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cow'’s milk allergy in toddlers

Nicolas Kalach!?, Nathalie Kapel>**, Anne-Judith
Waligora-Dupriet!, Marie-Christine Castelain', Marie
Odile Cousin!, Christine Sauvage!, Fatimata Ba!,
Toannis Nicolis®, Florence Campeotto*¢, Marie José
Butel* and Christophe Dupont?

' Clinique Pédiatrique Saint Antoine, Hopital Saint Vincent
de Paul, Groupe Hospitalier de L’institut Catholique de Lille,
Université Catholique, Lille, France

2Service d’Explorations Fonctionnelles Digestives
Pédiatriques, AP-HP, Hopital Necker Enfant Malade,
Université Paris Descartes, Paris, France

3Coprologie Fonctionnelle, AP-HP, Groupe Hospitalier
Pitié-Salpétriere, Paris, France

‘Ecosysteme Intestinal, Probiotiques, Antibiotiques (EA
4065), Université Paris Descartes, Sorbonne Paris Cité,
Paris, France

SBiomathématiques (EA 2498), Université Paris Descartes,
Sorbonne Paris Cité, Paris, France

Abstract

Background: Food allergy is a common problem in France
involving 4%—-6% of toddlers. As opposed to IgE-mediated
cow’s milk allergy (CMA), delayed-onset CMA, mostly,
non-IgE-mediated, remains difficult to diagnose in toddlers.
Our study assessed the diagnostic performances of intesti-
nal permeability and of fecal markers, in comparison with
the standard allergic work-up in children referred for CMA
diagnosis.

Methods: Twenty-five consecutive children, mean age
(standard deviation) 6.3 months (4.8) with digestive and/or
extra-digestive manifestations suggesting CMA, were pro-
spectively studied based on a standardized allergic work-up
(specific cow’s protein IgE and IgG, skin prick test, atopy
patch test and oral open cow’s milk challenge) and digestive
work-up including fecal microbiota analysis, intestinal per-
meability determination (urinary lactitol/mannitol ratio) and
fecal markers measurement, i.e., o.,-antitrypsin, tumor necro-
sis factor-o, calprotectin, B-defensin2, secretory IgA and
eosinophil-derived neurotoxin (EDN). Receiver operating
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characteristic (ROC) curves were calculated for all markers
in order to define cut-off levels.

Results: The cow’s milk challenge was positive in 11 chil-
dren and negative in 14. The global test performances, i.e.,
the number of true positive+negative cases/the total number
of cases, were 76% for intestinal permeability; 72% for fecal
EDN; contrasting with atopy patch test, 68%; IgE, 60%; skin
prick test, 55% and IgG, 52%.

Conclusions: In this routine diagnosis allergy work-up for
CMA in toddlers, the best efficacy was seen for intestinal
permeability compared to IgE, IgG, skin prick test and atopy
patch test. Moreover, fecal EDN in a single spot sample dis-
played a similar performance.

Keywords: cow’s milk allergy; eosinophil-derived neurotoxin;
fecal biomarkers; gut microbiota; intestinal permeability.

Introduction

The standard work-up for food allergy relies on the elimina-
tion of and challenge with the suspected food, either using a
double-blind placebo controlled food challenge or according
to simplified procedures exhibiting a good correlation with
it (1-4). In addition to the food elimination/challenge proce-
dure, the diagnostic work-up may rely on different tests.

For IgE-mediated disorders, skin prick tests (SPT), guided
by the clinical history, provide a rapid method to screen
patients for sensitivity to specific foods. Negative SPT
responses essentially confirm the absence of IgE-mediated
allergic reactivity, with a negative predictive value >95% (4,
5). Furthermore, the level of the IgE titers seems to be sig-
nificantly related to the results of the oral food challenge (4).
In the absence of immediate clinical reactions, delayed-onset
allergies — most of the time related to a non-IgE-dependant
mechanism — still present diagnostic difficulties (4, 5). Several
authors have therefore investigated the use of the atopy patch
test (APT) for the diagnosis of this condition showing that
this APT could improve the diagnosis of conditions related to
cow’s milk allergy (CMA) (6-8).

