
THE GUT-LUNG AXIS AND NEUROIMMUNE DYSREGULATION: EXPLORING THE 
ROLE OF GUT MICROBIOME DYSBIOSIS IN CHILDHOOD ASTHMA AND 

AUTISM SPECTRUM DISORDERS

Original Research Paper

Dr Vishnu Rao 
Veerapaneni

Paediatric Allergist and Immunologist and Chairman, Swasa Hospital & 
Foundation, Hyderabad, Telangana State, India

Autism is the fastest-growing developmental disability in the world. Gut microbiota is either directly or 
indirectly linked to autism..Therapeutic approaches that target microbiota can help in the management 

of autism.Emerging research underscores the pivotal role of the gut microbiome in modulating immune responses and 
neurodevelopment. Dysbiosis, or imbalance in gut microbial communities, has been implicated in the pathogenesis of various 
conditions, including childhood asthma and autism spectrum disorders (ASD). This article explores the interconnectedness of 
the gut-lung axis and neuroimmune pathways, highlighting how alterations in gut microbiota composition can inuence 
respiratory health and neurodevelopmental outcomes.
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INTRODUCTION
Ischemic stroke is an acute cerebrovascular disease caused 
by cerebral artery occlusion. Although this disease has a 
great impact on public health, its exact etiological and 
pathological processes are not directed and precise (1) 

Currently, researchers believe that a complex series of 
neuropathological events, such as excitotoxicity, oxidative 
stress, neuroinammation, apoptosis, immune response, 
acidosis, and mitochondrial damage, result in brain damage 
in ischemic stroke (2,3)

Severe changes in local circulation lead to the accumulation 
of cell debris, and extensive inltration of immune cells in the 
brain tissue also induces the secondary progression of cell 
injury. However, there is no single answer to the mechanisms 
of ischemic stroke, because of which there is considerable 
ambiguity regarding the direction of stroke treatment (4)

Despite alternative treatments such as thrombus removal to 
allow tissue reperfusion, the limited treatment window and 
inadequate response lead to the poor prognosis of many 
patients.

Ischemia of the local brain tissue has been regarded as 
causing signicant inammation and has been studied in the 
past(5)

From the perspective of the brain, resident glial cells act as the 
main immune defense by eliminating injured or necrotic parts, 
while the intestinal tract and lung also assist the process via 
additional pathways, by translocation of immune cells and 
changing the central response through some metabolites (6).

Normally, microglia dynamically supervise changes in brain 

homeostasis and can be activated to eliminate cellular debris 
and release abundant cytokines, neurotransmitters, or other 
molecules to save both neurons and synapse functions (7)

Previous studies have fully distinguished the roles between 
M1 and M2 phenotypes, and suggested that M2 microglia are 
the earliest cell type to be activated when the stroke occurs 
(8,9)

While some studies have conrmed the proinammatory role 
of M1 microglia at the beginning of ischemic stroke, it should 
be made clear that such discrepancy probably depends on 
the primary ischemia condition, reperfusion time, lesion 
location, and research time (10)

Additionally, another essential role of microglia is the 
interaction with endothelial cells, astrocytes, and 
oligodendrocytes (11)

Activated microglia will induce A1-reactive astrocytes in vitro 
and in vivo by releasing interleukin (IL)-1α, tumor necrosis 
factor-α (TNF-α), and complement component subunit 1q (12)

The Autism and Developmental Disabilities Monitoring 
Network reported that the estimated prevalence of ASD 
increased from 0.67% in 2000 to 1.46% in 2012b (13).

Autism spectrum disorder (ASD) is a complex neuro-
developmental disorder characterized by decits in social 
interaction, language, and communication, as well as the 
presence of restricted repetitive behaviors. 

The prevalence of ASD in US children has steadily increased 
over the past decades (14)
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A recent study using data from the National Health Interview 
Survey (NHIS) found that the prevalence of ASD in US children 
aged 3 to 17 years was 2.24% in 2014, 2.41% in 2015, and 
2.76% in 2016 (15)

The etiology of ASD involves both genetic and environmental 
risk factors, and it is estimated that up to 40% to 50% of the 
variance in ASD liability might be attributed to environmental 
risk factors (16)

Immunologic dysfunction is a potential link between 
environmental risk factors and ASD (17)

Symptoms of immune function abnormalities, such as 
frequent infections and increased prevalence of autoimmune 
conditions, were frequently reported among children with 
ASD (18,19)

Available evidence has shown that early-life immune 
activation can adversely inuence certain neuro-
developmental processes, such as neuron growth, through 
multiple pathways, including altered expression of cytokines 
and chemokines (20)

