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Intestinal inflammation in children with atopic eczema:
faecal eosinophil cationic protein and tumour necrosis

a as non-invasive indicators of food allergy
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Summary

Background Food allergy is contemplated in atopic ec/ema. Early recognition of food
allergies is ditticult and the diagnosis is often missed because of the non-specificity ol"
symptoms. New non-invasive tests arc clearly needed.
Objeetive ami methods We measured ihe concentrations of tumour necrosis factor-a,
eosinophil calionic protein and a-1 antitrypsin in faeces as indicators of intestinal
inflammation induced by double-blind placebo-controlled oral cow's milk challenge in
infants and young children with atopic eczema.
Results An increased n-l anlitrypsin concentration (> 2mg/g) after cow's milk
challenge was detected in 43% of the infants positive as compared with 1 1% of the
infants negative to challenge P = 0.02. The concentration of eosinophil cationic
protein in faeces increased after cow's milk challenge in patients positive to challenge
(P —0.02) but not in those negative to challenge (P = 0.79). The concentration of
eosinophil cationic protein was enhanced particularly in patients manifesting immedi-
ate-type reactions to the cow's milk challenge. The concentration of tumour necrosis
factor-o increased after cow's milk challenge in patients positive to challenge
(F = 0.005) but not in those negative to challenge {P = i).25). The concentration of
tumour necrosis factor-n in faeces was enhanced partictilarly in patients manifesting
delayed-type reactions to the cow's milk challenge.
Conclusion We conclude that in children with atopic ec/cma food allergy is associated
with intestinal inllammation indicating that more general immunologic disturbances
than previously thought take place in these patients. We further suggest that faecal
eosinophil cationic protein, tumour necrosis factor-a and n-1 antitrypsin distinctly
indicate various reaction types of food allergy. Parallel testing with eosinophil cationic
protein and tumour necrosis factor-o may signiticantly enhance the accuracy in
diagnosis of food allergy in patients with atopic eczema.
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common environmental antigens. Early in Hie dietary
Introduction . A , m A n . , r ^

antigens predominate [1] and allergic reactions to tood
In patients who have atopic ec/ema. IgH antibodies are are common [2.3]. The type of immune response to food
readily produced in response to ordinary exposure to is determined by the gut antigen handling [4]. Impair-
Corrcspondcnce: Dr H. \sohun. Medical School. University of ment of the intestine's barrier to dietary antigen entry [5]
Tampere. I'O Box 607. ̂ .•'li)! Tiimpcie. Finland. may be the key determinatit in exaggerated immune
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responses. Excessive antigenic stimulation may result in
overproduction of proinflammatory cytokines.

T-helper cells. TH] cells and TH2 cells, reciprocally
regulate immunologic events occurring in antigen expo-
sure [6]. The cytokine milieu generated by THT cells.
which is characteristic of atopie diseases, may convert
an immune response 10 dietary antigens into an aller-
genic signal [7]. Tumour necrosis factor-o (TNFa) has a
dual role depending on the cytokine milieu [8.9J. There
is evidence for its disease-aggravating role in inflamma-
tory bowel disease [10] and a protective role in bacterial
and parasitic infections [9]. In infants allergic to cow's
milk, TNF(i has been shown to disturb the gut mucosal
barrier directly [11]. Particularly in atopie infants the
immune responses induced by allergens may reveal
deleterious TNFn secretion. It has been shown that
TNFa enhances the eytotoxicity of eosinophils [12],
which appear to be the major tissue-destroying cells ni
allergic inflammation [13].

We sought to ascertain whether intestinal inflamma-
tion can be demonstrated in atopie eezema patients who
have cow's milk allergy proven by double-blind pUtccbo-
controlied cow's milk challenge. F\ir this purpose the
concentration o\' eosinophil eationie protein (ECP) in
serum and faeees and the concentrations of TNFn and
a-1 antitrypsin in faeces were assessed before and after
the challenge period. In addition. TNFa release by
activated peripheral blood niononuclear cells (PBMC),
isolated before and after ehallenge. was measured. Spe-
cifically, we aimed to establish whether these markers
could be used as indicators of food allergy in infants with
atopie eczema.

Materials and methods

Patients and samples

The study material eomprised 71 infants, aged 3-60
(median 14) months, fulfilling the Hanifin eriteria [14]
for atopie eczema in children. They had been referred to
a paediatrie elinic on the basis of suspected eow's milk
allergy and were allocated to double-blind placebo-con-
trolled cow's milk challenge. Before challenge ihc
patients were 4 weeks on a milk elimination diet. There
was a family history of atopie disorders in 50 (70"n) of
the cases. None of the patients was receiving systemic
corticosteroid therapy. Antihistamine medication was
discontinued for periods of 3 days to 6 weeks before
challenge depending on the drug's duration of action.