Intestinal permeability (IP), which compares the urinary
excretion of two orally absorbed non-metabolizable sugars,
lactitol (L), a marker of larger molecule absorption and man-
nitol (M), a marker of small molecule absorption, is altered
during small intestinal suffering (9—11). IP has been shown
to be modified in adults and in children with food allergy: the
offending food decreasing M urinary excretion and increasing
both L excretion and L/M ratio, a phenomenon that occurs
during both digestive and cutaneous manifestations (12, 13).
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Fecal markers evaluate non-invasively the intestinal
inflammatory responses and have found a reliable place in
gastroenterology, for diagnosing inflammatory processes
(14). In contrast, data remain scarce and often controver-
sial during food allergy. In addition, the composition of the
microbiota has been incriminated in the development of food
allergy (15) and seems to interact with intestinal permeabil-
ity (16).

The aim of our study was 1) to confirm the performance
of IP measurement for the diagnosis of CMA in toddlers,
in comparison with a standard allergic work-up and 2) to
assess the diagnostic performance of six non-invasive fecal
markers [secretory IgA (SIgA) and B-defensin2 (HBD?2),
markers of intestinal immune stimulation; eosinophil-
derived neurotoxin (EDN), marker of eosinophil activa-
tion and degranulation in the gut; o -antitrypsin (AAT),
marker of increased leakage of the gut, and tumor necro-
sis factor-oo (TNFa) and calprotectin, markers of intestinal
inflammation] in CMA diagnosis. Furthermore, in view of
the importance of gaining more knowledge in this area, we
investigated the changes of selected gut microbiota in tod-
dlers with and without CMA.

Materials and methods

Patients and study design

We designed a prospective descriptive study in the routine manage-
ment of children with clinical manifestations, digestive and/or extra-
digestive (eczema and/or wheezing), suggesting CMA. Children with
gastroesophageal reflux disease and/or clinical gastritis symptoms
underwent an upper gastrointestinal endoscopy with upper gastroin-
testinal biopsy specimens (at least two esophageal biopsy specimens
looking for minor and major criteria of eosinophilic esophagitis, and
four gastric biopsy specimen looking for Helicobacter pyloriinfection
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according to the updated Sydney classification), whereas those with
failure to thrive underwent a sweat test. Children were not enrolled
if with anemia (hemoglobin <100 g/L), cystic fibrosis (pathological
sweat chloride test >60 mEq/L), inflammatory bowel disease (typi-
cal endoscopic and pathologic lesions), celiac disease (positive blood
anti-transglutaminase IgA and IgG antibodies and anti-endomysium
IgA), digestive surgery, small-bowel bacterial overgrowth (positive
hydrogen breath test), parasitic or infectious gastroenteritis (positive
stool analysis or culture) and diabetes mellitus (hyperglycemia and
abnormal glycosylated hemoglobin). Between December 2008 and
June 2009, 25 consecutive children were enrolled, mean age (stan-
dard deviation) 6.3 months (4.8), range 1-18 months, 14 males and
11 females.

The allergic, digestive and fecal work-up were carried out on an
outpatient basis: measurement of specific cow’s milk protein (CMP)-
IgE and IgG, CMP-SPT and CMP-APT; IP measurement by urine
elimination of orally ingested L and M; fecal markers measurement,
i.e., AAT, TNFaq., calprotectin, HBD2, SIgA and EDN.

Following the initial standardized work-up, children were treated
with a CMP elimination diet according to the recent ESPGHAN
guidelines (1), based on an extensively hydrolyzed whey protein for-
mula or an amino acid-derived formula when the use of the exten-
sively hydrolyzed formula was not well tolerated or did not lead to
clinical recovery within 4-8 weeks.

