FORALLVENT

Comprehensive review of existing findings.

Introduction

Until the late nineteenth century the main caugasfant and adult mortality were infectious
diseases such as tuberculosis, smallpox, dysemeegmonia, typhoid fever and diphtheria
(1). Eighty percent or more of children died frames$e diseases before reaching adulthood. At
that time epidemiological studies were mostly coned with the observation of the spread of
infectious diseases among populations. Since thginbieg of the twentieth century
improvements in housing conditions, sanitation,ewatipply, nutrition and medical treatment
have virtually eliminated infectious diseases agomeauses of death in developed countries
such as the U.S., and increased the average |feceancy from about 50 years in 1900 to
nearly 74 years in 1984 (1). This change has beeallpled by the emergence of chronic
illnesses such as heart disease and cancer asdimecauses of mortality in developed

nations.

As many other chronic disorders asthma, atopic dgtis and hay fever are likely to be
determined by multiple factors, some of which ciatt host characteristics such as gender,
race, genetic predisposition and atopy, and sonvehath consist of extrinsic, environmental
influences. These factors are likely to interactnoainy different levels. In addition, certain
windows of opportunity for different exposures meyst and differ between types of atopic
conditions. Therefore, the timing of exposure méy @ crucial role for a certain factor to
affect either the onset or the progression of aacerallergic illness. Potential gene-
environment interactions must become a focus @natn since complex diseases such as
asthma and allergic conditions are likely to beedained by interactions between multiple
major and minor genes, and involve important emritental factors for their expression.
Both, the search for genes and for environment&rdegnants relies on increasing knowledge
about the mutual cofactors. The role of genetitoi@dcwill be discussed in another chapter,

therefore the focus of this discussion is on emrirental factors related to modern life styles.
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Prevalence of allergies with respect to traditionabr less developed life styles.

In general, the prevalence of asthma and allerggeades are higher in affluent, western
countries with a high degree of industrialisatitwart in developing countries with a large
rural population. In the large scale InternatioBaldy of Asthma and Allergy in Childhood
(ISAAC) the world wide prevalence of allergic disea was assessed in the 1990s (2). More
than 450.000 school-aged children from 56 countpagicipated in this survey. Identical
methods in all study centres were used in an eftodraw a picture of present-day asthma
prevalence around the globe. A 20-fold differenegween study centres was found for
childhood asthma, while the variation for otheeadic diseases was between 20 and 60 fold.
The highest prevalence of current asthma symptassessed by questionnaire as wheezing
in the last 12 months) was found in the UK, New lded and Australia while most
developing countries showed comparatively low plevee rates. In general, centres with low
asthma rates also showed low levels of other atd@eases. However, countries with the
highest prevalence for allergic rhinitis and atopézema were not identical to those with the

highest asthma rates but showed a distributioemifft from that of childhood asthma.

Furthermore, within European countries a west-geatient in the prevalence of childhood
asthma is apparent. In Germany, the fall of theliBavall in 1989 opened a window of
opportunity to study a genetically homogeneous fafmn that lived under very different
economical and environmental circumstances. In 198@rtly after the German reunification
the prevalence of asthma, allergic rhinitis ang&tsensitisation was significantly higher in
West Germany than in the East (3) Likewise, in wdgtfrom the Baltic area of northern
Europe Swedish children showed a higher prevalehegopic sensitisation and asthma than
did those from Poland and Estonia (4, 5). Wherpaszsectional survey was repeated in 1996
in East Germany atopic sensitisation measured boysick tests had increased significantly
in these children though not as much as to attagvgbence rates of atopy previously
observed among school children in Munich (6). Thaldeen from East Germany
participating in this repeated survey were borre8rg before the downfall of communism and
were therefore only exposed to Western living cbods after their third birthday. This may
indicate that factors early in live are particwaninportant for the development of asthma,
while environmental factors beyond infancy mayuefice the development of other allergic

disorders. Yet, it remains to be seen whether teggbence of asthma will increase in the
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countries of the former communist Eastern Europeecchildren are born and raised in a

more "western" lifestyle.

In some developing and developed countries a I@neralence of childhood asthma in rural
as compared to urban areas has been reportedhdw@vidence is not conclusive. Airway
challenges performed in urban and rural areas ofic&f suggested that bronchial
hyperresponsiveness is almost non-existent in areds in the late 80s and early 90s (7, 8).
In turn, among the more affluent urban populatiohsSouth Africa and Zimbabwe BHR
reached a prevalence of 3.2% and 5.9%, respectiSetyilar results have been reported from
other studies in Africa. However, over the lastatbe BHR seems to have increased also in
rural Africa (9).