Blood and faecal samples were collected before the
first challenge (day I) and on day 8 (before the second
challenge) and on day 15 of challenge, corresponding to

the placebo and cow's milk challenge periods. All faecal
samples were handled in the same way: immediately after
spontaneous defecation the sample was cooled and
stored at +6 C for transporting. Within a maximum
of 12 h sample was delivered in a cold-transport box,
frozen and stored at -70 C until analysis. The serum
total IgE concentration, cow's milk-specific TgE (RAST,
Pharmacia, Uppsala, Sweden), and skin-prick tests
(Allergologisk Laboratorium A/S. Horshohn, Denmark)
were determined before challenge.

The study protocol was approved by the Ethical
Review Committee of Tampere University Hospital.
Informed eonsent was obtained from the parents.

Double-blind placebo-controlled cow's milk challenge
protocol

The placebo formula was the synthetie amino acid-
derived Neocafe (SHS Int. Ltd. Liverpool, UK) and
the test formula consisted of Neocate and 10 g of cow's
milk powder/100 niL. The formulae were prepared In the
hospital's milk bank. As previously described [15], a
randomization scheme was used to fix the sequence of
the challenges, so that the nursing staff, attending pae-
diatrieians, parents and investigators were unaware of
the administered formula's nature. The challenge period
for each formula was 7 days. On the tirst day of the oral
ehallenge with placebo or test formula, rising doses (1,5,
10, 20, 50. 100 niL) were given at .30-min intervals, until
milk intake appropriate for age was reached. If no
reaction occurred within Sh in hospital the challenge
was conlinued a I the patient's home. The parents
reeorded any elinical symptoms, including skin erup-
tions, pruritus, vomiting, diarrhoea and irritability.
When a elinieal reaction appeared the patient was exam-
ined In hospital and the challenge was discontinued.
Onset of reaction was defined as the time between the
latest dose and the specific symptom as well as from the
start of the challenge. In like manner, the dose eliciting
the symptom and the cumulated dose from the start of
tbe ehallenge were determined. All patients were exam-
ined on days 8 and L̂  of the challenge, corresponding to
the placebo and cow's milk challenge period, and the
eodc was thereafter opened. Cow's milk allergy was
defined as an luiequivocal adverse reaction to cow's
milk challenge. To judge long-term toleranee and
reveal any false-negative result of challenge, all patients
negative to challenge continued to consume cow's milk.
Tbe patients positive to cow's milk challenge consumed a
tolerated substitute formula. Ail patients were seen 1
month after eommencement of challenge, and the diag-
nosis was confirmed (by E.I.).
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Determination of ECP in serum speciniens

The quantitative determination of ECP in serum was
performed by a radiohnmunoassay (Pharmaeia ECP
RIA; Pharmacia Diagnostics AB, Uppsala, Sweden), as
instructed by the manufacturer. The radioactivity was
determined using a 1470 Wizard gamma counter (Wallac
Ltd, Turku, Finland), and the ECP concentrations were
read from a standard curve obtained using standards
from I to 200//g/L.

Determination of ECP and TNEa in faecal specimens

Deep-fVo/en faecal speeimens were thawed at room
temperature, suspended I : I (w/v) in physiological
saline and allowed to sediment. Of the supernatant,
0.5-LOmL was transferred to an Eppendorf tube and
centrifuged at 25000^' for lOmin. The supernatant was
then used for the determination of ECP and TNFa. The
determination of faecal ECP was performed as described
above for serum speeimens. A eommereial enzyme
immunoassay (Human TNFn ELISA Kit, Endogen
Inc., Boston, Massachusetts. USA) was used, as
instrueted for scrum specimens, for the determinations
of faecal TNFa.

Deterniinatio/i of a -/ antitrvpsin in faecal .specinwns

Fro/cn faeeal specimens were thawed at room tempera-
ture and homogenized. Approximately I g was trans-
ferred to a glass tube and lyophilized. The resulting dry
material was ground and 50 mg transferred to an Eppen-
dorf tube. One millilitre of 0.15 M NaCI solution was
added, and a-l antitrypsin was extracted by vigorous
mixing in a Vortex mixer for 20 min at room tempera-
ture. The resulting suspension was centrifuged at 25 000j^
for 10 min to remove the debris, and the supernatant was
used for the determination of a-l antitrypsin using a
Bchring BNA nephclometer according to the manufac-
turer's instructions. The results are given as mg/g dry
weight of lyophilized faeees.