All children were subjected to a cow’s milk challenge (CMC)
after the elimination period (Figure 1).

A written parental consent was obtained from both parents and the
study protocol was declared to the national research committee, i.e.,
La Commission Nationale de I’Information et des Libertés (CNIL)
under the declaration number 1508869v0 and registered under the
number of DC-2011-1393.

Specific cow’s milk protein IgE and IgG

Sera cow’s milk protein-IgE and IgG, whey-IgE and IgG,
[-lactoglobulin-IgE and IgG, o-lactalbumin-IgE and IgG were ana-
lyzed using the ImmunoCap RAST tests (Phadia AB®, Uppsala,
Sweden) calibrated with reference to the World Health Organization

At the end of the allergic and digestive and microbiologic
work up: the children were put under an elimination

diet without cow’s milk products during 4-8 weeks

Oral food challenge I
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Allergic work up

- Serum IgE and IgG: whole cow’s milk, casein, B-lactoglobulin,
o-lactoalbumin

- Serum IgE: white egg, mustard, peanut, wheat

- Skin prick test and atopy patch test: whole cow's milk, extensively
hydrolyzed casein formula, extensively hydrolyzed whey formula

Digestive work up

- Overnight fasting intestinal permeability test

- Fecal markers: TNFa., a1-antitrypsin, SIgA, calprotectin,
B-defensin2, EDN

- Parental written consent

Microbiologic work up

- Quantification of fecal microbiota: total bacteria,
Bacteroides/Prevotella group, Clostridium leptum group,
Lactobacilli/Leuconostoc group; Escherichia coli; Bifidobacterium

- Detection of Bifidobacterium species

|

Positive
Cow’s milk allergic patients
(n=11)

Negative
Non cow’s milk allergic patients (controls)
(n=14)

Figure 1 Study scheme.
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standards for IgE. References data for those specific IgE and IgG
titers were those of the manufacturer, considering values <0.10
KUA/L as non-detectable.

Cow'’s milk protein skin prick test

SPTs were performed with a drop of pasteurized half-skimmed cow’s
milk on the back of children. Histamine di-hydrochloride (ALK®,
Copenhagen, Denmark), 10 mg/mL and glycerosaline were used as
positive and negative controls. A positive reaction implied a wheal
diameter 3 mm larger than the negative control after 15 min.

Cow'’s milk protein atopy patch test

The APT was applied using an aluminum cup (Finn Chamber®,
Epitest Ltd, Hyryl4, Finland) as previously described (8).

Open oral cow’s milk challenge

The open CMC was chosen since itis areliable method in young chil-
dren when performed under experienced professional observation
(1, 2). The CMC was designed to be done in the hospital,
according to (1-4), in order to file the conditions requiring such
a medical setting, i.e., for children presenting a risk of anaphy-
laxis manifested by previous severe immediate clinical manifes-
tations and/or positive cow’s milk protein-IgE and/or SPT. The
physician responsible for the CMC was blinded to the results of
specific IgE, SPT and APT. The challenge used a standard cow’s
milk based infant formula. Increasing doses (1, 5, 10, 50, and 100
mL) were given at approximately 30-min intervals for 6 h, then
the tolerance of increasing doses was monitored by a daily paren-
tal record of the child’s symptoms. Clinical reactions and varia-
tion between parental opinions during the CMC were defined and
analyzed according to the consortium of food allergy research,
conducting an oral food challenge (3). CMA was defined as the
disappearance of symptoms under cow’s milk elimination and
an unequivocal adverse reaction to challenge. A reaction within
2 h of challenge was regarded as immediate-onset type and oth-
ers as delayed-onset type. The challenge was discontinued when a
clinical reaction was noticed. To evaluate long-term tolerance and
detect any false-negative result, all patients with a negative chal-
lenge at the end of the first week of surveillance went on consum-
ing cow’s milk and were seen 4-8 weeks later. Finally, children
were considered controls if they had a negative CMC, and CMA
children were those with a positive CMC according to traditional
ESPGHAN criteria (1) as well as the newly defined criteria by the
French Society of Allergology and Clinical Immunology (SFAIC)
(2).

