KONKUK
UNIVERSITY
, MEDICAL CENTER

St Ze L S| 3ty

Hygiene hypothesis in Asthma

2019-JULY-13 M 4] A+12| Workshop

Uoistn Hal | sg7| geasya 4 A F b =




Contents

1. Hygiene hypothesis2| 0|5}

)2. Hygiene hypothesis2| Hi A1} history

3. Immunological homeostasis

>4. Hygiene hypothesisg SI2 M= 2HE

5. Conclusion

KONKUK
UNIVERSITY
/ MEDICAL CENTER



KONKUK
UNIVERSITY
/ MEDICAL CENTER



Hygiene hypothesis (%14 714d)2] o]}

Al20l= &Y, XN FO0|= H KHFHo”

01I_ Ot=T|et=2 AT
1 Kt2tA OFEL| 7} QT 24 ZHo}

SED P |'—M
CENEATEERS

T X

[EBS o AlZ]] 2013.1




Hygiene hypothesis (%14 714d)2] o]}

Environment

«— T
- A 4 )

‘Developing' countries ‘Westernized' countries

Large family size Small family size

Rural homes, livestock Affluent, urban homes

Intestinal microflora-variable, transient Intestinal microflora-stable

Low antibiotic use High antibiotic use

High helminth burden Low or absent helminth burden

Poor sanitation, high orofaecal burden Good sanitation, low orofaecal burden

/.-::::-_’_'_’_:i e = A Allergic disorders
=3 (asthma, eczema and rhinitis)

Non-allergic

Nature Immunology. 2001 Oct 1,355(9216):71680-3.
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1976’ Gerrard “The allergy epidemic”

“Metis” : Native American Community

Neighbouring white community

Saskatchewan .

Helminths

0 Metis “It is suggested that atopic
2 white disease is the price paid by
some members of the
white community for their
Recurrent bronchitis relative freedom from
diseases due to viruses,
bacteria and helminths”

Urticaria

Eczema

Recurrent rhinitis

Hay fever

Asthma

0 5 10 15 20 25

Percentage

Annals of Allergy, 1976



1989’ Hay fever, hygiene, and household size
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Hay fever in this cohort the associations with numbers of older and

younger children in the household persisted.
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- Unhygienic contact with older siblings or acquired infection by contant
with older children protection against hay fever (Suggestions)

Strachan. BMJ. 1989 Nov 18:299(6710):1259-60.



1989’ Hay fever, hygiene, and household size

From the 1958 birth cohort,
decrease in hay fever with increasing family size

N
192/
J

E3 Current hay fever aged 23
3 Current hay fever aged 11
E3 Eczema in first year of life

Adjusted percentage
o

0 1 2 3 4+
Number of older children

Strachan. BM.J. 1989 Nov 18:299(6710):1259-60.



1993" measles virus infection and atopic dermatitis

Natural measles
infection

« 43 Lo 5 = 4HO| steroid, A O|X|et 2| intervention £ 0]
Eczematous lesionO| clear o}A @™ &
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Clin Exp Allergy. 1993 Jan;23(1):44-50.



2000’ Liu AH - Endotoxin exposure and allergy

First direct in-vivo evidence that indoor endotoxin exposure early in life
may protect against allergen sensitization by enhancing type 1 immunity
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Adjusted Prevalence of Hay Fever (%)

2002’ Endotoxin exposure and its relation to asthma

A subject’'s environmental exposure to endotoxin may have a crucial role in
the development of tolerance to ubiquitous allergens found in natural
environments
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2002’ The effect of infections on susceptibility to

autoimmune and allergic diseases

Inverse Relation between the Incidence of Prototypical Infectious Diseases
(Panel A) and the Incidence of Immune Disorders (Panel B) from 1950 to 2000
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“The Hygiene Hypothesis was the first to suggest that
exposure to germs and bacteria is not a bad thing as it

helps the child’s immune system develop”
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T helper cell - Th1 and Th2 balance

A balance between Th1 and Th2 cells is important
for disease induction and tolerance
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T helper cell - Th1 and Th2 balance

Throughout human pregnancy,
‘foreign’ fetus evade maternal immune responses.
- Th2 responses predominant /n utero and newborn infant.