Differences in childhood asthma between rural arghm populations in Western countries
are less pronounced. In a large British study onérginal differences in the prevalence of
childhood asthma between rural and urban areas otserved (10). However, children from
rural Scotland tended to show a lower prevalencgewére asthma symptoms (11). Data from
Sweden indicated a higher prevalence of atopicitsgaitson to aeroallergens in children from
urban centres as compared to rural areas, but foomation was available for childhood
asthma (5). The increased risk for children to tgvean atopic disease in an urban
environment was largely attributed to increaseeleof air pollution, particularly related to
heavy car traffic exposure. However, recent findifrpm Switzerland (12), Austria (13) and
Southern Germany (14) gave evidence that lowergheeces of atopic diseases in rural
populations may rather be attributable to the preseof protective factors in a farm

environment than due to the absence of urban aistiors.

The role of microbial exposure for the developmenof allergic ilinesses.

Strachan first reported that sibship size is inelgrselated to the prevalence of childhood
atopic diseases (15). This observation was confirbg numerous studies ever since.
Consequently, it was shown that with increasing Ioers of siblings children had less hay
fever (16), atopic eczema (17) and showed a lowargbence of positive skin prick tests (18)
and lower levels of allergen-specific IgE (16). lamge enough studies it was furthermore
possible to distinguish between the effects of olae compared to younger siblings. The

majority of these analyses found a stronger proteetffect when older siblings were present.
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However, the relation between family size and d¢iolod asthma and BHR is less clear.
Studies from New Zealand (19) and Australia (2@gasted that having more than one older
sibling is a strong and independent protectivectfier the development of childhood asthma.
A similar association between asthma and the poesehyounger siblings was observed in a
large British study (21). Conversely, a numberaiier studies did not see a protective effect

of a large family size for the development of asthand BHR (22).

Several hypotheses have been proposed in an éffaekplain the intriguing association
between sibling numbers and the occurrence of atd@eases. For one, it has been
consistently shown that the effect of a larger fgrsize is independent from that of parental
socio-economic status. Furthermore, it was propdbatl maternal age at birth may be
responsible for the protective effects of havingleol siblings. Nevertheless, a lower
prevalence of atopic diseases was still observesat atljustment for maternal age and some
studies have even linked increasing maternal agantincrease in the prevalence of atopy
(23). Another potential explanation for the effectdamily size on childhood atopic diseases
may be that multiple pregnancies alter the immuais of the mother in a way that protects
a child from developing atopic diseases. Howeag, findings from recent studies do not
support this notion. Another potential explanationthe effects of family size on childhood
atopic diseases may be the fact that having mbtmgs increases the exposure to infections
passed on between children as proposed by Stradmewefore, having older siblings may
contribute to a higher infectious burden therelnedaing the development of the immune

system in a non-atopic direction.

In recent years, widespread attention has beem dgiwethe advancement of this field in
allergy research which investigates the potenin between exposures to microbial sources
and the development of allergic illnesses. Themhattempting to catch the various elements
of this complex relation has been coined the ‘hygibypothesis’. A large scientific and laic
audience has been confronted with these ideas threetast years and in the course of
numerous deliberations new angles and aspecte dfyihothesis have been proposed. At least
three distinct claims on the true nature of thegibye hypothesis’ have been brought
forward. These contentions relate to the potemtibd of overt and unapparent infections of

human subjects with viruses and bacteria; the aglex of non invasive microbial exposures
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in the environment; and the influence of such expes and infections on a subject’s innate

and adaptive immune response.

Before attempting to address these various aspdctie ‘hygiene hypothesis’ it seems
justified to highlight the complex nature of theoplem. The grid in which the pieces of this
jigsaw must be assembled is at least four dimeasioamprising the affected phenotype,
time, the environment and the genetic suscepibilialthough in clinical practice
manifestations of allergic illnesses sometimes appether uniform, the underlying
mechanisms and causes may be manifold. For exampiearia is an easily recognisable
skin condition. But the variety of factors elicjiihese appearances ranges from infectious
stimuli to allergic mechanisms to neoplastic ilses It seems reasonable to assume that not a
single cause but many will underlie the clinicalnifiestation. Likewise, there is increasing
evidence over recent years to support the notioa beterogeneous nature of the asthma

syndrome.

