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Immunological phenomena in the jejunum and serum
after reintroduction of dietary gluten in children
with treated coeliac disease
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SYNOPSIS Jejunal mucosal immunoglobulin-containing cells of all three major classes (IgA, IgM,
IgG) were increased in coeliac children on gluten-containing diets but only IgM cell numbers were
raised in those on gluten-free diets. Patients with subtotal villous atrophy had greater numbers of
immunoglobulin-containing cells than patients with normal mucosa. In previously treated patients
studied before and after three months on a gluten-containing diet there was an increase in all three
classes of cell, IgM containing cells showing the greatest proportional rise.
Basement membrane staining with anti-IgA serum occurred in coeliacs and was most intense in

untreated patients. Apart from one patient with very low levels of serum IgA, serum immuno-
globulins did not differ from normal. However, after reintroduction of gluten to the diet a significant
fall in serum IgM concentrations occurred compared with levels in the same patients while on
gluten-free diets. It seems probable that both IgA and IgM systems are important in the immuno-
pathogenesis of the small intestinal lesion of childhood coeliac disease.

Immunoglobulin and complement aggregation in
the jejunal mucosa and changes in serum complement
concentrations have been demonstrated after a
single-dose gluten challenge in both adult (Doe et al,
1974) and childhood coeliac disease (Shiner and
Ballard, 1972; McNeish et al, 1974). Abnormal
populations of jejunal mucosal immunoglobulin-
containing cells detected by immunohistochemical
techniques occur in both adults (Douglas et al, 1970;
Soltoft, 1970; Pettingale, 1971; Lancaster-Smith
et al, 1974b) and children (Savilahti, 1972b) with
coeliac disease and, when standard histological
methods are used, increased numbers of plasma cells
are found in the small intestinal mucosa of coeliac
patients (Holmes et al, 1974; Lancaster-Smith et al,
1975). These findings suggest that humoral immuno-
logical phenomena are involved in the pathogenesis
of the intestinal lesion.
The purpose of the present study was to investigate

immunological changes in the jejunal mucosa and
serum of treated coeliac children induced by a more
prolonged re-exposure of the small intestine to gluten
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in order to obtain information not previously
available about intermediate stages in the immuno-
pathogenesis of childhood coeliac disease.

Patients and methods

In the group of patients studied, a past diagnosis of
coeliac disease had been based on suggestive clinical
and biochemical evidence but without jejunal biopsy
confirmation. The children have been managed on a
gluten-free diet and the majority were continuing on
this regime at the time of study. Because of this
unsatisfactory basis for the original diagnosis, and
in order to advise on a rational future treatment, it
was necessary to confirm or exclude the diagnosis of
coeliac disease by jejunal biopsy. This, in most
instances, required appraisal of jejunal morphology
after reintroduction of gluten to the diet.

PATIENTS
Twenty-two children who had previously been
tenuously diagnosed as having coeliac disease
without histological confirmation between the ages
of 0-5 and 5 years, mean 2 years, were included in
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the study, at which time the mean age was 11 5 years,
range 5-16-5 years. A thorough assessment of the
diet was made in all patients by the same dietitian.
Sixteen had been on a gluten-free diet from 1 5 to 13
years, mean 6-9 years, and six admitted to consuming
varying amounts of gluten immediately before this
study for three months to 12 years, mean 5-3 years.
Jejunal biopsies and sera from each of the 22
children were obtained at the beginning of the
investigation. If the initial biopsy showed villous
atrophy the diagnosis of coeliac disease was accepted.
If in contrast the first biopsy was normal, the patient
was instructed to take a diet containing at least 10 g
of gluten as natural wheat protein per day for a
period of three months, after which the patient was
investigated again. Thus, in 16 children biopsies
were obtained while on gluten-free and after three
months on gluten-containing diets. All 16 pairs of
biopsies were suitable for routine histology and 13
for immunofluorescent microscopy. Paired sera
were available from 15 subjects.

METHODS
Jejunal biopsies were obtained by Crosby Capsule in
fasting subjects from the duodenojejunal flexure
under fluoroscopic control. Tissue was processed for
both routine histology and immunofluorescent
microscopy (Lancaster-Smith et al, 1974b) using
antisera to human IgA, IgM, IgG, and the third com-
ponent of complement conjugated with fluoresceine
isothiocyanate (Behringwerke). The numbers of
immunofluorescent cells of each immunoglobulin
class were estimated by a direct counting technique
(Savilahti, 1972b) over an area of 0-5 MM2 between
the epithelium and muscularis mucosae. The presence
and degree of staining of the luminal surface and
basement membrane region of the epithelial cell
layer were graded using the method of Shiner and
Ballard (1972). Serum concentrations of immuno-
globulins (IgA, IgG, IgM) were estimated by single
radial immunodiffusion. Paired and unpaired
Student t tests were used, where appropriate, for
statistical analysis.

