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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

Hygiene hypothesis: 
Reduced microbial exposure 
caused increase of allergic disease 



Problems with the Hygiene Hypothesis

Platts-Mills TAE, et al. Can we alter the course of allergic disease? 
Ann Allergy Asthma Immunol. 2022 Sep;129(3):271-273. 



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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Rationally targeting the microbiome:
Epidemiologic Evidence

Colonization of the hypopharynx 
at age 1 month with S. 

pneumoniae, M. catarrhalis or 
H. influenzae associated with 

asthma at age 5 years.

Perturbed maturation of 
the gut microbiome in 

infancy is associated with 
asthma at age 6 years.

Residence in a farm or farm-
like home is associated with 
reduced childhood asthma.

Kirjavainen PV, et al. Nat Med 2019.

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

Stokholm J, et al. Nat Comm 2018.



Rationally targeting the microbiome:
Experimental Evidence



Local Butyrate Delivery

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



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

Finnish study: Modifying outdoor 
play areas at urban daycares 
with forest floor vegetation and 
sod leads to changes in children’s 
microbiomes. 

Other efforts include development of a door mat packed with microbe-
rich soil to be used at the entries of urban homes

ADELE research group, Environ Int 2021.

Martin Täubel, Finnish institute for health and welfare
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Disclosures/Objectives

• Funding NIH, Genetech/Novartis, 
Regeneron

• Trial Support: Alk Abello, Monaghen, 
Lincoln Diagnostics, GSK

• Consultant Genentech, Novartis, Teva, 
Regeneron, GSK

• Goal: To Discuss Factors in the 
Progression of Asthma and Strategies 
for Prevention and Logical Next Steps
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•MC

•FcRI
•IgE

•Histamine

•Serotonin

•Tryptase

•Early phase
•Smooth muscle

•contraction

•↑Mucus secretion

•↑Vascular permeability

•LTC4

•PGD2

•PAF

•TNF

•IL-4

•IL-5

•IL-13
•Adapted from Rosa Ten, MD, PhD
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Childhood and then Takes Off “Atopic March”

Sheehan/Phipatanakul 2010; Clin Pediatrics.  49(6): 579-585
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Childhood Origins of Asthma Cohort

• 217 children high risk 
children followed from 
birth

• Allergy prior to viral 
wheeze pivotal

• Timing and magnitude 
strong risk factor

• Atopy and Wheeze at age 
3 markedly increases risk 
of lasting asthma 

Rubner FJ, JACI 2017Relationship Persists into Adolescence



Triple Threat: Important in the Development of 
Asthma

ATOPY

VIRUS

EXPOSURE

IS there anything available/feasible 
to use in young children that acts 

on the “triple threat” and could 
possibly PREVENT ASTHMA?



Anti-IgE works in asthma AND it works on virally 
induced wheezing….

Busse WW, et al NEJM 2011,                                     Teach S, et al JACI 2015



IgE and Rhinovirus Interact 
and Increases Asthma Severity 

Kantor DB, Phipatanakul, Hirschhorn JACI  2016

anti-IgE Reduces this Severity 
in School Age Children

Kantor DB, Phipatanakul W, Hirschhorn J, Am J Resp CCM 2016



Heymann P, et al JACI 2020 ;146: 545-54



Preventing Asthma in High Risk Kids- PARK
https://parkstudy.org 

U01AI126614- Principal Investigator Phipatanakul- NCT02570984

Randomized, multicenter, DBPC Trial in 200 allergic 
wheezing toddlers 2-3 years of age who are at high risk for 

developing established asthma

Year 3

Screening/
Eligibility Run-in

Health Outcomes
Wheezing, Rhinitis, Food Allergy

Mechanistics

Years 1 & 21 month

Randomize

Treatment  –
Anti-IgE or 

Placebo Observation 

Year 4

Co-
Primary 

Outcome 

https://answers.childrenshospital.org/asthma-prevention-xolair/



https://answers.childrenshospital.org/asthma-prevention-xolair/



Preventing Asthma in High Risk Kids (PARK)
PI: Phipatanakul U01AI126614 clinical trials.gov  NCT02570984  parkstudy.org

• Elliot Israel, MD
• DCC-Penn State University- Dave Mauger, PhD
• Hans Oettgen, MD, PhD, Mechanistic Lead
Clinical Centers 
• Boston- Wanda Phipatanakul, MD, MS
• Atlanta – Anne Fitzpatrick, PhD, APRN
• Chicago- Elizabeth Lippner, MD
• Cincinnati- Theresa Guilbert, MD, MS
• Denver- Andy Liu, MD
• Hartford- Craig Lapin, MD
• Houston- Carla Walker, MD
• Indianapolis- Kirsten Kloepfer, MD
• Madison –Daniel Jackson, MD
• San Diego-Sydney Leibel, MD
• St. Louis – Jeffrey Stokes, MD
• Phoenix– Cindy Bauer, MD 
• Washington, DC- Stephen Teach, MD

NIAID, Genentech/Novartis, Alk Abello, GSK, Lincoln Diagnostics Kaleo,
Monaghan, Thermo Fisher asthma@childrens.harvard.edu 857-218-5336 

wanda.phipatanakul@childrens.harvard.edu



Does Vitamin D Given to Pregnant Women Prevent Asthma in their 
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• Prevalence: 5-10%

• Prevalence increased markedly: 5% per year
from 1979-2000 then leveled off

• Cost : In 2018, $80 billion per year

• Airway Inflammation
• Airway Remodeling
• Airway Hyperresponsiveness
• ReversibleAirflow Obstruction
• Loss of Elastic Recoil
• Dysanaptic lung growth

Asthma: Pathophysiology



Annual Incidence Rates per 100,000 Person
Years by Sex & Age for Asthma Cases

Among Rochester Minnesota Residents(1964-1983)
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Summary of Effect of Vitamin D on Asthma Pre VDAART

• VDR locus linked to asthma (Benj Raby Am J Respir Crit Care 
Med. 2004 Nov 15;170(10):1057-65.)