A number of studies have clearly shown that theatfbf a given exposure depends on the
timing. At least over childhood and adolescencehtlmaan organism is in a constant stage of
development and maturation. It is conceivable ttegse predefined processes display
windows of accessibility and vulnerability to exsic influences only at certain stages of
development. Moreover, prenatal factors may playsignificant role either through
mechanisms actingn utero or as epigenetic modulation of subsequent deveboypah
trajectories. Our journey into the discovery of teevant genes for allergic diseases has just
begun and we are at the very beginning of a fasomdield of research. The first glimpses
into this novel field suggest that no single gendl Wwe responsible for the clinical
manifestation of allergic illnesses. Rather alierst in many genes interacting with
environmental influences at various time pointslefelopment are expected to contribute to

the mechanisms underlying the various atopic coordit

An interesting debate about the immunological meigms potentially underlying the
protection against allergies mediated by livingaifiless hygienic” environment is ongoing.
One mechanism frequently associated with the ‘mgibypothesis’ is the skewing of the
Th1/Th2 balance away from allergy-promoting Th2 aoes Thl cells (24) The link between
Th1/Th2 balance and allergic diseases is mediat@ait by IgE: Th2 cells, by secreting I1L-4

and IL-13, promote immunoglobulin class switch mabiation to IgE (for review, see (25).
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However, there are some conflicting data which oame disregarded. Not only Th2-related
diseases such as allergies are on the rise ovéaighdecades, but also inflammatory diseases
such as Crohn’s disease and diabetes mellitus {R6Pdpulations with high incidence of
helminthic infections favouring a Th2 type of imneuresponse are protected from allergic
diseases (28). Furthermors,vitro and animal data show that activation of the inmataune
system does not necessarily promote a Thl resparesmending on the experimental
conditions also Th2 responses may result.(EBjally, uponin vitro restimulation with LPS

of peripheral blood leukocytes of children living an environment with high microbial load
both Thl- as well as Th2-related cytokines werentbto be downregulated (30).

Thus, while mechanisms related to Th1l/Th2 balanceoubtedly are of primordial
importance for the development of allergies, theymot suffice to explain the effects related
to the ‘hygiene hypothesis’. Mechanisms operativetlaer steps of allergy development have
to be considered when trying to understand thecesffef microbial exposures. Serum levels
of IgE, as of any other immunoglobulin isotype, a only determined by class switch
recombination to this isotype but also by fact@gulating terminal differentiation of already
switched B cells and the rate of secretion of lgierleukin-6, a pro-inflammatory cytokine,
is one prominent factor governing these proce$aashermore, T regulatory cells (Tregs) in
interaction with dendritic cells occupy a centralerin controlling immune responses, and
their importance for the development of allergias been well documented (31-3Bjnally,
also mechanisms inherent to the innate immune sysééated to endotoxin tolerance may

contribute to the effects elicited by exposure forobes, as will be discussed later.

Infections as intermediary of the ,hygiene hypothes’

Viral infections and asthma

Before examining the role of various viral infectsofor the inception of asthma and wheeze
we must define the phenotype as precisely as gessiim a chronological scale the first
delimitable phenotype relates to the transient whexd infancy which is manifest in the first
1-2-3 years of life and then disappears (33). Aaaiy acquired decrements in lung
function, exposure to tobacco smoke through theheroh utero and low birth weight are

likely to causally contribute to disease express(84-35). Viral infections of the upper
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respiratory tract are the most prevalent and pdrgggers of transient wheezing in infancy
(36), but are unlikely to be causal determinanthisf condition.

Beyond infancy wheezing phenotypes are much haodenequivocally classify. Persistence

of symptoms from infancy to school age has beepgsed (33), while others have classified
wheeze at school age either as current symptonas @ diagnosis of asthma by parental
report. Conflicting results have emerged from thasalyses. While infections of the lower

respiratory tract early in life have been identfias risk factors for persistent wheeze and
asthma (37-38), nasal symptoms and day care atteadzarly in life have been inversely

related to the same outcomes at school age (39.— 41

The inconsistency may in part be attributable ® disregard of an important discriminating
feature, namely atopy. Children with persistent @#eeinto school age can have signs of
atopy or lack any specific IgE antibody productibma general population birth cohort in the
UK, non-atopic wheeze was as prevalent as atopgewndat age 10 years and each phenotype
affected around 10 percent of enrolled children).(4Bhe risk factor profile differed
significantly between both conditions. Non atopitieg@ze was mainly associated with
recurrent chest infections at age 2 years, whexegsc wheeze was related to allergic illness
in the child and the family. It has been known lmng that viral associated wheeze has a
milder course and a better prognosis than alleagtbma (43). Thus, the inverse association
between frequent wheeze at school age and dayca@esal symptoms early in life might be
attributable to the strong link of viral infectiomath the milder form of non-atopic wheeze

thereby falsely suggesting a protection for alhierof wheeze.

