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Allergen-specific IgG antibodies play a significant role in allergen-specific tolerance, either
naturally induced or generated by specific immunotherapy. Nevertheless, the underlying mech-

anisms are still debated, and allergen-specific IgG determinations are still not recommended
as a diagnostic tool in IgE-mediated allergy. This review summarizes the latest results on the

Corresponding author

Stephanie Hofmaier

Dept. of Pediatric Pneumology and
Immunology

Charité Medical University
Augustenburgerplatz, 1

13353 Berlin, Germany

+49 30 450 566 406

+49 30 450 566 931

E-mail: stephanie.hofmaier@charite.de

Allergen-specific IgG antibodies in respiratory allergy

Type-1 allergy is mainly based on the production and effects of
IgE antibodies (1); however, other immunoglobulin classes such as
IgG (2,3) with its subclasses and IgA (4,5) have also gained consid-
erable attention in allergy research. Allergen-specific IgG antibod-
ies appear increasingly within the course of and after immunother-
apy (6,7) and gained the attribute of “blocking antibodies” (8,9)
against antigens involved in IgE-mediated allergy. On the other
hand, allergen-specific IgG may also play a role in the occurrence
of anaphylactic events (10). This broadens the line-up for possible
functions of IgG and its subclasses in type-1 allergy.

The evidence that IgE deficient mice could still develop anaphy-
laxis (11,12) introduced IgG in the group of allergy promoting
factors. Recent studies on mouse models confirmed the role of
the high-affinity human IgG receptors FcyRIIA (CD32) and
FeyRI (CD64) in IgG-mediated allergic inflammation and ana-

immunological and diagnostic role of IgG antibodies in respiratory and food allergies, and
during allergen-specific immunotherapy.

phylaxis (10,13). As the binding affinity of IgG antibodies to
the antigen is much lower than that of IgE (14), their blocking
function seems to be based mainly on the sheer quantity of an-
tibodies able to bind the allergen before it reaches the surface of
the mast cells. This higher concentration of antibodies is among
other factors promoted by the significantly longer half-life of
IgG compared to IgE (15,16). Although various studies point
out a contributing effect of allergen-specific IgG in the patho-
genesis of allergic disease (17,18), the overall results remain
controversial and vary according to the antigen and exposure
levels (19). For example, the appearance and protective role of
IgG antibodies in cat allergy may be related to the dose of ex-
posure to the major allergen Fel d 1 (20). By contrast, although
the correlation between cat ownership and higher IgG levels,
especially of the subclass IgG4, could also be shown in a study
on 412 Swedish children (21), no significant protective effect
of these antibodies could be demonstrated. Finally, among 227
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children aged 12 to 14 years (22), those exposed to higher an-
tigen concentrations showed a higher risk of being sensitized to
house dust mite or cat (OR 4.0, 99% CI 1,49-10,00). With-
in this group, only high concentrations of IgG antibodies to
Fel d 1 correlated with a decreased prevalence of sensitization.
Other studies among children reported a relation of lower IgG4
levels with positive skin prick test (SPT) (5), an increased risk
of rhinoconjunctivitis (23), and a modifying effect of IgG (not
IgG4) on the association between cat-specific IgE and child-
hood wheezing, with decreasing symptoms related to higher
IgG levels (24). This goes along with the results of the German
Multicentre Allergy Study (MAS), which reported a low risk of
wheezing in children with high IgG levels to cat (25). However,
these specific IgG levels were only protective in the absence of
IgE and not in children with IgE-mediated sensitization. Se-
rum levels of mouse related IgG or IgG4 were initially suggested
as markers for clinical tolerance among 23 laboratory animal
workers (26), but following tests among an increased number
of probands (n = 110) could not confirm this evidence (27).
Various studies on the above-mentioned antigens (28,29) and
on Malassezia (30) or Alternaria (31), report on parallel trends
in the appearance of IgE, IgG and IgG4 antibodies, suggesting a
complementary role. In addition to these findings, Jenmalm et
al. repeatedly discovered a strong correlation between elevated
IgG4 serum levels and atopic sensitization to birch, egg and cat

allergens in childhood (32,33).

