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Asthma, allergy and
the hygiene hypothesis
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Recent studies have shown high
prevalence rates of asthma symptoms
in developed countries, including
New Zealand, compared with devel-
oping countries. The hygiene hypoth-
esis was evolved in the late 1980s as
a potential explanation for the rise
in asthma prevalence worldwide. It
is hypothesised that early childhood
infections may protect against the
acquisition of atopy. Evidence sug-
gests that in recent years reduced
exposure to infections because of
‘westernisation’, reduced family size,
improvements in hygiene and in-
creased medical interventions such
as antibiotics and vaccinations, may
be contributing to the observed in-
crease in atopic diseases.

This article outlines the hygiene
hypothesis and the evidence avail-
able to support the view that the ris-
ing prevalence of asthma can be as-
cribed to reduced infections and in-
creased ‘cleanliness’.
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Over the past three decades there has
been an increase in asthma observed
in most countries. The increase in
prevalence cannot be explained by
changes in genetic factors or by im-
provements in diagnosis alone. Envi-
ronmental factors, particularly those
associated with a Western lifestyle, are
believed to play an important role.
In the late 1980s, Strachan found
that repeated infections in early life
may prevent the development of

hayfever.! He suggested that an im-
portant factor related to the increase
in atopic diseases in Western countries
is the decreased exposure to cross-in-
fections among younger siblings as a
result of decreased family size.?

This hygiene hypothesis chal-
lenged the immunological opinion
prevailing at the time which was that
early childhood infections might pro-
mote, rather than protect against,
allergic sensitisation.® Recent ad-
vances in our understanding of T-
lymphocyte differentiation, however,
support a possible

whether or not an immune response is
appropriate or detrimental.*®
It has been proposed that the fe-
tal immune system is weakly skewed
toward the preferential development
of Th-2-type immune responses.®
Early infection, whether with viruses
or bacteria, will tend to stimulate a
Th-1 immune response which will
switch any Th-2 biased allergic im-
mune responses to a Th-1 immunis-
ing pattern. The time period that is
critical for the reversal of the Th-1/
Th-2 balance is not clear, but matu-
ration of the immune

mechanism for a pro-
tective effect from
early exposure to in-
fections.*

The early years of
life are recognised to
be very important in
the development of
the immune system.

Reduced exposure to
infections because of
‘westernisation’...may
be contributing to the
observed increase in
atopic diseases

system continues up
to five to seven years
of age.” As the peak
incidence of asthma is
in the first four years
of life, in-utero and
early childhood expo-
sure to infecting or-
ganisms may be ex-

Human T-helper cells

diverge into two separate subsets — T-
helper 1 (Th-1) cells and T-helper 2
(Th-2) cells. Th-1 cells are effective in
eliminating certain viruses and intra-
cellular pathogens and regulate de-
layed-type hypersensitivity reactions.
Overproduction of Th-1 cells are im-
plicated in some autoimmune diseases.
Th-2 cells are effective in eliminating
extracellular pathogens such as
helminthic parasites and are responsi-
ble for immune responses to persist-
ent antigens, including environmen-
tal allergens. Th-2 cells recruit
eosinophils and activate mast cells,
leading to allergic and inflammatory
conditions. The two T-helper subsets
cross-regulate each other and the bal-
ance between the two determines

pected to have a
greater impact on the development
of asthma than later infections.

What is the evidence to support
the hygiene hypothesis and the view
that the rising prevalence of asthma
can be ascribed to reduced infections
and increased ‘cleanliness’?

Family size/sibling numbers

The average family size in developed
countries has decreased over the past
century. In New Zealand the birth rate
was 1.98 births per woman in 2001,
compared to 4.2 births per woman in
1960 and 3.1 in 1920. In 1966 there
was an average of 2.5 children per fam-
ily, falling to 1.95 children per family
in 1996. There has also been a two- to
three-fold reduction in the proportion
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of New Zealand families with four or
more children in the past four decades.?

Sibship size has been shown to be
a strong determinant of atopic con-
ditions in children, adolescents and
adults.® The structure as well as the
size of the family also appears to be
influential. Older siblings have been
found to provide a greater protective
effect against the development of at-
opic disorders than younger siblings,*
this effect is more pronounced with
brothers than sisters.’® Furthermore,
sharing a bedroom as a child provides
a protective effect which is independ-
ent of family size.! Some studies have
indicated that a low birth order is a
risk factor for the development of at-
opic disease although results are con-
flicting. Overall these studies are con-
sistent with the hypothesis that re-
peated infections in early childhood
transmitted by contact with older sib-
lings prevent the development of at-
opic immune responses.

