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Summary Allergic diseases are a worldwide health problem. They mainly affect people living in developed countries
where an increasing prevalence of allergy symptoms has been recorded in the last 20—30 years. The cause of this
increase is still disputed, and, among others, the ‘‘hygiene hypothesis’’ supported the concept that relevant changes in
lifestyle could have a relationship with the phenomenon. More recently the recorded parallel increase in autoimmune
diseases has suggested to consider the ‘‘hygiene hypothesis’’ as a cause of a more general disregulation of the immune
system leading to both allergy and to autoimmunity.

Here are reported a series of observations, evidence, and data from the literature leading to a different hy-
pothesis. The key points are: (1) the presence of two subsets of patients having allergy symptoms based on an
IgE-mediated mechanism or not; (2) the positive results obtained with the autologous serum skin test in either
cutaneous or respiratory affected subjects, mainly in children and adult females; (3) the presence of IgG autoan-
tibodies against the a-chain of the high affinity IgE receptor (Fc¢Rla) in non-IgE-mediated urticaria and even in
respiratory subjects; (4) the cross-reactivity between epitopes of the tetanus toxoid molecule and the FceRla de-
tected by means of an a-chain affinity purified IgG fraction; (5) the positive skin reactivity obtained using IgG anti-
tetanus toxoid preparations in allergic and non-allergic volunteers. The presence of IgG autoantibodies actively
generated by the population-based vaccination with tetanus toxoid could induce both mediator release from acti-
vated mast cell and Th2 cytokine production early in life. There are epidemiological evidences that tetanus toxoid
vaccination could be linked with an increased tendency to have allergy symptoms. The different epidemiological
distribution of non-IgE-mediated symptoms, mainly affecting young infants would be in agreement with the present
hypothesis. The prevalent mother-to-child relationship in terms of risk for allergy symptoms could be explained with
the trans-placenta transfer of IgG. A similar transfer could also take place through the mother milk during breast
feeding.

It may thus be hypothesized that the increased prevalence of allergic diseases could be caused by the generalized
tetanus toxoid immunization procedure, progressively extended to most of the countries worldwide in the last 30—40
years. Both the induction of non-IgE-mediated symptoms caused by the mast cell activation via the anti-FceRlo IgG
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and the long lasting Th2 inflammation of affected tissues would be the inducing mechanisms. This hypothesis would
re-configure part of the allergic diseases as a Th2 phenotypic expression of an autoimmune disease.

© 2004 Elsevier Ltd. All rights reserved.

Background

Asthma, rhinitis, urticaria and atopic dermatitis
are among the most common diseases worldwide
[1—10]. Lowest prevalence values range between
3% and 10%, but in some countries allergy-related
diseases may affect up to 40—50% of the general
population [11,12]. In developed countries an in-
creasing prevalence of allergic symptoms has been
recorded in the last 30—40 years [13—16], involving
both children [17—19] and adults [13,20,21]. When
atopic manifestations occur in very young infants
[22,23] in most of the cases there are no demon-
strable risk factors at birth [24].

Several hypotheses have been done to explain
such increasing prevalence. Outdoor and indoor
pollution, changes in lifestyle including diet, hy-
giene, and housekeeping, decrease of parasitic in-
festations and also potential transmissibility are
the most claimed causes, but several others have
been studied [25—34]. The ‘‘hygiene hypothesis’’
[35—39], supporting the increasing prevalence of
allergic diseases on the basis of the reduced ex-
posure to infective agents, is supposed to be the
mechanism leading to a reduced Th1 versus an in-
creased Th2 tendency to respond to environmental
stimuli including allergens [40]. This would lead
subjects to more easily mount an IgE response to
otherwise innocuous antigens. The recent finding
that the increasing prevalence of some autoim-
mune diseases, mainly driven by a Th1 mechanism,
similarly parallels the decrease of the microbial
burden [41—43] is leading to a different interpre-
tation of the ‘‘hygiene hypothesis’’. Other immu-
nological mechanisms working behind both allergic
and autoimmune diseases have thus been sug-
gested [44—50]. Furthermore, the parallel increase
of autoimmune and allergic disease prevalence
seems to exclude an inverse relationship between
autoimmune diseases and allergy symptoms, as
also suggested by studies reporting co-morbidity
for both diseases [41,42,51,52].