Intestinal permeability test

IP test was performed on the morning following an overnight fast
and after voiding the overnight urine. Children were given a mixture
of a 10% M and L in aqueous solution at a dosage of 0.1 g/kg of
body weight for each sugar. All urine was collected for the 5 follow-
ing hours with gentamicine as a preservative. The urine volume was
measured, and aliquots stored frozen at —80°C until analysis. Urine
samples were analyzed using gas chromatography performed with a
Perkin Elmer AutoSystem KL (Perkin Elmer, Waltham, MA, USA)
equipped with a flame ionization detector. Prior to measurement,
3 mL of urine was deionized using 0.5 g of Amberlite IRN-150 resin
then centrifuged for 10 min at 1500 g. Nine hundred and fifty uL of

deionized urine added with 50 pL of internal standard [a mixture of
inositol and turanose (v/v) at a final concentration of 5 mg/mL] was
then lyophilized and submitted to derivatization by addition of 400
uL of a mixture composed of hexamethyldisilazane and trimethyl-
chlorosilane in pyridine (3:1:9) (Supelco analytical, Bellefonte, PA,
USA) for 1 h at 60°C. Samples were dried under nitrogen, and then
extracted with 200 uL hexane. One pL of hexane solution was in-
jected via the autosampler in a capillary column (30 mx0.25 mm
ID Elite N 9316076, Perkin Elmer) with helium as gas carrier at a
1.5 bar head pressure. Temperature program was performed from
150 to 250°C with 20°C per min. Peak areas were automatically
integrated and, M and L areas reported to inositol and turanose
areas, respectively. Results were expressed as mg/L and IP (%) as
L/M ratio (L/M, %).

Fecal markers measurement

For each child, a spot sample of feces was collected from the dia-
pers immediately after defecation and stored at —80°C until assayed.
Frozen stool samples were thawed at room temperature immediately
before analysis.

Fecal AAT was measured using an immunonephelometric method
adapted on the BN ProSpec® system (Siemens, Deerfield, IL, USA).
Weighed stool samples were homogenized 1:5 (w/v) with NaCl 0.15
M for 1 h at 4°C, then centrifuged at 10,000 g for 15 min at 4°C
and the supernatants were used for analysis which was performed
at two different dilutions (1:5 and 1:500 final dilutions) to avoid any
prozone phenomena. Fecal TNFo was determined using an ELISA
(TNF-a EASIA, Biosource, Belgium) adapted for fecal samples as
previously described (17). Fecal calprotectin, HBD2, SIgA and EDN
were analyzed using ELISA methods (Calprest®, Eurospital, Trieste,
Italy or Immundiagnostik, Bensheim, Germany) according to the
manufacturers’ instructions. All samples were analyzed in duplicate
for ELISA methods. The detection limits for each parameter were the
following: AAT=10 pg/g of stool, TNFoi=30 pg/g of stool, calprotec-
tin=15 pg/g of stool, HBD2=7 ng/g of stool, SIgA=170 pg/g of stool
and EDN=120 ng/g of stool.