Determination ofTNEn production during lymphocyte
induction

Mononuelear cells containing mainly lymphocytes were
isolated by FicoU-Paque gradient centrifugation at 4()Qg
for 30 min at 20 C. To induce lymphocytes, 6.25 x 10̂
isolated ceils in 1 mL of RPMI 1640 containing antibio-
tics, glutamin and 10 % human AB serum were cultured in
a humidified 5% CO: atmosphere at 37 C for 48 h
together with Concanavalin A. (Con A, Pharmacia,
Uppsala, Sweden), at a final eoneentration of 50/)g;mL,

and cow's milk protein solution (skimmed milk powder,
Valio Finnish Co-operative Dairies' Association, Hel-
sinki, Finland) at a final protein concentration of 1 mg/
mL. A control cell population was generated with RPMI
1640 eontaining antibioties, glulamin and 10% human
AB serum. The supernatants were colleeted and stored
frozen at -70 C, until the determination of TNFa, wbich
was performed as described above. The results from
different runs were equalized by employing comparison
of standard curves, and are expressed as pg, L.

Statistics

The data are presented as medians with upper and lower
quartiles, or as means with 95% confidence intervals.
Because of skewed distribution of serum total IgK con-
centration, logarithmic (In) transformation was used.
The Friedman test, the Kruskal-Wallis test, the Stu-
dent's /-test and \^ test were used in statistical compar-
isons. The indices of sensitivity, specificity and Ilkchhood
ratios for positive and negative test results were ealeu-
iated using tbe ROC (reeeiver operating eharacterislic)
curve. ROC curves for the inflammatory markers were
constructed to choose the optimal cut-off point, defined
as the closest point where sensitivity is 100% and speci-
ficity is 100%.

Results

Clinical data

Of the total 71 cow's milk challenges, 39 (55%) were
positive. The elinical data on the infants positive or
negative to challenge are shown in Table 1. Of the
positive reactions. 22 Involved acute-onset pruritus, urti-
caria or exanthema. In 17 patients, delayed-onset reac-
tions of cc/ematous type appeared (Table 2). Additional
gastrointestinal symptoms occurred in 13 patients.
Vomiting and diarrhoea occured in three patients with
immediate-type reactions and k)t)se stools or diarrhoea
in 10 patients with delayed-type reactions.

The concentration ofo-l antitrypsin in faeces

The eoneentration of a-l antitrypsin increased In
patients positive to challenge (/^=0.04), but not in
those negative to challenge {P = 0.9by., Friedman test
(Fig. 1). Before challenge an increased concentration of
a-l antitrypsin ( > 2 mg g) in faeces was delected In 16%
of the inf^ants. After the challenge with cow's milk, 43%
of the infants positive as compared to 11% of those
negative to challenge had an increased concentration of
a-l antilrypsin in faeees; P =0.02, v"̂  test. After the

B l a c k w c l i S c i e n c e L i d . Chnivut and l l x p a i n w i U n l .-Allergy. 2 6 , I S I 1 X 7



184 //. Majaniaaci al.

Tahle 1. Clinical diUa on infants iuid youny children willi iitopic eczema positive or negalive lo double-
blind phiecbo-controllcd cow's niilk

Age at onset of
symptoms (m(mihs)
Duration of exclusive
breastfeeding (months)
Duration of total breastfeeding
(months)
S-IgE
(kU.L)
Positive scrum IgE for cow's milk ( > 0.4 kU, L)
Positive skin-prick test for cou's milk
Multiple food allergy ( > 3 foods)

Positive cliallcnge
ill - 39)

4
(3 5)
4

(3 5)
7

(6 9)
36

(22-58)
53%
46%
36%

Negative challenge
(n - 32)

5
(3-6)
3

(2 4)
7

(5 8)
33

(15-73)
35%
19%
^ 1" „

P

0.52

0.42

0.61

0.S7

0.16
0.04
0 6S

Data denote mean (95% confidenee interval) or percentage of patients.

placebo challenge, none of those positive and 13% of
those negative lo cow's milk challenge had an increased
concentration of r)-l antitrypsin. The sensitivity of rv-l
antitrypsin to detect cow's milk allergy was 43% and the
speeificity was 84%. The likelihood ratio for positive test
result was 2.75 and the likelihood ratio for negative test
result was 0.67.

