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SUMMARY 55 infants, aged between 1 and 13 months, who presented with persistent diarrhoea were

placed on a diet free of cows' milk protein. The clinical condition of the infants improved and 6-8
weeks later each was challenged with low-lactose cows' milk. The following investigations were
performed before and 24 hours after provocation: jejunal biopsy, serum and duodenal juice levels of
complement C3 and C4, C3-activator, and immunoglobulins A, G, M, and D. Three groups were

recognised on postchallenge clinical symptoms together with histological changes in the jejunal
mucosa: group 1 (n -10 infants) with no clinical or mucosal abnormality, group 2 (n=18 infants)
with mucosal abnormalities but lacking clinical symptoms, and group 3 (n=27 infants) with mucosal
abnormalities and clinical symptoms; but in group 3 symptoms were delayed for over 24 hours in
7 infants, and in the remaining 20 infants symptoms appeared within 24 hours. After provocation
the serum IgG levels were decreased in 3 infants in group 1, 12 in group 2, and 17 in group 3. The
mean serum IgA and IgM levels were higher in group 1 compared with group 2 or 3; pre- and post-
challenge mean serum immunoglobulin levels, complement, and complement activator levels were of
equal magnitude in all three groups. A depletion of serum complement C3 level was observed in
4 (group 1), 4 (group 2), and 13 (group 3) infants 24 hours after provocation with cows' milk; the fall
in serum IgG was often associated with depletion of complement in serum. This suggests the
involvement in some infants of IgG-mediated complement-consuming immune reactions in the
development of the damage in the intestinal mucosa. After challenge, exudation of IgG and IgA
occurred irrespective of the presence or absence of mucosal damage and was not always associated
with the decrease in serum IgG concentration. Because of the variable conditions present in the
intestinal lumen it is suggested that the level of immunoglobulins in duodenal juice is not a reliable
measure of the local immune response. Levels of complement and immunoglobulin in serum or

duodenal juice fail to provide help in the diagnosis ofcows' milk protein-sensitive enteropathy.

A small proportion of young infants fed on cows'
milk develop cows' milk protein-sensitive entero-
pathy (CMPSE), clinically characterised by failure to
thrive, vomiting, diarrrhoea, and malabsorption.1-3
If cows' milk is excluded from the diet there is soon
an improvement, and relapse may be induced by
reintroduction of cows' milk or milk protein
components, especially 3-lactoglobulin.4 The patho-
genesis of cows' milk-induced intestinal mucosal
damage remains uncertain. It has been suggested
that cows' milk intolerance develops as a consequence
of increased intestinal permeability to intraluminal
antigens, which then provoke a systemic immune
response.-6 Several factors-such as transient or
selective IgA deficiency, damaged mucosal barrier,
lysosomal dysfunction, or abnormal intraluminal

digestion-have been implicated as contributing to
the pathological absorption of the macromolecules.7
The involvement of several different types of
immunological mechanisms in the pathogenesis of
cows' milk intolerance has been shown.3 8-15

Iyngkaran et al.16 proposed an alternative
approach to diagnosing CMPSE, using clinical and
histological criteria. We have applied these criteria
to study the changes in the immunoglobulin and
complement levels in sera of infants before and after
cows' milk challenge.

Materials and methods

Patients. The series consisted of 55 infants clinically
suspected to be intolerant of cows' milk protein.
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Initially cows' milk was eliminated from the diet and
a formula free of cows' milk was substituted
(Pregestimil, Prosobee, Sobee, or Nutramigen). If a

satisfactory response was obtained, judged by lack of
symptoms and satisfactory weight gain, the infant
was discharged and the parents instructed not to
introduce any new food without our knowledge. The
weight gains were maintained satisfactorily on this
diet and at the end of 6 to 8 weeks the infant was

readmitted for further tests (Table 1).

Cows' milk challenge and jejunal biopsy. The challenge
studies were performed as described previously.17
Duodenal juice was collected at the time of the
biopsy via a biopsy tube. The juice was stored at
-200C after the addition of antitrypsin (Sigma,
St Louis) at a concentration of 1 mg/ml juice.

