
A

g

r

t
b

w
c
o
e
©

K

1

a
t
e
a
e
a
m

1
d

Digestive and Liver Disease xxx (2006) xxx–xxx

Alimentary Tract

Intestinal permeability in patients with adverse reactions to food

M.T. Ventura a,∗, L. Polimeno b, A.C. Amoruso b, F. Gatti b, E. Annoscia b, M. Marinaro d,
E. Di Leo a, M.G. Matino a, R. Buquicchio a, S. Bonini c, A. Tursi a, A. Francavilla b

a Department of Internal Medicine, Immunology and Infectious Diseases (MIDIM), University of Bari Medical School,
Policlinico, Piazza G. Cesare n◦ 11, 70124 Bari, Italy

b Department of Emergency and Organ Transplantation (DETO). Gastrointestinal section. University of Bari Medical School, Policlinico, Bari, Italy
c INMM-Italian National Research Council and San Raffaele H, Rome, Italy

d Department of Infectious, Parasitic and Immune-mediated Diseases, Istituto Superiore di Sanità, Rome, Italy
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bstract

Background. An abnormal intestinal permeability could contribute to establish an altered sensitivity to food-allergen.
Aim. To evaluate the intestinal permeability in subjects with adverse reactions to food on allergen-free diet.
Subjects. Twenty-one patients with food allergy and 20 with food hypersensitivity on allergen-free diet were enrolled and divided in four

roups according to the seriousness of their referred clinical symptoms when they were on a free diet.
Methods. Intestinal permeability was evaluated by Lactulose/Mannitol ratio urinary detection determined by anion-exchange chromatog-

aphy.
Results. Statistically significant different Lactulose/Mannitol ratio was evidenced in subjects with food allergy (p = 0.003) or hypersensi-

ivity (p = 0.0008) compared to control patients. The correlation between Lactulose/Mannitol ratio and the seriousness of clinical symptoms,
y using Spearman test, was statistically significant for food allergy (p = 0.0195) and hypersensitivity (p = 0.005) patients.

Conclusions. The present data demonstrate that impaired intestinal permeability, measured in our conditions, is present in all subjects
ith adverse reactions to food. In addition, for the first time, we report a statistically significant association between the severity of referred
linical symptoms and the increasing of Intestinal Permeability Index. These data reveal that intestinal permeability is not strictly dependent
n IgE-mediated processes but could better be related to other mechanisms involved in early food sensitisation, as breast-feeding, or microbial
nvironment that influence the development of oral tolerance in early infancy.

2006 Editrice Gastroenterologica Italiana S.r.l. Published by Elsevier Ltd. All rights reserved.
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. Introduction

Intestinal permeability (I.P.) is the mucosal capacity to
llow the passage of molecules from the intestinal lumen
o the blood stream. Recent laboratory techniques enable to
valuate the I.P. through urinary detection of sugars probes,
dministrated in couples that passively cross the intestinal

pithelium. Recent studies suggest the use of Lactulose (La)
nd Mannitol (Ma) as probes; indeed these sugars cross the
ucosal epithelium, are recovered in the urine and the ratio
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f their clearance is used as I.P. assessment [1,2]. Recently, it
as demonstrated that the use of a highly dedicated chromato-
raphic device permits to measure appropriately the presence
f La and Ma in the urine, providing a good methodology
o explore the I.P. in normal and pathological conditions [3].
hanking to the availability of these technologies, many stud-

es have been performed to determine the I.P. in diseases that
nvolve the gastrointestinal tract, in which the gut integrity
s altered, such as Crohn’s disease [4,5] and coeliac disease

6,7]. In addition, our previous data on newborns [8] and
esearches on animal models [9–11] have demonstrated that,
uring the first months of life, when the intestinal mucosa
s still immature, there is an incomplete gut integrity that
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llows the passage of large molecules to blood. Such passage
f macromolecules in this phase of life could impair the early
echanisms involved in the physiological establishment of

he oral tolerance, predisposing to food sensitisation.
Adverse reactions to food are divided into IgE-mediated

food allergy, FA) and non-IgE-mediated (food hypersensi-
ivity, FH) reactions. FA is correlated to the production of
ood specific IgE antibodies. These antibodies, binding to
igh affinity Fc�RI receptors on mast cells and basophiles,
ause histamine release and correlated allergic symptoms.
lso in FH, which in some cases clinically mimic the IgE-
ependent syndromes, the histamine release occurs, even
hought it is not dependent on IgE binding to specific recep-
ors on mast cells [12].