The concentration of ECP in faeces

Figure 2 depicts the changes in faecal ECP concentra-
tions before challenge, after placebo challenge and after
cow's milk challenge. The concentration of F.CP in faeces

Table 2. The dose inducing symptoms and time elapsing from
the dose unlil reaction

increased after cow's milk challenge in patients positive
lo challenge {P ={).{)!) but not in those negative to
ehallenge (P:=0.79); Friedman lest. When faecal ECP
concentration of 80ng/g was chosen as the cut-off point
In the ROC eurve, the sensitivity to diselosc cow's milk
allergy was 54% and the speeilieity 64Vo. The likelihood
ratio for positive test result was L49 and the likelihood
ratio for negative test result was 0.72.

The median (lower quartile-upper quartile) concentra-
tion of ECP after cow's milk challenge was significantly

2.0

Dose inducing the
symptoms (mL)
Time from last dose
until reaction (h)
Cumulalivc dose
until reaction (mL)
Time from commencement
of challenge until reaction (h)

Read ion

Immediate
in = 22)

16
(6-27)
0.3
(O.i 0.4)
27
(8-47)
2

(0.1 5)

lype

Delayed
(//= 17)

86
(70 104)
16
(6 27)

200
(129-270)

31
(15 46)

OS

E

1 1

a t <

1.0

Before
challenge

Placebo
challenge

Cow's milk
challenge

Data denote mean (95"o conlidenee interval).

Fig. I. Tlie median concent ration ol'n-l antitrypsin in I'aeccs ol'
atopie ec/cma patienis negalive to cow's milk challenge or
maiulcsling immediate-type or dclayed-lype clinical reaction to
cow's milk challenge. • . Immediate. • . Delayed. O. Negative.
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300

200

100

400

Before
challenge

Placebo
challenge

Cow's milk
challenge

Fig. 2. The median concenlration of cosiiiophil calkinic protein
(F.CP) in faeces of atopie eczema patients negative to cow's
milk challenge or manifesting immediiilc-type or delaycd-type
clinical reaction to cow's milk ehallcngc. • . Immediate. • .
Delaved. O.

different in patients manifesting immediate-type or
dclaycd-type clinical reaction and patients negLitive to
challenge: 284 (135-473), 85 (61-257), 34 (27 84)ng/g,
respectively: P =0.01. Kruskal-Wallis test.

'/'/;(' eoneeniratioti of TNFa in facecs

As shown in Fig. 3, the concentration of TNFa increased
after cow's milk challenge in patients positive (/* = 0.005)
but not in those negative to challenge (/• =0.25); Fried-
man test. When faecal TNFa concentration of 100 pg/g
was chosen as ihe cut-off point in the ROC curve, the
sensitivity to disclose cow's milk allergy was 71 % and the
specificity 65%. The likelihood ratio for positive test
result was 2.02 and the likelihood ratio for negative test
result was 0.45.

The median (lower quarlile-uppcr quartile) concentra-
tion ofTNFa was significantly different after cow's milk
challenge in patients manifesting Immediate-type or
deUiyed-type clinical reaction and piilients negative to
challenge: 165 (92 374), 265 {165 772), 84 (20- 119)
pg,'g, respectively: P -0 .04. Kruskal -Wallis test.

Parallel testing with faecal ECP and TNFa increased
the sensitivity to detect cow"s milk allergy. The sensitivity
was 86% and the specificity 42%. The likelihood ratio

200

Before
challenge

Placebo
challenge

Cow's milk
challenge

Fig. 3. "File median concentration of tumour necrosis facior-n
(TNFfy) in faeces of atopie eczema patients ncg;itive to cow's
milk challenge or manifesting immediale-lype or delayed4ype
clinical reaetion to cow's milk challenge. • . Immediate. • .
Delayed. O. Negative.

for positive test result was 1.48 and the likelihood ratio
for negative test result was 0.33.

The concentration of ECP in sera

In patients manifesting imtnediate-typc reaction the
median (lower quartile-upper quartile) concentrations
of FCP in sera were 5.8 (3.8-13.8). 6.9 (5.3-15.8). 6.7
(4.5 11.4) /(g/L before challenge, after placebo challenge
and after cow's milk challenge, respectively: P=0.10,
Friedman test. In patients manifesting delayed-type
reaction the concentration of ECP in sera was 6.4 (5.2-
10.6). 7.7 (4.9-13.6), 7.4 (4.1-1 L5)/ig/L before chal-
lenge, after placebo challenge and after cow's milk
challenge, respectively; P ^O.]5. Friedman lest.