Th1

p
ré9nancy Th2
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( Treg |

Tolerance



T helper cell - Th1 and Th2 balance

Exposure to microbial agents that drive the immune system to a
Th1/Th17 pattern might counterbalance Th2 responses and asthma
development.

< Infection >

Th1 Th2
Early childhood

A

(Il Treg |



T helper cell - Th1 and Th2 balance

Th17
@

@ & Tho |9 ' The
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Allergens Endotoxin, High dose LPS

(HDM)

Endotoxin
Farming environment
Microbial colonization
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4. Evidences of hypothesis
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Hepatitis A infection and Allergic disease

HAV is associated with poor hygiene, large family size
HAV infection - inversely associated with atopy

human chromosome 5g23-35 > Asthma susceptibility genes

T cell and Airway Phenotype Regulator (Tapr)

4

T cell membrane proteins (TIMs)

T cell membrane proteins (TIMs)
variation 2> HAV susceptibility

Nat Immunol. 2001 Dec;2(12):1109-16.
Nature. 2003 Oct 9;425(6958):576.




Asthma in relation to markers of infection in US

1988-1994 (NHANES IlI), 33,944 US residents aged 1 to 90 years

Hay fever, Asthma vs. serology for HAV, T gondii, HSV-1 and 2, HBV, HCV

A £, £10
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§ = HAV seronegative p < 0.0001 p <0.0001 E: pei HAV seronegf'mve
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year of birth <1920 1920-1929 19301939 1840-1949 1950-1959 1960-1969
year of birth
HAV-Ab 442 849 863 972 1626 2006
HAV-Ab* 1929 1691 1174 1227 1454 1292 HAV-Ab 443 660 666 974 1630 2005
* Test for lincar trend p < 0.0001  ** Test for linear trend p NS HAV-AL® 1938 Loecd nn 1220 L 1290

J Allergy Clin Immunol. 2002 Sep,110(3):381-7.



Asthma in relation to markers of infection in US

1988-1994 (NHANES IlI), 33,944 US residents aged 1 to 90 years
Hay fever, Asthma vs. serology for HAV, T gondii, HSV-1 and 2, HBV, HCV
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Endotoxin exposure, CD14, and Allergic disease

Increasing endotoxin exposure is associated with reduced risk of
allergic sensitization and eczema
with the CC genotype at CD14 gene.

human chromosome 5g31.1 : CD14 gene > receptor complex for LPS
Activation of pathway > IL-12 expression (ThO to Th1 favors)
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https://www.ncbi.nlm.nih.gov/pubmed/?term=%22household+siblings+and+nasal+and+fecal+microbiota+in+infants%22

Early-life antibiotic use and allergic disease

Table 4. Adjusted” associations between antibiotic orders and other allergies at different ages of diagnosis up to 7 years of age