It is, however, also conceivable that a child’sréased exposure to viral infections through
day care or contact with other children can infleethe phenotypic expression. In cross-
sectional surveys recurrent respiratory tract ides during the first 3 years of life have been
shown to be negatively associated with atopy anastigmatic children at school age (44-45).
Thus increased exposure to viruses in a child’'srenment may foster a milder form of
wheezing by suppressing the atopic component. fbigon is further supported by the
studies investigating the effects of day care dmditis exposure early in life which all
showed a protection from atopy in the exposed odnld39, 40, 46).
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These epidemiologic observations rather crudelgssss] the exposure to respiratory viruses
without taking any detail such as the type of itifeg virus, its virulence, the severity of the
infection and the viral load into account. Amongpigatory viruses some may exert more
deleterious effects than others. The ensuing dssandas mainly centred around two viruses
that have been associated with asthma and wheeaelarge number of studies, namely

rhinovirus and respiratory syncytial virus.

Rhinovirus has been detected in 80% of nasal dspiraf school age asthmatic children
within 4 days after parents reported episodes demimg (47). A recent birth cohort of high
risk infants (COAST Study) has extended this warkower age groups and confirmed that
also in infants and toddlers up to the age of 3g/danovirus was the main isolate from nasal
lavages taken during symptomatic periods (48).nlil&a rhinovirus illnesses were the ones
most significantly associated with the prevalendewbeezing in the 3rd year of life.
Interestingly, infants with wheezing rhinovirusnidlsses were 2 to 3 times more likely to
wheeze in year 3 compared with infants who wheeaddd RSV infections. Furthermore, 3rd
year wheezers were not infected more often duheglsst year of life, but clearly developed
more severe symptoms of illness suggesting thatriot the repeated infectious insult which
elicits the wheeze, but rather the viral infectistrmasks the underlying disposition.

These data put previous findings regarding RSVcindes and their relation to asthma
development into perspective. Only half of the hrggk infants of the COAST study who
were infected with RSV wheezed, again suggestiag bost factors are likely to play a
significant role. Once a RSV infection has beeroageanied by wheeze and bronchiolitis the
risk of subsequent wheeze is increased until schndlearly adolescent age (49-50). Most
studies did not find an association between RS¥ciidn and the development of atopy.
Furthermore, in the Tucson Children’s Respiratotyd$ confirmed RSV had a similar
impact on subsequent wheeze as other confirmetimeations (49). It is therefore plausible
that RSV is just one of many respiratory virusescWhare associated with the non-atopic
persistent wheeze phenotype as discussed aboveefldw of each particular virus will
depend on its own characteristics, the elicited imenresponse and the interacting host
factors. In addition, various genetic factors akely to significantly modulate the immune

responses to viruses as recently shown in the CC&t8dy (51).
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It has been suggested that viruses influence ttierehtiation of T cells upregulating Thl
responses (52). Viruses may also stimulate IL-I@petion in T regulatory cells (53). But
viruses differ with respect to their invasive prdps and the elicited immune response.
Rhinovirus for example infects only small areastloé epithelial layer with little or no
mucosal damage. Even with large inoculating do$esras, less than 10% of cells become
infected. In contrast RSV damages large groups pith&ial cells resulting in edema,

shedding of death cells and increased mucosal diiitg (54).

The response to an invading virus depends on ashastunological set up. Deficiency in
IFN-y responses before the onset of bronchiolitis has saown in men and mice, suggesting
an impaired viral defence prior to infection (55-5@fants at risk of allergies may be
particularly deficient in IFN¢ responses. Although initial studies have suppadtiesiconcept
(57), long term follow up of such infants into sochage has not confirmed the initial
observations (58). In fact, none of the early imolagical parameters including Thl and Th2
cytokines were significantly predictive of allergitsease at age 6 years (58). In turn neonatal
antigen presenting cells fail to upregulate MHCssldl and costimulatory molecules (59)
thereby providing insufficient stimuli to respondircells. Whether this deficiency differs
between infants at risk and controls, remains telbeidated. Finally, it is unknown whether

differences in antibody concentrations and clasgest between these groups.

In children at risk of allergy development verytlétis known about the immunological
predictors of virus induced wheeze. Gern and cgllea have recently shown that in infants
with a family history of allergies and/or asthmapmonuclear cell phytohemagglutinin-
induced IL-13 and virus-induced IFN+tesponses at birth were indicative of the risk for
wheezing in the first year of life (60).

