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Greenwood BM et al. Lancet 1968

Older siblings:
many infections

Strachan DP. BMJ. 1989 (Tl 1 stimuli)

Only child:
few infections
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* Hygiene, from the WHo refers to conditions and practices that help to maintain
health and prevent the spread of diseases
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* Infection, from Wikipedia
« the invasion of an organism's body tissues by disease-causing agents
« the reaction of host tissues to the infectious agents and the toxins they produce
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Children with siblings




Association of asthma with total and older siblings

Total siblings (odds ratio per Older siblings (adjusted for

additional sibling) After younger siblings) After

adjustment, in children with adjustment, in children

covariate data with covariate data
Symptom (6 to 7-year-olds) OR (95% CL) P value OR (95% CL) P value
Wheeze ever 0.96 (0.94, 0.98) < 0.0001 0.98 (0.96, 1.00) 0.04
Wheeze in last 12 months 0.99 (0.96, 1.01) 0.19 1.01 (0.98, 1.04) 0.45
Severe wheeze in last 12 months 1.03 (1.00, 1.06) 0.07 1.05 (1.01, 1.09) 0.02
Asthma ever 0.98 (0.96, 1.01) 0.12 1.00 (0.97, 1.03) 0.82
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Association of asthma with total and older siblings
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Developed vs Developing countries
Urban vs Rural differences
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Asthma
adjusted OR (95% CI)
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Asthma

adjusted OR (95% ClI) 4.52
* atopic asthma
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Recent Wheeze (Urban vs Rural 9. 4% vs 10. 1%, p= =0. 05)
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Table 1 Characteristics of schoolchildren in urban and rural areas

Urban Rural
(n=2526) (n=4295) o Value for
Risk factor n % n % rural vs urban
Bathroom (%)
Field 178 7.1 1553 36.1 <0.001
Latrine 595 235 2617 61.0
WC 1752 69.4 123 2.9
Potable drinking water
No 199 79 4028 938  <0.001
Yes 2320 921 266 6.2
Daycare attendance
No 1431 57.4 2291 54.1 0.008
Yes 1061 42.6 1944 45.9
Household construction
Wood/bamboo 218 8.7 2443 57.2 <0.001
Mixed cement/wood 1139 45.2 1151 26.9
Cement 1163 46.1 678 15.9
Farming exposures
Father with agricultural occupation
No 2306 938 2213 524  <0.001
Yes 152 6.2 2007 47.5
Contact with large farm animals®
No 2306 914 2979 695  <0.001
Yes 218 8.6 1310 305
Unpasteurised milkt
No 1594 63.2 2455 57.3 <0.001
Yes 927  36.8 1831 42.7
Infections
Geohelminth infections
Any geohelminth 1036 429 2849 69.0 <0.001
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Hygiene exposure

Wheeze
OR (95% ClI)
p Value

Univariate

Multivariate

Pets inside home
Yes vs no

Crowding
>3 vs <3

Birth order
>5th vs <4th

Bathroom
Field vs others

Potable drinking water

No vs yes

Attended daycare
Yes vs no

House construction

Wood/bamboo vs others
Father engaged in agriculture

Yes vs no

Contact with farm animals*®

Yes vs no

Unpasteurised milkt

Yes vs no

Any geohelminth
Yes vs no

1.09 (0.93 to 1.29)
0.296

0.97 (0.82 to 1.16)
0.733

0.75 (0.62 to 0.91)
0.003

1.19 (0.99 to 1.43)
0.054

1.21 (1.02 to 1.43)
0.028

0.99 (0.84 to 1.16)
0.889

0.95 (0.81 to 1.12)
0.508

0.89 (0.74 to 1.06)
0.176

1.03 (0.85 to 1.25)
0.781

1.05 (0.89 to 1.24)
0.557

1.12 (0.95 to 1.34)
0.165

0.75 (0.61 to 0.91)
0.005

1.44 (1.16 to 1.78)
0.001

0.86 (0.70 to 1.05)
0.144

Cooper PJ et al. Thorax. 2014
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Virus

Parasite

Fungus




Table 1. Hazard Ratios for the Presence of Bacteria in Cultures from Airways at 1 Month of Age in Relation to Primary
End Points.
Hazard Ratio Adjusted Hazard

End Point and Bacterial Species (95% ClI) Ratio (95% Cl)*
First wheezy episode

At least one of S. pneumoniae, H. influenzae, or M. catarrhalis 1.65 (1.24-2.21) 1.50 (1.08-2.10)
Persistent wheeze

