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SUMMARY Eight babies with cow's milk protein intolerance and malabsorption, ages ranging from
2 weeks to 6 months, and five adult patients with a history of food allergy were studied. In the
jejunal biopsies of the eight children with cow's milk protein intolerance we found partial villous
atrophy with an. increased number of interepithelial lymphocytes as determined by morphometric
analysis. In the five adult patients no morphological changes of the jejunal mucosa were found.
However, immunoperoxidase staining revealed a markedly increased number of IgE containing
cells in the lamina propria of all jejunal biopsies studied. This proved to be specific for young and
adult patients with food allergy. It is concluded that immunohistochemistry of jejunal biopsy
specimens is of considerable value in the diagnosis of food allergy.

Allergic reactions, of both the immediate and delayed
type, to a variety of ingested antigens have been
reported by various authors.1-4 Although intoler-
ance to certain foodstuffs is clinically obvious, it is
important to distinguish between non-immunological
causes, for example, a deficiency of brush-border
enzymes such as lactase, and allergic reactions.
Moreover, it is a diagnostic problem to distinguish
food allergy from functional gastrointestinal dis-
orders. Therefore histological confirmation of the
diagnosis of food allergy is important.
Immunological tests are not always helpful.5'6

Skin tests with extracts of allergen occasionally show
immediate type (type 1) reactions to food.7 However,
negative results occur, often due to the instability of
allergen extracts. Another problem is that the
preparation of the allergen abstract is possible only
from whole foodstuffs and not from products of
digestion which actually cause the allergic reaction in
the patient. False-positive skin tests frequently occur
in atopic individuals due to non-specific histamine
liberators.

It has been shown that the radioallergosorbant
test (RAST) for specific IgE dietary antibodies is not
reliable in the diagnosis of food allergy. For example,
high titres of circulating antibodies to : lacto-
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globulin or egg proteins may be found not only in
some patients with food allergy but also in patients
with gluten-sensitive enteropathy. In the latter
patients, this finding is probably not specific for food
allergy but is secondary to injury of the small
intestinal mucosa.8'10
A challenge test with a suspected food allergen is

easy to interpret if the reaction appears promptly
after the food has been ingested, but in some cases
the reaction is delayed and in others the challenge
test is negative.7'1'
We present our study on the jejunal biopsies from

eight children with cow's milk protein intolerance
and from five adult patients with food allergy against
foodstuffs of various origins in order to find objective
morphological and immunohistochemical para-
meters to confirm the clinical diagnosis of food
allergy.

Patients

Jejunal biopsies from two groups of patients with
food allergy were studied. One group consisted of
eight patients, 2 weeks to 6 months of age, with
cow's milk protein intolerance. Six of the eight
children came from Mediterranean countries. Five
had a family history of asthma. All the children suf-
fered from diarrhoea and vomiting shortly after
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introduction of cow's milk to their diet; some

patients failed to thrive. Jejunal biopsies were
taken, either while the patients were still taking
cow's milk or within one week of starting a cow's
milk free diet. All children became free of symptoms
after elimination of the cow's milk from the diet.
Those children who failed to thrive showed a rapid
gain of weight. Bacterial or protozoal disease was
excluded. A provocation test with cow's milk was
performed in all eight patients and caused an
immediate recurrence of diarrhoea and vomiting in
six. In two patients diarrhoea or vomiting recurred
on the third and sixth days respectively after reintro-
duction of cow's milk. Three patients were biopsied
one month after elimination of cow's milk and again
two days after cow's milk provocation.
The second group consisted of five women with a

history of diarrhoea. Three patients had asthma or
allergic rhinitis. All five patients reported intolerance
to certain kinds of food, manifested by diarrhoea,
vomiting, headache, urticaria, and bronchospasm
soon after ingesting the food. The allergens varied
(egg, chicken, seafood, chocolate, nuts), and it was
not always possible to induce symptoms by exposure
to the suspected allergen. Avoidance of the allergen
was successful in three patients. The other two (9 and
10, Table 1) became free of symptoms after treat-
ment with disodium cromoglycate (LomudalR).
The jejunal biopsies of 10 healthy volunteers and

of 30 patients with a variety of gastrointestinal
diseases, such as gluten-sensitive enteropathy,
Crohn's disease, irritable colon syndrome, and
lactase deficiency, served as controls.

