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On the hygiene hypothesis: Regulation
down, up, or sideways?

To the Editor:
We would like to comment on the recent review by

Douwes et al,1 which addresses some interesting issues
dealing with interpretation of recent epidemiological
findings related to the hygiene hypothesis. They empha-
size the importance of downregulation of the adaptive
immune response after environmental exposure to LPS
(lipopolysaccharides) and other pathogen-associated mo-
lecular patterns (PAMPs). However, we find that a few
additional aspects should be mentioned that may contrib-
ute to a more focused and fruitful discussion.

Both a shift in TH1 / TH2 response and an increased
immunological regulatory activity are able to regulate the
immune activity. An abundance of epidemiological evi-
dence indicates that a shift in the TH1/TH2 phenotype in
populations domestically exposed to animals is possible
(see the review by Douwes et al1). This has led to the
assumption that the responsible parameter might be LPS.
German studies of school children have shown that the
ex vitro reactivity to LPS is attenuated with increasing
domestic exposure to LPS, and at the same time, the
immune system is activated via upregulation of cellular
receptors. This should increase the reactivity after LPS and
other PAMPs exposure. However, the reaction to LPS is
probably counteracted by subsequent activation of the
BPI/PLUNC (bactericidal/permeability-increasing pro-
tein/palate, lung, and nasal epithelial clone) superfamily,
leading to scavenging of LPS, rendering persons relatively
more susceptible to the other PAMPs.

The Toll-like receptor 4 (TLR4) receptor is a major
player in LPS activation. So far, TLR4 polymorphisms
have been linked only to bronchial hyporesponsiveness in
the farming population.Moreover, the available studies on
the role of CD14 polymorphisms have been equivocal.
Furthermore, recent studies have shown that only the farm
children with wild-type TLR2 were protected from
allergy.2 TLR1-2 and TLR2-6 heterodimers recognize
b-glucans, peptidoglycan, and lipoproteins, indicating
that the effect may bemediated by PAMPs other than LPS.

The epidemiological evidence for a downregulation of
atopic activity is extremely scarce. Douwes et al1 point out
that one small prospective Austrian study involving 11
skin prick test–positive farm children followed for 3 years
suggests that downregulation might play a role. However,
this study has some methodological limitations apart from
its size, including selection bias and lack of exposure data.
Other studies supporting this hypothesis are all cross-
sectional studies among occupational groups with expo-
sure to organic dust.

We believe that future studies of the beneficial effects of
exposure to organic dust should include other PAMPs and
markers of PAMPs, particularly peptidoglycan, because
this component is associated with LPS-exposure, and the
susceptibility is upregulated through TLR2 increase in
LPS-exposed people. This is the only way to disentangle
the influence of regulatory T cells and different LPS
inhibitors orchestrating the beneficial effects of organic
dust exposure on human beings. One intriguing new piece
of evidence pointing toward a new putative mechanism is
the fact that IL-10 upregulation is associated with induced
IgG4 production instead of IgE during antibody stimula-
tion.3 With these data taken together, it will be very
interesting to study the concomitant exposure to PAMPs
and aeroallergens in prospective cohorts of persons envi-
ronmentally and occupationally exposed to high amounts
of PAMPs.
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risk urban area.5 Other studies involving subjects migrat-
ing from poor to more affluent countries showed a similar
effect. This adds to the evidence that atopy appears to be a
continuum rather than a fixed immunological state, which
can be both upregulated and downregulated at any time of
life depending on the level of immunoregulatory expo-
sures (including PAMPs). Taken together with the mainly
indirect evidence of the occupational studies (see
Rostrum), we believe there is sufficient evidence to
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To the Editor:
We thank Sigsgaard and Heederik1 for highlighting

two issues regarding our Rostrum2: (1) the relevance of
other pathogen associated molecular patterns (PAMPs),
and (2) the potential for alternative immunological mech-
anisms underlying the presumed protective effects of
PAMPs.

The main hypothesis of our Rostrum is that certain
environmental exposures can modify the immune re-
sponse from an atopic to a nonatopic state at any time in
life.2 Although we have focused on LPS (lipopolysaccha-
rides) (since most of the evidence points toward LPS), we
agree that other PAMPs may be equally (or more)
important. As discussed in our Rostrum, there is evidence
that exposure to peptidoglycans, CpG containing DNA,
and certain viruses may also reduce the risk of atopic
disease. Other agents such as mycobacterial lipoglycans
(particularly lipoarabinomannan and phosphatidylinositol
mannan)3 and even fungal components as suggested in a
recent European multicenter study in farmers’ children
(presented at the 2004 European Respiratory Society
Congress) may play a role as well. However, the evidence
for these PAMPs is scarce.

In their correspondence, the authors suggest that a
protective effect is more likely mediated by other PAMPs
on the basis of the potential role of Toll-like receptor
(TLR)–2 and their suggestion that ‘‘TLR4 polymorphisms
have been linked to bronchial hyporesponsiveness only in
the farming population.’’ We disagree, because several
studies in children (both farming and nonfarming) have
shown that genetic variations in TLR4 are also associated
with specific IgE and atopic asthma (including one study
referenced by the authors).4 This, in our view, supports the
hypothesis that endotoxin plays at least a partial role. Results
regarding TLR4, atopy, and asthma have been mixed,
however, hampering a straightforward interpretation.

As noted by Sigsgaard and Heederik,1 the epidemio-
logical evidence for a downregulation of atopic activity is
limited. However, there is additional evidence that LPS
and other PAMPs may reverse pre-existing allergy in
animals (see our Rostrum2). The converse has also been
demonstrated, showing that a loss of protective exposures
at some stage in life may result in an upregulation of atopic
activity (or a loss of tolerance). For example, a recent
longitudinal study in 402 adults in Denmark showed an
approximately 3-fold increased risk for new-onset atopy in
subjects whomigrated from a low-risk rural area to a high-

warrant future studies to test this hypothesis.
In summary, including other markers of PAMPs (in

addition to LPS) in future studies as suggested by
Sigsgaard and Heederik1 is highly relevant. Similarly, a
further characterization of the immunological mechanisms
is essential in identifying the therapeutic potential of these
PAMPs.
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Safety of penicillin administration to patients
with histories of penicillin allergy

To the Editor:
In the letter by Daulat et al1 entitled ‘‘Safety of

cephalosporin administration to patients with histories of
penicillin allergy,’’ the authors minimize the cross-reaction
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