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The Microbiome

Tierney BT, et al. Cell Host Microbe 2019.

• The microbiome (collective genomic contents) of the trillions of microbes 
resident on the human body comprises ~45 million non-redundant genes.

• Essential functions include nutrient 
harvest, vitamin synthesis, 
development & maintenance of 
immune function.
• The microbiome develops rapidly over 

the first few years of life.



Herbst T, et al. Am J Respir Crit Care Med 2011.

Experimental evidence of the importance of the microbiome in allergic disease: 
Germ-free mice have reduced T regulatory cells, elevated IgE, and increased 
susceptibility to anaphylaxis and allergic airway inflammation.



Effects of microbial diversity on allergy 
development is complex
• Wildling mice, which more closely resemble free-living mice, exhibit 

more diverse microbiota and larger populations of antigen-
experienced lymphocytes compared to SPF.
• However, wildling mice exhibit increased allergic airway inflammation 

after challenge with house dust mite, IL-33 or A. alternata.   

Ma J, et al. Sci Immunol 2023.



Windows of Opportunity
• The first few weeks of life 

require tolerance to a vast array 
of new stimuli, including 
microbial colonization.

• Although many defects 
associated with being germ-free 
in animal models can be 
corrected by colonization at any 
time, some require colonization 
early in life.

Cahenzli J, Cell Host Microbe 2013.
Fig: Gensollen T, Science 2016.



Epidemiologic evidence of the importance of the microbiome in asthma

Hygiene hypothesis: reduced microbial exposure 
à rising prevalence of allergic disease 

Several asthma and allergy risk factors impact 
microbial exposures.

von Mutius E, J Allergy Clin Immunol 2016.
Lynch S, Curr Opin Allergy CI 2016. Strachan DP. “Hay fever, hygiene, and household size.” BMJ 1989



Clemente, Sci Adv 2015

Pfefferle, et al. The Hygiene Hypothesis – Learning From but Not Living in the Past. Front Immunol 2021.
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Mechanisms whereby the microbiome may influence risk of asthma

Production or modification of metabolites
• Short-chain fatty acids
• Tryptophan metabolites
• Polyunsaturated fatty acid metabolites
• Bile acids

Engagement of host receptors such as Toll-like receptors

Colonization resistance & other interactions with other microbes

Koh A, Cell 2016.
Stein MM, NEJM 2016.
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The Airway Microbiome: Viruses

Reviewed in: Altman M, et al. JACI 2020.

RSV and rhinovirus are important 
causes of wheezing in early life.

Wheezing with infection by these 
viruses is associated with elevated 
risk of subsequent asthma.

Children with pre-existing atopy 
are at highest risk of asthma after 
a rhinovirus wheezing illness.



The Airway Microbiome: Bacteria

Bisgaard H, et al. N Engl J Med 2007.

• Colonization of the hypopharynx at age 1 month 
with S. pneumoniae, M. catarrhalis or H. 
influenzae associated with asthma at age 5 
years.

• These genera are also associated with RSV, 
rhinovirus, and lower airway symptoms during 
respiratory infections.



Microbiome Utrecht 
Infant Study

de Steenhuijsen Piters WAA, et 
al. Early-life viral infections are 
associated with disadvantageous 
immune and microbiota profiles 
and recurrent respiratory 
infections. Nat Microbiol 2022.

Interferon gene transcript module (M3)

The Airway Microbiome: 
Bacteria

1st viral 
infection in 

infancy

IFN-associated pro-
inflammatory nasal 

environment

Selection for 
bacterial 

pathobionts

Increased 
respiratory tract 

infection risk



The Environmental 
Microbiome: 
Amish &
Hutterite Study

• Amish & Hutterites are genetically similar, but Amish live in closer 
proximity to cow stables and have 4x lower asthma prevalence.
• Dust collected from homes of n=10 in each group: higher perennial 

allergens, endotoxin & different bacterial composition in Amish
• Cytokine levels including IL-33 and IL-25 were higher in supernatants 

of LPS-treated peripheral blood leukocytes from Hutterite children.