Blood samples. Blood in heparin was taken
immediately before the oral challenge and then at
90 minutes and 4, 12, and 24 hours after it. This paper

reports on the data of prechallenge and postchallenge
blood at 24 hours. Blood analyses consisted of the
estimation by standard methods of haemoglobulin
concentration, total and differential white cell
counts. The serum samples were kept at -200 until
used. For complement assays the serum was thawed
not more than twice.

Assay for immunoglobulins and complement. Immuno-
globulin G, A, M, and D, complement C3 and C4,
and C3-activator were measured by the radial
immunodiffusion technique of Mancini et al.18 on

specific immunoplates (Behringwerke, Germany);
the reference standard also came from Behringwerke.
The standard for IgA consisted of the monomeric
form which was used in serum and duodenal juice
assays (Behringwerke). Special plates were used for
assay of low concentration of immunoglobulins and

complement in the duodenal juice. The instructions
of the supplier were followed for the assays.

Results

Clinical symptoms on cows' milk provocation. The
clinical data and the onset of symptoms after milk
challenge in the 55 patients are summarised (Table 1).
On the basis of pathological changes in the jejunal
biopsy at 21 to 24 hours, and the time taken before
the onset of clinical symptoms (especially diarrhoea),
the patients were classified into three groups.

Group 1 (n= 10)
These infants had no mucosal abnormalities or

clinical symptoms and could effectively be considered
as the control for the series. The original diarrhoea
might have been due to causes other than cows' milk.
The mean age of these infants was greater than the
infants in groups 2 or 3, but the range of ages at
admission was similar.

Group 2 (n= 18)
These infants had mucosal abnormalities but no

clinical symptoms.

Group 3 (n=27)
These infants had mucosal abnormalities and clinical
symptoms; in 7 these symptoms were delayed by over

24 hours, in 20 they appeared within 24 hours.
We analysed the data on the basis of these groups

since we believed that they formed a clear classifica-
tion. Enteropathogenic organisms were isolated from
the prechallenge stools of 3 infants (Salmonella sp.)
of group 1, 5 infants (4 Escherichia coli, Salmonella
sp.) of group 2, and 4 infants (Salmonella sp.) of
group 3.

Changes in serum immunoglobulin and complement
levels after cows' milk challenge. Immunoglobulins

Table 1 Clinicalfeatures of55 infants with diarrhoea atfirst admission

Group I (n= 10) Group 2 (n = 18) Group 3 (n=27)

Age at admission (weeks) 22* (1-46) 7.5 *(0.5-20) 9.8* (1-56)
Boys:girls 7:3 11:7 12:15
Chinese/Indian/Malays 7t/0/3 9/1/8 14t/9/3
Birthweight (kg) 3 *1 (2*3-3*5) 3 .0 (1*4-4) 2.9 (2.0-3*8)
Weight at admission (kg) 5 *9 (2*7-9.3) 3.6 (1*5-6*3) 3.6 (1.7-9*5)
Age at onset (weeks) 21-6 (1-46) 6-1 (0-5-20) 5 (0-14-50)
Total duration of diarrhoea (days) 8.2 (1-30) 6.7 (1-35) 17-2 (1-56)
Weight 8 weeks after admission and before challenge (kg) 7.02 (4*3-9*45) 4.93 (4-7 *1) 5.62 (3*6-9*6)
Clinical symptoms None None Diarrhoea (27) §
Mucosal histology rating, prechallenge/postchallenge 4.3 (0-9)/3*8 (0-9)T 2.53 (0-7)/8-64 (5-11) 2.04 (0-6)/10. 1 (5-13)