Fecal microbiota analysis

Fecal microbiota was assessed using real-time qPCR. For DNA
extraction, stools were thawed, homogenized and 125 mg aliquot
was used to extract total DNA using the chemical guanidium iso-
thiocyanate and the mechanical bead beating method as previously
described (18). Real-time qPCR was performed using an ABI 9700
Sequence Detection System apparatus with system software version
2.3 (Applied-Biosystems). TagMan® qPCR was used to quantify
total bacteria populations and the dominant (>1% of fecal bacte-
ria population) bacterial groups, and genera: Clostridium leptum
group, Bacteroides/Prevotella group and Bifidobacterium. qPCR
using SYBR-Green® was performed for the sub-dominant bacterial
species Escherichia coli and for the Lactobacillus/Leuconostoc/
Pediococcus group. Primers and probes used were described by
Furet et al. (19). Standard curves were obtained from serial dilu-
tions of a known concentration of plasmid DNA containing a 16S
rRNA gene insert from each species or group. The coefficients of
correlation between log,; colony forming units (CFU) and rRNA
gene copy numbers for each species and group were obtained from
rrnDB (20), enabling calculation of the number of CFU/g of feces.
When a species or bacterial group was not detected, the values of
3 log,, CFU/g of feces, i.e., corresponding to about half of the de-
tection limit, was used. Bifidobacterium species identification was
performed directly on fecal DNA using simplex PCR with 16S
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rDNA-gene targeted species specific primers adapted from Mullié
et al. (21).

Statistical analysis

Statistical tests were performed with the Statview program
(Abacus®, CA, USA) and R software environment for statistical
computing and graphics. Calculation of mean, SD, 95% confidence
interval (CI), median and extremes were done for all quantitative
parameters. Differences between qualitative parameters were ana-
lyzed by the x>-test. Differences between quantitative parameters
were analyzed using the non-parametric Mann-Whitney test. A
principal component analysis was performed for a global analysis
of the microbiota. Correlations between age and laboratory param-
eters were analyzed using the non-parametric Spearman test. A p-
value of <0.05 was accepted as statistically significant. Receiver
operating characteristic (ROC) curves were carried out to evaluate
the ability of the IP test and fecal markers to predict CMA allergy
and to accurately define cut-off levels. The performances of both
the allergic work-up, IP test and laboratory markers were compared
with CMC with calculation of sensitivity, specificity, positive pre-
dictive value, negative predictive value and overall accuracy of the
test (the sum of true-positive and true-negative results divided by
the total number of test).

Results
Population and allergic work-up

Patients’ characteristics and diagnostic procedure are pre-
sented in Tables 1 and 2. The CMC was positive in 11
patients, referred to as CMA patients, and negative in 14,
referred to as controls. All CMA patients had the delayed-
onset type.

CMA was IgE-mediated, i.e., with positive [gE-CMP titers,
in three patients and non-IgE-mediated, i.e., with negative
IgE-CMP titers, in eight, one control exhibiting a positive
CMP-IgE titer. A positive CMP-IgG titer was seen in one
CMA patient. The CMP-SPT was positive in one IgE-mediated
CMA patient. APTs were positive in four CMA patients (two
IgE and two non-IgE-mediated) and in one control.

The eight cases of non-IgE-mediated CMA, symptoms
were categorized, based on the description by Sicherer and
Sampson (4) as food protein-induced enterocolitis syn-
drome (FPIES) in three cases, eosinophilic gastroenteropathy
(EGEP) in four cases, and finally, gastrointestinal dysmotility
(GID) in one case (Table 1). Upper gastrointestinal endos-
copy revealed peptic esophagitis in seven children with CMA
and in seven controls. None of the explored children showed
H. pylori infection or >15 eosinophilic infiltration by high
power field or eosinophilic oesophagitis in their upper gastro-
intestinal biopsy specimens (Tables 1 and 2). Finally, none of
the explored children showed a positive sweat test.

Fecal microbiota

The microbiota did not differ significantly between CMA
patients and controls using principal component analysis.
E. coli was detected in all infants, the Lactobacillus/

Leuconostoc group in nearly all infants (over 80%) and the
C. leptum group in about half of them, with no differences
between allergic and controls. The Bacteroides/Prevotella
group was detected in 64% of CMA infants and 79% of con-
trols (NS), but the mean level of colonization tended to be
lower in CMA patients (median 4.6 vs. 8.1 log, CFU/g of
feces, p=0.08) (Figure 2). Bifidobacterium were detected
in 82% CMA and all control patients (NS). This genus was
dominant, i.e., above 9 log, [CFU/g of feces, in 63% of CMA
patients and in all controls with no difference between groups.
The main Bifidobacterium species detected were B. breve and
B. longum, with no B. adolescentis.