Allergy diagnosed up to
1000 days of age

Allergy diagnosed after
1000 days of age

All allergy diagnosed at

(2.74 years) (2.74 vears) any age up to 7 years
95%% 95% 9500
Feriod of antibiotic  Amntibiotic order] Confidence Confidence Confidence
ASTESSMENt count Odds Ratio | interval Odds Ratio  |interval Odds Ratio | interval
Allergy cases with Model 1: 0-12 1-2 vs. none .67 1.48-1.89 1.11 0.95-1.24 1.35 1.24-1.46
or without a months of age 3+ s, none 2.49 2.17-2.85 1.27 1.11-1.45 175 1.55-1.92
diagnosis of a IModel 2: 0-24 1-2 s, none 1.85 1.60-2.14 1.10 0.95-1.28 146 1.31-1.62
food a.llergf months of age 3+ wvs. none 3.35 2.85-3.88 1.51 1.31-1.72 2.22 2.01-2.46
Model 3: Until 60 1-2 s, none 1.90 1.64-2.19 1.22 0.97-1.54 1.69 1.50-1.92
days prior to 3+ s, none 3.54 3.044.11 2.23 1.82-2.73 3.07 2.72-3.46
diagnosis
Allergy cases IModel 1: 0-12 1-2 s, none 1.68 1.48-1.82 1.08 0.95-1.21 1.32 1.21-1.44
excluding cases months of age 3+ vs. none 2.54 2.19-2.54 1.29 1.13-1.48 1.76 1.60-1.95
with a diagnosis IModel 2: 0-24 1-2 vs. none 1.51 1.64-2.23 1.09 0.93-1.27 1.46 1.61-1.63
of a food allerg‘f" months of age 3+ s, none 3.50 2.98—4.10 1.49 1.25-1.71 2.22 2.00-2.47
Model 3: Until &0 1-2 ws. none 1.96 1.67-2.29 1.19 0.94-1.50 1.71 1.50-2.00
days prior to 3+ vs. none 3.72 3.16—4.37 2.17 1.76—2.67 3.12 2.74-3.54

diagnosis

*Adjusted for Medical Assistance and race/ethnicity.
"Includes allergy cases with and without diagnoses of food allergies: < 1001 days includes 1817 cases vs. 9085 controls; > 1000 days includes
1835 cases vs. 9175 controls; diagnosed up to 7 years includes 3652 cases vs. 18 260 controls.
*Excludes cases with a diagnosis of a food allergy: < 1001 days includes 1594 cases vs. 7970 controls; > 1000 days includes 1704 cases vs. 8520
controls; diagnosed up to 7 years includes 3298 cases vs. 16 4590 controls.

Clin Exp Allergy. 2017 Feb;47(2):236-244.



Early-life antibiotic use and allergic disease

National Health Insurance Service (2006-2015) database

A total of 5,626,328 children and adolescents

Explored whether exposure to antibiotics over the prior 7 years affects the
later development of allergic diseases

12

10

Odds ratio

# =m= Atopic dematitis
=== Asthma
=®- Allergic rhinitis

-~
..
-

DI D2 D3 D4 D5 D6 D7 D8 D9 DIO
Antibiotics exposure duration (deciles)

Figure. The odds ratios of developing allergic disease by the duration of exposure to antibiotics. The odds ratios
reflect the risks in deciles compared with the average risk in the comparison group. The error bars reflect the

standard error.

Allergy Asthma Immunol Res. 2018 Sep,10(5):457-465.
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Prenatal delivery mode and allergic disease

Prenatal exposure to antibiotics and cesarean delivery may affect the gut

microbiota in early infancy, which is an important period in the development

of the immune system

IL-13 rs20541/Delivery mode Number (%) of AD OR (95% ClI) p-value aOR (95% CI)* p-value
GG/Vaginal delivery 17 (22.7) 1.00 1.00

GA+AA/Vaginal delivery 27 (26.7) 1.24 (0.61-2.54) 0.55 2.37 (0.96-5.84) 0.06
GG/C-section delivery 15 (45.5) 2.84 (1.19-6.81) 0.02 3.85 (1.25-11.83) 0.02
GA+AA/C-section delivery 13 (43.3) 2.61 (1.06-6.43) 0.04 4.70 (1.43-15.40) 0.01
CD14 rs2569190/Delivery mode

TT/Vaginal delivery 13 (23.6) 1.00 1.00

TC+CC/Vaginal delivery 28 (26.7) 1.18 (0.55-2.51) 0.68 1.34 (0.53-3.44) 0.54
TT/C-section delivery 9 (42.9) 2.42 (0.84-7.03) 0.10 3.11 (0.80-12.12) 0.10
TC+CC/C-section delivery 17 (43.6) 2.50 (1.03-6.06) 0.04 3.56 (1.12-11.36) 0.03

*Adjusted for gestational age at birth, sex, pre-pregnancy maternal body-mass index, maternal age at delivery, maternal education level, prenatal exposure to smoki
prenatal exposure to pets, presence of older sibling(s), and parental history of allergic diseases.

doi:10.1371/journal.pone.0096603.t004

PLoS One. 2014 May 21,9(5):e96603.