IgE-mediated versus non-IgE-mediated
allergic diseases

Allergic diseases are mainly caused by the presence
of IgE antibodies recognizing allergens. The IgE-

based pathogenic mechanism beside the allergy
symptoms is not always demonstrable and the
presence of an allergic disease does not always
match any IgE sensitization to any allergenic source
[53]. This has been reported for both cutaneous and
respiratory symptoms, and such clinical conditions
have usually been defined as ‘‘non-allergic’’,
“‘intrinsic’’, ‘“idiopathic’’, ‘‘vasomotor’’. More re-
cently the “*non-IgE mediated’’ definition has been
adopted for all these forms as a part of a revised
allergic disease nomenclature [54]. Several papers
which addressed and reviewed clinical [55—58] and
immunopathological features [59—64] of IgE and
non-IgE-mediated forms at different organ levels
have underlined that much more similarities rather
than differences can be found between these two
conditions [65,66]. Nevertheless, the distribution of
the IgE- and the non-IgE-mediated diseases changes
according to age and gender of the cohorts exam-
ined [20,67—71].

Role, of IgG autoantibodies against the
a-chain of the high affinity IgE receptor

A recent study showed that urticaria, rhinitis and
asthma, due to non-IgE-mediated mast cell activa-
tion, could depend on the presence of one or more
histamine releasing factors that are present in pa-
tients’ sera [53]. The autologous serum skin test
(ASST) applied to these patients showed a positive
reactivity in either the chronic cutaneous disease or
intherespiratoryones, orinacombination of the two
[53]. Several independent groups reported that in
subjects with chronic urticaria the disease is caused,
and the positive ASST is determined, by the presence
of 1gG autoantibodies directed toward the a-chain of
the high affinity IgE receptor (FceRla) [72—78]. These
autoantibodies lead chronic urticaria to be classified
among the autoimmune disorders [79—81]. A possi-
ble role of anti-FceRlae autoantibodies in non-IgE-
mediated respiratory symptoms has been suggested
[82] and preliminary data on their presence have
been reported for non-allergic asthma patients [83].
These findings would suggest a unifying pathogenic
role for anti-FceRla in both cutaneous and respira-
tory allergy-like non-IgE-mediated diseases [53].
Furthermore, anti-FccRlohave been detectedinsera
from patients associating an atopic respiratory dis-
order to chronic urticaria, in healthy control, and in
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very young infants [84]. In all cases a histamine-
release activity has been demonstrated [85—88].
These in vitro findings match the recorded positive
ASST results in several subsets of patients affected
by cutaneous and respiratory allergy symptoms, ei-
ther non-IgE-mediated or overlapped to an IgE-
mediated mechanism [53]. In the same study healthy
adult subjects and affected children were recorded
positive to the ASST [53]. Finally, recombinant im-
munoglobulins anti-FceRla have been cloned from
the mRNA obtained from tonsil lymphoid tissue from
3 to 6 years old infants [85,86,88]. Authors showed
how these antibodies are fully functional in deter-
mining mast cell activation.

Molecular mimicry between tetanus
toxoid and the a-chain of the high
affinity IgE receptor

Horn et al. [84] have detected IgG anti-FceRla in
commercial intravenous immimoglobulin prepara-
tion. Recombinant a-chain affinity chromatography

produced an anti-Fc¢Rla-enriched IgG preparation.
Surprisingly, unless purified using the a-chain, such
specific I1gG were capable to bind the tetanus tox-
oid (TT) used for affinity chromatography control
purposes, but not the diphtheria toxoid. The af-
finity of the anti-FceRla IgG-enriched fraction was
higher for TT than for the recombinant a-chain
used for the purification procedure, suggesting a
potential priming role of TT. An ELISA inhibition
experiment clearly showed the cross reactivity
between TT and the a-chain, suggesting a molec-
ular mimicry of epitopes present in the TT mole-
cule and epitopes of the a-chain. Anti-FceRlo were
then detected in newborns, in vaccinated infants,
and in normal healthy subject [84,86,88].