The ‘sibling effect’ has mainly
been shown for atopy. However a
recent study by Ball et al*2 examined
the exposure to siblings during in-
fancy in relation to the subsequent
development of asthma and frequent
wheezing in over 1 000 children. The
presence of one or more older sib-
lings at home was found to protect
against the development of asthma
(adjusted relative

ing infections, atopy and socioeco-
nomic status), family size was in-
versely related to the prevalence of
asthma.®®* Having no or one sibling
was associated with an increased risk
of asthma compared with having
more than one sibling.

Day-care attendance

While sibling numbers may have
declined in recent decades, day-care
attendance has increased. If the pres-
ence of older siblings protects chil-
dren against the subsequent devel-
opment of allergic disease by expos-
ing them to more infections in early
childhood, then attendance at day-
care should have a similar effect.
Day-care attendance is lowest among
children from low-income families,
a group in which asthma morbidity

is high.4
Atopic sensitisation occurs con-
siderably more frequently in West
German children than their peers in
East Germany (37% versus 18% re-
spectively), as does asthma, hayfever
and bronchial hyperreactivity.’® The
high frequency of early day-care use
in East Germany prior to unification
has been proposed as an explanation
for these differences. Day-care at-
tendance was characteristic of the
former East German lifestyle where
the majority of women worked and
up to 71% of East

risk for each addi-
tional older sibling,
0.8; 95% confidence
interval [CI], 0.7-
1.0). Although the
children with older
siblings had more
frequent wheezing

Older siblings have been
found to provide a
greater protective effect
against the development
of atopic disorders than
younger siblings

German children
aged one to three
years attended
day-care. In com-
parison only 7% of
West German chil-
dren in this age
group accessed

during the preschool
years compared to children with no
older siblings, this ratio reversed in
later childhood.

The same sibship effect has been
shown in New Zealand families. A
case-control study based on the New
Zealand arm of the International
Study of Asthma and Allergies in
Childhood (ISAAC) found that, after
controlling for confounders (includ-

day-care.’

Results from studies examining
the issue of day-care attendance and
subsequent risk of asthma have been
conflicting however. Some of this
confusion may arise from the multi-
ple causes of wheezing during child-
hood. Wheezing in preschool chil-
dren is primarily associated with in-
fections, whereas in school-age chil-
dren atopy and bronchial hyper-
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e Recent studies have shown
high prevalence rates of
asthma symptoms in devel-
oped countries compared with
developing countries.

e Early childhood infections may
protect against the acquisition
of atopy.

= The hygiene hypothesis
suggests that the rising
prevalence of asthma can be
ascribed to reduced infections
and increased ‘cleanliness.

* Some reports have suggested a
lower prevalence of allergic
disease, including asthma, among
young people raised on farms.

e Childhood exposure to pets
seems to protect against allergy.

responsiveness is more important.
It follows therefore that early expo-
sure to other children (either at home
or in day-care) puts preschool chil-
dren at greater risk from wheezing
associated with respiratory infec-
tions, but this may also help protect
them from IgE-associated wheezing
in later childhood.

Attendance at day-care was
found to be a risk factor for wheez-
ing and asthma in children less than
five years of age,"® but among chil-
dren 5-14 years old the frequency
of asthma was inversely associated
with previous day-care attendance.®

The Tuscon Children’s Respiratory
Study*? also showed that attendance
at day-care in the first six months of
life protected against the development
of asthma (adjusted relative risk 0.4;
95% CI 0.2-1.0). Although these chil-
dren were found to have more frequent
wheezing at the age of two years they
were less likely to have frequent
wheezing from the age of 6-13 years.

In a cross-sectional study of 669
German children aged 5-14 years
from small families (up to three peo-



ple), those who entered a day-care
centre between the age of six and 11
months had fewer allergies later in
childhood than children who first
attended day care at an older age. In
1 761 children from larger families
(more than three people) age of en-
try to day-care had no effect on
atopy.?® Possibly those children from
larger families had already been ex-
posed to cross-infection and hence
there was no additional benefit from
day-care exposure.

Early viral and bacterial infections

The role of viral infections in the
development of asthma has been the
subject of considerable research and
debate. Most wheezing lower respi-
ratory tract infections in the first
years of life are caused by respira-
tory viruses, particularly respiratory
syncytial virus (RSV).2° RSV infec-
tion has been associated with more
rather than less allergy* — a finding
which would appear to conflict with
the hygiene hypothesis.

Stein et al however have reported
that while children with a history of
RSV lower respiratory tract infections
were at increased risk of recurrent
wheezing at the age of six years, this
risk markedly decreased by the age
of 13 years.? Furthermore, children
with a history of RSV infection were
less likely to have raised total IgE lev-
els or be sensitised to local
aeroallergens compared to children
without a history of infection.