Allergen-specific IgG antibodies in food allergy

Food-specific IgG antibodies can be found in most children at
the age of three months, independently from their atopic status
(34). In a trial on 89 food-allergic children with eczema, the lev-
els of serum and salivary antibodies were examined as potential
biomarkers predicting safe reintroduction of previously elimi-
nated foods (35). Interestingly, high pre-diet serum IgG4 levels
and IgG4/IgE ratios correlated to established allergen-specific
tolerance. The importance of allergen-specific IgE/IgG4 ratios
in tolerance induction has been repeatedly underlined (36-38)
and recently confirmed in 107 egg-allergic children (39) under-
going an oral food challenge with baked egg. While children
with a low IgE/IgG4 ratio to ovomucoid and/or ovalbumin
were able to tolerate baked egg, higher levels of this ratio were
related to a positive challenge and even anaphylactic reactions.
Then, a low IgE/IgG4 to ovalbumin and ovomucoid has been
suggested as a marker for tolerance to baked egg in egg-allergic
children. Similarly, tolerance was associated in cow’s milk-aller-
gic children with a decrease in epitope binding by IgE in com-
bination with an opposed increase in IgG4 binding to the corre-
sponding epitopes (40,41). Among 95 infants with eczema, low
serum IgG4 levels to B8-lactoglobulin differentiated those with a
clear from those with only suspected cow’s milk allergy (4). Ac-

cordingly, various clinical trials showed that the efficacy of oral
immunotherapy for different antigens, such as peanut (42,43),
milk (44) and egg (45), is related to a significant increase of IgG
and IgG4 concentrations. By contrast, some studies reported
elevated IgG levels in IgE sensitized children to peanut, milk
and egg (46,47), warning that the role of IgG in food allergy or

tolerance has not been fully determined yet.

Allergen-specific IgG antibodies in drug allergy

Although food allergens are more frequently the cause of ana-
phylactic events, hypersensitivity to drugs can also lead to severe
and potentially life threatening allergic reactions (48). Especial-
ly adverse reactions to penicillins are reported by patients and
can be observed in daily clinical practice, which made their im-
munological base a matter of interest already in the 1990s. After
reporting on diverse isotypes and specificities of IgG and IgE
antibodies to penicillins at individual level (49), a Spanish re-
search group evaluated the role of IgG antibodies in immediate
allergic reactions to different determinants of benzylpenicillin,
amoxicillin, and ampicillin (50). The study on 59 patients could
not confirm its hypothesis of a protective role of allergen-specific
IgG in the development of anaphylaxis. A later study on 249 pa-
tients with penicillin allergy (51) reported on higher IgG levels
specific to various allergen components in allergic subjects, also
in patients with negative skin tests but typical symptoms. These
findings underline the role of allergen-specific IgG antibodies in
the development of drug hypersensitivity, but further research
on this topic and on reactions to other drugs is still needed.

The role of IgG antibodies in allergen-specific immunotherapy

To date, allergen-specific immunotherapy (SIT) is the only rec-
ognized disease-modifying clinical effective treatment for allergic
rhinitis and asthma, as well as IgE-mediated venom allergy. Unlike
symptomatic pharmacotherapy for allergy, SIT can reduce both
symptoms and use of medication, prevent sensitization to new
allergens, and induce prolonged allergen-specific tolerance after
discontinuation of the treatment (52-54). However, the immu-
nological mechanisms underlying SIT still remain incompletely
understood. Successful SIT has been associated with several im-
munological changes, including reduction in mucosal recruit-
ment of basophils and eosinophils, suppression of peripheral Th2
effector cells, immune deviation of cytokine responses from an
allergic Th2 to a Th1 pattern, and induction of regulatory T-cells,
which suppress the specific Th2 response to allergens through
cell-to-cell contact and release of immunosuppressive cytokines
(such as TGF-P and interleukin IL-10) (55,56). In addition, there
is increasing evidence that clinically effective SIT is associated
with an increase in allergen-specific IgG antibodies, particularly
the IgG4 subclass. Several studies, involving either sublingual im-
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munotherapy (SLIT) with aeroallergens (57-60) or subcutaneous
immunotherapy (SCIT) with aeroallergens (60-64) and hyme-
noptera venoms (65,66), have documented an induction of aller-
gen-specific IgG and IgG4 in sera. Furthermore, the duration of
clinical reactivity (67) or tolerance (68) has also been shown to be
related to the level of specific IgG4. It should be stressed that an
increase in IgG and IgG4 antibodies has been related not only to
a “naturally” acquired food tolerance, but also to the development
of tolerance induced by oral immunotherapy (OIT or SOTI)
(69-73). Additionally, the specific IgG4/IgG1 ratio as well as the
IgG4/IgE ratio have also been proposed in some studies as predic-
tive parameters of a beneficial response to SIT (74, 75). However,
there is no consensus on using these antibodies as biomarkers to
predict the clinical response to SIT (76). It is still a matter of de-
bate whether the efficacy of SIT could depend on allergen-specific
IgG induction. According to the same studies, the induction of
allergen-specific IgG antibodies during SIT is mainly an “epiphe-
nomenon’, reflecting the development of favorable conditions for
tolerance such as the appearance of IL-10 producing regulatory
T-cells, which also increase IgG4 production (77,78). Further-
more, a link between increased allergen-specific IgG4 titers and
favorable response to SIT has not always been found, particularly
with hymenoptera venoms immunotherapy (79).