An in vivo test has been carried out using com-
mercial intramuscular TT-1gG preparations (Tet-
abulin 500 Ul, Immune AG, Vienna, Austria). Eleven
volunteers, either affected by allergy symptoms
(eight) or healthy (three), gave their informed
consent to the test. All reacted strongly to the in-
tradermal injection of the undiluted preparations,
whereas all the control tests were negative in all.
Fig. 1(a) shows an example of the reactivity to the

Figure 1

(a) Autologous serum skin test (ASST) and intradermal test with tetanus toxoid (TT) human IgG enriched

preparation for intra-muscular administration in a patient with non-IgE-mediated allergy-like respiratory disease. ASST
and TT intradermal test have been performed as reported in reference [53]. Histamine (H), saline solution (SS), and
glycine solution (GS) have been used for positive and negative control purposes. TT has been tested at the highest
concentration of 500 international units. (b) Twofold dilution of TT human IgG enriched preparation for intramuscular
administration used for intradermal test in a healthy control subject. TT intradermal test has been performed as
reported in [53]. Dilution has been made with saline solution. TT concentrations are expressed in international units
(IU). Histamine, saline solution, and glycine solution have been used for positive and negative control purposes.
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TT-IgG preparation of a patient with non-IgE-
mediated allergy symptoms having a positive ASST.
Fig. 1(b) shows a twofold dilution duplicate testing
of the same preparation in a healthy volunteer.
Similar dose-response curve was obtained in an
allergic subject. These results seem to confirm the
above reported in vitro findings in favor of the
potential histamine releasing activity of TT-IgG
preparations.

Hypothesis

All the data and observations reported above would
lead to hypothesize a causative relationship be-
tween the TT vaccination and the presence of anti-
FceRla IgG in sera of a large number of subjects.
This is also suggested by the healthy subject in vi-
tro reactivity [85—88] and by the high number of
ASST responders, particularly among children and
young infants [53]. This hypothesis would link the
worldwide population-based compulsory TT vacci-
nation with allergy symptoms caused by the direct
activation of mast cells by means of 1gG anti-FceRla
and with the increased prevalence of allergic
disorders.

Epidemiology of tetanus toxoid
vaccination and allergic diseases

The relationship between vaccinations and aller-
gic diseases is a recurrent matter of debate
[89,90]. Due to co-vaccination schedules, this
issue is often explored as the overall impact of
vaccines on the prevalence of allergic diseases
[91,92]. Some retrospective or cross-sectional
epidemiological studies seem to exclude a rela-
tionship between TT vaccination and allergic
diseases [89,92,93], whereas the following re-
ports seem to suggest a causative role. A study
based on the third NHANES survey concluded that
TT vaccination increase the risk of allergies and
allergy-related respiratory symptoms [94]. Kemp
et al. [95] reported the absence of asthma in 23
non-vaccinated subjects, whereas Odent and
Culpin [96] found only four subjects having
asthma among 214 non-vaccinated children be-
longing to families following an antroposophic
life-style [97]. An interesting study has been re-
ported by Yoneyama et al. [98]. They compara-
tively evaluated the presence of allergy
symptoms in a small but highly homogeneous
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Figure 2 Overall prevalence of at least one symptom
related to bronchial asthma, rhinitis and atopic derma-
titis in a cohort of 82 subjects aged 0—3 years old [98].
Black bar = presence of symptoms, white bar =absence
of symptoms.

cohort of 82 subjects aged 0—3 years old, 43 of
them (52.4%) lacking TT and diphtheria/pertussis
vaccinations. Fig. 2 reports the overall compara-
tive results between the two groups. A remark-
ably low prevalence of allergy symptoms was
recorded in the non-vaccinated infant subset.