Intestinal permeability

Individual results of IP test are presented in Tables 3 and 4.
No correlation with age was seen (r=-0.12, p=0.56). The
median L/M (%) was significantly higher in CMA patients
(4.77, range: 1.50-7.89), than in controls (3.06, 1.16-10.62,
p=0.05). The ROC analysis showed an area under the curve
(AUC) of 0.73 with an optimal cut-off value of 3.95%
(Figure 3A). Using this cut-off, the sensitivity (Se) and the
specificity (Sp) of the test for the diagnosis of CMA were
82% and 71%, respectively. The positive (PPV) and nega-
tive predictive values (NPV) for CMA allergy were 69% and
83%, respectively. Only 2/11 infants with CMA had L/M
ratio lower than 3.95%. Finally, the accuracy performance
of this IP test was 76% (Table 5).

Fecal markers

Fecal TNFo was under the limit of detection in all infants.
Calprotectin, AAT, HBD2, SIgA and EDN did not differ sig-
nificantly between CMA and control patients (Tables 3 and
4). All markers, except AAT (r=-0.34, p=0.18), were nega-
tively correlated with age: calprotectin, r=—0.43, p=0.03;
HBD2, r=-0.53, p=0.01; SIgA r=-0.66, p=0.001 and EDN,
r=—0.34, p=0.06. ROC curves showed that EDN was related
with CMA condition, allowing the determination of an opti-
mal cut-off value for CMA risk of 2818 ng/g (Figure 3B).
This cut-off value gave a sensitivity of only 55% but a speci-
ficity of 86%. The PPV and NPV for CMA allergy were 75%
and 71%, respectively and only 2/14 control infants had fecal
EDN level over the cut-off value (Table 5). The association
of IP test and/or EDN gave a PPV of 73% and a NPV of
79%.

Discussion

This pilot descriptive prospective study suggests a cut-
off level for IP in the diagnosis of delayed-onset reactions
(digestive or eczematous) during CMA in toddlers and the
role of fecal EDN as a potential non-invasive tool in this set-
ting. The diagnostic performances of IP and EDN are espe-
cially interesting in children with non-IgE-mediated CMA,
for whom the performance of the current allergic work up
is poor.
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Figure2 Level of colonization with main facultative anaerobic and
strict anaerobic groups represented as a box plot.

The box plot shows median (central horizontal line), the 25th cen-
tile (lower box border), and the 75th centile (upper box border). The
lower and upper horizontal lines refer to the 10th and the 90th centile,
respectively. A, allergic patients; BP group, Bacteroides/Prevotella
group; C, control patients; LL group, Lactobacillus/Leuconostoc

group.

Several studies highlighted differences in the composi-
tion of bacterial communities in the feces of children with or
without allergic diseases; however, available epidemiological
studies remain controversial. In our study, no significant dif-
ferences were seen between groups as observed by Adlerberth
etal. (22), with noticeably no quantitative or qualitative differ-
ences in Bifidobacterium colonization, as previously described
(23). However, a trend towards a decrease occurred in the
Bacteroides group in allergic infants as previously described
in 12-month-old infants (24). Bacteroides are part of the
dominant gut microbiota and members of Bacteroides genus
acts on the Treg lineage differentiation pathway in the gut,
to actively induce mucosal tolerance (25). Moreover, infants
colonized with B. fragilis at 1 month of age had more IgA-
secreting and IgM-secreting cells/10° mononuclear cells at
2 months than infants not colonized (26).

In patients with atopic dermatitis suspect of CMA, Isolauri
and Turjanmaa (27) reported positive SPTs in 67% of cases
with acute-onset reactions to challenge and positive APTs in
89% of those with delayed-onset-reactions. Combining SPT
and APTs significantly enhanced the diagnosis accuracy of
specific food allergies (86% sensitivity and 72% specificity).
However, Majamaa et al. (28) reported results similar to ours
in children under the age of 2 years suspected of CMA with
sensitivities of only 26, 14 and 44% for cow’s milk-specific
IgE, SPT and APT, respectively, in children with challenge-
proven CMA.