In literature, many works on I.P. in FA patients are avail-
ble. In a paper, focusing on I.P. evaluation in subjects
ith IgE-mediated reactions [13], the authors have shown

n increased I.P., compared to healthy controls, when the
atients were on allergen-free diet, that augments more after
ood allergens ingestion. In the same patients the contempo-
ary administration of sodium chromoglycate prevented such
ncrease. On the contrary, very few and disaccording data in
H patients can be found [14–16].

The lack of defined data on the I.P. in patients with FH
nd the absence, to our knowledge, of studies that compare
he seriousness of clinical symptoms referred by the patients
n a free diet with the I.P. levels, prompted us to perform the
resent study.

. Patients and methods

.1. Subjects

In this study we included 41 patients with adverse food

eaction. Pregnant women and patients with gastrointesti-
al, immunologic, metabolic and/or neoplastic diseases were
xcluded from the protocol. As controls, 41 healthy volun-
eers, matched for age and gender, selected from the medical

a
c

f

able 1
eactivity of patients (FA and FH) to specific foods determined by DBPCFCs as re

Patients with FA n = 21

Patients reacting to the
specific food

Perc

azelnut 15 71.4
eanuts 13 62
elery 9 42.8
oy 8 38
odfish 7 33.3
ruit (banana, peach) 7 33.3
lour 6 28.6
ice 6 28.6
aize 5 23.8

omato 3 14.3
ilk 1 4.8

gg white 1 4.8
er Disease xxx (2006) xxx–xxx

taff (10 men and 31 women, mean age 29, range 21–50),
ith no symptoms or signs of gastrointestinal disease for at

east two weeks, were included. They had no FA, cardiovas-
ular and respiratory insufficiencies, liver cirrhosis, signs of
alnutrition or rheumatic disease. None of the enrolled sub-

ects had undergone recent gastrointestinal surgery, smoked
ore than two cigarettes per day, drunk more than 20 g/day of

lcohol, and were not receiving corticosteroids from at least
wo months and antihistamines from at least two weeks, at
he enrolment in this study. All the participants provided their
ritten informed consent.
The study protocol was approved by the Ethical Commit-

ee of the Policlinico Hospital, University of Bari, Italy. When
he analyses were carried out, all patients were on an allergen
ree diet since six months. Moreover, the medical history of
dverse reactions, the correlation with the consumption of
specific food, the quantity of food ingested, and the gap

etween ingestion and symptoms’ onset were examined.
As stated by the European Academy of Allergology and

linical Immunology position paper on FA, the diagnosis
f FA should be confirmed by positive skin prick tests (SPT)
17], radioallergosorbent tests (RAST) [18] and double-blind
lacebo-controlled food challenges (DBPCFCs) [19–21].
ccording to the revised nomenclature for allergy, FH is
efined as a reaction with appearance of symptoms at a dose
olerated by normal subjects, without an IgE-mediated mech-
nism and, consequently, with negative SPT and RAST [22],
ositive to DBPCFCs.

On the basis of these diagnostic tools, we divided all
atients into two classes: 21 patients with FA and 20 patients
ith FH.
All patients with FA exhibited SPT positive reaction and

or 10 subjects (48%), the diagnosis was further confirmed by
AST positivity. Concerning patients with FH, with negative
PT and RAST, the DBPCFCs confirmed the diagnosis on

clinical basis for at least one of the suspected food. In the

ontrol group, SPT and RAST resulted negative.
Table 1 shows the number of patients reacting to specific

oods at DBPCFCs for each group. Hazelnut, Peanuts, Celery

ported in Section 2

Patients with FH n = 20

entage Patients reacting to the
specific food

Percentage

2 10
1 5
2 10
0 0
2 10
8 40
2 10
0 0
0 0
4 20
5 25
0 0
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Table 2
Characteristics of the patients

FH FA

Number of patients 20 21
Mean age (years) (range) 29 (14–53) 29 (16–50)
Male/female 4/16 6/15

Clinical symptoms
Grade 1: pruritus 4 (20%) 2 (9.5%)
Grade 2: pruritus and urticaria and/or

rhinitis
7 (35%) 5 (23.8%)

Grade 3: pruritus, generalized urticaria
and diarrhoea and/or asthma

7 (35%) 8 (38.1%)

Grade 4: angioedema and/or 2 (10%) 6 (28.6%)
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anaphylaxis

oth groups (FH and FA) are homogenously distributed for gender, age and
everity of clinical symptoms as referred at the enrolment in the study.

nd Soy are the most involved foods for patients with IgE-
ediated reactions, instead fruits (peach, banana), milk and

omato are the most involved for patients with FH.
Both groups of patients (FA and FH) were divided in four

ubgroups according to the intensity of their referred clinical
anifestations, onset when the subjects were not on allergen

ree-diet and graded as follows:

Grade 1 pruritus
Grade 2 pruritus and urticaria and/or rhinitis
Grade 3 pruritus, generalized urticaria and diarrhoea and/or
asthma
Grade 4 angioedema and/or anaphylaxis.

able 2 summarizes patients characteristics.