In older children viral infections might interacttiv airway inflammation in several ways.
Damage to the airway epithelium and consequenthyaeced absorption of aeroallergens
might lead to increased airway inflammation (61)urtRermore, induction of pro-
inflammatory cytokines (IL-6, IL-1-3, TNEJ, chemokines (IL-8, MCP-1, MIP-1[3), adhesion
molecules (ICAM-1) and leukotrienes enhance cellutacruitment, activation and
inflammatory responses (62- 63). This scenarikedy to occur among atopic and non-atopic

wheezers. Finally, in asthmatic individuals viredarance might be inhibited thereby leading
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to more severe infections. However, studies in msrmand mice do not support this notion
(64,-65).

Differences in specific characteristics of eachusiresulting in distinct immunological
changes may play a role. The studies to date prasenltifaceted story, demonstrating either
Th2 or Thl responses following RSV infection in rama and murine models (66-67). For
rhinovirus infections, increases in IL-10 indicatia role for regulatory mechanism through
e.g. regulatory T cells were proposed which miglatdl to an atopy-protective effect by this
virus (68-69). Further, a deficiency in interfer8nimpaired apoptosis and increased virus
replication was demonstrated in rhinovirus in vitn@dels (70), opening the possibility for
type | interferon’s in the treatment or preventioh virus-induced asthma exacerbations.
Some studies point out epidemiologic and immunalagimilarities between bronchiolitis
caused by influenza and RSV, and suggest thatfhctsirs are more important than the nature
of the infecting virus in the development of sevienrens of bronchiolitis caused by influenza
and RSV (63).

Other viral infections and allergic illnesses

There is conflicting evidence relating results efadogical studies investigating hepatitis A
and relating these findings to the prevalence of Fever and atopic sensitization in
population based studies. A number of surveys Isfnsvn protection from allergy with a
positive serology to hepatitis A (71-73) wheredsend could not confirm these results (74 —
75). A positive serology to hepatitis A may thus bemarker of other unhygienic
environmental exposures rather than a true culpfitthe association, although the
immunological characteristics of hepatitis A maggest a modulating effect. The receptor
for the hepatitis A virus is TIM-1. This receptancaits ligand TIM-4 belong to a family of
proteins which are involved in the regulation of £0O0° cell differentiation, airway

inflammation and airway hyperresponsiveness (76).

Few other viruses have been specifically investidain the context of epidemiological
studies investigating the determinants of allergjigeases. Two reports have suggested a
protective role for herpes infections (39, 71), bomfirmation in other populations is awaited.
Also infections with Epstein Barr and cytomegalieus have been inversely related to

specific IgE levels (77).
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Bacterial infections

There are few studies investigating the associalietween the occurrence of bacterial
infections and the development of asthma and adlerg/Vhile in a large Norwegian survey
otitis media in infancy was negatively associatdthvallergic sensitisation in school age
children of atopic parents (78), no relation betwwaenumber of bacterial infections including
otitis media and asthma was seen in the prospeBtA® cohort (39). In Sardinia, children
who had been hospitalized with salmonellosis hadowaer prevalence of allergic
rhinoconjunctivitis and asthma than children whal iieeen hospitalized with non bacterial
enteritis (79), but these findings need confirmatio other populations. In turn a number of
studies have investigated the potential proteatifect of infection withhelicobacter pylori

by measuring IgG antibodies towards this pathodjeverse associations with sensitisation
towards aeroallergens were seen in 2 studies (04, &d in a composite score of
seropositivity to hepatitis A, toxoplasma gondii and helicobacter pylori, the latter also
contributed to an inverse relation with atopic $&setion, allergic rhinitis and asthma (73,
81). Interestingly, a dose response relation waemed in these studies: the more infections
these subjects had encountered, the lower the \@zk@revalence of atopy, allergic rhinitis
and asthma was. These findings clearly suggestnbi one microorganism which accounts

for the observed protection but most likely a numifeagents.

The potential beneficiary role afiycobacteria exposure has been heavily discussed. The
deliberations were grounded on literature sugggséirstrong inverse association between
BCG vaccination and the prevalence of allergicedises in Japan (82). Subsequent work has
however refuted such a role of BCG immunization foe development of asthma and
allergies in western populations (83 — 86). Therst inmycobacteria is however continuing

as this microorganism shows some remarkable patBntnmunomodulatory characteristics.
In murine models of allergic asthma treatment wiycobacteria resulted in a suppression of
several allergic features. The precise mechanismshie suppressive effect are under
investigation. Mycobacteria have been associateati wicreased Thl immune responses,
primarily an augmented IFM-secretion (87-88), but others were unable to rapredhese
findings (89-90). Therefore, other mechanisms fagthe induction of regulatory T cells and
IL-10 dependent mechanism may be responsible éooliserved effects (91- 92).
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Parasites

It seems unlikely that in westernized societiesapiéic infections will play a major role for
the protection from asthma and allergies. Thereoisever good evidence to suggest that in
endemic areas such as in Africa or Latin Americeagific infections are strongly inversely

related to the development of atopy (see reviewW83A94).

