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IgE levels iti faecal extracts (Copro-IgE levels) were itivestigated in food
allergy (EA) patients before atid after the challenge test administration of food
allergens. IgE levels were measured by time-resolved fluoroimmunometric
assay. In addition, the effects of administration of oral sodium cromoglycate
(SCG) on the Copro-IgE levels were studied. Copro-IgE levels in patients
with EA, who were placed on an elitnination diet, did not differ from those of
healthy children. After a challenge test imtnediate symptoms of urticaria
and wheezing were observed in all EA patients. Copro-IgE levels in each
patient increased markedly within 24 h ofthe challenge test. Moreover, EA
patients treated orally with SCG showed neither the increase in
Copro-IgE levels nor any remarkable symptotiis after the ehallenge. Our
results suggest that the increased Copro-IgE levels ttiay be a specific
consequenee ofthe local immune response to food allergen stimulation in
the gut mucosa.
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Ingested foods can provoke allergic symptoms of
urticaria and wheezing in susceptible individuals,
and are an important cause of allergic disease in
infancy and young children (2, 5, 15, 18, 25). In most
cases IgE-mediated hypersensitivity reactions are re-
sponsible for the development of food allergy (EA),
However, the local immunity of the gut mucosa in
EA is poorly understood. A few studies have re-
ported on the local imtnunologic response to food
allergen in the gut mucosa, which serves as a portal
of entry for food allergens. IgE-bearing mast cells are
commonly found in the intestinal mucosa of patients
with EA, and IgE levels in intestinal secretions and
faeces have been demonstrated by paper radioim-
tnunosorbent test (PRIST) in some patients with EA
(1, 9, 10, 12, 16).

The purpose of this study was to evaluate the IgE
response to food allergen challenge in the gut mu-
cosa in patients with IgE-mediated EA. IgE levels in
faecal extracts (Copro-IgE levels) were investigated
in EA patients before and after challenge test ad-
ministration of food allergens, by time-resolved flu-
oroimmunometric assay. This method was devel-
oped to measure IgE levels at a lower concentra-
tion range than that measured by PRIST. In addi-
tion, the effects of administration of oral sodium
cromoglycate (SCG) on the Copro-IgE levels were
studied.

Material and methods
The study comprised 11 patients with EA, 8 boys
and 3 girls, aged from 5 months to 2 years. All pa-
tients developed urticaria and wheezing in response
to oral challenge with chicken's egg, confirmed by
double-blind challenge. Total serutn IgE levels were
measured by radioimmunosorbent test (Pharmacia
Diagnostics AB, Uppsala, Sweden), and serum spe-
cific IgE was titrated with the Phadebas RAST
(Phartnacia Diagnostics AB). Total serum IgE lev-
els of the patients were raised above normal limits,
and the specific IgE RAST to chicken's egg white
was positive (range 2 -i- to 4 +). Besides allergy to
egg, there were positive IgE RAST to both cow milk
and soy beans in three cases and to cow milk in 6
ofthe 11 patients. Parents of all patients gave ver-
bal informed consent for participation of their chil-
dren in this study.

Double-blind placebo controlled food challenges
were performed in a manner similar to the method
previously described by Bock et al. with slight mod-
ifications (3). Before the study, parents were in-
structed to totally eliminate food allergens confirmed
by RAST from the children's diet for a period of 2
weeks. Antihistamines, corticosteroids or (3-agonists
were discontinued before admission. All patients
were admitted to hospital for the study period, which
lasted for 3 days. On each day small samples (1-2 g)
of faeces passed from each child were collected in



plastic containers and frozen within 2 h of produc-
tion. On day 1 after collection of the initial faecal
specimens each patient was challenged with 10 g
raw egg white or placebo mixed in juice to hide the
taste. After the challenge the medical and nursitig
staff recorded the occurrence of any symptoms frotn
the skin, respiratory tract, eyes, nose and gastro-
intestinal tract. On days 2 and 3 patients reverted to
their elimination diet.