At least one of S. pneumoniae, H. influenzae, or M. catarrhalis 2.40 (1.45-3.99) 2.01 (1.13-3.57)
Acute severe exacerbation of wheeze

At least one of S. pneumoniae, H. influenzae, or M. catarrhalis 2.99 (1.66-5.39) 3.14 (1.57-6.30)
Hospitalization for wheeze

At least one of S. pneumoniae, H. influenzae, or M. catarrhalis 3.85 (1.90-7.79) 3.57 (1.55-8.23)
Table 2. Colonization in Relation to Asthma Diagnosis, Lung Function, and Allergy.

Not Odds Ratio Percent Estimated Difference

Outcome Colonized Colonized (95% ClI) (95% CI)*
Asthma at 5 yr (no.)

Yes 17 20 4.57 (2.18 t0 9.57) —

188 Bisgaard H. NEJM 2007

No




Effect of sensitization on the severity of asthma symptoms  Risk of asthma at age 6 years in children who wheezed during the first
associated with rhinovirus infections 3 years of life with rhinovirus (RV), respiratory syncytial virus (RSV)

Asthma Symptoms < First 3 Years of Life
100 - OF.
L OR=9.8 OR=10.0
ABO— E 60 . o * + * +
S
260 © 40 OR=2.6
g © OR=1.0
£ 0 oc 20 —
g =
e
N % 0 | | | |
< RSV RV RV &
Neither only only RSV
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N, g TN Wheezing llinesses
O None O Mild B Mod-Sev
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Probability of experiencing iliness symptoms according to patterns of pathogen

A B C
M. Catarrhalis and RV S. Pneumoniae and RV H. Influenzae and RV
Morax only | ; Strep only ' H flu only | .'
vs. no pathogen : ® vs. no pathogen .: vs. no pathogen !
RV only _ ' o RV only ' - RV only | E o
vs. no pathogen * . vs. no pathogen * | vs. no pathogen * :
RV+Morax _| o RV+Strep ° RV+H flu _ _ o
vs. no pathogen * : vs. no pathogen * ; vs. no pathogen :
RV+Morax _| ; @ RV+Strep ; - RV+H flu _| 2 l
vs. RV only * i vs. RV only i vs. RV only |
T T T I T T T T T T T T
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D F
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Morax only : Strep only : H flu only !
= 1 NA = T = T
vs. no pathogen ! (NA) vs. no pathogen ! ® vs. no pathogen ! ®
RV only _ : o RV only | | ® RV only | :
vs. no pathogen * | vs. no pathogen | vs. no pathogen : ®
RV+Morax [ . RV+Strep | - RV+H flu |
vs. no pathogen * : ® vS. no pathogen * : vs. no pathogen * : ®
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Odds Ratio for Exacerbation K|Oeper K et al.
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Any current intestinal parasite infection and asthma Association of asthma with Ascaris Lumbricoides and SPT to aeroallergen

02 Adjusted analyses
Benicio
Calvert
Cooper -
Dagoye
Davey -
Lynch -
Muniz -

Nascimento _
Palmer
Scrivener
Subtotal (95% ClI)
Test for heterogeneity: Chi? = 46.44, df =9 (P < 0.00001), I = 80.6%
Test for overall effect: Z = 1.27 (P = 0.21)

—_—

Toxocariasis seropositivity in asthma

children

*

S. Lokman Hakim (1997)

PATRICK WK CHAN (2001) -

Neda Sharghi (2001) —_——

Silvana D.P.Figueiredo (2005) |

Deepika Fernando (2009) _—
PR S—

I
I
Area de Inmunologia (2010) |
|
|
|

—.—
Roxana (2012)

Subtotal (Fsquared = 81.7%, p = 0.000)

Model Explanatory Variables OR (95% () p Value

1* Positive history or examination for 1.71 (1.26 - 2.31) 0.001
A. lumbricoides

2* Positive history or examination for 1.63 (1.19 - 2.22) 0.002

A. lumbricoides

Number of positive skin tests 1.11 (1.02-1.20) 0.01

Prevalence of recent wheezing and asthma according to putative risk factors

Putative risk factor No. of subjects® Wheezing in the
past 12 months

and asthma

OR (95% CI)

Exposure to helminths
Current infection with intestinal helminths

Yes 24 16.7% 2.42 (0.57-7.75)
No 473 7.6% 1.00

Positive serology for Toxocara
Yes 104 18.4% 2.39 (1.17-4.85)"
No 379 7.1% 1.00

= Gachon University
Gil Medical Center

Palmer LJ et al. AJRCCM 2002, Leonardi-Bee J et al. AJRCCM 2006 ,
Li L et al. Ann Allergy Asthma Immunol 2014, Ferreira MU et al. J Trop Pediatr.