Tetanus toxoid vaccination coverage

Mandatory TT vaccination has been introduced at
variable time points from country to country
[99—101]. The present vaccination coverage vary
greatly in different geographical regions [91] and
in the number of recommended initial doses and
boosters [102—104]. Unless mandatory, coverage
varies within the same country for either low
coverage levels [100,102,105,106] or hyperimmu-
nization [107]. To be noticed that reported dis-
tribution gradients of TT vaccination coverage
are very similar either to those reported for
markers of infections [108] or to still unknown
factors having a protective effect for allergies
[109,110]. A trend to a more complete coverage
of the whole population has been reached during
the time [103,111—113], although some dispari-
ties still remain [105,106]. More recently a slight
reduction in TT vaccination coverage has been
caused by refusing compulsory vaccinations of
newborns not on medical bases [114]. The op-
posite trend to hyperimmunize has been recorded
in the past and the need to avoid unnecessary
boostering doses causing hypersensitivity reac-
tions has been stressed [112].
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The biological link between tetanus
toxoid vaccination and both allergy
symptoms and allergic disease
prevalence

Assuming the hypothesis that TT vaccination ac-
tively induces the production of anti-FceRla IgG, in
a certain proportion of subjects the immunization
could be followed by the activation of mast cell
with two distinct effects: mediator release and Th2
cytokine production. Mediator release from acti-
vated mast cells may cause an immediate induction
of allergy-like symptoms in absence of an IgE-
mediated mechanism. This is a highly relevant ef-
fect as the first course of TT injections is generally
scheduled within the first six months of life and
there is a general agreement that almost all the
children affected by allergy symptoms in the first
3—4 years of life have a non-IgE-mediated mecha-
nism behind [23,53,71], and the large majority
starts with symptoms very early in life [53,70].
Moreover, the presence of anti-FceRla 1gG as a
systemic phenomenon activating mast cells in
different organs would help to explain the co-
morbidity for different forms of allergic symptoms
in the same subject [53,115—117].

Several factors could interact in determining the
presence/absence of symptoms at different organ
levels and at different time point [86,88,118],
causing a variable degree of inflammation in af-
fected tissues. For instance, minimal persistent
inflammation could be a sub-clinical or pre-clinical
condition in apparently healthy subjects bearing
anti-FceRla 1gG [117,119—121]. This condition has
already been described for IgE-mediated diseases
[122,123]. A variability of the clinical picture could
be also due to mast cell physiopathologic hetero-
geneity at different organ level [124—126], in-
cluding non-releaser basophils and mast cells
[127]. Other physiopathologic conditions could
enhance the persistence of symptoms triggered by
the anti-FceRla 1gG [128].

Concurrent infections, drug intake, environ-
mental and physical stimuli may cause an exacer-
bation of symptoms via well-defined or still
unknown mechanisms [129—134]. The Th2 cytokine
production, the second effect generated by having
IgG anti-FceRla related to TT vaccination, would
result in a very early induction of an allergic in-
flammation of tissues generally involved in allergic
diseases. The presence of this condition has been
fully documented [135,136] and has been linked to
the increased risk of developing an IgE sensitiza-
tion and the subsequent IgE-mediated diseases
[137]. The low genetic propensity to develop IgE-

mediated diseases among the general population
would lead this process to take several years to be
effective in causing an IgE-mediated sensitization.
This time course of IgE sensitization has been re-
ported in several epidemiological studies showing
an increase of IgE-mediated diseases mainly after
age four or five [23,71]. The two mechanisms may
or may not co-exist in older children and adults
and may lead to an overlapping IgE- and non-
IgE-mediated disease [23,53,57,71,84].