*Mean, range is shown in parentheses. tMixed race, Malay father and Chinese mother; tmixed race, Indian father and Chinese mother.
§Reintroduction of milk caused diarrhoea within a few hours (<24 hours) in 20 infants; clinical symptoms (including diarrhoea) were delayed
(1-14 days) in 7 infants.
¶TMucosal histology was numerically rated as follows: normal 0-3, slightly abnormal 4-7, moderately abnormal 8-11, and severely abnormal
11 -16. Postchallenge biopsy was taken 23-24 hours after the initial (prechallenge) biopsy.16
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Fig. 1 Group 1. Immunoglobulin
and complement levels in serum
assayed before challenge with cows'
milk and 24 hours later in 10
infants who were on a hypoallergenic
formula for 6-8 weeks. Infants at
admission presented with various
symptoms (including diarrhoea)
which resolved when milkproteins were
eliminated, and the challenge with
cows' milk produced no clinical
symptoms or jejunal mucosal
abnormality. Mean ± SD given
at top of bar.
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(G, A, M, and D), complement (C3, C4), and C3-
activator levels were assayed in serum just before and
24 hours after provocation with cows' milk. After
provocation, the serum IgG level in 3 infants in
group 1 (Fig. 1), in 12 infants in group 2 (Fig. 2), and
in 17 infants in group 3 (Fig. 3) were decreased; in
other infants the levels were unchanged or slightly
increased. The mean serum IgG level in serum before
and after the challenge in the three groups was of
equal magnitude.
The mean serum IgA and IgM levels were higher in

group 1 than in groups 2 or 3, but in none of the
groups was there any difference in the serum level
before or after challenge.
The mean complement C3 and C4 and C3-activator

levels of serum were of equal magnitude in the three

groups and no significant difference was noted in
pre- and postchallenge results.
The serum IgD levels were also assayed but they

could be detected in only about 10% of the infants
and the results did not show any association with
CMPSE.
Table 2 summarises the change in serum IgG in

relation to the changes observed in complement C3
before and after challenge with cows' milk. Fall in
IgG after challenge was noted in about two-thirds of
the infants in groups 2 and 3, and in one-third of the
infants in group 1. It ranged from 9 to 28% for all
three groups. The mean serum IgG level in general
was highest in infants in whom IgG levels fell after
challenge and was lowest in infants in whom the IgG
levels did not change.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.56.1.24 on 1 January 1981. D

ow
nloaded from

 

http://adc.bmj.com/


Immunological studies in cows' milk protein-sensitive enteropathy 27

C3
I70 6 70-3

19.6 19.0

;I
I

L.

< <

C3
C4 activator

336 34-8 156 169

13-1 .141 4 0 47

Boys o

Girls

5;

-.
,

m <:

Fig. 2 Group 2. Immunoglobulin
and complement levels in serum
assayed before challenge with cows'
milk and 24 hours later in 18
infants who were on a hypoallergenic
formula for 6-8 weeks. Infants at
admission presented with various
symptoms (including diarrhoea)
which resolved when milkproteins were
eliminated, and the re-exposure to
cows' milk produced no clinical
symptoms but histologically the
jejunal mucosa was moderately
changed.
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Table 2 Changes in serum immunoglobulin IgG atid complement C3 levels 24 hours after intestinal provocation
with cows' milk

Challenge Group I Group 2 Group 3
changes

n Pre- Post- % n Pre- Post- %
challenge challenge change challenge challenge change

n Pre- Post- %
challenge challenge change

IgG decrease 72-7±11* 66.3+8-9 -8.8 117±43 84-3+25-9 -27-9 108-4+56-8 94-3+40-7 -13
3 4 10

C3 decrease 67-0+8-9 59+5-6 -11-9 78-5+25 70-0+25-9 -10.8 80-9+17-0 67-1+11-9 -17.1
IgG decrease 93.1+27-2 82-3+24-2 -11.6 88-6+32-2 78-6+26-7 -11.3

8 7
C3 no change/ 59.7+22.4 60-2+22-6 +0-8

increase 623+13.3 62-4+13-9 -0.2
IgG no change/

increase 143 143 0 70-5+35-2 79-7+32-7 + 13
1 0 3

C3 decrease 93 87 -6-5 84-8±31-0 76-5+28-8 -9-8
IgG no change/

increase 81-5+29-0 95-9±38-1 +17-7 60-0+20-8 63-0+20-7 +5 65-6+11-2 70-6+17-7 +7-6
6 6 7