.2. Allergological tests

.2.1. SPT
A positive control (histamine, 10 mg/l) and a negative

ontrol (glycerinated saline) with a standard panel of food
llergens (hazelnut, peanuts, celery, soy, codfish, fruits:
anana, peach, flour, rice, maize, tomato, milk, egg white)
Bayer, Milan, Italy) were tested and interpreted accord-
ng to the European Academy of Allergology and Clini-
al Immunology-Subcommittee on Allergen Standardization
nd Skin Tests [17]. If the diameter of the reaction was more
han 3 mm, bigger than that provoked by the negative control,
he response was considered positive.

.2.2. RAST
Specific serum IgE antibodies to food allergens (hazelnut,

eanuts, celery, soy, codfish, fruits (banana, peach), flour,
ice, maize, tomato, milk, egg white) were measured accord-
ng to the manufacturer’s instructions as well as the CAP Sys-
em (Pharmacia, Uppsala, Sweden) [18]. Results are reported
n kU/l and values ≥0.35 kU/l were considered positive.
.2.3. DBPCFCs
The DBPCFCs represent the gold standard for the diag-

osis of FA and FH [23]. The test is administered in the
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asting state using the most common food allergens (Lofarma
.p.A., Milan, Italy) in our population and placebo. The dose
f food is doubled every 30 min. If the challenge is negative
t is necessary to carry out an open feeding under observation
o exclude the possibility of a false-negative challenge. It is
mportant to eliminate suspected foods for 7–14 day before
hallenge.

.3. I.P. test

All subjects were fasted overnight and, between 9 am and
0 am, they ingested 200 ml of tap water containing 2 g of Ma
nd 5 g of La. Urine samples were collected before ingestion
f the probes in order to ensure the absence of endogenous
ugars. After ingestion of the markers, urine was collected for
period of 5 h. The volume of urine collected was measured
nd 5 ml samples were stored at −80 ◦C until the chromato-
raphic analysis of the sugars was performed as described by
eneroso et al. [3]. Briefly, anion-exchange chromatography

oupled with pulsed amperometric detection was performed
n a Dionex Model DX-500 with an eluent degassing device
odule, a gradient pump module GP 40 an ED 40 detector
ith a gold working electrode (DIONEX Corp., Sunnyvale,
A, USA). Sample injection was via an auto sampler module
S-50 Dionex equipped with a 25-�l peek sample loop with a

heodyne valve. Carbohydrate separation was carried out by a
arbopac PA-100 pellicular anion-exchange resin connected

o a Carbopac PA-100 guard column at room temperature.
he calibration curve for each sugar was linear to 40 mM
s previously described [3]. For each sample the percent-
ge of ingested La and Ma in urine was evaluated and their
atio (La/Ma) was calculated. Each La/Ma value is expressed
ultiplied by 100 (detected value × 100). Each sample was

nalysed three times.

.4. Statistical analysis

Student’s t-test for unpaired values was used to compare
he data obtained from control subjects, FA and FH patients.
he correlation between the seriousness of the symptoms and

he I.P. (La/Ma) was evaluated by Spearman test. A p < 0.05
as considered statistically significant.

. Results

The analysis of the urinary recovery of the two probes
sed to evaluate the IP in our experimental conditions shows,
n normal subjects, a percentage of urinary recovery of La
qual to 0.22. This datum confirms the previous data referred
n literature [2,3]. Higher percentages of La recovery are
egistered for FA and FH patients (0.66 and 0.77, respec-

ively). Also Ma urinary percentage recovery from controls
eflects the one present in literature (11.80). Differing from
hat observed for La urinary recovery, Ma urinary per-

entage recovery in FA (12.56) and FH (12.28) patients
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Table 3
I.P. Index in normal subjects and in patients with FA and FH

Groups (number of subjects) La/Ma (mean ± S.D.) p (vs. control)

Controls (41) 1.85 ± 0.81
FH (20) 5.34 ± 4.26 0.0008
F
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A (21) 6.17 ± 6.07 0.003

.P. Index is statistically significantly higher in FA and FH patients compared
o controls.

oes not show any difference, compared to control subjects
alue.

Table 3 reports La/Ma ratio (mean ± S.D.) in the two
roups of patients. The analysis of the data shows a statisti-
ally significant increase both in FA (La/Ma = 6.17 ± 6.07;
< 0.003) and in FH patients (La/Ma = 5.34 ± 4.26;
< 0.0008), compared to controls (La/Ma = 1.85 ± 0.81).