A possible explanation for the lack of correlation in some studies
is that successful SIT seems to induce changes not only in aller-
gen-specific-IgG concentrations, but also in their biological activ-
ity, which require qualitative rather than quantitative assays for
the detection (2). SIT-induced IgG4 antibodies have been shown
to act as “blocking antibodies”, which prevent both immediate
and late-phase responses by inhibiting IgE-mediated basophils
and mast cells degranulation, and allergen presentation to T-cells
(3,7-9,80,81). Noteworthy, these blocking activities do not solely
depend on allergen-specific-IgG concentrations. Changes in the
antigenic reactivity and specificity of SIT-induced IgG antibodies
have been reported (82). Moreover, it has been shown that long-
term clinical tolerance after discontinuation of SIT is associated
with persistence of the IgG4-associated blocking activities (par-
ticularly after SIT with aeroallergens). In contrast, SIT-induced
allergen-specific IgG4 levels tend to decrease after withdrawal of
immunotherapy (83,84). Therefore, the measurement of the IgG
inhibitory activities with functional assays, rather than IgG serum
titers with quantitative assays, seems a more reliable biomarker to
predict the clinical response to SIT (76,85).

In light of these evidences, an effective role of allergen-specific IgG
antibodies in the induction and maintenance of the beneficial ef-
fects of SIT has been reconsidered. In a very recent experimental
study in mouse models, the potential therapeutic and preventive ef-
fects of passive immunization with allergen-specific IgG antibodies
on allergy have been tested, showing promising results (86).

Allergen-specific IgG concentrations as a predictive
and diagnostic tool in IgE-mediated allergy

Especially in food allergy, an accurate diagnostic procedure is
fundamental to avoid potentially life-threatening reactions
(87,88); hence, the clinical history, a controlled food challenge
or skin prick testing and serum IgE determinations should be
used as a combination of diagnostic tools. When the diagnosis
of IgE-mediated allergy cannot be established and serologically
confirmed, it is not rare that patients seek for alternative test
methods to meet their expectations for results. These proce-
dures often include the determination of allergen-specific IgG
antibodies and subclasses offered by commercial laboratories
and pharmacies. These measures are not only expensive for the
patient and a burden for any health system but do also lack
sufficient scientific background. In 2008, a task force of the
European Academy of Allergology and Clinical Immunology
(89) comprehensively discussed the use of IgG4 testing against
foods in allergy, and got to the clear conclusion that it cannot
be recommended as a diagnostic tool. This opinion has been
also expressed by the American Academy of Allergy Asthma and
Immunology (90). Since then, various studies have been con-
ducted to further investigate the role of IgG antibodies in al-
lergy diagnosis. Among 150 hen’s egg-allergic children, neither
IgG nor IgG4 measurements added any valuable information
to the diagnostic procedure of hen’s egg allergy (91), thus sup-
porting the position that neither IgG nor IgG4 assays should be
included in the diagnostic routine for allergy testing. Similarly,
no diagnostic value of IgG and IgA antibodies could be found
for cow’s milk allergic patients (92). This unanimity against
IgG antibodies and subclasses in allergy diagnosis does not rule
out the hypothesis of potential other roles of this serological
parameter such as e.g. a predictive value. In the early 1990s,
an observational study from the Netherlands showed that high
IgG1 levels to food allergens were related to the development
of allergy to airborne allergens later in life (93). About 50% of
the children with a high IgG1 anti-food score developed an IgE
response to grass pollen and/or cat dander, which suggested a
predictive value of IgG antibodies to food allergens. Although a
cross-sectional approach by the same group could confirm this
trend (94), a final prospective study on 397 children was not
able to reproduce the results and described the determination
of allergen-specific IgG levels as not very useful for the identifi-
cation of patients at risk in clinical practice (95). A randomized
double-blind allergy prevention trial from Finland also reported
on an increased risk of egg allergy in relation to elevated serum
IgA and IgG levels to ovalbumin, but could not confirm this
trend for other allergens or as a valid predictive tool (96). Thus,
although IgG antibodies, especially the subclass IgG4, are cer-
tainly of importance in allergy and tolerance induction, they are
nowadays still not of value for clinical practice.
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Summary