Gut Microbiota
Microbiota in general refers to commensal, pathogenic, and 
symbiotic microbes that are found in multicellular organisms, 
which include not just bacteria but also other microbes such as 
protists, fungi, and viruses. (21)

The gut acts as the major habitat of human microbiota and 
depicts microbial populations inhabiting the length and width 
of the mammalian gastrointestinal (GI) tract. The human gut 
consists of approximately 500–1000 bacterial species, and 
healthy gut ora is largely responsible for maintaining an 
individual's overall health status (22)

There are manifold functions performed by the gut microbiota 
that include: maintaining the integrity of the intestinal barrier, 
stimulating regeneration of epithelium through the production 
of short-chain fatty acids (SCFAs) and some other 
metabolites, leading to the production of mucus, fermentation 
of non-digestible carbohydrates, and a lot more (23,24)

Enteric Nervous System--Second brain
Recent studies on the gut–brain axis suggested that the gut 
contains millions of nerve cells, eventually forming an 
extensive network called the enteric nervous system (ENS). 
This enteric nervous system is also considered our second 
brain (25)

The ENS and the central nervous system (CNS) are mainly 
connected via the vagus nerve and form the gut–brain axis 
(26)

The communications within the gut–brain axis occur through 
the autonomic nervous system, enteric nervous system, 
neurotransmitters, hormones, and immune responses (27) 

Neurotransmitters produced in the gut inuence our emotions 
by regulating the gut–brain axis.  Around 90% of 
neurotransmitters, such as serotonin, are produced in the gut 
(28)

The human gut microbiome consists of trillions of bacterial 
cells, which are 10-fold more signicant than human body 
cells (29)

The average human gut contains 1 kg of diverse groups of 
bacteria that mostly perform benecial activities, often 
involved in metabolite production and transportation, and 
maintenance of gut homeostasis (30,31)

Earlier, the majority of microbiota could not be classied by 
traditional cultural techniques. Researchers have overcome 
this limitation by using next-generation sequencing 
technology and metagenomic sequencing to identify 
unculturable microorganisms(32)

Our intestines harbor numerous benecial bacteria that 
generate many neurotransmitters and active metabolites in 
the gut by utilizing the consumed foods. The essential amino 
acid tryptophan found in food acts as a precursor of a 
neurotransmitter called serotonin. Over 1%–2 % of Dietary 
tryptophan is converted into serotonin(33)

Benecial gut bacteria such as Bidobacterium infantis 
convert tryptophan into serotonin, regulating emotions and 
behavior(34)

Clostridium sporogenes increases the production of 
tryptophan metabolites called indole-3-propionic acid (IPA), a 
bioactive molecule that increases the production of 
antioxidant and neuroprotectant molecules inside the gut  
(35)

The gut can also be invaded by various pathogenic microbes, 
leading to the development of gastrointestinal problems 
following the presence of Clostridium bolteae (36,37)

Asthma--Autism 
Asthma, a chronic inammatory disorder of the airways, 
affects approximately 10% of children globally, making it one 
of the most prevalent childhood chronic diseases (38) 

With a multifactorial etiology involving genetic and 
environmental factors, asthma poses a substantial global 
health burden (39)

The diagnosis of asthma in children younger than 2 years of 
age poses a considerable challenge due to the absence of 
age-specic diagnostic tools (40)

Additionally, accurately predicting the severity of asthma 
remains an ongoing obstacle in effective asthma 
management (41) 

The complex pathogenesis of asthma also contributes to the 
absence of well-dened therapeutic strategies, primarily 
stemming from an incomplete understanding of the 
underlying mechanisms (42)

Recent studies have shed light on the interplay between the 
gut microbiota and the innate and adaptive immune systems, 
revealing their potential as crucial determinants in the 
etiology of asthma (43,44)

There is a well-established relationship between the trillions 
of microbes that inhabit the human gut and organism-level 
health.(45)

Animal studies have provided compelling evidence that the 
gut microbiota and its metabolites play an inuential role in 
the development of allergy disorders, particularly in 
infancy.(46,47)

Asthma and autism are distinctly different medical conditions. 
Asthma is a chronic respiratory disease, while autism is a 
developmental disorder. There is some evidence that autism 
spectrum disorder (ASD) frequently co-occurs with immune-
mediated conditions, including asthma. Multiple studies have 
found that autism spectrum disorder (ASD) can co-occur with 
certain immune-mediated conditions, including asthma. 
Other studies have found that children with asthma may have 
a slightly higher risk of developing autism compared to those 
without asthma. Research has also looked at common factors 
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that may play a role in the development of both autism and 
allergic diseases, such as maternal asthma and allergies, gut 
microbiome imbalance, diet, diabetes during pregnancy, 
exposure to air pollution, and sleep disturbances. There is 
also research that suggests an asthma-autism link may begin 
during pregnancy with the use of certain asthma medications.  

