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Goals

1. Be familiar with what birth cohort studies have taught us about asthma’s origins 
2. Know what the asthma predictive index is and how to use it
3. Understand the genetics of asthma development 
4. Know what the clean hygiene hypothesis is and how microbes play a role in asthma development



Birth cohorts

https://doi.org/10.
1007/s12016-024-
08979-3



Tucson Childrens 
Respiratory Study 
• enrolled 1246 healthy newborns between 

1980 to 1984, and followed these children 
from birth till now and these adults are 
now in their 4th decade of life

• to delineate the complex interrelationships 
between a large number of potential risk 
factors, acute lower respiratory tract illnesses, 
and chronic lung disorders later in childhood 
and early adult life, especially asthma. 

• Nine hundred seventy-four (78%) of the 
original subjects are still being followed



TCRS

• described various wheezing disorders 
(transient, nonatopic, atopic) and their 
characteristics

• evaluated many risk factors for acute 
respiratory tract illnesses during the first 3 
years of life

• Identified sensitization to Alternaria and 
wheezing illnesses related to respiratory 
syncytial virus (RSV) as major risk factors 
for asthma 

• loss of lung function already occurred in 
the first 6 years of life in those children 
who were persistent wheezers 

• developed an Asthma Predictive Index



API



Birth Cohorts 

• SAGE: Study of Asthma, Genes and the 
Environment 

• INSPIRE: Infant Susceptibility to Pulmonary 
Infections and Asthma Following RSV Exposure

• COAST: Childhood Origins of Asthma 
• COPSAC: Copenhagen Prospective Studies on 

Asthma 
• MAAS: Manchester Asthma and Allergy study 

ALSPAC: Avon Longitudinal Study of Parents and 
Children

• CAS: Childhood Asthma Study
• COAST: Childhood Origins of Asthma
• COCOA: Cohort for Childhood Origin of Asthma 

and allergic diseases
• DCHS,: Drakenstein Child Health Study
• GUSTO: Growing Up in Singapore Towards healthy 

Outcomes

• JECS: Japan Environment and Children’s Study, 
Japan

• MARC-30/35/43, the 30th/35th/43rd Multicenter 
Airway Research Collaboration

• PACAAS: Perth Childhood Acute Asthma Study
• PASTURE: Protection against Allergy—Study in 

Rural Environments
• URECA: Urban Environment and Childhood 

Asthma, Boston
• WHEALS: Wayne County Health, Environment, 

Allergy and Asthma Longitudinal Study



CREW (Childrens Respiratory and Environmental Work group) 

12 individual cohorts and three additional scientific center



Difficulties with Cohort studies 

• There is no gold standard set of diagnostic criteria nor an objective test for asthma 

o A comprehensive review of birth cohort asthma definitions found 60 different asthma 

definitions among 122 studies

• Difficult to apply to clinical practice
• Many look at single-level risk factors but these do not address the complex interplay 

between exposures at multiple levels (e.g., environmental exposures, host genome, 
transcriptome, metabolome, and microbiome)

• Difficulty with generalizability 



Genetics of asthma 

• Asthma runs in families but is polygenetic and 
multifactorial 

• Asthma susceptibility genes fall mainly into three 
categories

o functioning of the immune system

o mucosal biology and function

o lung function and disease expression

• Genome wide association studies and candidate gene 
associations studies have identified hundreds of 
candidate genes 

• ADAM33 
• Filaggrin 

https://encrypted-
tbn0.gstatic.com/images?q=tbn:ANd9GcQIbn9cxZmB
3lbljw5YCswn9-472fNM7Z2Euw&s



Clean Hygiene Hypothesis 

Modern lifestyle reduces the microbial stimulus necessary for the immune system to grow 

normally, causing an increased incidence of atopy Thus, children living in rural areas or with 

prolonged contact with animals are more likely to be infected and exposed to endotoxins in 

an unsanitary environment. Therefore, compared to others, they would experience fewer 

allergies by maintaining a healthy balanced immune system, where the T-helper 1 (Th1) 

response predominates on the Th2-driven proinflammatory state implicated in allergic 
reactions



• Examples 

o Russian Vs Finish Karelia 

o Amish vs Hutterite Communities 

o East vs West Germany

• Critical window appear to be first year 
• Amount of exposure 
• Trained immunity 

Clean Hygiene Hypothesis 

DOI: 10.1111/cea.12527

DOI: 10.1056/NEJMoa1508749

http://dx.doi.org/10.1111/cea.12527


Gut lung axis



Pets in the home (mostly dog and/or cats)

• Danish birth cohort: Dogs ownership lowered the 
risk of asthma and atopic dermatitis, and this was 
modified by timing of exposure and parental 
history of asthma and source of exposure 

