVID-19 patients, this phenomenon can also be observed.
Therefore, improving gut microbiota with probiotics and other
beneficial bacteria plays a major role in therapeutic applications
and this could be further extended in the treatment of COVID-19
as a new therapeutic approach.
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