Results

JEJUNAL MORPHOLOGY
Of the six subjects who were on a gluten-containing
diet, two had villous atrophy (villous heights 0 and
120 microns) and have coeliac disease, while the
remaining four had completely normal villous
morphology (villous heights mean ± SE 387 ± 15-7
microns), excluding the diagnosis of coeliac disease.
Of the 16 patients on an alleged gluten-free diet, 13
had a normal initial biopsy but after three months
on a gluten-containing diet 10 of these had significant

villous atrophy (villous heights, mean ± SE 119 +
28 5 microns) and therefore have proven coeliac
disease. Three, however, remained normal (villous
heights, mean ± SE 444 ± 23X5 microns) and have
continued to show no evidence of coeliac disease
after 24 months on a substantial daily intake of
gluten. The other three patients with abnormal
villous morphology (villous heights, mean ± SE
212 ± 65-7 microns) while on alleged gluten-free
diets, which on further investigation were found to
contain small amounts of gluten, showed increased
morphological deterioration of the jejunum after
three months on the 10 g gluten per day diet (villous
heights, mean ± SE 120 ± 62 microns). Therefore,
of the 22 subjects studied, 15 had proven coeliac
disease based on the jejunal mucosal response to
gluten. The remaining seven had a normal mucosa
and no clinical or biochemical evidence of coeliac
disease even after a substantial intake of gluten
ranging from 24 months to 12 years. The cause of
these subjects' past gastrointestinal symptoms is not
known but they clearly do not have coeliac disease.
In view of their completely normal jejunal mor-
phology, subsequent good health, and in particular
the absence of gastrointestinal disturbance for many
years before this study, it was considered reasonable
to accept these subjects as controls.

IMMUNOFLUORESCENT STUDIES
Details of immunoglobulin-containing cells in the
jejunal lamina propria are shown in figs 1-3 and
table I.

IgA cells
The number ofIgA cells in coeliac patients on gluten-
free diets did not differ significantly from that in the
controls. In contrast, the number of IgA-containing
cells in patients on gluten-containing diets were
significantly greater than in the controls (p < 0 05).
In addition the 10 coeliacs studied serially showed a
significant increase in the numbers of IgA cells after
three months on a gluten-containing diet (p < 0 01).
In general, IgA cells bore no relation to serum con-
centrations of IgA, but one patient with very low
levels of serum IgA had the fewest IgA cells in the
jejunal mucosa. Excluding this patient with IgA
deficiency, greater numbers of IgA cells occurred in
biopsies with villous atrophy than in coeliac biopsies
with normal morphology (p < 0-01).

IgG cells
The number of these cells in coeliac patients on
gluten-free diets did not differ significantly from that
in the controls.. In contrast, the numbers in patients
on gluten-containing diets were significantly greater
than in the controls (p < 0 002), and in the 10 coeliacs
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studied serially there was an increase after three
months on a gluten-containing diet (p < 0-05). More
cells were found in patients with villous atrophy
than in coeliacs with normal morphology (p < 0-05).

IgMcells
In contrast to IgA and IgG containing cells, the

Fig 3
Figs 1-3 Immwuoglobulin-containing cells in thejejunal
laminapropria in coeliacpatients on gluten-free (GFD)
and gluten-containing (GCD) diets. The horizontal dotted
lines are the control means ± 2 SD; * normal mucosa;
Avillous atrophy.

numbers of IgM cells were greater than in controls
even in coeliacs on gluten-free diets (p < 0 01). Just
as with IgA and IgG, IgM cells were also significantly
increased in coeliac patients on gluten-containing
diets compared with controls (p < 0 002). In the 10
patients studied serially there was an increase in
IgM cells after three months on a gluten-containing
diet (p < 0-01). Greater numbers of IgM cells
occurred in biopsies with villous atrophy than in
coeliac biopsies with normal morphology (p < 0-05).

In coeliacs on both gluten-free and gluten-con-
taining diets the numbers of jejunal mucosal im-
munoglobulin-containing cells of all classes bore no
relation to age or to the length of time a patient had
been on either type of diet.

In the three serially studied subjects who had
normal jejunal morphology after three months on a
gluten-containing diet there was no significant
change in any immunoglobulin class of cell (table I).