IP is known to vary according to age and to be altered
in children with CMA (13). For Jalonen (29), IP changes

Table 3 Intestinal permeability test and fecal markers in patients with CMA.

Patient 2 Patient 3 Patient 4 Patient 5 Patient 6 Patient 7 Patient 8 Patient 9 Patient 10 Patient 11

Patient 1

18

13

11

4

Age, months

Sex

Male Male Female Female Female Female Male Male

Male

Female

Male

Positive
6.4

Positive
7.59

Positive

7.89

Positive
4.46

Positive
0.45

Positive

2.86

Positive
5.25

Positive
3.95

Positive Positive
3.98

5.09

Positive

4.

CMC

76

Intestinal permeability test, %

Fecal markers

<30
107

<30
<15

<30
361

<30 <30 <30
100 46

21

<30
<15
0.03

<30 <30 <30
120 15

512

<30
94

TNFo, pg/g

Calprotectine, ug/g

AAT, mg/g

0.31
127

<0.01
43

1.08

64

0.14
75

0.74

130

0.19

11

0.19
47

0.29 0.26
94

111

0.45
210

HBD2, ng/g
IgAs, ng/g

5783

190
<50

3111

<170 698

2534

2775 585 1758
146 2362

3168

10,590
3654

2538

1030
2818

2868

3074

1840

2926
AAT, o -antitrypsin; CMA, cow’s milk allergy; CMC, open oral cow’s milk challenge; EDN, eosinophil-derived neurotoxin; HBD2, B-defensin2; TNFa, tumor necrosis factor-o..

EDN, ng/g
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Table 4 Intestinal permeability test and fecal markers in patients without CMA (control patients).

Patient 12 Patient 13 Patient 14

Patient 2 Patient 3 Patient4 Patient5 Patient6 Patient7 Patient8 Patient9 Patient 10 Patient 11

Patient 1

12

12

16

Male

Age, months

Sex

Male Male

Male

Female

Male

Male

Female  Female

Female

Male

Male

Female

Female

Negative
5.96

Negative  Negative
1.87

3.01

Negative
3.26

Negative Negative Negative Negative Negative Negative Negative Negative Negative Negative

4.32

CMC

0.03 10.62 221 3.16 3.11 4.59 2.38 2.24

1.16

Intestinal permeability test, %

Fecal markers

<30
<15
0.07

<30
31

<30
50

<30
28

<30 <30 <30 <30 <30 <30 <30 <30 <30
96 189 36 267 29 305 455 157

23

<30
172

TNFa, pg/g

Calprotectine, Lg/g

AAT, mg/g

0.07

121

0.13
133
512

0.08
<7
665

0.22 0.31 0.04 0.51 0.22 0.16 1.49 0.25
50 199 15 35 39 128 791 279

0.08

0.41
62

15
576

HBD2, ng/g
IgAs, ng/g

1545
2240

2520
692

1068
3066

1800
AAT, o, -antitrypsin; CMA, cow’s milk allergy; CMC, open oral cow’s milk challenge; EDN, eosinophil-derived neurotoxin; HBD2, B-defensin2; TNFo, tumor necrosis factor-o.

11,750 2211 6058 2988 3039
548 994 2414 3214

1562

1065
2534

951

2802

2100

1650

664

1326

EDN, ng/g

were similar whether children exhibited gastrointestinal or
skin manifestations with a significant rise in L/M ratio fol-
lowing cow milk protein ingestion by day 3 in both situ-
ations. In a previous study, the sensitivity of the test for
CMA was 70% in infants aged 6—12 months and only 58%
in children over 3 years. In the present work, no correla-
tion was seen between L/M ratio and age. This could be
related to the young age of the enrolled children since all
of them were <18 months old. We confirm the diagnosis
value of IP in this population of toddlers, the performance
of the test reaching 76% after optimization of the cut-off
level to 3.95%. Noteworthy, the best test performance was
observed in delayed-onset digestive non-IgE-mediated
CMA patients as compared to other allergic diagnosis
tools.