• Vitamin D intake (not levels) in mother linked to asthma 
wheeze outcomes in children (50% reduction) (Gus 
Litonjua Am J Clin Nutr. 2007 Mar;85(3):853-9, Carlos 
Camargo Am J Clin Nutr. 2007 Mar;85(3):788-95)

• Endocrine effects e.g. bone health linked to serum levels
• Immune effects linked to serum and tissue levels (ST 

Weiss unpublished)
• Vitamin D mediates all aspects of pregnancy and post 

natal immune function everything from implantation to 
gut microbiome, and innate and adaptive immune 
development in the first years of life 



VDAART Study Design

Litonjua et al. Contemp Clin Trials 2014
http://www.vdaart.com



Proportion of mothers who achieved a 25OHD level of at least (20 and 30 ng/ml, 
respectively) at 3rd trimester

Target level 400 IU dose 4,400 IU dose P-value

20 ng/ml 280/391 
(71.6%) 

342/386 
(88.6%) < 5 x 10-9 

30 ng/ml 135/391 
(34.5%) 

290/386 
(75.1%) < 2 x 10-16 

Conclusion: even at 4400 IU, 25% of mothers deficient

JAMA: 2016 Jan 26; 315(4):362-70



Effect of maternal vitamin D treatment on development of
asthma/recurrent wheeze by age 3 years.

98 in 4,400 IU arm 
120 in 400 IU arm

Rate difference of 6.1%

Reduction of 20%

p = 0.051

JAMA: 2016 Jan 26;315(4):362-70
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Reasons why the year 3 intent to treat analyses
were not statistically significant

• We didn’t give enough vitamin D
• Only 75% of trial participants achieved a level of 30ng/ml

• We didn’t give vitamin D early enough in Pregnancy
– Vitamin D is important for successful conception, implantation and maintenance of a normal 

pregnancy in humans, mice, rats, monkeys and dogs (Weiss 2011 in Litonjua ed Vitamin D and Lung Disease)

– Immediately upon conception 1,25 OHD levels in the pregnant mother increase 10-fold over 
baseline (Hollis B Bone Research 2017:5: 1703)

– Vitamin D influences branching morphogenesis (Kho, Tantisira BMC Medical Genomics 2013) 7-17 weeks gestation

• Nutrient trials are fundamentally different from drug trials. Vitamin D
was present in subjects in both the treatment and the placebo arms of
the trial and thus misclassification occurred reducing power to detect a
difference in the two groups. (Robert P Heaney: Nutr Rev 2014;72:48-54)



Meta-analysis of prenatal vitamin D trials

Wolsk H et al PLOS ONE 2016:12: e0186657,
Wolsk H et al J Allergy Clin Immunol. 2017 Nov;140(5):1423-1429

Overall Effect Initial 25OH Vit D ≥ 30 ng / ml

Initial 25OH Vit D < 30 ng / ml

Fixed effect (p = 0.02)
Random effect (p = 0.02)

COPSAC
VDAART

Fixed effect (p = 0.01)
Random effect (p = 0.01)

COPSAC
VDAART

COPSAC
VDAART

Fixed effect (p = 0.26)
Random effect (p = 0.26)

Odds Ratio Odds Ratio

Odds Ratio

OR    95% CI OR    95% CI

OR    95% CI

0.76 [0.49; 1.17]
0.73 [0.53; 1.00]

0.74 [0.57; 0.96]
0.74 [0.57; 0.96]

0.62 [0.34; 1.13]
0.43 [0.19; 0.96]

0.54 [0.34; 0.88]
0.54 [0.34; 0.88]

0.90 [0.49; 1.67]
0.82 [0.58; 1.16]

0.84 [0.62; 1.14]
0.84 [0.62; 1.14]



The risk of asthma in the offspring at age 6 years was significantly reduced in those mothers 
in the treatment group with the lowest levels of vitamin D  at entry to the trial

I Shadid et. al. Submitted



The earlier in pregnancy that vitamin D was started the greater 
the reduction in asthma risk at age 6

I Shadid et al submitted



Vitamin D improves Lung Function in the VDAART Trial

Knihtila HA et al J Allergy Clin Immunol 2021: 148:110-9



Summary of Effect of Vitamin D on Pregnancy Post VDAART

• Pregnancy is a continum, vitamin D necessary at every 
stage of pregnancy and beyond 

• vitamin D sufficiency early in pregnancy had a greater 
effect on asthma outcomes than later in pregnancy

• Nutrient trials are fundamentally different from drug 
trials because there is contamination of the control 
group

• Intent to treat analysis suggests congruence between 
observational and clinical trial results if initial level of 
vitamin D is accounted for

• Effects of vitamin D are significant at 3 and 6 years for 
asthma and for lung function at age 6



Recommendations for Vitamin D Levels and intake During Pregnancy 

• 70% of pregnant women have vitamin D levels 
<30ng/ml

• USDA recommends 600 IU of vitamin D during 
pregnancy

• IOM recommends a serum level of 20ng/ml during 
pregnancy

• Endocrine Society recommends a serum level of 30 
ng/ml and a dose of up to 4000 IU during pregnancy

• Cochran Collaboration recommends further studies. 
Their meta-analyses do not account for baseline level

• Most academic OB programs (including BWH) do not 
recommend vitamin D supplementation during 
pregnancy
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