Environmental exposures as intermediary of the hygne hypothesis’

The strongest claim for a critical role of protgetienvironmental exposures in the inception

of asthma and allergies arises from studies inyastig environmental factors in rural areas

of Europe, particularly in the farming community.

The epidemiological evidence

Since 1999 fifteen studies have been performedunal rareas in Europe, namely in
Switzerland( 12, 30, 95) Germany (30, 95, 96) AagB0, 95, 97) France (98), Sweden (95,
99, 100), Denmark (101, 102), Finland (103 — 108) &8ritain(106). Almost all studies
reported a decreased prevalence of hay fever dedjial rhinoconjunctivitis and all surveys
that included objective measures of specific IgEbaalies either by skin prick tests or by
serum measurements demonstrated a significantheased prevalence of atopic sensitisation
among farm children compared with non farm child{®®7). Findings relating to asthma and
wheeze are less consistent. While in a large suirveyding over 10,000 schoolchildren in
Germany (96), children of farmers had a lower pievee of asthma (OR=0.65 [95% CI:
0.39-1.09]) and wheeze (OR=0.55 [95% CI: 0.36-0,868her surveys in Switzerland (12),
France (98) and Finland (103) did not find sigrafit differences between groups. Only two
studies included measures of airway hyperresponsssgand one of these using wood and
coal heating as a proxy for farming (101, 108 —)108 Denmark and Germany the
prevalence of airway hyperresponsiveness was gignify reduced among farm children
compared with non farm children (101, 108). Anotl@anadian survey confirmed these
findings (110). To my knowledge, no study has sh@amnincreased prevalence of airway

hyper-responsiveness among children raised on farms
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Children raised on farms in Europe seem to reta@ir tprotection from allergy at least into
young adulthood (98, 102, 111 - 112). In a congmeriof Danish farming students and, as
controls, conscripts from the same rural areas, pifevalence of atopic sensitisation to
common allergens was lowest in farmers who in ¢tloitl had lived on a farm, intermediate
in farmers without a farm childhood and controldhwa farm childhood, and highest in
controls without a farm childhood (102). Likewise,a German study of adult farmers aged
18 — 44 years (111 — 112), farm animal contactitdbood was associated with a decreased
risk of atopic sensitization. Continued exposure faom animals in adulthood further
decreased the odds ratio of atopic sensitisatisoceésted with symptoms of allergic illnesses
(OR= 0.2 [95% CI: 0.1-0.4]). However, starting faamimal contact in adulthood increased
the odds of asymptomatic atopic sensitization (QR=4®5% CI: 1.1-5.2]). Whether the
increased protection of continued exposure fronaniay into adulthood is attributable to
sustained exposure or whether a ‘healthy workeecéffin part explains these findings
remains to be elucidated.

Farming practices vary between farms and betweamtdes and this diversity may
contribute to the heterogeneity of farm effectsasthma across studies and countries. Some
investigators have attempted to identify individuekposures in farm surroundings
contributing to the reduction in risk of asthma aflérgic diseases. Initial observations from
Germany and Switzerland reported that children fifoihtime farmers had lower risk of
atopic disease than children of part time farm&gs 06) suggesting a dose-response effect.
Two recent studies conducted outside Europe (1184} seem to suggest that an important
component of the farm environment is livestock expe, since no protective effect of
farming was observed among children living in ananily crop farming region in Australia.
This notion is supported by the finding of the Eagan studies where exposure to livestock
has been identified as an important contributdh&protective farm effect (31, 96, 103, 106.
Interestingly in the Austrian study children whal diot live on a farm but who had regular
contact with farm animals also had a lower prewagenf allergic sensitization (13.5 % versus
34.8%) (97). Another source of protection has bielemtified in a number of studies: the
consumption of unpasteurized milk (30, 106, 114)wAth livestock exposure, this effect was
not restricted to children living on a farm, butsvalso seen among non farm populations
consuming unpasteurized milk (106). Recent work trassferred this observation into
experimental studies and has shown that treatnfd@AbBc mice with extracts of stable dust

during a conventional sensitization protocol withalbumin inhibits the development of
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airway hyperresponsiveness and eosinophilia upaibamin challenge(115). These findings
suggest that dust from stables of animal farmsatoststrong immune modulating substances
and that these as yet unknown substances supfiegicasensitization, airway inflammation

and airway hyperresponsiveness in a murine modalergic asthma.