C3 no change/
increase 59-1+4-0 74-4+27-3 +25-9 76-3+21-5 78-0+19-6 +2-2 64-1+17-0 68-1+17.9 +6-2

*Mean ± SD, values of IgG (IU/ml) and C3 (mg/ 100 ml) obtained before challenge feed ofcows' milk and 24 hours later.
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Fig. 3 Group 3. Immunoglobulin
and complement levels in serum
assayed before challenge with cows'
milk and 24 hours later in 27
infants who were on a hypoallergenic
formula for 6-8 weeks. Infants at
admission presented with various
symptoms (including diarrhoea)
which resolved when milkproteins were
eliminated and the re-exposure to
cows' milk produced diarrhoea and
severe histological abnormalities in
jejunal mucosa.
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Changes in duodenal juice immunoglobulin and
complement levels after cows' milk challenge. Pre- and
postchallenge duodenal juices were obtained in 4
infants from group 1, in 7 infants from group 2, and
in 8 infants from group 3, and these juices were

assayed for IgG, IgA, IgM, IgD, and complement C3
and the information is summarised (Table 3) in
relation to the fall or increase in serum IgG con-

centration. The juices were analysed for complement
C4 and C3 activator too, but these components were
absent from most of the juices assayed.

Fall in serum IgG after the challenge was
associated with increased exudation of IgG in the
duodenal juice in groups 2 and 3, but exudation also
occurred in the absence of decrease in serum IgG in

groups I and 3. In addition, fall in serum IgG after
challenge was associated with exudation of IgA and
IgM in the juice in the three groups, but exudation of
IgA in group 1 and of IgM in group 2 occurred in the
absence of decrease in serum IgG. Complement C3
levels decreased in group 3 regardless of whether
there was a fall in serum IgG after challenge. In
groups 1 and 2, the increase in complement C3
exudation was associated with a fall of serum IgG.

Discussion

The immunological mechanisms involved in the
small-bowel mucosal damage of CMPSE remains
uncertain, but it is possible that several types of
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Table 3 Immunoglobulin and complement levels in duodenal juice before challenge and 24 hours later in relation
to changes in serum IgG after provocation

Change in serum IgG No Duodenal juice immunoglobulin levels (IU/ml*) Complement (mg/ml)
after challenge studied

G A M D C3

Group I
Decrease 1 Prechallenge 0*91 7 8 6.75 75 57

Postchallenge 0.7 11.2 5.2 81 70*5
% change -23 +44 +23 +8 +24

No change/increase 3 Prechallenge 0-72±0-37 3-25+±1-56 3-48±1-24 57-8+5-51 48-0+11-7
Postchallenge 1-05±0-31 5-53+6-34 5-3±27 40-0+15-6 37-8±16-6
% change +46 +70 -52 -31 -21

Group 2
Decrease 6 Prechallenge 1*01+0*48 3*68+1*32 7*82+7*44 9*7±13*5 2*25 +5 *04

Postchallenge 2-01±2-33 4-40+2-81 10-48±10-31 44-6+70-4 8-58+12-08
% change +99 +20 +37 +360 +281

No change/increase 1 Prechallenge 0.96 14 1 138 121
Postchallenge 0.28 1 5.2 37*5 59*5
% change -71 -9 +81 -73 -51

Group 3
Decrease 4 Prechallenge 1*61+-2*24 5*75 +2*85 5*13+5*84 41+20 48*5+61*7

Postchallenge 2-29+1*42 5*83 +4-29 6-4+3*49 13*3+23 37+46*6
% change +42 + 1 +24 -68 -24

No change/increase 4 Prechallenge 1-01+1-39 4-09+2-24 4-18+0-33 100-7+48.2 81-6+51-2
Postchallenge 1-73+1-94 3-40+2-27 3-62+3-14 13-3+13-7 23-1+18-6
% change +71 -17 -13 -87 -77