Gut Microbiome and Childhood Asthma
Asthma is a chronic inammation of the lining of the lungs' 
airways. It makes these airways contract easily. Several 
studies have demonstrated that early-life gut microbiome 
composition signicantly impacts the risk of developing 
asthma. A systematic review indicated that higher bacterial 
diversity in the gut is protective against asthma in children. 
Conversely, reduced diversity and specic microbial proles 
have been linked to increased asthma risk. Notably, 
colonization by Clostridium difcile in infancy has been 
associated with wheezing and asthma development by school 
age. Furthermore, the presence of bacteria such as 
Faecalibacterium, Lachnospira, Veillonella, and Rothia 
(collectively referred to as FLVR) in early life has been 
inversely correlated with asthma risk, suggesting their 
potential protective role.  

Gut Microbiome and Autism Spectrum Disorders
Autism Spectrum Disorder (ASD) ranked in the top ten causes 
of non-fatal health burden among young people below 20, 
says a new study from the Global Burden of Diseases, Injuries 
and Risk Factors (GBD), 2021, published in The Lancet 
Psychiatry.Autism spectrum disorder (ASD) is a highly 
complex neurodevelopmental disorder characterized by 
decits in sociability and repetitive behaviour, however, there 
is a great heterogeneity within other comorbidities that 
accompany ASD. Recently, the gut microbiome has been 
pointed out as a plausible contributing factor for ASD 
development, as individuals diagnosed with ASD often suffer 
from intestinal problems and show a differentiated intestinal 
microbial composition.(48)

The gut-brain axis represents a bidirectional communication 
system between the gastrointestinal tract and the central 
nervous system. In ASD, gut microbiome alterations have 
been observed, with studies reporting increased abundance 
of certain bacterial families, such as Lactobacillaceae, and 
decreased levels of benecial metabolites like short-chain 
fatty acids (SCFAs). A recent study highlighted that autistic 
children exhibited altered levels of tryptophan metabolites, 
particularly reduced kynurenate, which is associated with 
neuroprotective functions. These metabolic changes 
correlated with differences in emotional and sensory brain 
activity, underscoring the gut-brain connection in autism. 

Interconnection Between Asthma and ASD via Gut 
Dysbiosis
The co-occurrence of asthma and ASD in children suggests 
shared underlying mechanisms, potentially mediated by gut 
microbiome dysbiosis. Both conditions have been linked to 
immune system dysregulation and inammatory responses 
originating from the gut. Early-life factors, such as antibiotic 
exposure and cesarean delivery, can disrupt gut microbial 
balance, leading to increased susceptibility to both asthma 
and ASD. 

Many studies have shown that the development of asthma in 
AD patients is more common, although the exact causative 
factors are not yet clear. In a study conducted by Pourpak et 
al., the prevalence of asthma in patients with AD was 
27,5%.(49)

The exact pathogenesis of asthma and AD is not entirely 
understood. Both diseases are associated with chronic 
inammation. In asthma patients, cytokines and other 
inammatory mediators are found in bronchial washings. 

Both diseases can be IgE-mediated, which suggests genetic 
predisposition, as atopy refers to the familial tendency to 
produce IgE. Imbalance in the Th1/Th2 ratio is associated with 
higher production of IgE in atopic patients. By producing IL-2 
and IL-13, Th2 cells promote the production of IgE by B-cells in 
response to an antigen trigger. This leads to hyperreactive 
responses of the airways in asthma patients and skin 
inammation in AD patients. Mast cells play a major role in 
allergic and inammatory disorders (50)

The many similarities between AD and asthma in terms of 
pathogenesis and immunological imbalance often lead us to 
consider each disease in the context of the other.

A Canadian study, published in 2018, found that AD increased 
the risk of asthma in children at the age of 3 years only if AD 
was accompanied by sensitization to inhalants, foods or both 
at the age of 1 year (51). 