Few studies have investigated the role of the tnoihthe various farm exposures. Both in the
ALEX and the PARSIFAL study there is strong evidepointing towards the importance of
early life exposures either in the first year & lor even in pregnancy for the development of
protection from atopic sensitization and asthma (3®). Exposures occurring after the first
year of life had no or much weaker effects (30thaligh these studies admittedly are cross-
sectional in design and therefore the exposurdbas assessed retrospectively, recall bias is
unlikely to significantly confound the findings sm infantile exposures are closely linked to

maternal exposures, reflecting a continuing patbématernal tasks on the farm.

Microbial exposures

If livestock exposure is indeed associated witreerelased prevalence of asthma and atopy,
then underlying exposures should be investigatddld@n exposed to livestock may be
exposed to more allergens, bacteria, viruses andi fthan children without exposure to
livestock. Yet, only few out of the many microb&{posures have been measured in farming
environments so far. Bacterial substances sucm@st@xin from gram negative species and
muramic acid, a component of peptidoglycan fromdék wall of all types of bacteria, have
been found to be more abundant in mattress dust faom children than non farm children
(117). Likewise, extracellular polysaccharide (ERSm Penicillium andAspergillus spp. is

more prevalent in farming households than non faoeseholds (117).

In the ALEX study, the multicenter study conductedAustria, Switzerland and Germany,
endotoxin levels in samples of dust from the cleifds mattresses were inversely related to
the occurrence of hay fever, atopic asthma, angbi@tsensitization (118). However,
nonatopic wheeze was not significantly associatath whe endotoxin level. In turn,
independently of the endotoxin concentration, iasheg mattress dust muramic acid
concentrations were associated with a lower frequesf wheezing and possibly asthma

among rural school children in the ALEX study (119)
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The inverse association found in the ALEX studyasstn endotoxin and atopic wheeze was
confirmed in the larger multicenter PARSIFAL survegerformed in Sweden, the
Netherlands, Germany, Austria and Switzerland (12@hen restricting the PARSIFAL
analyses to similar groups of children as in th€eXLstudy, farm and farm-reference children
in Germany, Austria and Switzerland, an adjustedsadtio (aOR) of 0.56 (95 %CI. 0.35-
0.90) was observed. After adjustment for glucand BRS, the effect of endotoxin was
however no longer significant. Since exposures moloeoxin, EPS and glucans were
moderately, but significantly correlated, a firmnctusion on the degree to which specific
agents contributed to the observed effect is pdsdu Moreover, these microbial agents
might be markers of a much broader spectrum of ghiat agents. Muramic acid was not
measured in the PARSIFAL study. It is furthermoreteworthy that in this study all
measured microbial compounds (endotoxin, glucadsEdS) did not explain the protective
‘farming effect’ suggesting that other yet unknomicrobial exposures confer the protection
seen in the farming environments. The results dwelwer also suggest that mould
components might modulate immune responses andh@rotect against allergic diseases,
as previously suggested for endotoxin (121 — 1PBjs is in line with a study on the effects
of endotoxin and fungal spores on atopy and asthmadult farmers, in which fungal spores,
rather than endotoxin, were inversely related epiatwheeze (123).

Protective immune responses in farming environments

Few studies have investigated immune responsedhildren raised on farms and have
compared them to immune responses in children daise rural but non farming
environments. Since farming is associated with akx¥ exposure to microbes and/or
microbial components, the Swiss arm of the ALEXdgtinvestigated whether growing up on
a farm affects the expression of receptors for oti@l compounds such as the monocytic
antigen CD14 (involved in recognition of Gram-po@tand Gram-negative products), TLR2
(a receptor for bacterial lipoproteins), and TLRHe(receptor for lipopolysaccharide, LPS).
Peripheral blood leukocytes from children of the 3L population living on a farm were
found to display increased expression of the gémeSD14, TLR2, and TLR4 (124).

The impact of farming on the expression of innatenunity genes was then further examined
by the Swiss research team in 125 children of fasraed 127 children of non-farmers from

the PARSIFAL study (). RNA was extracted from EDTi@ated blood, and expression of

Page 15



FORALLVENT — Project no. 31708 - Deliverable D1

TLR2, TLR4, and CD14 was determined by quantitative PCR (TagMan®). Tasults
confirmed the initial observation suggesting thavienmental exposures, in particular to
microbial components affects the expression of gegreoding microbial ligand receptors
(116).