19A

GFD

A

GCD

Fig 1
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No IgA IgM IgG

Coeliac
Nogluten 10 896 52 227 19 65 7
Gluten 10 1089 80 314 26 84 5

Controls
No gluten 3 777 ±48 160 9 50 8
Gluten 3 780 28 162 16 61 8

Controls
(Total) 10' 832 ± 40 151 i 10 53 ± 4

Table I Jejunal immunoglobulin-containing cells in
coeliac and control children before and after reintroduction
ofdietary gluten
Cells/mm' means ± SE
110 biopsies from 7 subjects

EPITHELIAL CELL AND BASEMENT MEMBRANE
STAINING
Intense staining of the apical region of the epithelial
cells by anti-IgA serum was seen in the majority of
biopsies from both patients and controls. Staining
of this region with either anti-IgG or anti-IgM serum
occurred only rarely in coeliac biopsies and never in
control subjects.
The basement membrane region was stained by

anti-IgA serum in the majority of coeliac patients,
being most intense in those on gluten-containing
diets, but not in controls. No basement membrane
region staining was seen with either anti-IgG or
anti-IgM sera.
No staining in any region was seen in either coeliac

or control biopsies using antisera to the third
component ofcomplement.

SERUM IMMUNOGLOBULINS (table II)
Concentrations of IgA, IgG, and IgM in coeliac
patients on either gluten-free or gluten-containing
diets did not differ from those in controls. One
patient had very low levels of IgA both before
(4 iu/100 ml) and after (14 iu/100 ml) reintroduction
of gluten to the diet. In patients studied serially,
after three months on a gluten-containing diet there
was no significant change in concentrations of IgA
and IgG, but IgM levels fell significantly (p < 0-01;
table E). For all classes of immunoglobulins there
was no correlation between the concentrations in
the serum and the numbers of jejunal immuno-
globulin-containing cells nor between changes in
serum immunoglobulin levels and alterations in
jejunal immunoglobulin-containing cells after re-
introduction of gluten to the diet.

Discussion

The study confirms in children (Savilahti, 1972a) as
in adults (Crabbe et al, 1965; Crabbe and Heremans,
1966; Soltoft, 1969; Lancaster-Smith et al, 1974a, b)

No IgA IgG IgM

Controls 8 97 13 119 7 134± 14
Coeliacs
No gluten 12 102 i 131 115 i 15 158 ± 15
Gluten 12 117 ± 271 110 11 125 ± 14

Table II Serum immunoglobulin concentrations in
serially studied coeliacs and controls
IU/100 ml means ± SE
"Patient with IgA deficiency not included

that the order of predominance of immunoglobulin-
containing cells in the jejunal lamina propria is
IgA > IgM > IgG. In the only two studies which
expressed cell numbers per square millimetre
(Lancaster-Smith et al, 1974a; Savilahti, 1972a),
absolute numbers of cells were closely comparable
to those in the present study (table III). These
results also demonstrate that children between the
ages of S and 16 years have immunoglobulin-
containing cell populations very similar to those in
adults.
The present study confirms the increase of IgA,

IgM, and IgG containing cells in coeliac children on
gluten-containing diets found by Savilahti (1972b).
His untreated patients, however, had even greater
numbers of IgA and IgM cells than our patients.
This is almost certainly because they were studied at
initial diagnosis before any treatment whereas our
patients had previously been on gluten-free diets for
long periods and in the great majority had been
re-exposed to gluten for only three months.
The increase in IgA cells in childhood coeliac

disease contrasts with the adult form of the condition
in which reduced (Douglas et al, 1970; Pettingale,
1971) or normal numbers have been demonstrated
Soltoft, 1970; Lancaster-Smith et al, 1974b).
A relative (Pettingale, 1971) or absolute (Douglas

et al, 1970; Soltoft, 1970; Lancaster-Smith et al,
1974b) increase in IgM cells has been found in both
treated and untreated adult coeliac disease as in the

Age Range IgA IgM IgG
(yr)

Control children 5-16-5 832 i 40 151 ± 30 53 ± 4
(present study)

Normal children 2-16 781 ± 61 196 ± 23 53 ± 7
(Savilahti, 1972a)

Normal adults 17-67 780 ± 47 200 i 18 50 ± 9
(Lancaster-Smith
et al, 1974a)

Table III Jejunal immunoglobulin-containing cells in
normal children-a comparison withprevious studies
Cells/mm' means ± SE
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currently studied children. Savilahti (1972b), how-
ever, was able to show that IgM cell numbers in
his coeliac children returned to normal on a strict
in-patient gluten-free diet. It is possible, therefore,
that the raised IgM cell counts in our treated
patients and in those of other workers, the great
majority of whom were treated as outpatients, were
due to small amounts of gluten being inadvertently
consumed despite the presence of very thorough
dietary assessment and advice. If this is the ex-
planation for the raised IgM cell numbers in the
presence of normal IgA cell counts, it would imply
that the IgM system is the more sensitive to small
amounts of gluten or other antigens entering the
jejunal mucosa. Alternatively, as Savilahti (1972b)
suggests, the IgA system may become exhausted as
the patient progresses into adult life, leading to a
compensatory increase in IgM cells, although,
like Savilahti, we did not demonstrate any correla-
tion between immunoglobulin-containing cell num-
bers and age of patients to support this hypothesis.
The increase in IgG cells in untreated patients is in