A study of West African children
has shown an inverse relationship be-
tween measles infection and atopy.
Of 133 participants who had had
measles, 17 (13%) were atopic, com-
pared with 33 (26%) of the 129 who
had not been infected with measles.?
Infection with measles virus there-
fore appears to prevent the develop-
ment of atopy in African children.

These results have not been repro-
duced in other studies. A British 1970
birth cohort of over 13 000 children
showed no evidence of a protective ef-
fect from wild measles.?* In a Finnish
study of over half a million children,
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those with a history of measles illness
had an increase in the prevalence of
asthma, hay fever and eczema.?®

The prevalence of atopy and respi-
ratory allergies has been found to be
inversely related to the level of expo-
sure to orofaecal or foodborne patho-
gens such as Toxoplasma gondii, hepa-
titis A virus and Helicobacter pylori.?
The same relationship was not seen
with viruses transmitted through other
routes, that is, mumps, rubella, chick-
enpox, herpes simplex virus type 1 or
cytomegalovirus.

immunisation in deviating immunity
away from atopy.

The probable protective effect of
certain infectious agents against
asthma and atopy is also supported by
the clinical observation of asthma and
atopy remissions during infectious ill-
nesses with viral hepatitis, measles,
chickenpox and herpes zoster.?-30

Infant immunisation

There has been concern raised that
immunisation may be contributing
to the development

These results suggest
that orofaecal and
foodborne microbes
may be better than
airborne respiratory
viruses for providing
a ‘protective’ effect
against atopy. Hence

Studies examining the
relationship between
vaccinations and the

development of atopic
disorders have shown

inconsistent results

of allergic disease,
whether through re-
ducing clinical infec-
tions in infancy® or
by direct IgE-induc-
ing effects of the
vaccines.® Studies
examining the rela-

hygiene and a west-
ernised, semi-sterile diet may be fa-
cilitating atopy by influencing the
overall pattern of gut commensals and
pathogens that stimulate the gut asso-
ciated lymphoid tissue.

A strong Th-1 response in the form
of delayed-type hypersensitivity to
Mycobacterium tuberculosis has been
associated with relative protection
against the development of atopy and
allergic symptoms. A study of 867
Japanese schoolchildren found that
36% manifested atopic symptoms at
some time.?” A strong inverse asso-
ciation was found between positive
tuberculin responses at both six and
12 years of age and atopic symptoms
and IgE levels. In positive tuberculin
responders the rate of current atopic
symptoms was one-third the rate in
negative responders. Asthma was one-
half to one-third as likely in positive
responders as in negative responders.
Moreover, remission of atopic symp-
toms between seven and 12 years of
age was six to nine times as likely in
positive tuberculin responders. These
data are consistent with the hypoth-
esis that atopic responses are limited
by Th-1 immune mechanisms. Fur-
ther research is being carried out to
assess the effect of M. tuberculosis

tionship between
vaccinations and the development of
atopic disorders have shown incon-
sistent results.

Pertussis vaccination has been
reported in two separate practices to
be associated with an increased risk
of diagnosed asthma or atopy.®** In
one report* the vaccination was as-
sociated with a 75% relative increase
in the risk of atopic disorders.

Data from the Christchurch
Health and Development study,
which comprises 1 265 children born
in 1977, suggest a similar effect.® The
23 children who received no
diptheria/pertussis/tetanus (DPT) or
polio immunisation had no recorded
asthma episodes or consultations for
asthma or allergy before the age of
10 years. In the immunised children,
23% had asthma episodes and 30%
had consultations for other allergic
illnesses. An important limitation is
this study is the very small non-vac-
cinated group. It is also possible that
non-atopic families were choosing
not to vaccinate.

Several large studies have not con-
firmed these findings however. But-
ler and Goldberg,?* in a study of over
13 000 children from the 1970 Brit-
ish birth cohort, found no association
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between pertussis vaccination and
wheeze at five years, but a lower risk
of eczema. The later British cohort
study of nearly 9 500 children born
in the early 1990s% and a Swedish
study of 9 829 chil-
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quantities of allergens, toxins and
irritants than their urban peers. En-
vironmental exposure to immune
modulating agents such a environ-
mental mycobacteria and actino-
mycetes, favouring

dren®” have also
found no associa-
tion between this
vaccine and asthma.
Approximately half
of the children from
the 1970 British
birth cohort study
were vaccinated

In New Zealand children
the lifetime prevalence
of asthma was increased
fourfold in those
children who had
received antibiotics in
the first year of life

manifestation of a
non-atopic pheno-
type, could explain
the lower preva-
lence of asthma and
allergic disorders in
this population.
There is no evidence
of selection bias

against measles and
no substantial difference was seen in
the prevalence of hayfever or eczema
at age five years between immunised
and non-immunised children.