A model to understand the effect of this long
lasting mast cell stimulation is provided by HIV-1
infection. Marone et al. [138,139] showed how the
gp120 HIV-1-derived molecule may activate mast
cells by bridging IgE molecules on the mast cell
surface. The following histamine release and the
Th2 cytokine production should lead to the well
known high prevalence of allergy symptoms in HIV
affected patients and to an elevation of the total
IgE in otherwise immunodeficient subjects [140].
An IgE elevation can be recorded even in subjects
with non-IgE-mediated allergy-like symptoms
[141—-143]. Fig. 3 reports the comparative distri-
bution of total IgE (Radim, Pomezia, Italy) mea-
sured in the IgE- and non-IgE-mediated respiratory
subsets as defined in a previous study [53]. Though
the higher mean total IgE value in subjects with an
IgE-mediated disease was expected and statisti-
cally differs from the counterpart, ~18% of the
subjects with non-IgE-mediated mechanism have
total IgE values above the average value of the IgE-
mediated subset, and 26.7% above 100 IU/ml.
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Figure 3 Distribution of total IgE values in subjects

affected by IgE- and non-IgE-mediated respiratory dis-
eases. The smaller dashed box indicates 18% of subjects
having total IgE values above the average value of sub-
jects with an IgE-mediated disease. The larger dashed
box indicates 26.7% of subjects having total IgE values
above 100 IU/ml. Subsets were defined as reported in
[53]. Statistics: Mann—Whitney test, IgE-mediated vs.
non-IgE-mediated = p < 0.0001.
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Mother to child transfer

Several studies report the possible role of the
physiologically Th2-oriented uterine environment
as a risk factor for developing an allergic disease
[144,145]. The trans-placental transfer of factors
inducing allergy could include immunoglobulins
that are physiologically transferred from the mo-
ther to the child [146—148]. This transfer could
occur also for anti-FceRlo 1gG and lead to a very
early start of the Th2-related events described
above [45,136]. Furthermore, 1gG could be trans-
ferred to the lactating infant through the mother’s
milk, consistently with the recently reported con-
tradictory evidence of a facilitating effect of
breast feeding on asthma symptoms [149—152].
This mother-to-child transfer of the disease should
be considered a phenomenon appeared in the last
10—20 years when a new generation is born from
TT vaccinated mothers. The impact of this transfer
could be more relevant if the higher prevalence of
allergy symptoms in female adults is considered
[53,70].

Epidemiologically, the vertical transmission of
anti-FceRlo 1gG could explain why the presence of
maternal allergic diseases appears to be a greater
risk factor when compared to paternal one
[151—158]. Early symptoms in children without fa-
miliar risk factors may be explained on the same
basis [24] and familiar clustering of the allergic
diseases could be interpreted in the same way
[159].

Persistence of symptoms during late
infancy and adulthood

Persistence of symptoms by the passive transfer of
antibodies via the mother milk or even through a
priming effect on the child could also be specu-
lated [160—162], but the active priming role of TT
vaccination in the same time period of early in-
fancy must be taken into account. Maintenance of
the symptoms by an established immune mecha-
nism [163] could thus explain both perinatal
symptoms and their persistence to a later age
[18,19,164,165].

In the last 30 years there could also be estab-
lished a long lasting effect of what happens during
childhood and the appearance (or re-appearance)
of symptoms in adulthood [20,21,166—169], This
would occur to a different extent between males
and females [53,69—71], The cohort effect re-
ported to be active since early sixties and mainly

related to environmental factors rather than
genetic ones could be explained as well
[13, 170—172].