Modulation of Th1/Th2 balance by lactobacillus

Lactobacillus Strain At= & hPBMC secretion cytokine 2| X}0| &4
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Modulation of Th1/Th2 balance by lactobacillus
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Microbiome, immune balance, allergy

- Infant Toddler
Birth (<1 year) (1~3 years)
L J - L

Vaginal Cesarean Milk Solid food Full adult
delivery delivery consumption introduction diet
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Infection affects lung immunity — Trained macrophages

Blood and bone
marrow

Z ol et BM origing|
monocyte 7t lung 2E F¢
C|HAM resident AM 2 HZt
|, o] AM= #g9
memoryZ I8l T2
inflammation= F25HA| &
=L} - Trained macrophage

Regulatory monocyte

Sca-1"
MHCI"

T 2%
T+

H

Nature Immunology 2017;:18(12):1279-1281.



NKT cells in allergic disease

NKT cell & immune modulation
Asthma patients BAL fluid iNKT cell increased, development allergen-induced
airway hyperreactivity

2 5 AIRWAY
Environmental antigens Apoptotic epithelial cell
Ozone Housedust Fungus Bacteria  Virus o ®
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D000 0GUC ogooo L"@ oeeoeee
. 3 ¥ & & @ mdSQ? ) Lung
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> N\ g IL-4, IL2 4l )| ha cel
Myl9/12
.‘
IL-13 IL-17 IL-5
Neutrophil Eosinophil
Blood vessel Airway hyperreactivity : : :
(AHR) | Airway inflammation I

N Engl J Med 2006 Mar 16;354(11):1117-1129



Early infection affects lung immunity — NKT cells

NKT cell= SAFSHAH ZEH0| 9|8l NKT cellS trained A7,
T2 inflammation & Of| &St}

GRAPHICAL ABSTRACT

@ A Natural Killer T (NKT) cell subset that protects against airway hyperreactivity

Neonatal Lung suppressive NKT cells  stimulatory NKT cells_
_j .
o=t Promotes
" Type 2
asthma
—
Environmental factors affect
the type and function of cells
that populate the lung
suppressive NKT cells  stimulatory NKT cells_
- Prevents
Type 2
asthma*
——

* Inhibits Th2 cell expansion through contact-dependent mechanism

J Allergy Clin Immunol 2019;143:565-76.
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Hygiene hypothesis

genetic Environmental
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Hygiene hypothesis

« X7] early lifetime2| immune direct, 2/t 23 El 0| 20|C}

« hygiene hypothesis—= aIIergic diseasel| pathophysiology,
experimental study S1} #Tict 70| E, FAIEIE HA|St=
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[ Hyiene hypothesis (14 714 ol

“AtHHo 2 oLt ZH(infection)t O]’ =0 Ciet L= (microbial
exposure)O| Lg|27| E2to| HA i dof 2ot

"] 70%E ’S.OW HYECH"

“hygiene hypothesis has been described as a misnomer”

Reducing one's personal hygiene, such as not washing hands before
eating, is expected to simply increase the risk of infection without
having any impact on allergies or immune disorders.



Hygiene hypothesis
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Counter regulation - homeostatic role of IL-10

High hygiene, low pathogen/adjuvant

burden
Viruses,bacteria, protozoa Helminths
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Low gut microbiota diversity, asthma at school age

Low total diversity of the gut microbiota during the
first month of life was associated with asthma
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Clin Exp Allergy. 2014 Jun;44(6):842-50.



2003’ Graham Rook - “old friends” hypothesis

Certain types of bacteria (the part of human evolutionary history, “old friends”
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2005’ microorganism diversity-“microflora hypothesis”
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