Fisk, 2007 [15]
e aOR 1.34 [95% CI1 0.86-2.10) Asthma development (4 studies) Common Indoor Molds
Indoor dampness or mould -
Fisk, 2007 [15] g Cladosporium
’ aOR 1.53 (95% CI 1.39-1.68] Wheeze in children [17 studies) L p
Indoor dampness or mould .
- aOR., 1.56 (95% CI 1.30-1.86) Fisk, 2007 [13] _ AL Penicillium
CA (10 studies); E-DA (8 studies)
< aDRE-DA 1.37 (95% CI 1.23-1.53) Indoor dampness or mould P
Sy Alternaria
Antova, 2008 [5] A
- a0R 1.43 [95% Cl 1.36-1.49) Wheeze in children [12 studies) —
Indoor dampness and/or mould °! Aspergillus
S aORw1.68 (95% CI 1.48-1.90) TiscHer, 2011 [7] o
a _ Asthma in children (21 studies]
> a0Ra1.49 (95% C1 1.28-1.72) Wheeze in children (19 studies)
Visible mould
D a0Ry_ears 1-39 (95% C1 1.05-1.65)  Tiscrer, 2011 [8]
Asthma development: birth cohorts 0-2 years
| aDRS—myears 1.10 (95% CI 1.90-1.34] old [4 studies]; 3-10 years old (4 studies); 6-8 years
aOR, 4 years 1.09 (95% CI 0.90-1.32) old (& studies)
Visible mould
g -
<l aORy,, 1.29 (95% CI 1.04-1.60) Asthma development
s aOR, 1.32 (95% CI 1.12-1.57) MO (8 studies); VM (12 studies]; D (9 studies)
| | |
| | >
0.5 1 2 3
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Allergens Endotoxin (high-level) Endotoxin (low-level)

Airway LPS
T D
PAMPs, DAMPs, Tnggers .
* e
Epithelial Cells f TLR4
MD-2
Antigen PRRs
uptake &
IL-6, IL-8 IFN-B
v v
Immune Response, Anti-Viral Response

Inflammation
DC

. - Connective Tissue
migration

Gram-negative bacterial endotoxin (lipopolysaccharide, LPS)
Thi cell
development

STAT4

Core glycolipid
DLN glycolip

O-specific polysaccharide chain

- n
O-specific
oligosaccharide core oligosaccharide
subunit
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Effect of endotoxin level on the risk of asthma

DD asthma
cOR aOR
(95% ClI) (95% CI)
Endotoxin N = 525 N = 477 VS
Medium 0.54 0.47
(0.32-0.92)* (0.26-0.86)* Endotoxin exposure
High 0.43 0.40
0.24-0.7D7  (0.210.777 1st quartile 4th quartile P for trend
(57-1028 EU/qg) (7752-1286 179 EU/Q)
Infants with parental atopy
Repeated wheeze* 17% (50) 27% (73) 0.008
1.00 1.77 (1.14-2.73) 0.025
Repeated wheezeT 16% (80) 22% (108) 0.040
1.00 1.52 (1.08-2.14) 0.031

= Gachon University
Gil Medical Center Douwes J et al. JACI 2006, Bolte G et al. CEA 2003




Effect of endotoxin level on the risk of asthma

ExPOSURE TO FARMING CURRENT ENDOTOXIN
HeaLTH QuTCcOME DURING THE FIRST YEART ExPOSURET

odds ratio (95% CI)

Hay fever 0.26

(0.13-0.52)§ 0.61 (0.40-0.95)§
Sneezing and itchy eyes after 1 yr of age 5(0.31-0.97)§ 0.53 (0.36-0.77)§
Atopic sensitization 0. 45 (0.30-0.68)§ 0.83 (0.63-1.09)
Atopic asthma 0.42 (0.18-0.96)§ 0.52 (0.30-0.90)§

VS

TABLE IV. Endotoxin exposure at age 2 to 3 months and wheezing between ages 1 and 7 years

Wheezing between ages 1 and 7 years
Hazard ratio, 95% CI, P value

Atopy or atopic diseases at age 7 years*

All childrent? Yest$ Not |

Each quartile increment in endotoxin levels (EU/mg) 1.23 (1.07-1.43), .004 1.23 (1.02-1.49), .03 1.23 (1.0-1.51), .05

= Gachon University
G Gil Medical Center Braun-Fahrlander C et al. NEJM 2002,Celedon JC et al. JACI 2007



Hygiene habits and conceptions
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Public confusion and misconceptions
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Cleanliness vs Dirtiness
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Asthma and the Hygiene Hypothesis
Does Cleanliness Matter?