Childhood exposure to a farming
environment

A number of reports have suggested
a lower prevalence of allergic dis-
ease, including asthma, among
young people raised on farms.®-4
These reports have raised the possi-
bility that animal exposure and/or
zoonotic infections may offer impor-
tant protection against allergic
sensitisation.

A study of 1 199 Quebec students
showed that those raised on a farm
had less asthma (odds ratio [OR] 0.59;
95% Cl 0.37-0.95) and atopy (OR
0.58; 95% CI 0.46-0.75), as well as
less wheeze and airway hyper-
reactivity.* This difference was most
pronounced in girls and remained
even after controlling for the number
of siblings and current smoking.

A Finnish study of 10 667 Univer-
sity students confirmed a similar pat-
tern. A childhood farm environment
independently reduced the risk for al-
lergic rhinitis and/or allergic conjunc-
tivitis (OR 0.63; 95% Cl 0.5-0.79), as
well as diagnosed asthma and episodic
wheezing (OR 0.71; 95% Cl 0.54-0.93),
independent of family size. There was
little to suggest that eczema is less com-
mon in farmers’ children.

Children raised in farming envi-
ronments might be exposed to larger

from atopic indi-
viduals moving from rural environ-
ments in these studies to account for
the differences in allergic diseases.

Childhood exposure to pets

A major difference between rural and
urban children is their exposure to
livestock. For many years exposure
to animals, especially ‘furry’ ones,
was felt to be a risk factor for al-
lergy. In fact, a protective effect has
been found in relation to childhood
exposure to dogs™ and pigs?. Results
from the European Community Res-
piratory Health Survey involving
over 13 900 subjects, found that a
dog within the home in childhood
was negatively associated with adult
atopy (OR 0.85; 95% CI 0.78-0.92).%

This effect remained after adjustment
for parental and sibling allergy and
adult pet ownership.

A recent study of 226 school chil-
dren in the USA* confirmed that
high exposure to cat allergen was as-
sociated with decreased sensitisation.
The mechanism appears to be by in-
duction of IgG antibody to the cat
allergen Fel d1. If sensitised to cat
allergen however there was a signifi-
cant risk of asthma in the children
at all levels of exposure. The pro-
portion of atopic children was simi-
lar in all exposure groups, arguing
against the possibility that allergic
families had chosen not to keep cats.

Intestinal flora and antibiotics

Studies comparing infants in Sweden
and Estonia®* have shown marked
differences in the types of faecal bac-
teria found in the infants, broadly
matching the differences seen between
atopic and non-atopic infants in each
country. Lactobacilli are present in
larger numbers in the faeces of Esto-
nian and non-atopic infants. This raises
the possibility that differences in in-
testinal bacterial colonisation in early
childhood may contribute to both the
international variations and the indi-
vidual risk of allergy within countries.

In New Zealand children the life-
time prevalence of asthma was in-

Large rural families are less common now than 50 years ago. Is this related to the rising
prevalence of asthma?
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creased fourfold in those children who
had received antibiotics in the first year
of life, with a dose-response relation-
ship shown to the number of courses.
A retrospective review of records in a
UK general practice found a doubling
of the risk of hayfever and eczema
among children who had received any
antibiotics by the age of two years,
independent of the clinical indication
for the antibiotic. Cephalosporins and
macrolides were associated with a
greater risk than penicillins.3* These
observations may be linked to the ef-
fects of early antibiotic treatment on
the bacterial colonisation of the child’s
gut, with antibiotics possibly result-
ing in a loss of the ‘protective’ pattern
of bacterial colonisation.

Conclusions

The hygiene hypothesis, which pos-
tulates that early childhood infection
protects against atopy, is considered
immunologically plausible and has
been supported by a number of epi-
demiological observations. Family
size, birth order and early childhood
day-care are unlikely to be the di-

Contrary to earlier opinions, b
found to protect against the development of asthma and allergy.

rect determinants of allergy preva-
lence. Rather they are likely to be
indirect measures of some other bio-
logically relevant factor, which in-
creases with family size and early
infection, that confers protection
against allergic sensitisation. The role
of immunisation in altering the

prevalence of allergic disease remains
unresolved. So while the hygiene hy-
pothesis may not be able to provide
all the answers to explain the ob-
served ‘allergic’ epidemic, it provides
us with a new perspective on mecha-
nisms of asthma and allergic diseases,
as well as potential treatments.
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