Methods

Peroral biopsies of the small intestinal mucosa were

performed under radiological control using a hydrau-
lic multiple biopsy capsule. Two biopsy specimens
were taken distal to the ligament of Treitz. One was
oriented under a dissecting microscope with a mini-
mum of handling on a 'mesh' to which it adhered."2
The second specimen was fixed without handling in
a sublimate-formaldehyde mixture.'3 After fixation
for 3 hours the tissue samples were embedded in
paraplast. Tissue sections were cut 4 ,tm thick,
perpendicular to the luminal surface and mounted on
glass slides. Sections were stained with haematoxylin
and eosin (HE) and periodic acid Schiff (PAS), and
specifically for IgA, IgM, IgG, IgD, and IgE heavy
chains using indirect immunoperoxidase staining.13
Appropriate controls were done according to
Sternberger.14 Rabbit antisera against IgA, IgM,
and IgG heavy chains were purchased from Dako-
patts (Denmark). The rabbit antisera against IgD and
IgE heavy chains were purchased from the Central
Laboratory of the Netherlands Red Cross Blood
Transfusion Service, Amsterdam. The specificity of
the antisera was confirmed by immunoelectrophor-
esis and for IgA, IgG, IgM, and IgD by cytoplasmic
immunofluorescence on monoclonal bone marrow
preparations.15 The rabbit anti IgE antiserum show-
ed no cytoplasmic immunofluorescence with bone
marrow preparations monoclonal for IgA, IgM, IgG,
or IgD heavy chains and their respective K or A light
chains. Horseradish peroxidase-labelled goat anti
rabbit IgG was obtained from Miles-Yedah (Israel).

Table 1 Clinical data and jejunal biopsy findings of 13 patients with food allergy

Patient Age Sex Morphometrv IgE cells Allergen Main symptoms Atopy

V/C IEL SA

1 X mth F 1-06:1 33 2-70 90 Cow's milk Diarrhoea, vomiting Asthma in family
2 1 ,, M 0-75:1 39 2-03 69 ,, Diarrhoea
3 3 , M 1*71:1 38 4-22 63 ,, Diarrhoea Asthma in family
4 6 ,, F 1-82:1 36 4-62 84 ,, Diarrhoea, failure to Asthma in family

thrive
5 X ,, F 1-01 :1 32 2-57 76 ,, Diarrhoea, vomiting Asthma in family
6 2 ,, M 1-13:1 28 3-29 76 ,, Vomiting, failure to -

thrive
7 5 ,, M 2-04:1 28 4 91 83 ,, Diarrhoea, vomiting -

8 1 ,, F 0-89 :1 51 3-12 59 ,, Diarrhoea, vomiting Asthma in family
9 30 yr F 2-22:1 22 5 79 83 Egg, chicken Diarrhoea, urticaria Asthma

10 26,, F 2-50:1 32 4-68 95 Nuts, egg, chocolate Stomatitis aphtosa, Asthma
diarrhoea, urticaria

1 1 53,, F 2-23 :1 28 5-32 75 Seafood Diarrhoea Asthma, allergic rhinitis
12 37,, F 3-88:1 20 6-90 104 Olives? Diarrhoea
13 42,, F 3-50:1 18 5-28 82 Cow'smilk Diarrhoea

V/C = villous:crypt ratio; IEL = number of interepithelial lymphocytes per mm surface epithelium; SA = length of surface epithelium in
mm per mm muscularis mucosae; IgE cells = number of TgE containing cells per mm" lamina propria area.
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muscularis mucosae

Fig. 1 Morphometry ofjejunal biopsies: v/c = villous:
crypt ratio; IEL = number of interepithelial
lymphocytes per mm surface epithelium; AB = length of
surface epithelium per mm stretched muscularis
mnucosae; LP area = lamina propria cross-sectional
area per mm stretched muscularis mucosae.