In 3 of 11 patients with EA the effects of oral
administration of SCG were studied. After the first
challenge test the three subjects were treated for 30
days with oral SCG at 150 mg/day in three divided
doses. After 30 days a second challenge test was
carried out. Administration of oral SCG was con-
tinued after challenge.

Nonatopie healthy children with no atopic family
history, aged from 5 months to 1 year (mean, 1 year
and 1 month), served as controls.

Extraction of faeces

Sampling of faeces was done following the method
of Kolmannskog et al. (11-13). One-gram samples
of frozen faeces were suspended in 10 ml phosphate-
buffered saline, pH 7.2, for 30 min, and then centri-
fuged at 4°C for 30 min at 10000 rpm. The result-
ing supernatants were used for determination of IgE
levels. Blood was not detected in any ofthe samples
tested with tetramethylbenzidine 0.1%.

Meai •nt of IgE levels

IgE levels in faecal extracts were measured by time-
resolved fiuoroimmunometric DELEIA Total IgE
assay (Pharmacia Diagnostics AB, Uppsala, Swe-
den), as previously reported by us (8). The DELEIA
Total IgE assay is a solid phase, two-site fiuoroim-
munometric assay in which two monoclonal anti-
bodies (derived from mice) are directed against two
separate antigenic determinants on the IgE mole-
cules.

Briefly, 200 \A of duplicates of IgE standards in
0.01, 0,05, 0.1, 0.5 atid 1.0 U/ml dilutions, together
with the assay buffer and the 200-|al extracts of fae-
ces, was pipetted into the bottom of each well. The
contents of the frame were incubated with slow
shaking for 1 h at rootn tetnperature. After incuba-
tion, each strip was flushed and washed with plate-
wash. Next, 200 \x\ of diluted anti-IgE-europiuni
tracer solution was added to each well after further
flushing a few times with the tracer solution, and the
contents of the frame were incubated with slow
shaking for 1 h at room temperature. After the sec-
ond incubation, each strip was again flushed and
washed with plate-wash. Then, 200 \x\ of enhance-
ment solution was added to each well directly from
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the reagent bottle, and the fluorescence of the con-
tent of the frame was tneasured in the time-resolved
fluorometer (Pharmacia Diagnostics AB, Uppsala,
Sweden).

Regarding the sensitivity of the DELEIA systetii,
the fluorescence of 0.015 U/ml was at least -i- 2 stan-
dard deviation (SD) ofthe assay buflfer. Values were
reliable at levels of 0.015 U/ml or more. According
to present results, an IgE concentration of 0.015 U/
ml was chosen as the cut-off limit.

Measttretnent of secr y IgA

Secretory IgA (sIgA) levels in the faecal extracts
(Copro-sIgA levels) were measured by enzyme im-
munoassay using a sIgA column set AMANO
(Aniano Pharmaceutical Co, Aichi, Japan) (24).
Samples were incubated for 2 h with P-D-galacto-
sidase-labeled secretory competent antibody, then
passed through a 0,1-nil Sepharose 4B column con-
taining hunian-IgA antibodies. After the column was
washed to remove the unbound label, the buffer in
the column was washed and replaced by a solution
of o-nitrophenyl-|3-D-galactoside and incubated at
25 °C overnight. The enzyme reaction was stopped
by washing the column with sodium carbonate so-
lution, and the absorbance of the elution was tnea-
sured at 420 mil. The concentration of sIgA can be
detected at a tninitnutn level of sensitivity at 3 î g/nil,
without interference frotn free IgA and secretory
components.

Measuretnent of a,-atititrypsin ((x,AT)

ajAT levels in faecal extracts (Copro-aiAT levels)
were measured by nepheronietric immunoassay using
huinan-a,AT antibody (Hoechst Japan, Tokyo,
Japan), Satnples, passed through a tnembrane filter,
were incubated with human-a,AT antibody at 25°C
for 10 s. Then the scatter ofthe elution is tneasured
at 840 nm by nepherotneter analyser (Hoeehst Japan,
Tokyo, Japan),

Statistical atialysis was tnade using Student's t test
and paired t test.