These observations had led to the necessity of dening 
phenotypes and endotypes within the AD patient population, 
to predict future development of atopic march. Classifying AD 
patients into phenotypes can be directly related to their risk of 
developing other atopic diseases in the future. Based on the 
age of the patient: infantile, childhood, adolescent/adult, and 
elderly, AD has been dened, each with its characteristic 
clinical features. (52)

Nutrition--Autism 
Eating regular meals containing ber and having 6-8 drinks a 
day will help with digestion problems in autistic people. 
Newborns with low blood levels of Vitamin D were 33% more 
likely to later be diagnosed with autism than those born with 
high blood levels of vitamin D. Vitamin D is essential for the 
development of the brain, and studies have shown that 
children with autism who have low levels of Vitamin D have 
more severe symptoms than those with normal levels Vitamin 
B6 is important for producing neurotransmitters, which are 
chemicals that transmit signals in the brain. Studies have 
shown that children with autism often have low levels of 
vitamin B6. Supplementing with vitamin B6 has been shown to 
improve behavior and social interaction in children with 
autism. Vitamin B12 is important for forming red blood cells 
and the proper functioning of the nervous system. Studies 
have shown that children with autism often have low levels of 
vitamin B12. Supplementing with vitamin B12 has been shown 
to improve language and behavior in children with autism. 
Folic acid is important for the proper development of the 
nervous system. Studies have shown that children with autism 
often have low levels of folic acid. Supplementing with folic 
acid has been shown to improve language and behavior in 
children with autism. In addition to the vitamins mentioned 
above, other nutrients may benet children with autism. 
Magnesium is one such nutrient. It is important for the proper 
functioning of the nervous system, and studies have shown 
that children with autism often have low levels of magnesium. 
Supplementing with magnesium has been shown to improve 
behavior and social interaction in children with ASD. Zinc is 
another nutrient that may be benecial for children with 
autism. 

Food Allergy
AD is associated with food allergy (FA), asthma, and allergic 
rhinitis (AR), with or without the occurrence of elevated IgE 
levels (53)

This gradual transition of one atopic disease into another in 
an almost specic age range is known as atopic march. AD is 
considered the rst step as a disrupted skin barrier, 
inammation, and bacterial dysbiosis lead to sensitization 
required for the development of other atopic diseases (5, 55 ) 

However, AD can follow asthma and AR. FA develops early in 
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life; it can precede or follow the AD, and may in some cases be 
the rst sign of the atopic march. FA often occurs before the 
appearance of AR or asthma (56,57)

A dysfunctional skin barrier in AD could lead to food 
sensitization, or FA could accompany AD. Either way, food 
sensitization could be a marker for AD severity, an endotype, 
which could suggest a more probable transition to other 
atopic comorbidities (asthma and AR) (58)

Autism Food allergy plays an important role in the 
pathophysiology of autism because, in some cases, clinical 
hypersensitivity reactions result when certain foods are eaten 
by autistic children. This evidence suggests a role for 
neuroimmune mechanisms in the pathophysiology of autism. 
Lactobacillus might be the critical link in regulating the gut-
immune-brain axis in the intestinal, immunological, and 
psychiatric ASD-like symptoms seen in our model of CMA-
induced autism. Changes in gut microbiota, especially 
Lactobacillus attenuation and mTOR signalling activation in 
the brain, may be an important mechanism linking allergic 
reactions and autistic behaviours.   

Mechanisms Linking Gut Dysbiosis to Inammation
Dysbiosis can compromise the intestinal barrier, allowing 
translocation of microbial products that trigger systemic 
inammation. This inammatory cascade can affect distant 
organs, including the lungs and brain, contributing to the 
pathophysiology of asthma and ASD. Additionally, altered 
microbial metaboli tes can inuence immune cell 
differentiation and cytokine production, further exacerbating 
inammatory responses.

Therapeutic Implications and Future Directions
Understanding the role of gut microbiome dysbiosis in asthma 
and ASD opens avenues for novel therapeutic interventions. 
Strategies such as probiotic supplementation, dietary 
modications, and fecal microbiota transplantation (FMT) are 
being explored to restore microbial balance and mitigate 
symptoms. Personalized approaches considering individual 
microbial proles may enhance treatment efcacy.

CONCLUSION
Human health is an ever-interesting topic. Several studies 
have been carried out on the same, exploring the various 
genera involved, their association, and their importance in 
maintaining good health. The healthy human gut is colonised 
mainly by organisms belonging to two phyla, namely 
Bacteroidetes and Firmicutes. They have been found to play 
inevitable roles in host nutrient metabolism, maintaining the 
integrity of gut mucosa, and protection from invading 
pathogens. 

The gut microbiome's inuence extends beyond the 
gastrointestinal tract, impacting respiratory and neuro-
developmental health. Addressing gut dysbiosis presents a 
promising strategy in managing and potentially preventing 
conditions like asthma and ASD. Further research is 
warranted to elucidate the complex interactions within the gut-
lung-brain axis and to develop targeted microbiome-based 
therapies. Extensive studies have observed gut disturbances 
in lung diseases, including allergy, asthma, chronic 
obstructive pulmonary disease, cystic brosis, and lung 
cancer.
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