*Mean ± SD.

immune hypersensitivity reactions are affected,
independently or together. The demonstration of
immunoglobulins and complement deposits in the
intestinal mucosa of infants with CMPSE13 suggests
that complement participates through its activation
by antibody-antigen complexes in the gut. Matthews
and Soothill15 found that of 8 infants studied with
cows' milk protein intolerance, 5 whose symptoms
were largely intestinal had evidence of complement
C3 activation on challenge with cows' milk.
Savilahti,12 on the other hand, was unable to demon-
strate a fall in complement levels in serial blood
samples taken after challenge from 6 infants with
CMPSE who developed clinical symptoms. Our
data show that after intestinal milk challenge, serum
IgG concentration fell in 30% of infants who had no
clinical or histological signs of CMPSE (group 1), in
63% of those who had mucosal damage but no
clinical signs (group 2), and in 67% of those with
both mucosal damage and clinical signs (group 3).
Moreover, in many of these infants the fall in
serum IgG after challenge was associated with
depletion of serum complement C3. This suggests
that in some infants the development of mucosal
damage after cows' milk challenge might have been
associated with the formation of IgG antibody-
antigen complexes which are phlogistic. The resulting
mucosal damage might be followed by exudation
of serum proteins. However, the depletion of
serum IgG and complement C3 in infants who did
not have CMPSE indicates that exudation can occur
in the absence of mucosal damage.

The absence of change in serum C3-activator after
cows' milk protein challenge in infants with mucosal
damage suggests a minimal role for the alternate
pathway as a link between the immune complexes
and pathogenesis. No consistent decrease in serum
complement C3 occurred in many of the infants who
developed severe mucosal damage on challenge with
cows' milk protein. In these infants, other forms of
immune interactions may be operative involving
complement C3 only to a minor extent.

Variable levels of complement C3 were present in
the duodenal juice, and since the levels of other
complements were low, the cascade would not be
able to go to completion. Therefore, functionally the
role of C3 in the duodenal juice is limited under these
adverse conditions. However, if the C3 binds to
antibody-antigen complexes, through the classical or
alternate pathway, it would enhance phagocytosis of
the complexes by lumen macrophages.

It has been suggested that IgA deficiency may form
the primary predisposing factor in the development
of CMPSE.21>20 Our data show lower (but non-
significant) mean serum IgA and IgM levels in
groups 2 and 3 compared with group 1. In addition,
the levels of duodenal juice IgA were of a similar
magnitude in the three groups. In contrast to groups
1 and 3 who had normal IgA levels, very low serum
IgA levels were present in group 2 infants. This is
surprising since infants in group 3 were the ones who
developed the most severe mucosal damage on milk
challenge. However, our observations did not exclude
the possibility of a transient IgA deficiency in early
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infancy; about 6500 of Malaysian newborn infants
lack serum IgA.21

Freier8 found increased levels of IgM in the gut of
30% of infants with cows' milk protein allergy, and
he suggested that IgM was able to replace IgA on the
mucosal surface. We found no increased concentra-
tion ofIgM in the duodenal juice. After challenge the
IgG levels in the duodenal juice were raised compared
with prechallenge values and thus the IgG :IgM
concentration ratios were increased in the three
groups. This may indicate nonspecific protein loss as
a consequence of mucosal damage rather than
secretion of the immunoglobulin.22

Interestingly, IgD was present in the duodenal
juice; the mean levels were lower in postchallenge
duodenal juice compared with prechallenge levels:
the significance of this is not clear.
Although we need better methods in diagnosing

CMPSE, the present study shows that the assay of
immunoglobulin and complement levels in the serum
and duodenal juice is not useful in this context. The
fall in serum IgG after intestinal cows' milk provoca-
tion is not a consistent feature in CMPSE, and a fall
in serum IgG was observed also in a control group
with no specific features of CMPSE. Exudative
enteropathy is known not to be exclusive to situations
with mucosal damage present, and this may be
because it is hard to detect the proteins in the
variable conditions prevalent in the gut lumen.
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