Results
Mec itrement of Copro-IgE levels

Two samples of faecal extracts were measured five
times on different days. Table 1 shows the mean
values ± SD and coefficients of variation (CV) for
both cases; good reproducibility was obtained, CV
being 5.5% and 5.8%, respectively. Simultaneous
reproducibility was investigated with regard to
three samples of faecal extracts. Eaecal extracts
were measured eight times. Table 1 shows the mean
values + SD and CV for both cases; good reproduc-
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Table 1. Reproducibiiity of Copro-igE levels

A Reproducibility of Copro-igE ieveis measun

Sample A

id 5 times on

Copro-igE

different days

ieveis U/mi

Sample B

0.056
0.065
0.058
0.062
0.060

s reproducibility of Copro-lgE levels m

Sample C

0.116

0.125

0.114

0.114

0.126

0.128

0.125

0.114

Sample D

0.056

0.065

0.058

0.062

0.057

0.060

0.056

0.061

Sample E

0.031

0.036

0.032

0.030

0.029

0.032

0.034

0.033

SD = standard deviation, CV=coefficients

ibility was obtained, CV being 5.0%, 5.9% and
6.9%, respectively.

Challenge test

Table 2 shows clinical details and the observed
symptoms in each patient after the challenge. All
patients had immediate allergic symptoms, wheezing

/•,? 1 Copio Igh lt%ds befoit md aftei food alleigtn chillenac
test of patients with food alleig> and of heilth\ childicn Each
post challengeviluewasthemein level fot Lich24 h peiiod after
the challenge SD = stindaid devntion ' Signific int at f <0 01
versus before challenge

and urticaria within 15 min of administration of
chicken's egg. Eight of 11 patients required treat-
ment with bronchodilator and antihistamines. Two
patients had vomiting. Although watery diarrhoea
did not affect any of the patients following the chal-
lenge test, eight patients had a softer stool compared
with those before the test.

Fig. 1 shows the changes in Copro-igE levels be-
fore and after administration of food allergens in
11 FA patients and in 5 nonatopic children. Each
post-challenge test value was the mean level for each
24-h period after the challenge of each patient. Be-
fore the challenge, there was no significant difference
between Copro-igE levels of patients with FA and
those of control subjects. In patients with FA, the
mean Copro-igE levels for day 1 after the challenge
were significantly higher than those recorded before
the test (i'<0.01). In contrast, the mean Copro-igE
levels for both day 2 and day 3 after the challenge
did not differ significantly from those recorded be-
fore the test in FA patients. In control subjects, no

Table 2. Clinical dc

No.

ita and adverse symptoms to fc

Age

lod challenge in patients with food allergy

Serum IgE

Sex (U/ml) CE

IgEf 1AST class

CM SB Allergic symptom

u,w,v,s
u,w,v,s

CE: chicken egg; CM: cow miik; SI
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significant differences were found between the Copro-
IgE levels before and after the test.

Table 3 shows the Copro-sIgA and the Copro-
a,AT levels before and after the challenge test in FA
patients and controls. The mean levels of post-
challenge test were obtained from the maximum of
each value found in faecal extracts during the 3 con-
secutive days after challenge of each patient. Before
the test, there was no significant difference between
the Copro-sIgA and the Copro-a,AT levels of FA
patients and those of control subjects. The mean
Copro-sIgA levels of FA patients after the test were
significantly higher than those recorded before chal-
lenge {P<O.Ol). In control subjects, no significant
differences were found between the Copro-sIgA lev-
els before and after challenge. Both in FA patients
and controls, there were no significant changes in the
Copro-a [AT levels before and after challenge.