Fecal eosinophil-derived proteins (ECP, EPX) have been
previously investigated in infants with atopic dermatitis
and food allergy even in the absence of overt gastrointesti-
nal symptoms (30). Saarinen et al. (31) showed that infants
with intestinal symptoms during the challenge had higher
fecal ECP levels than those with other symptoms or those
tolerating cow milk, suggesting an eosinophilic degranula-
tion in the intestine. Our protocol was designed to evaluate
the diagnostic performance of the fecal tests: we measured
fecal EDN using a method easier and more reliable than for
fecal ECP. Moreover, EDN appeared to be more sensitive
and more closely correlated with the severity of the illness
as demonstrated for serum and urinary measurements in
atopic asthma and dermatitis (32, 33). Although non-signif-
icant, fecal EDN levels were higher in CMA patients com-
pared with controls leading to a PPV better than for the IP
test. These high levels in children with symptoms suggest-
ing eosinophilic conditions are in agreement with the cur-
rent knowledge (34). The lack of significance in our study
could be related to the small population and to the absence
of exclusion regimen at enrollment. Such as for the IP test,
false negative results were reduced compared with current
allergic work-up tests, suggesting the value of both tests in
the diagnosis procedure: the diagnosis accuracy was 76%
for IP and 72% for EDN.

Conclusions

The present study confirms the efficiency of IP for the diag-
nosis of CMA in toddlers compared with the routine allergy
work-up, i.e., CMP-specific IgE, IgG, SPT and APT. In addi-
tion, we show that measurement of fecal EDN on a single
spot sample is promising in this population. This suggests the
usefulness of these markers in the diagnosis of delayed-onset
digestive non-IgE-mediated CMA in toddlers. Further pro-
spective confirmatory studies on large-scale population are
now needed.

Besides, we confirm some variation in intestinal microbiota
in this population with a trend to decrease in the Bacteroides
group which belongs to the dominant microbiota and is known
to participate in Treg modulation.
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Figure 3 ROC curve of IP test (A) and fecal EDN (B) for prediction of CMA.

Table 5 Allergic work-up and fecal markers tests performances in the 25 studied children, i.e., 11 CMA children and 14 controls.

Se, % Sp, % PPV, % NPV, % False positive, n False negative, n Performance?
Allergic work up
SPT 9.1 100 100 58.3 0 10 1+10/20 (55)
APT 36.4 929 80 65 1 7 4+13/25 (68)
IgE 273 929 75 61.9 1 2+413/25 (60)
1gG 9.1 100 100 58.3 0 11 0+12/23 (52)
Intestinal permeability 82 71 69 83 4 2 9+10/25 (76)
Fecal markers®
EDN 55 86 75 71 2 5 6+12/25 (72)
Calprotectine 18 93 67 59 1 10 1+13/25 (56)
AAT 55 71 60 67 4 7 4+10/25 (56)
HBD2 82 36 50 71 9 2 9+15/25 (56)
SigA 46 71 56 63 4 6 5+11/25 (60)

“Test performance, Calculated as the number of true positive+negative cases/the total number of cases; "Cut-off values yielded using ROC
curves, IP, %: 3.96; EDN, ng/g: 2818; Calprotectine, pg/g: 361; o.l-AT, mg/g: 0.26; HBD2, ng/g: 39; SIgA, ug/g: 2538.

AAT, o -antitrypsin; APT, atopy patch test; CMA, cow’s milk allergy; EDN, eosinophil-derived neurotoxin; HBD2, B-defensin2; NPV, nega-
tive predictive values; PPV, positive predictive values; Se, sensitivity; Sp, specificity; SPT, skin prick test.
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