Stein MM, et al. NEJM 2016.



The Environmental Microbiome: Amish & Hutterite Study

In an OVA mouse model of allergic asthma, inhalation of dust 
from Amish but not Hutterite homes was protective.

Stein MM, et al. NEJM 2016.



The Gut Microbiome in Asthma: Birth cohort studies

Alcazar CG, et al. The association between early-life gut microbiota and childhood respiratory diseases: a systematic review. Lancet Microbe. 2022.
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Sanders ME, et al. Nat Rev Gastroenterol Hepatol 2019. Suez J, et al. Nat Med 2019.

Probiotic: live microorganisms that, when administered in adequate amounts, 
confer a health benefit on the host.

Potential mechanisms of health effects
• Production of metabolites and enzymes
• Effects on overall microbiota composition
• Altered IgA production
• T regulatory cell induction
• Improved epithelial health

“At present, practicing clinicians can avail themselves of intestinal flora modulators as an 
adjunct in the prevention of atopic dermatitis but not of other forms of allergic diseases.”

Fiocchi A, Cabana MD, Mennini M. Current Use of Probiotics and Prebiotics in Allergy. J Allergy Clin Immunol Pract. 2022.



“UCSF’s Sue Lynch, will use CRISPR-
based gene editing tools customized 
for the task by some of the world’s 
premier gene editing scientists at the 
Innovative Genomics Institute (IGI) –
namely Nobel Laureate Jennifer 
Doudna, PhD, and microbiome 
specialist Jill Banfield, PhD, at UC 
Berkeley.

Their goal will be to perform precise 
edits to the genomes of microbial 
cells associated with asthma and 
move these modifications towards 
clinical trials in humans.”



Local Butyrate Delivery

Wang, et al. Nature Biomed Eng 2022.    Fig: Wang, Liu. Nat Biomed Eng 2023.



Bacterial Lysates: Immunoregulatory cellular extracts
• MV130: sublingual suspension of heat-inactivated whole-cell bacteria: S epidermidis, S 

aureus, S pneumoniae, H influenzae, M catarrhalis, K pneumoniae
• RCT in n=120 children < 3 years old with 3+ wheezing attacks in prior year and no 

aeroallergen sensitization.

Nieto A, et al. Am J Respir Crit Care Med 2021.

ORBEX trial underway (NCT02148796): 
OM-85 BV to prevent wheezing lower respiratory tract infection in high-risk infants



Vaginal Seeding after Cesarean 
Section

• 2016: Initial report of vaginal seeding to restore the 
newborn microbiome.

• Several clinical trials with asthma and allergy primary 
outcomes are ongoing.

• The practice remains controversial and is not recommended 
by ACOG.

Dominguez-Bello MG, et al. Nat Med 2016.

“In one sense, the science isn’t settled yet. In another sense, compared to other choices you might be making this 
is a very natural choice. Had you not delivered your baby by C-section there’s no way you could escape coating 
your baby in these bacteria.” – Rob Knight, UCSD

In the worst-case scenario, “you’ve taken a kid with low risk of infection and you’ve rubbed herpes all over their 
face.” – Adam Ratner, NYU



Engineering the Environmental Microbiome

“Eating dirt or moving to a farm are at best theoretical rather than 
practical clinical recommendations for the prevention of asthma”

Under development: a door mat packed 
with microbe-rich soil for use in entries
of urban homes

Scott T. Weiss, NEJM Editorial 2002

Martin Täubel, Finnish institute for health and welfare



Key Points

• The microbiome changes dramatically over the first few years of life 
and this process is critical to immune development.

• The microenvironment of the airway, the gut and the environment 
surrounding an individual all influence risk of asthma.

• Look out for emerging microbiome-based interventions for preventing 
and treating asthma and other allergic diseases.