Background. Although cockroach (CR) is an important cause of allergic sensitization world-
wide, only a few data are available in Italy and in a previous study we have observed, in Naples
area, a low prevalence of CR sensitization. Objectives. We sought to perform a prospective study
Jor assessing the prevalence of allergic sensitization to CR in a sample of atopic population living
in Campania district area (Southern Italy). Methods. Ten Allergy Units or Centres of Campan-
ia district participated in this cross-sectional study. Each centre was required to collect the results
of at least 100 allergy consultations in consecutive outpatients referred for actual or suspected
respiratory allergy. We registered demaographic data, type and duration of respiratory symptoms,
pets ownership, possible exposure to CR allergens, results of the skin prick tests (SPT5). Results.
A total of 1477 patients were examined, 985 (66.68%) had a SPI5 positivity to at least one
allergen. In this context, ninety were sensitized to CR, thus the overall sensitization prevalence in
subjects with respiratory allergy was 6.09% ranging between 0-11% and only five patients were
mono-sensitized. Thirteen patients reported rhinitis (R) + bronchial asthma (A), twenty-one R +
A + conjunctivitis (C), thirty-seven R + C, five only A and eleven individuals only R. Sixty-seven
patients exhibited persistent and twenty-three intermittent symptoms. Dust mite constituted the
Jorst cause of associated sensitization to CR. Conclusions. The prevalence of allergic sensitization
to CR is not negligible in population living in Campania district and shows a higher trend in
comparison to that found recently and some years ago in Naples area. Finally, we suggest atopic
individuals and especially those highly sensitized to mite allergens or those living in low-income
areas 1o be tested by SPTs / evaluation of serum specific IgE to CR allergens to exclude the occur-
rence of CR allergic sensitization.
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Introduction

Although cockroach (CR) is an important cause of allergic sensi-
tization worldwide (1, 2) only a few data are available in Italy. In
adults, a mean 13% prevalence of allergic sensitization to CR has
been shown in only one multicentre Italian study (3) while 4.58%
and a peak of 20% have been found respectively in a study carried
out in Naples area (4) and in another on the immigrants of North-
ern Iraly (5). In children the prevalence is lower, ranging from 0.45
to 12.7% (6-8). It has been demonstrated that allergic sensitization
to cockroach increases the risk of developing sensitization also to
shrimp and house dust mite, because of the presence of IgE-bind-
ing cross-reactive epitopes between respective tropomyosins (9).
Recently, we have shown that the prevalence of allergic sensiti-
zation to CR is still low (3.62%) in an atopic population living
in urban area of Naples (10) and confirms the low trend found
seventeen years ago (4.58%) (4).

However, since this low value does not necessarily reflect the
true value of a larger territory such as the district area in which
Naples is the chief town, we sought to perform a prospective
study for assessing the prevalence of allergic sensitization, clin-
ical characteristics and modality of exposure to CR in a sample
of atopic population without occupational exposure living in
Campania district area (Southern Italy).

Methods

Ten Allergy Units or Centres, uniformly distributed over the whole
territory of Campania district (13.595 Km?, 6.074.882 inhabitants)
participated in this cross-sectional study. Each centre was required
to collect the results of at least 100 allergy consultations in consec-
utive outpatients referred for actual or suspected respiratory allergy
(asthma and/or rhinitis), starting from January 1 to June 30, 2011.
1477 subjects aged between 3 and 79 years (mean age 31.2)
were examined.

