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1. Hygiene hypothesis 



Hygiene hypothesis (위생 가설)의 이해

“ 우리 어린 시절에는 흙먹고, 지렁이도 먹고 자랐어”
“옛날에는 아토피라는게 없었잖아”

“우리는 흙먹고 자라서 아토피가 없었던 것 같아＂

[EBS 무균 사회] 2013.1



Hygiene hypothesis (위생 가설)의 이해

Nature Immunology. 2001 Oct 1;355(9216):1680-3.



2. Hygiene hypothesis 배경



1976’ Gerrard “The allergy epidemic”  

Annals of Allergy, 1976

“It is suggested that atopic 
disease is the price paid by 
some members of the 
white community for their 
relative freedom from 
diseases due to viruses, 
bacteria and helminths”
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1989’ Hay fever, hygiene, and household size

Hay fever in this cohort the associations with numbers of older and 
younger children in the household persisted.
→ 알레르기 질환 및 증상은 형제의 수(total family size) 와 연관성이 높았는데

형제 수가 많으면 알레르기가 적었음

→ 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

Strachan. BMJ. 1989 Nov 18;299(6710):1259-60. 
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1993’ measles virus infection and atopic dermatitis 

Clin Exp Allergy. 1993 Jan;23(1):44-50.

5명 아토피 피부염 환자

Natural measles 
infection

• 4주 내에 5명 중 4명이 steroid, 식이제한 등의 intervention 없이
Eczematous lesion이 clear 하게 호전됨

• 1명에서는 RAST score 가 의미 있게 감소함
• PBMCs의 ovalbumin 자극에 반응이 감소함



2000’ Liu AH - Endotoxin exposure and allergy 

Lancet. 2000 May 13;355(9216):1680-3.

First direct in-vivo evidence that indoor endotoxin exposure early in life 
may protect against allergen sensitization by enhancing type 1 immunity



2002’ Endotoxin exposure and its relation to asthma 

N Engl J Med 2002 Sep 19;347(12):869-77

A subject’s environmental exposure to endotoxin may have a crucial role in 
the development of tolerance to ubiquitous allergens found in natural 
environments

Children 6-13세 812명 (독일, 오스트리아, 스위스) 
Blood sample – sensitization, cytokine evaluation 
Endotoxin levels in bedding 



2002’ The effect of infections on susceptibility to 
autoimmune and allergic diseases

N Engl J Med. 2002 Sep 19;347(12):911-20.

Inverse Relation between the Incidence of Prototypical Infectious Diseases 
(Panel A) and the Incidence of Immune Disorders (Panel B) from 1950 to 2000



“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”



3. Underlying mechanisms



T helper cell – Th1 and Th2 balance  

Th0

Th17
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A balance between Th1 and Th2 cells is important 
for disease induction and tolerance

Infection
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T helper cell – Th1 and Th2 balance  

Throughout human pregnancy, 
‘foreign’ fetus evade maternal immune responses. 
→ Th2 responses predominant in utero and newborn infant.  
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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. 

Th1 Th2

Vaginal Delivery

Breast feeding

Infection 
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T helper cell – Th1 and Th2 balance  

Th0

Th17

Th2

Treg

Th1

Curr Opin in Immunol. 2018 Jul 54:102-108

Endotoxin, High dose LPS



4. Evidences of hypothesis



Hepatitis A infection and Allergic disease

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

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

human chromosome 5q23-35 → Asthma susceptibility genes 

T cell and Airway Phenotype Regulator (Tapr)

T cell membrane proteins (TIMs) 

T cell membrane proteins (TIMs) 
variation → HAV susceptibility 



Asthma in relation to markers of infection in US

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

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

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



Asthma in relation to markers of infection in US

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

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

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



Pediatr Int. 2017 Apr;59(4):473-481. 

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. 

Am J Respir Crit Care Med. 2006 Aug 15;174(4):386-92. 

human chromosome 5q31.1 : CD14 gene → receptor complex for LPS
Activation of pathway → IL-12 expression (Th0 to Th1 favors) 

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 

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



Early-life antibiotic use and allergic disease 

Allergy Asthma Immunol Res. 2018 Sep;10(5):457-465.

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



Early-life antibiotic use and allergic disease 

Unpublished data, 2015년 질병관리본부 용역 과제

600명 학동 전기 천식 코호트, 3000명 COCOA 자료 짝짓기 분석
소아 천식 발생의 위험인자 분석

• 출생 후 3일 이상 항생제 사용 빈도는 천식군에서 유의하게 높았다 (p<0.001)
• 특히, 생후 12개월 이내 항생제 사용은 천식 발생의 유의한 위험인자로 확인되

었고, 알레르기 질환이 있는 경우에 생후 12개월 이내 항생제 사용이 천식의 위
험도를 더 증가시키는 결과를 확인하였다. 

• 출생 후 1년 이내의 항생제 사용이 부모의 알레르기 질환이 있는 고위험군에서
12배로 부모의 알레르기 질환이 없는 저위험군에 비해 천식 위험도가 2배 증가
하였다



Prenatal delivery mode and allergic disease 

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

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



Modulation of Th1/Th2 balance by lactobacillus 

Lactobacillus Strain 자극 후 hPBMC secretion cytokine 의 차이 분석

FEMS Immunol Med Microbiol. 2011 Feb;61(1):28-40. 



Modulation of Th1/Th2 balance by lactobacillus 

김치 내 유산균으로 연구

J Food Sci. 2011 Mar;76(2):H55-61.



Microbiome, immune balance, allergy 



Infection affects lung immunity – Trained macrophages 

감염에 따라, BM origin의
monocyte 가 lung 으로 유입
되면서 resident AM 로 변환
되고, 이 AM는 감염의
memory로 인해 T2 
inflammation을 유발하지 않
는다 – Trained macrophage

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



NKT cells in allergic disease 

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

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



Early infection affects lung immunity – NKT cells 

NKT cell도 유사하게, 감염에 의해 NKT cell을 trained 시켜, 
T2 inflammation 을 예방한다

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



5. Conclusions 



Hygiene hypothesis  

genetic
Environmental 

(가족 수, 항생제, 감염, 접종, 출산 방법)



Hygiene hypothesis 

• 초기 early lifetime의 immune direct, 방향성과 관련된 이론이다

• hygiene hypothesis는 allergic disease의 pathophysiology, 
experimental study 등과 관련한 가이드, 청사진을 제시하는
이론이며, 알레르기 질환의 발병과 관련된 근본이 되는 이론이다



Hygiene hypothesis (위생 가설) 이란

“자연적으로 일어나는 감염(infection)과 미생물에 대한 노출(microbial
exposure)이 알레르기 질환의 면역 형성에 관여한다”

“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  

Hygiene hypothesis는 Early childhood asthma 발생 기전에 중요하고 근간
이 되는 이론이며 이를 바탕으로 많은 연구가 이루어 졌고 이루어 지고 있다

Hygiene
hypothesis 

Old friends
hypothesis

microflora
hypothesis

microbiome

Immune 
mechanism

Animal
models



경청해 주셔서 감사합니다



Counter regulation - homeostatic role of IL-10  

Science. 2002 April 296:5567;490-494



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 

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” 



2005’ microorganism diversity-“microflora hypothesis” 

Clin Exp Allergy. 2005 Dec;35(12):1511-20.