Allergy symptoms as a Th2 phenotype of
an underlying autoimmune mechanism

The conflicting evidence between the co-existence
of Th1- and Th2-driven diseases in the same sub-
ject has been reported above. A study on a popu-
lation of 1211 subjects belonging to a respiratory
cohort has been performed testing for the presence
of anti-thyroid IgG autoantibodies. Fig. 4 reports
the comparative prevalence in different subsets of
adult patients selected on the basis of previously
reported criteria [53]. There is evidence that anti-
thyroid autoantibodies may be present in subjects
with IgE-mediated disorders, and that their preva-
lence increases in females within the cohort of
non-IgE-mediated diseases.
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Figure 4 Prevalence of anti-thyroid autoantibodies in
1211 adult subjects with IgE- and non-IgE-mediated re-
spiratory diseases. Antibodies anti-thyroid peroxidase
and anti-thyroglobulin were determined using a com-
mercial kit. A positive result was considered when at
least one of the two tests was recorded positive. Subsets
were defined as reported in [53]. Grey bar =all subjects,
white bar=male, black bar=female, total correspond
to the entire respiratory cohort (n = 1211; male = 340;
female =871); IgE-mediated respiratory disease subset
(n = 816; male=258; female =558); non-IgE-mediated
respiratory disease subset (n=395; male=82; fe-
male = 313). Statistics: Fisher’s Exact test, total male vs.
total female=p < 0.0001, total IgE-mediated vs. total
non-IgE-mediated =p < 0.0001, male IgE-mediated vs.
male non-IgE-mediated =n.s.s., female IgE-mediated vs.
female non-IgE-mediated =p < 0.0007, male IgE-medi-
ated vs. female IgE-mediated = p < 0.002, male non-IgE-
mediated vs. female non-IgE-mediated =p < 0.004.
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Thus, the reported increasing prevalence of
atopic diseases simply parallel the increase of au-
toimmune disorders as part of the same group of
diseases [41—43,173]. This would also lead to re-
assess the relationship between vaccination and
autoimmune disorders, that has been reported in
some cases [90,174].

Conclusions

In the view of the present hypothesis the overall
scenario of the epidemiology of allergic diseases
could be differently considered. The reported
finding of a molecular mimicry between TT and the
FceRla would suggest that epidemiological studies
addressing the relationship between vaccination
and allergy prevalence should be based on a more
appropriate study design, focusing on single im-
munization procedure, and possibly having some
molecular background studies. It should be con-
sidered that the development of an IgG response to
a defined epitope could be limited to a part of the
vaccine recipients.

It can be speculated that the inability of tetanus
toxin to exert a natural immunity during tetanus
infection [175] did not allow the discovering of the
immunological relationship between the a-chain
and epitopes on the toxin itself. Failure to detect
the immunochemical/structural relationship could
be also due to hidden epitopes of the tetanus toxin
molecule that could be exposed during the dena-
turing process to obtain the TT or to new epitopes
that could be generated by the same procedure.
From a prevention point of view, birth could be not
to late for starting primary prevention but more in
deep studies should be carried out on breast feeding
role [176]. A control of the phenomenon could be
achieved by delaying the TT scheduled vaccination
after age six [164] or by using modified TT mole-
cules [177,178] or different routes of administra-
tion [179]. Time and type of other immunizing
procedures could also counterbalance the effect of
TT vaccination. This could be the case of BCG vac-
cination if administered early in life [180,181].
Moreover, novel therapeutic approaches could be
considered in established anti-FceRla-dependent
diseases by blocking the IgE receptor [182].

In the case of the present hypothesis would be
proven true, autoimmune diseases should be con-
sidered the relevant problem in the epidemiologi-
cal increasing trend. A relevant part of the
currently classified *‘allergic diseases’’ would only
be the clinical phenotype of an underlying auto-
immune disorder [183—185].

Studies should be addressed to understand the
impact of no TT vaccination. Due to the severity of
tetanus infection [114,186] carefully designed in-
tervention studies should be carried out. Never-
theless, the non-airborne nature of tetanus
transmission should also be taken into account.
Monitoring of the adverse vaccination events should
also consider the long lasting immunological effect
of compulsory procedures [187,188]. Finally, the
availability of a test [88] for pre-clinical screening
as for diabetes and thyroiditis [189] could allow us
to predict or to put an early diagnosis of anti-Fce-
Rla-mediated disease in at-risk subjects.
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