accord with previous findings in both adult (Soltoft,
1970; Lancaster-Smith et al, 1974b) and childhood
(Savilahti, 1972b) coeliac disease. We have also
confirmed that the IgG cell numbers are within the
normal range in patients on gluten-free diets
(Savilahti, 1972b; Lancaster-Smith et al, 1974b).
The numbers of IgG cells, however, are relatively
small, constituting only 6% of the total in this study
and are not thought to be of major importance in
local immunological reactions.

Immunoglobulin-containing cell populations have
not been quantitated in previously treated coeliac
children studied serially before and after reintro-
duction of gluten to the diet. This study clearly
demonstrates that all three classes of cells increase
during three months' re-exposure to gluten. Ex-
pressed as a percentage of the total increase of
immunoglobulin-containing cells, IgA cells accoun-
ted for 64% of the rise, IgM for 30%, and IgG for
only 6 %. However, expressed as a proportion of each
class of cell, the increase was approximately twice
as great for IgM (38%) as for IgA (22 °). These
findings are similar to those found in adult disease
(Lancaster-Smith et al, 1974a) and suggest that both
IgA and IgM systems are important in the patho-
genesis of the intestinal lesion in childhood coeliac
disease. This is additionally supported by the
correlation between the severity of the mucosal
lesion and the extent of IgA and IgM cell increases.

Staining of the basement membrane region of the
jejunal mucosa with anti-IgA serum in coeliac
children is in agreement with the observations of
Shiner and Ballard (1972) and may, as these authors
suggest, indicate immune-complex deposition. Alter-

natively, this staining could be due to IgA produced
in excess in the coeliac mucosa, becoming non-
specifically attached to connective tissue in the
basement membrane region. We have not confirmed
the presence ofcomplement in this region as reported
in a proportion of children studied by Shiner and
Ballard (1972) and in adults studied by Doe et al
(1974). Complement deposition and its detection,
however, are probably critically dependent upon
dose of antigen and the timing of biopsy, both of
which in our study varied a great deal from those
employed by these other workers.
As might have been anticipated from previous

studies (Immonen et al, 1966; Savilahti, 1972b),
excluding this patient with IgA deficiency, serum
concentrations of IgA tended to be higher in un-
treated than in treated patients or controls, although
these differences did not reach statistical significance.
The normal number of IgA cells, albeit only just
within the normal range in the patient with serum
IgA deficiency, suggests that disparity can exist
between systemic and local immunological status.
Normal serum IgM concentrations are in accord

with previous findings in childhood coeliac disease
(Savilahti, 1972b) but differ from adult coeliacs in
whom low concentrations occur (Hobbs et al., 1969)
due to defective total body synthesis (Brown et al,
1969). The significant fall in IgM concentrations in
our children after reintroduction of gluten to the diet
has been observed in five out of six coeliac children
studied by Alp and Wright (1971). Ifthis phenomenon
in children is also due to a defective total body
synthesis of IgM the increased activity of the gut IgM
system, as demonstrated in coeliac disease by this
and other immunofluorescent studies (Douglas et al,
1970; Soltoft, 1970; Lancaster-Smith et al, 1974b)
and by tissue culture (Loeb et al, 1971; Falchuk and
Strober, 1974), obviously does not compensate
sufficiently to maintain serum concentrations of
IgM. This may be because the gut IgM response is
comparatively insignificant in relation to the defect
in total body synthesis or because excess IgM
produced in the coeliac gut does not pass into the
general pool but is consumed locally in mucosal
immunological reactions.

This study confirms abnormalities of immuno-
globulin-containing cells in the jejunal mucosa in
children with untreated coeliac disease (Savilahti,
1972b). It has also clearly been shown that there is a
pronounced small intestinal IgA and IgM cell
response to the reintroduction of gluten to the diet.
In addition, staining of the epithelial basement
membrane region with anti-IgA serum may implicate
this immunoglobulin in the pathogenesis of the
mucosal lesion. On the other hand, the greater
proportional increase of IgM cells and the fall in
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serum concentrations of IgM after re-exposure to
dietary gluten suggests that this class of immuno-
globulin is also involved. These observations are of
added interest in view of the recent demonstration
that approximately half the IgA and IgM produced
by the coeliacjejunum in response to gluten challenge
is antigliadin antibody (Falchuk and Strober, 1974).
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