The HE slides were used for morphometric
studies. The following parameters were measured
(Fig. 1):
(a) mean villous to crypt ratio, that is, the linear

measurement of five villous heights divided by the
corresponding crypt depths (v/c);

(b) number of interepithelial lymphocytes per milli-
metre surface epithelium counted in the upper
two-thirds of the villus (IEL);

(c) length of surface epithelium per millimetre
stretched muscularis mucosae (SA);

(d) lamina propria cross-sectional area per millimetre
stretched muscularis mucosae (LP area).
Images of the HE and immunoperoxidase stained

sections were projected with a standard magnification
of x 200 on graph paper, and drawings were made.
Morphometric analysis of the drawn contours was
made on a graphic tablet (Tektronix) interfaced to a
small laboratory computer (PDP 11/10: Digital
Equipment Corporation, Maynard, Mass.).'6
The slides stained for IgA, IgM, IgG, IgD, and

IgE were used for counting the immunoglobulin-
containing cells per mm2 lamina propria area- in
three consecutive sections.

Statistical analysis was performed using the
Student t test.

Results

The initial proximal jejunal biopsy, performed as
soon as possible after cow's milk protein allergy in
the group of young children was suspected, showed
in all cases partial villous atrophy. The villous:

healthy various- food allergy
volunteers gastrointestinal * children

disorders .adults
including
g.s.e.

Fig. 2 Number ofIgE containing cells per mm2
lamina propria area. Statistical analysis showed no
significant difference between the group ofhealthy
volunteers and patients with various gastrointestinal
disorders including gluten-sensitive enteropathy
(P = 01). However, the patients with food allergy
showed a significant difference against both groups
(p < 0 0005).

crypt ratio was reduced, but total villous atrophy
was never found (Table 1). The number of inter-
epithelial lymphocytes was increased but the number
per millimetre surface mucosa was not as high as we
found in gluten-sensitive enteropathy (data not
shown). The cellular density of the lamina propria
was slightly increased and consisted of plasma cells,
eosinophils, granulocytes, and mononuclear cells. In
most cases there was a relative increase of eosino-
phils. The number of IgE-containing cells in the
lamina propria was markedly increased (Fig. 2). The
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absolute and relative number of IgA and IgM
containing cells was slightly increased in most
patients intolerant to cow's milk protein.

In the adult group, we found no morphological
changes of the small intestinal mucosa. The villous:
crypt ratio was normal, and the number of inter-
epithelial lymphocytes and the cellular density in the
lamina przopria were indistinguishable from normal.
The immunoperoxidase staining, however, showed a

striking increase in the number of IgE containing
cells similar to the findings in the group with cow's
milk protein intolerance (Fig. 3). In the adult group,
the absolute and relative number of IgA, IgG, and
IgM containing cells did not differ substantially from
that of the controls.

In three patients with cow's milk protein intoler-
ance, biopsies were taken one month after elimina-
tion of cow's milk and two days after reintroduction
of cow's milk in the diet. After elimination of cow's
milk, the villous :crypt ratio and the length of surface
epithelium outline per millimetre muscularis mucosae
improved markedly and became almost normal
(normal v/c > 2-0). The number of interepithelial

IX t*~sv,.^

If..*S~iMzs$S Ft....... ><Wa

Fig. 3 Jejunal biopsy stainedfor IgE ofan adult
patient (11) with food allergy.

Rosekrans, Meijer, Cornelisse, Wal, and Lindeman

lymphocytes decreased but remained above normal.
The number of IgE containing cells did not change
(Table 2). After cow's milk challenge the results of
the morphometric studies were indistinguishable
from those before cow's milk elimination (Fig. 4).