Juliane Weber', Sabina llli', Dennis Nowak?®*°, Rudolf Schierl?, Otto Holst®>*, Erika von Mutius'*, and Markus J. Ege'

'Dr von Hauner Children’s Hospital, Ludwig Maximilians University of Munich, Munich, Germany; 2Ins’ntute and Outpatient Clinic for
Occupational, Social, and Enwronmental Medicine, University Hospital ofl\/lumch I\/Iumch Germany; °Member of the German Center for
Lung Research (DZL) Germany; and “Division of Structural Biochemistry, Research Center Borstel, Leibniz-Center for Medicine and
Biological Sciences, Airway Research Center North, Borstel, Germany

Rationale: The early hygiene hypothesis explained the development
of allergies by a lack of infections; nowadays, the aspect of excessive
cleanliness in affluent populations seems to have replaced this
concept. Yet, no investigation has shown that home or personal
cleanliness relate to allergic diseases.

Objectives: To relate personal and home cleanliness to risk of
asthma and allergies.

= Gachon University
Gil Medical Center Weber J et al. AJRCCM 2015




[At birth: 553 families recruited (100%)]

l

Month 3: 392 child's mattress dust endotoxin (71%)
425 family room floor dust endotoxin (77%)

l

Table 1. List of Variables Related to Personal and Home Cleanliness and
Home Characteristics

Year 5: 477 families participated in follow-up interview (86%)
370 Skin prick tests (78%)
453 families consented to be contacted for future follow up (82%)

b Gil Medical Center

l

[Current: 399 families with written consent (88%) ]

l

299 child’s mattress dust samples (75%)
297 family room floor dust samples (74%)

v v

endotoxin:
292 mattress
290 family room

muramic acid:
246 mattress
218 family room

Home cleanliness
Frequency of
. . . cleaning the soother by boiling in the child's first year”
. . sweeping, vacuuming, or wiping floors”
.. wiping dust’ )
. . dry cleaning or shampooing rugs
.. vacuuming mattresses’
. . cleaning the toilet/kitchen/bathroom™
. . cleaning windows"
. . changing towels in kitchen, toilet, and bathroom”
. . . use of washing powder, liquid detergents for floors, liquid detergents for smootf
sur‘faces bleach, ammoniac, decalcifier, organic solvents, toilet cleaner!
Habit of
. taking off shoes before entering the home”

._sharing towels in kitchen, toilet. and b athroom?

Ghllcl s personal cleanliness
Frequency of
.. . washing hands after playing outdoors/before meals/after using the toilet/with soap*
. . cutting fingernails/toenails™
. . taking a bath, taking a shower™
. . washing hair with shampoo”
. . changing toothbrush?
. . changing bed sheets”
: changmg underwear”
. swimming in an indoor/outdoor or natural pool*
Hablt of
. . sleeping in clothes from the day”
. chewing finger nails (yes, no)

.. . washing feet before bedtime after walking with bare feet’
ome charactenstics and lifestyle

Number of family members, children, visitors, smokers in the home
Level of child’s room (first floor or lower, above first floor)

Level of family room (ground floor or lower, above ground floor)

Pets (which, how many, where, in bed?)

Guest animals® (yes/no)

Ventilation (five questions)

Indoor plants (yes/no)

Moisture damage, mold and damp spots, humidifier, fish tank (yes/no)
Garden, front yard (yes/no)

Compost container indoors/outdoors (yes/no)

Weber J et al. AJRCCM 2015




Associations of floor dust (Lt) and mattress dust (Rt) parameters with lifestyle and home characteristics