Effects on administration of SCG

The 3 patients treated with oral SCG (Nos. 1 to 3
in Table 2) had mild itching after the challenge, but
none of the symptoms seen after challenge without
SCG. Fig. 2 shows the Copro-IgE and the Copro-
sIgA levels before and after challenge, with and with-
out oral treatment of SCG. Copro-IgE levels after
the challenge with SCG treatment were lower than
those without SCG. There were no differences in
changes in Copro-sIgA levels with and without SCG
treatment.

Table 3. Mean Copro-slgA and Copro-a, AT levels before and after food allergen chal-

lenge in FA patients and healthy children

Food allergy 18.0+8.6 4 3 . 5 + 1 6 . 5 * 29 .9+6 .9 32.1 + 8.5

* Significant at P<0.01 versus before challenge.

Copro-slgA=Copro-secretory IgA, Copro-a, AT=Copro-c

Fig. 2. Changes in Copro-IgE and Copro-slgA levels before and
afler challenge in 3 patients with food allergy, with and without
treatment with oral sodium cromoglycate. M = months, Y = years,
SCG = sodium cromoglycate, Copro-sIgA = Copro-secretory IgA.
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Discuss ion

Kolmannskog et al. have reported that IgE in faecal
extracts can be detected by PRIST in some patients
with gastrointestinal allergy (11-13). They have
shown that the coticentrations of IgE in extracts of
small samples of dry faeces correlated well with the
total daily amounts of IgE. The total daily amounts
varied somewhat from day to day, largely within a
certain range of concentrations, in each individual
case (13, 14). Taking these reports into consider-
ation, we have measured the Copro-IgE levels, in
single small samples, of FA patients and control
subjects.

The DEEFIA system was developed to measure
IgE levels of an even lower concentration range than
those measured by PRIST. Using a methodology
previously described, we are able to measure reliably
values as low as 0.015 U/ml of IgE (8). In the present
study, we have been able to measure successfully
IgE levels in faecal extracts, and have obtained both
good reproducibility by measuring on different days,
and simultaneous reproducibility of IgE levels in fae-
cal extracts.

In the present study Copro-IgE levels in patients
with EA on an elimination diet did not differ from
those of healthy children. After a challenge test ad-
ministration of a known food allergen, immediate
symptoms of urticaria and wheezing were observed
in all FA patients. Copro-IgE levels in each patient
increased markedly within several hours of the chal-
lenge test. No symptoms were observed nor was
there any elevation of the Copro-IgE levels after egg
challenge in control children. These results show
that increased Copro-IgE levels and occurrence of
allergic symptoms are closely associated in FA pa-
tients. In addition, we have investigated a, AT levels
in faecal extracts before and after challenge. The
molecular weight of a, AT is 45 000, which is approx-
imately equivalent to the molecular weight of albu-
min. There were no significant changes in the Copro-
cxjAT levels before and after challenge. It seems
unlikely therefore that IgE in the faeces of FA pa-
tients is the result of simple diffusion from the blood.
Accordingly, it is considered that an increase in
Copro-IgE levels represents a specific local immune
reaction following food allergen stimulation of the
gut mucosa.

Regarding the local immune reaction, it is well
known that sIgA acts as a first line of defence against
infectious agents and digested allergens in the gut
mucosa (6, 7, 9, 23). Kolmannskog et al. have re-
ported that the concentrations of sIgA in faecal ex-
tracts were high for many children with gastrointes-
tinal allergy (11). Our patients had the increased
Copro-sIgA levels of FA patients within 24 h of ad-
ministration of food allergens. Increased IgA levels
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in nasal secretions during viral infection have been RG Jr, COUCH RB. Changes in IgA and IgG concentrations

explained by increased local synthesis combined '^ "̂ i|.̂ 'l res'lrator ''inLii'onTnTiarT'inmiunT/'l'̂ ^^^^^^ ?05-
wilh release of previously formed IgA stored in the 58̂ 4-91̂  icspiraoiy

local tissues (6, 9). It is not, therefore, unlikely that 7. CHILDERSNK,BRUCEMG, MCGHEE JR. Molecular mech-

increased Copro-sIgA levels could be the result of anisms of immunoglobulin A defense. Ann Rev Microbiol

release of previously formed IgA in gut mucosa com- ^ FURUKAW^S ̂ NAKACHI S MATSUBARA T YABUTA K

bined with local synthesis. ' TAKEUCHI T, 'BABA M. Blood IgE levels on filter paper in
It is difficult to determine whether the elevated neonalos as an indicator of atopic disease. Allergy 1990:45:

Copro-IgE in FA patients after food challenge, is 375-81.
released from mast cells or is produced locally by 9. HANSON LA, BRANDTZAEG P. Tiie mucosal defense sys-

plasma cells in the gut mucosa. It has been reported ||;;™ Ĵ̂ '̂̂  s "enrimniunolo^i'TdisordTrl hi infants'and CM'̂

that there are significantly more IgE-positive cells in dr^'phiMe'^lphia: WB Saunders, 1989: 116-55.

the gut mucosa of FA patients (4, 17, 19, 21, 22). 10. KALIMO K, LAMMINTAUSTA K, KLEMI P , LEINO R, PAN-

Rognum et al. have reported that IgE-positive cells ULA P, KALIMO H. Mast cells and IgE in intestinal mucosa

seen in the human intestinal mucosa are mainly mast 579!!8r' ' ' ' '^"• '" ' '^ ' ' ' ' ^''^"'"^'- ^' ^ ^ermatol 1988: 119:

cells (16). In this present study, the Copro-lgE lev- n . KOLMANNSKOG S, FLORHOLMEN J, FLEGSTAD T,

els increased within 24 h of challenge, and decreased KILDEBO S, HENEBERG B. The excreiion of IgE with feces
during day 2. Moreover, FA patients treated with from healthy individuals and from others with allergy and
SCG showed neither increased Copro-IgE levels nor disease affecting the intestinal tract. Int Arch Allergy Appl

any remarkable symptoms after food challenge. It ^^ K ~ N N S K O O ' 1 ' I U N E B E R G B. Immunoglobulin E in

has been reported that the effect of oral SCG is to ^^^^^ Prom children with allergy. Int Arch Allergy Appl Im-

stabilize gut mast cells and prevent mediator release munol 1985: 76: 133-7.

following food allergen stimulation (20). Treatment 13. KOLMANNSKOG S. HANEBERG B, MAHAUG G, BOLLE R.

with oral SCG did not prevent the observed increase A Z ™ " ! ' ° ' ] 1 m n u m o T S ' 74'^'5''o!4'°"' "' ' ' ' '*' ' ' '"• ^"^ ^"'^'

in Copro-sIgA in three food-allergic patients despite ^^ KOTM^ANNSKOGTMARHAUG G, HANEBERG B. Fragments

preventing the increase in Copro-IgE and their ex- of igE antibodies in human feces. Int Areh Allergy Appl

acerbation of allergic symptoms. It is therefore likely Immunol 1985: 78: 358-63.

that the elevated Copro-IgE levels in EA patients 15. METCALFE D. Food hypersensitivity. 3 Allergy Clin Immti-

originate from attached IgE molecules to the surface ,^ ' ; ^ ; , Z V T O , t l L r . . . a P. igE-posit.ve cells in human

of gut mast cells following food challenge. intestinal mucosa are mainly mast cells. Int Arch Allergy Appl
Immunol 1989: 89: 256-60.

17. ROSEKRANS PCM, MEUER CJLM, CORNELISSE CJ, VAN
AcknOWleugment DEL WAL A M , LINDEMAN J. Use of morphometry and im-

T,.swo,JwassupportedbyagrantfromtheEnv,ronmentAgency r^S::^S,1^ ̂ "S^^^l^^

(imj, IJA)). jg SAMPSON HA. Food allergy. J Allergy Clin Immunol 1989:

84: 1062-6.
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