TNFn release in peripheral blood mononuclear cell culture
supernatant s

There were no differences in the concentrations of TNFa
in the peripheral blood mononuclear cell culture super-
natants after placebo or cow's milk challenge. In patients
manifesting immediate-type reaction the concentrations
ofTNFa were 310 (242-429), 263 (217-323), 249 (138-
560) pg/mL before challenge, after placebo challenge and
after cow's milk challenge, respectively; P ^ 1.00, Fried-
man test. In patients manifesting delayed-type reaction
the concentrations of TNFa were 209 (76-309), 322
(236-489), 339 (235-421) pg/mL before challetige. after
placebo challenge and after cow's milk challenge, respec-
tively; P =0.21. Friedman test. There was no difference
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in TNFa release indnced by RPMl or Con A between Ihc
patients positive and negative lo challenge, either.

Discussioti

Hypcrscnsilivity reactions to dietary antigens make an
important contribution in the pathogenesis of atopie
eczema in infants [2.3]. Demonstrating that certain
foods exacerbate atopie eczema is, however, laborious.
Allergen-specific IgE and skin-prick icsts may nol be
positive early in life [16.17]. Consequently, these eannot
be used in early recognition of food allergy. Moreover.
these tests dctcci only IgF-mediated reactions [15.18.19].
New non-invasive tests are clearly needed in disclosing
food allergy in patients with ulopie ec/cma.

In the present study we found that faeeal FCP and
TNFa distinctly indicate allergic inllammation in the
Intestine related to cow's milk allergy: immediatc-lypc
reactions were associated with an enhanced FCP con-
centration in faeces and dehiyed-lype reactions with an
enhanced TNFa concentration. Our results indicate
that, firstly, in infants with atopie eczema, food allergy
is associated with intestinal inllanimalion and secondly,
that faecal ECP, TNFa and n-l antitrypsin as non-
invasive inllammatory markers may provide u useful
tool in detecting food allergy.

Immediate adverse reactions to food oceur soon after
ingcstion of small amounts of food. The dominance o(
pruritus, urticarial skin eruptions and exanthema alter
milk ingestion has been noted in imniediale-type reac-
tions [15,20-23]. In experimental anitnals. immediate
hypersensitivity reactions in the small intestine are asso-
ciated with mucosal oedema and increased intestinal
permeability [24]. Increased numbers of eosinophils
have been found in the duodenal mucosa of patients
with cow's milk allergy [25]. Patients with atopie eczema
frequently show raised blood eosinophil counts [26] and
serum ECP [27] and deposition of cosinophil-derived
major basic protein in eczematous skin [28]. In the
present study we found increased concentrations of
ECP in the faeces of patients with the immediate-type
clinical reaction to cow's milk challenge.

Disclosing delayed-type clinical reactions consisting of
chronic eczematous eruptions, chronic diarrhoea and
vomiting is particularly difficult. The rcsull may be
sustained allergic intiammation and gut mucosal dys-
function [29]. Assessment of the lymphocyte stinuilalion
and cytokine generation upon incubation of lympho-
cytes with the offending antigen has shown some promise
in detecting delayed-lype reactions to food [30]. TNFo is
a proinflammatory cytokine tnainiy produced by tnono-
cytes and niacrophages. It has been shown to play un
important effector role in immunologically mediated

enteropathy [31], Increased TNFa release by peripheral
blood mononuclear cells in infants with cow's milk
allergy [II] and an increased plasma TNFa concentra-
tion in atopie eczema [32] have been found. These data
suggest (hat TNFa is involved in the pathogenesis of
alopic eczema and food allergy. In the presenl study, we
observed an increased concentration ofTNFa in faeces
of patients positive to cow's milk challenge, particulariy
in those responding with delayed-type reactions.

The intestinal inllammation found in atopie eczema
patients with skin-confincd reactions to cow's tnilk chal-
lenge nuiicatcs that more general immunological distur-
bances than previously thought take place in these
patients. Intestinal inllammation was characlcrized by
increased concentrations of n-1 antitrypsin in faeces,
which indicates protein loss in the intestine, and by
increased concentrations of ECP and TNFa in faeces.
We suggest that ECP. TNFa and n-1 antitrypsin as
noninvasive indicators of intestinal inilamtnation and
might be used in early identification of patients who
would benetil frotn the strict ;ivoidance of dietary aller-
gens and who could then be subjected lo oral food
challenge. However, this needs further investigation
and standardization.
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