Figs. 1 and 2 report La/Ma ratio (mean ± S.D.) detected in
he FA and FH subjects divided in the four clinical subgroups
s reported in Table 2.

For FA subjects (Fig. 1) the results clearly demonstrate a
a/Ma ratio that progressively increases, in respect to nor-
al subjects value, from the subgroup of patients referring
ruritus after food assumption (Grade 1) to patients refer-
ing angioedema and/or anaphylaxis (Grade 4) after food
ssumption that mirrors the severity of clinical symptoms.

ig. 1. I.P. Index of FA patients assembled as considered in Table 2. A
radual increase of La/Ma with the increase of severity of clinical symptoms
s evident, that becomes statistically different, compared to controls, in Grade
patients (p = 0.0046).

ig. 2. I.P. Index of FH patients assembled as considered in Table 2. A
radual increase of La/Ma with the increase of severity of clinical symptoms
s evident, that becomes statistically different, compared to controls, in Grade
(p = 0.0007) and Grade 4 patients (p = 0.00015).
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his variation becomes statistically different (p = 0.0046),
ompared to control group value (La/Ma = 1.85 ± 0.81), for
he subjects of Grade 4 (La/Ma = 10.71 ± 7.59).

For FH subjects (Fig. 2) La/Ma ratio (mean ± S.D.) anal-
sis shows the same trend observed in FA patients. Partic-
larly, the increase of I.P. Index becomes statistically sig-
ificant for Grade 3 patients (referring pruritus, generalized
rticaria and diarrhoea and/or asthma after food assump-
ion; La/Ma = 9.07 ± 4.66) and Grade 4 patients (refer-
ing angioedema and/or anaphylaxis after food assump-
ion; La/Ma = 6.70 ± 7.20), compared to control subjects
p = 0.0007 and p = 0.00015, respectively).

The rank correlation test for non-parametric variables
Spearman test), applied to our data arranged as in
igs. 1 and 2, shows a significant correlation between the
everity of clinical symptoms and the I.P. Index for both
roups of subjects (ρ = 0.797 with p = 0.0005 in FH; ρ = 0.522
ith p = 0.0195 in FA).

. Discussion

The data reported in the present work clearly show a sim-
lar increase of I.P. in all the subjects studied, considering
hem as a whole group, regardless of the type of immunogenic
eaction (IgE- or non-IgE-mediated). Indeed, in all patients
ith adverse reactions to food, we registered an increased
a/Ma ratio, compared to normal subjects, depending on an

ncreased La urinary recovery, since no variation of Ma uri-
ary recovery was recorded.

It is important to consider that the I.P. test was performed
hen the patients had been on an allergen-free diet for at least

ix months. No other similar evaluation has been published in
iterature. Moreover, the proven correlation between the I.P.
alue and the clinical symptoms reported by patients, deter-
ined by the Spearman test, suggests that the documented

lterations in mucosal permeability could be a secondary phe-
omenon caused by antigen hypersensitivity in the intestinal
ucosa.
Our hypothesis is that the intestinal condition of these

atients could be independent of the aetiology of their dis-
ase, and could be the consequence of previous alterations
f the gastrointestinal barrier, probably occurring in the first
tages of development (foetal and neonatal). It has been
ecently reported that sensitisation to food protein may occur
uring lactation and is not limited to formula-fed infants [24],
ut may also be attributable to the proteins that are present,
n small quantities, in breast milk and may reach the infant’s
ntestinal lumen and alter the normal development of oral tol-
rance. In addition, previous works in both animal and human
odels demonstrated that during the first months of life the
ucosal barrier is particularly immature, allowing a high pas-
age of macromolecules through the intestinal barrier. It is
onceivable that early events, physiological or not (exposure
o allergens or pathogens, inflammation, etc.), during this
hase of maturation, could influence the physiological aller-
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en recognition system, impairing the oral tolerance process
nd predisposing to adult pathologies.

In this paper we report that I.P., evaluated by La/Ma inges-
ion, is altered in patients with adverse reactions to food, not
nly under antigen provocation, but is a clinical situation
hat is present in all periods of life and could permit at least

olecules of La or Ma size to pass through the intestinal
ucosa.
In conclusion, our paper outlines the alterations of the I.P.

bserved in patients with adverse food reactions. In addition,
he severity of the clinical symptoms seems to be strictly
orrelated with the increased I.P. Index. At the same time
he I.P. is not strictly dependent on IgE-mediated processes.
ther mechanisms are likely involved, such as breast-feeding
r the microbial environment, in influencing the development
f oral tolerance.

In this light, experiments are in progress in our department
n order to evaluate the I.P. in newborns whose parents or
elatives have a documented FA or FH.
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