Endotoxin Load Variable Endotoxin Load
Variable B [95% CI] P Value B [95% CI] P Value
Female sex -0.180 [-0.409; 0.049] 0.12 Female sex —0.074 [-0.303; 0.155] 0.53
Mother has 0.191 [-0.038; 0.420] 0.10 Pets 1 i 0.299 [0.070; 0.527] 0.01
university Guest animals 0.044 [-0.244; 0.332] 0.76
degree Dust sampling ;n —0.244 [-0.506; 0.017] 0.07
More than t : cold season
D;ﬁ”drzr;, i:r?mme Lol LR (0% Using drﬁrr to dry —0.317 [-0.548; —0.086] 0.007
laundry
M than f -
D\Liitofgfwmkur 0.282 [0.047; 0.518]  0.02 Mold spots in the home  0.122 [-0.159; 0.404] 039
Pets 0.222 [-0.010; 0.455] 0.06 n the last 12 mo
Guest animals + 0.274 [-0.015; 0.563] 0.06
House with garden 0.292 [-0.064; 0.647] 0.11

Level of family room on_ ¢ 566 [0.001; 0.531] ~ 0.05
ground floor or lower

Level of child’s room on ¢ 185 [-0.107; 0.476] 0.22
first floor or lower

= Gachon University
Gil Medical Center Weber J et al. AJRCCM 2015




Associations of dust parameters with asthma and sensitization

Floor: Asthma Atopy
Dust Weight e e
Endotoxin Load e o

Endotoxin Concentration
Muramic Acid Load @
Muramic Acid Concentration | e |
Mattress:
Dust Weight e
Endotoxin Load o —
Endotoxin Concentration o—
Muramic Acid Load ——
Muramic Acid Concentration
Endotoxin concentration mo 3* @

05 1 2 05 1 2

= Gachon University
Gil Medical Center Weber J et al. AJRCCM 2015




Associations of cleanliness scores with dust parameters

Home Cleanliness Personal Cleanliness
Score Score
Floor:
Dust Weight —@—
Endotoxin Load ——
Endotoxin Concentration H—e—]| @
Muramic Acid Load (— - — o
Muramic Acid Concentration | PN - -
Mattress:
Dust Weight — o
Endotoxin Load — &1
Endotoxin Concentration — @ @
Muramic Acid Load —e —@—
Muramic Acid Concentration ——
Endotoxin concentration mo 3* — o

1 | | | I

-0.3 -0.1 0.1 03 -03 -0.1 01 0.3

= Gachon University
Gil Medical Center Weber J et al. AJRCCM 2015




Home Cleanliness Personal Cleanliness

Score Score
Asthma —re— —a— Pets
Children
Visitors
Atopy e —— |
! | —1 ! | — Positive
0.5 1 2 0.5 1 2 associations
Taken together, the current results
suggest that. neither home nor personal Inveree Inverse
cleanliness impact on the development of associations associations
asthma and allergies, although cleanliness / \
was substantiated by objective, but rather : .
unspecific Cleanliness < || > Allergy

No association

= Gachon University
Gil Medical Center Weber J et al. AJRCCM 2015




Others
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Beyond Hygiene Hypothesis W T gy o

Protection
2011 Protectlon\ Risk Risk

Ege et al show that children
1976 growing up on farms are exposed
Gerrard et al observe lower to a wider range of microbial
prevalence of allergy in indigenous exposures and |D’-";’;3f prevalence of
populations in Northern Canada asthma and atopy

compared to urban Caucasian

populations” 2004
"Old friends" hypothesis
22
1969 1989 2000 proposed
Greenwood _c:bserv_e_s I_c:w incidence Strachan proposes P— - | t
r:rf_ rhaumatmd arthnt!s in Western the "hygiene atricardi et al correlate exposure to
Nigeria where malaria exposure is hypothesis"® childhood infections with reduced risk
frequent® of atopy later in life™

1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

1970
1986 2005

Greenwood et al show — : .
suppressed spontaneous Mosmann et al expose Th1 and Th2 Microflora” hypothesis
autoimmune disease in New cell subsets™ proposed*
Zealand mice infected with |
Plasmodium berghei®

1996

Strachan et al show inverse

correlation between household size Stiemsma LT et al.

and the development of hay fever®

Immunotargets Ther 2015




Children are not miniature adults,
how about the adults?
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Hygiene Hypothesis in Asthma, Con

\
‘M
J

Some evidences shows that
the hygiene hypothesis can not be applied to all these geographic-distinct populations

Specific microorganisms have been considerably associated with asthma
\_ J

Obsessive hygiene and cleanliness is root cause of the rise in asthma
is no longer supported

Beyond hygiene hypothesis, different microbial exposure and diversity can prove to be
an instructive concept for understanding asthma
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