• Swedish Cohort: children with dogs for the first 
year of life had lower risk of asthma in kids 3 year 
or older but no difference in children under 3



Pets in the home (mostly dog and/or cats)

• EU child cohort network: having dog and cat 
ownership prenatally only was associated with 
greater odds of school age asthma but continuous 
ownership was associated with lower odds of 
asthma but when considering all time windows 
there was no association 

• Polish cohort study using questionnaires:  pets in 
rural regions prevented allergic disorders, while in 
cities, this increased symptoms of bronchial 
asthma, the risk of cough, and wheezing 



Pets in the home (mostly dog and/or cats): systematic review of 
literature

• 2 studies found no association between dog and 

cat housekeeping and the development of asthma 

in preschool and school-aged children

• 3 studies found that pet ownership was linked to 

the onset of nonatopic asthma and wheeze in 

school- and preschool-age children

• 3 studies found that keeping a dog/cat in the 

household in infancy was inversely associated with 

the chance of asthma (one article found an 

association only for female dogs). 



Pets in the home effect on asthma proposed mechanisms

• Having pets improves microbial 
exposures and increases level of 
endotoxin → alter human microbiome 
→ enhances type 1 immunity and alter 
immune maturation through trained 
immunity → decreases likelihood of 
atopy  

• Changes in immune regulation 

o Dogs during infancy increased IL-

10 and IL-13 cytokine secretion 

patterns, 

o Thymus-derived Treg (tTreg) 

levels in the venous blood during 

fetal development vary based on 

the levels of pet exposure and 

presence of atopic conditions 



• Epigenetic changes 

o Having a pet altered the methylation of the 

ADAM33 region 

o Allergic rhinitis is related to the level of 

methylation of ADAM33 

• Genetic mutations may modulate effect of pet 
ownership on asthma and allergic sensitization 

o FLG mutations = increased likelihood of cat 

allergic sensitization 

o FLG mutations + dog exposure=  lower risk of 

sensitization to any allergen

Pets in the home effect on asthma proposed mechanisms



Bottles in or just before bed

Celedón JC, Litonjua AA, Ryan L, Weiss ST, Gold DR. Bottle feeding in the bed or crib before sleep time 
and wheezing in early childhood. Pediatrics. 2002 Dec;110(6):e77. doi: 10.1542/peds.110.6.e77. PMID: 
12456944.



Early Respiratory infections 
• Previous individual observational studies have an associations of respiratory tract infections in early life with the 

risk of wheezing or asthma in later life, which ranges from a 1.5- to 10-fold increased risk 

o cohort studies of severe bronchiolitis demonstrate that approximately 30% of infants with severe bronchiolitis 

develop asthma by age 6–7 years

• Early-life respiratory tract infections were associated with a lower lung function in childhood or adulthood



Early Respiratory infections 



Early Respiratory infections 

Table 1: Risk of asthma development with wheeze associate respiratory tract infection (wLRI), atopic 
sensitization, or febrile lower respiratory tract infection (fLRI). OR-odds ratio ARR=adjusted risk ratio CI= 
confidence interval (Kusel et al, 2008 and Kusel et al 2012) 

Characteristic OR of 
persistent 
wheeze at 5 
years of age 
(95% CI) 

p ARR of current 
asthma at 10 
years of age 
(95% CI) 

p 

wLRI by 1 year of age  2.9 (1.0-8.3) 0.05 1.17 (0.56-2.44) 0.684 

fLRI by 1 year of age  3.6 (1.2-10.7) 0.02 2.57 (1.33-4.98) 0.005 

Atopic sensitization by 
2 years of age  

3.1 (1.5-6.4) 0.05 2.67 (1.28-5.54) 0.008 

Atopic sensitization by 
2 years of and fLRI by 
1 year of age  

4.2 (1.5-11.8) 0.01 4.92 (2.59-9.36) <0.001 

 



Early Respiratory infections 

• Infants with rhinovirus bronchiolitis 

have higher risk of asthma compared to 

those with RSV bronchiolitis

• the COAST and COPSAC studies 

revealed an interaction between 17q21 

polymorphisms (TT genotype at 

rs7216389), rhinovirus-related wheezing 

illnesses, and the development of asthma. 

• Viral specific, microbiome interactions, 

metabolomics, interferon regulation are 

important influencers on asthma risk after 

bronchiolitis 

o variability in ORMDL3 gene 

o sphingolipid metabolism

o type I and II IFN regulation

o fatty acid and amino acid metabolism 

pathways



https://www.novusbio.com/research-areas/epigenetics

Environment meets genetics: Epigenetics and asthma 





https://copsac.com/the-origins-of-asthma/



Thank you 
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