All centres followed the same protocol. A case report form (CRF)
containing all information and specifically designed for this study
was completed during the screening consultation of each patient.
The standardized form reported: demographic data, type and du-
ration of respiratory symptoms, pets ownership, possible exposure
to CR allergens assessed by some predictors (such as evidence of
CR presence, poor housing conditions, etc.) (11), results of the
skin prick tests (SPTs). The diagnosis of respiratory allergy was
carried out according to the International Guidelines (12,13).
The commercial allergen extracts used for screening SPTs were
provided by ALK-Abello Group, Milan, Italy. We used a standard
panel of allergens including: Dermatophagoides pteronyssinus and
D. farinae, Alternaria alternata, Cladosporium herbarum, cat and
dog dander, Parietaria, grass mix, Artemisia vulgaris, Olea euro-
paea, Betula pendula, Cupressus sempervirens and Corylus avellana.
These allergens cover the majority of causative agents of respirato-

ry allergy in Italy. In addition we used allergenic extracts of cock-
roach (mix) provided by ALK-Abello Group, Milan, Italy. Posi-
tive (10 mg/ml histamine HCI) and negative (saline solution in
glycerine-phenol solution) controls were used as well. SPTs were
carried out and interpreted according to International Guidelines
(14). The result was read after 15 minutes and expressed as the
mean of the major wheal diameter plus its orthogonal. A 3 mm
skin reaction or greater was considered positive. The profile of the
wheals was outlined using a fine-point marking pen and trans-
ferred by adhesive tape onto patient’s form.

Patients with chronic infectious diseases, malignancies or dys-
metabolic diseases, severe cutaneous disorders, negative skin re-
action to histamine, or in treatment with drugs interfering with
skin response were excluded as well (15,16).

Results

A total of 1477 patients were examined. In this context 985
(66.68%) had a SPTs positivity to at least one allergen and were
diagnosed as having respiratory allergy. The 1477 subjects had
a mean age of 31.2 years (range 3-79) and 834 (56.46%) of
them were females. 90 patients were sensitized to CR, 42 were
females and 48 males. Thus, the overall sensitization prevalence
in subjects with respiratory allergy was 6.09% ranging between
0-11% (figure 1). Only 5 patients were mono-sensitized to CR.
13 patients reported rhinitis (R) + bronchial asthma (A), 25 R
+ A + conjunctivitis (C), 36 R + C, 5 individuals only A and
11 only R. 67 patients exhibited persistent and 23 intermittent
symptoms. 26 out of 90 patients reported some indoor condi-
tions that constitute predictors for the presence of CR allergens.
In 9 of these individuals we found the higher levels of cutane-
ous sensitization to CR, the remaining patients exhibited low/
moderate degree of SPT positivity. Since the majority (85/90)
of CR-sensitized patients showed cutaneous positivity to other
common allergens (mites, pollens, moulds and pets) we could
not quantify the role of CR sensitization in eliciting symptoms.
The most common sensitizing allergens associated in CR aller-
gic individuals are reported in figure 2. Dust mite constitutes
the first cause of associated sensitization followed by Parietaria,
grasses, Artemisia vulgaris, Olea europaea and pet danders. These
findings are substantially similar to that found in Naples area
in previous surveys (4,10). Since monoclonal antibody-based
methods to measure the amount of CR allergens in the dust of
indoor environments are not available in Italy, we have no in-
formation about the levels of indoor exposure to these allergens.
However, Curtis-Brosnan et al. (11) have shown that patients’
report on the presence of rodents at home and some predictors
such as cockroach infestation and poor housing conditions may
be sufficient to hypothesize CR allergen exposure in indoor en-
vironments. The main characteristics of the patients sensitized
to CR are summarized in table 1.
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Figure 1 - Geographic distribution of the Campania district centers with the percentages of subjects having positive

skin reactions to cockroach allergens
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Table 1 - Characteristics of patients sensitized to cockroach allergens