Table 2 Morphometric results of serial jejunal
biopsies of three patients with cow's milk protein
intolerance

v/c ± SD JEL SA IgE cells

Patient 1
Oncow'smilk 106(±0-16) 33 2-70 90
1 month after elimination 1-67(±0-15) 25 4-83 72
3 days after provocation 1-38 (±007) 28 3-48 83
Patient 2 (Fig. 4)
Oncow'smilk 0 75(0 12) 39 2-03 69
1 month after elimination 217(±0-31) 20 609 82
2 days after provocation 0-96(10-18) 31 2-63 89
Patient 6
Oncow'smilk 1-13(10 12) 28 3-29 76
1 month after elimination 1 52 (± 011) 22 3-88 76
2 days after provocation 1-37 (± 0 17) 24 3-84 65

v/c = mean villous:crypt ratio, IEL - number of interepithelial
lymphocytes per mm surface epithelium; SA = length of surface
epithelium in mm muscularis mucosae; IgE cells = number of IgE
containing cells per mm2 lamina propria area.

Discussion

In both the juvenile and the adult group of patients
with clinical symptoms of food allergy we found a
marked increase in the number of IgE containing
cells in the proximal jejunal lamina propria. Partial
villous atrophy with an increased number of intra-
epithelial lymphocytes occurred in the group of
young children with cow's milk protein intolerance
only. We did not find increased numbers of IgE
containing cells in the jejunal lamina propria in any
of the healthy volunteers. In the group of patients
with a variety of gastrointestinal abnormalities, only
those with gluten-sensitive enteropathy showed a
slight increase in the number of IgE containing cells
in jejunal biopsies. This might be caused by the same
mechanism that leads to the formation of circulating
antibodies to food allergens in gluten-sensitive
patients.
The distribution of immunoglobulin-containing

cells in the intestinal lamina propria of infants suffer-
ing from the cow's milk induced malabsorption
syndrome was studied by Jos et al.'7 They found an
increased number of IgA containing cells using an
immunofluorescence technique. Savilahtill studied
the cell counts during cow's milk challenge and
observed a rise in IgA, IgM, and IgG containing
cells but found no consistent change in the number of
IgE containing cells. In similar challenge investiga-
tions, however, Shiner et al.'8 showed an increase in
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Fig. 4 Three jejunal biopsies stainedfor IgEfrom
patient 2 with cow's milk protein intolerance: (a) taken
during cow's milk containing diet; (b) taken one month
after elimination of cow's milk from the diet; (c) taken
two days after cow's milk provocation.

mucosal IgE containing cells. It is not easy to com-
pare these results. In most immunohistochemical
studies of IgE, workers have neglected to test the anti
IgE reagent on positive and negative substrates.
Standardised studies based on properly defined and
characterised reagent are necessary.'9
During the past decades food allergy has gained

increased recognition as an important factor in
intestinal disorders. The best defined type of food
allergy is the allergy to cow's milk. Yet, in spite of
many carefully performed clinical studies on the
symptomatology of milk allergy, even today the
diagnostic criteria are difficult to define. The final
diagnosis is based mainly on the results of clinical
provocation tests after a favourable response to
elimination of cow's milk.7 Sumithran and Iyng-
karan20 claimed that there is no clinical justification
for jejunal biopsy in infants in whom cow's milk
protein intolerance is suspected. In our opinion, the
clinical evidence derived from cow's milk challenge
after an elimination diet is unreliable. It is important
to find objective criteria on which the diagnosis of
food allergy can be based, and to distinguish it from
other diseases of the small intestine. A single jejunal
biopsy, performed when the diagnosis of food
allergy is suspected, is, in our opinion, sufficient to
confirm the diagnosis.

It seems worth-while to examine small intestinal
mucosa biopsies from atopic patients with clinical
allergic manifestations of bronchial asthma and
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without gastrointestinal symptoms because of the
high incidence of a personal or family history of
asthma in patients with the juvenile or adult type of
food allergy. Studies now in progress, however, show
that patients with bronchial asthma without a history
of food allergy do not have an increased number of
IgE containing cells in the jejunal lamina propria
(Rosekrans, in preparation).

In conclusion, our study indicates that it is possible
to differentiate patients with food allergy from
patients with other kinds of gastrointestinal dis-
orders using immunohistochemistry of proximal
jejunal biopsy specimens in combination with
morphometry.

The cooperation of the paediatric department of the
University Medical Center Leiden and the Juliana
Kinderziekenhuis, Den Haag, is gratefully
acknowledged.
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