The Swiss research team then assessed whethereshi@mngene expression correlated with
prenatal or postnatal exposure to farm factorserAdidjusting for age, sex, family history of
atopy, parental education, environmental tobaccooksmn maternal smoking during
pregnancy, number of older siblings, contact wigtspever, study center and current farm
exposures, maternal exposure to stables duringnaney (i.e., prenatal exposure of the child)
significantly correlated with an increase in thepmssion of TLR2 [1.44 (1.04-1.98),
geometric means ratio and 95% confidence interValR4 [1.40 (1.07-1.83)] an@D14 [1.66
(1.18-2.33)]. Interestingly, a dose response matvas seen. Expression dfR2, TLR4 and
CD14 increased with the number of different farm anisacies the mother had contact with
during her pregnancy (116). Overall, these findisgggest that environmental exposures

very early in life may lead to epigenetic changasich in turn may alter gene expression.

These findings also suggest a role for innate imtyun response to these environmental
exposures. Pathogen-associated molecular patteAiMRs), evolutionarily highly conserved
structural components of microbes, are recognizedimilarly conserved receptors of host
innate immune systems, the pattern recognitionptece (PRRs). Examples for PAMPs are
the bacterial compounds cited above, lipopolysatdddLPS, endotoxin), and muramic acid,
a component of peptidoglycan which is part of te# wall of most bacteria. Examples for
human PRRs are the human Toll-like receptors (TL&®) CD14.To date ten functional
TLRs have been described in humans. The cellujgiating cascade ensuing engagement of
TLRs initiates innate host defence mechanisms (1#8)it also provides signals required for
initiating and modulating the adaptive immune res® (126). In the context of the
development of asthma and allergies, TLR4 as recépt LPS, and TLR2 which recognizes
peptidoglycan of gram-positive bacteria, have netithe most attention. Polymorphisms in
the genes for TLR4 and TLR2 have furthermore bedmmwa to interact with the farm
environment modulating the allergy protective efid®7).

Engagement of TLRs triggers a signalling cascadeltiag in activation of host defence
mechanisms, inflammatory responses and signalmiiating adaptive immune responses.

Exposure to microbial compounds may thereby skeev Th1l/Th2 balance towards Thl
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responses. However, in the ALEX study no skewingaras Thl responses was observed
among school-aged farm children (118). Productibhath Th1l and Th2 cytokines (TNF-a,

IFN-g, IL-10, IL12) by leucocytes stimulated withPE was inversely related to the endotoxin
level in the bedding, indicating a marked down-tation of adaptive immune responses in
exposed children. These findings point towards @anpmenon described as endotoxin
tolerance, reflecting an old observation that régskar prolonged exposure to endotoxin
results in a refractory state (128). The potemtiéd of regulatory T cells has so far not been

explored in the context of farm exposures.

With respect to sensitisation to common aeroallesgéhe underlying mechanisms may be
even more complex. In the ALEX study allergen-dejeem switching patterns were
reconstructedn vivo to identify the level(s) at which farm exposurdsai protect against
atopy by assessing serum IgGL1 to IgG4 and IgE deeegrass, cat, and mite allergens (129).
Farm exposure had complex allergen-specific effamts IgGl, IgG4, and IgE levels.
Exposure protected against grass-specific respaaitsesery step along the IgG1/1gG4/IgE
switching pathway. Protection from cat responses gzmcentrated at the IgG1 level. For all
allergens, failure to express IgGl was associatéd lew prevalence of IgG4 or IgE
responses. These findings suggest that the pneteeffects of farm exposure on atopic
sensitisation are allergen and switch stage spedifd counterbalancing, protective effect of
IgG4 production as proposed in the context of urbainexposure (130) has been seen in

these farming environments.

In the absence of farm animal contact a numbetufiss have investigated the role of cat
and dog exposure. A review of the associations éetvpet exposure and asthma and asthma
like symptoms was undertaken by Apelberg in 200b wbncluded that in children over 6
years of age a significant increase in the riskasthma or wheezing was seen, whereas in
children younger than 6 years of age exposure te Ipgd a protective effect (131). Since
then, a number of prospective studies showed aceedtisk of allergic diseases or allergic
sensitization in children exposed to cats or daegsnfancy, but consistency among these
studies is lacking (132-140). Parental, in paréicuhaternal history of asthma and atopy is
likely to exert significant effect modification viaitpet exposure being a risk factor among high
risk children and a protective factor among lowkrishildren (136, 138, 132, 137).
Additionally, marked differences between differemimal species are likely to exist, with

exposure to dogs showing a more consistent patfepnotection than exposure to cats (136,

Page 17



FORALLVENT — Project no. 31708 - Deliverable D1

132). These results must however be regarded agitiion since reverse causation due to
already implemented avoidance strategies in fasigh atopic heredity cannot be excluded
with certainty. As of today, the available litensudoes not provide conclusive guidance
regarding the effects of pet exposure early in &éifel thereby on the potential preventive

aspects of dog or cat ownership.
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