N° Percentage
SEX (M/F) 42/48 46.7/53.3
MEAN AGE 45
AGE RANGE
-0-20 25 27.8
-21-41 46 51.1
-41-60 14 15.5
->060 5 5.6
+ VE. FAMILY HISTORY OF ALLERGY 51 yes/39 no 56.7/43.3
PET AT HOME
- Cat 6 6.7
- Dog 11 12.2
- None 70 77.8
- Other animals 2 2.2
- Cat + Dog 1 1.1
MODALITY OF EXPOSURE TO CR
- Positive contact 26 28.9
- Negative contact 64 71.1
SMOKING
-YES 12 13.3
-NO 70 77.8
-EX 8 8.9
CLINICAL SYMPTOMS
-Rinithis (R) only 11 12.2
-Asthma (A) only 5 5.6
-Rinithis + Asthma 13 14.4
-Rinithis + Conjunctivitis (C) 36 40
-R+C+A 25 27.8
SEASONALITY OF SYMPTOMS
- Intermittent 23 25.6
- Persistent 67 74.4
ASTHMA SEVERITY
- Mild 20 22.2
- Moderate/Severe 70 77.8
MONOSENSITIZED TO CR 5 5.6
ASSOCIATED SENSITIZATIONS
- Parietaria 47 52.2
- Dermatophagoides pteronyssinus 75 83.3
- Grasses 32 35.6
- Olive 18 20
- Mugwort 19 21.1
- Alternaria 3 3.3
- Cladosporium 1 1.1
- Birch 5 5.6
- Hazelnut 5 5.6
- Dog 14 15.5
- Cat 17 18.9
- Other allergens 8 8.9

DIAMETERS OF CR - ALLER-
GEN-INDUCED WHEALS
(SPTs)

< 6x6 mm (81) 90
> 6x6 mm (9) 10

Discussion

CR allergens constitute a common cause of allergic sensitiza-
tion and bronchial asthma in children and adult populations
of the US living in inner cities (1). CR exposure, independent
of IgE-mediated sensitization status, constitutes also a relevant
risk factor for asthma hospitalization in inner city children (17).
Among several allergens produced by CR, it has been shown
that sensitization to Per a 2 of the American cockroach cor-
relates with more clinical severity among airway allergic patients
(2). Wada et al. (18) have found that CR induces inflammatory
responses through protease-dependent pathways. Additionally,
genetic factors may play an important role in conferring the
susceptibility to CR sensitization (19).

The results of this study suggest that the prevalence of allergic
sensitization to CR allergens is not negligible in urban atopic
population living in Campania district area. This rate of sensi-
tization is higher in comparison to that found in Naples area in
previous reports (respectively 4.58 and 3.62%) (4,10). In the
three studies the main characteristics of CR-sensitized individuals
(prevalence of female sex, high rate of family history of allergy,
periods and type of clinical symptoms) may be easily explained by
associated sensitization to other common allergens involved in all
individuals. However, no specific symptoms related to exposure
to CR were found in patients with higher degree of cutaneous
sensitization to CR and also in five patients mono-sensitized to
CR. The low prevalence of allergic sensitization to CR allergens
in our previous study (10) is probably due to the rarely reported
presence (only in two cases - 13.3%) of environmental conditions
commonly considered at high risk for CR allergens presence (11).
In the present study 26 (28.9%) patients reported ideal condi-
tions for the presence of CR in indoor environments (11).

The associated sensitization to mite allergens in CR-sensitized in-
dividuals is a common feature in this as well as in the previous re-
ports. Since CR and dust mites usually share the same indoor en-
vironments as well as some of their allergens, it is likely that these
mechanisms could explain the finding of such a high prevalence
of associated sensitization. Moreover, our study suggests that per-
forming a multicenter study at level of district area is more likely
to reflect the real rate of allergic sensitization to CR in Southern
Italy in comparison to the rate of single urban area of Naples.

It is important to outline that the majority of patients referring to
Allergy Services of Campania district who participated to this sur-
vey don't live in low-income areas of respective towns. This limita-
tion is similar to that found in previous studies of Naples area. As
a consequence, we cannot exclude that a survey carried out specifi-
cally in low-income areas of Naples and other towns of Campania
district could reveal a higher prevalence of sensitization to CR.

In conclusion, the prevalence of allergic sensitization to CR is
not negligible in population living in Campania district and
shows a higher trend in comparison to that found recently and
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some years ago in Naples area. Finally, we suggest that atopic in-
dividuals, especially those highly sensitized to mite allergens or
those living in low-income areas, are tested by SPTs / evaluation
of serum specific IgE to CR allergens to exclude the occurrence
of CR allergic sensitization. We are planning further studies ex-
amining exclusively allergic individuals living in some low-in-
come areas of Campania district to verify a possible increase in
the rate of allergic sensitization to CR.
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