Cow’s milk allergy: a new understanding
from immunology
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Background: Because of the high prevalence of cow’s milk alergy as one of the most frequent clinical presentations of food
alergy ininfancy and early childhood, it isimportant to define the condition accurately. Allergy must be distinguished from the
broader term food intolerance, which may be defined as a reproducible adverse reaction to the ingestion of a food or to any of
its components, ie, proteins, carbohydrates, fats, and additives, and which includes toxic, metabolic, and allergic reactions. By
contrast, food alergy may be defined as an adverse clinical reaction to a specific food component and that is immunologically
mediated. The rapid increase in knowledge resulting from research in immunology in recent years has not only led to a better
understanding of the basis for cow’s milk alergy in infancy, but has also yielded considerable promise for improved diagnosis
and management of the condition.

Objective: To review recent developments in immunology which demonstrate how they may lead to a better understanding
of the clinical spectrum of cow’s milk allergy in infants and children.

Data Sources: English language articles were selected from PubMed and selected abstracts that would have immediate,
practical clinical implications. The review focuses on themes related to gastro-enterology, focusing upon the esophagus and
small intestine.

Results: In cow’s milk-sensitive esophagitis, there is dense infiltrate of eosinophils and increased T cell activation with
upregulation of the chemokine eotaxin. In cow’s milk-sensitive enteropathy, there is T cell activation, and it often results as a
sequela of gastro-enteritis. Changing patterns in recent years suggests that sensitization occurs via mother’s breastmilk to cow’s
milk and multiple food antigens. There is evidence of reduced Th; response in these children. This is related to associated IgA
deficiency and low levels of cytokine transforming growth factor B.

Conclusions: The results of the present review demonstrate that the clinical manifestations of cow’'s milk alergy are very
diverse, with differences between developing and developed countries. Understanding the immunologic mechanisms is of key

importance in understanding this diversity.

INTRODUCTION

Cow’'smilk allergy is one of the most frequently encountered
clinical syndromes of food allergy in infancy and early child-
hood. It isimportant to use accurate definitions. Allergy must
be distinguished from the broader term food intolerance,
which may be defined as a reproducible adverse reaction to
the ingestion of food or to any of its components, ie, proteins,
carbohydrates, fats, and additives. Such adverse reactions
include toxic, metabolic, and allergic reactions. By contrast,
food alergy may be defined as an adverse clinical reaction to
food due to any type of abnormal immune response to a
specific food component. Therefore, gastro-intestinal food
alergy are those clinical syndromes of food allergy where
gastro-intestinal symptoms follow food ingestion and the
underlying mechanism is an immunologically mediated reac-
tion within the gastro-intestinal tract. These symptoms may
be accompanied by other manifestations outside the alimen-
tary tract, such as in the skin or the respiratory tract.
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From a clinical perspective gastro-intestinal allergy pa-
tients may be grouped into those with quick-onset alergy, ie,
symptoms appear within 1 hour of food ingestion, and those
with aslow onset, ie, symptoms appear after more than 1 hour
after food ingestion, and finally those patients who have both
quick and slow onset. When quick-onset symptoms occur, the
child’s mother is usually aware that food ingestion is related
to the child’'s symptoms, whereas when the symptoms take
longer to appear there may not be any such awareness.

ALLERGIC MECHANISM S

Recognition of the immunologic mechanisms involved in
cow’s milk allergy helps understanding. As a broad general-
ization when quick-onset reactions occur, these are IgE-
mediated. This means mast cells are activated, and mediators,
such as histamine and arachidonic acid metabolites, are re-
leased, and characteristically there is no structural damage
within the gastro-intestinal tract. When slow-onset reactions
occur, they are characteristically non—IgE-mediated. In the
past some workers did not regard such reactions as allergic.
However, it is now well accepted that non-IgE reactions do
occur and that these may be T cell-mediated. Such reactions
are characterized by cytokine release and attraction of mac-
rophages to the lesions with release of lysosomal enzymes
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and structural tissue damage within the gastro-intestinal tract.
The severity of the lesion depends upon theratio of Th, to Th,
cells. More severe lesions are associated with Th, lesions.

CLINICAL SPECTRUM OF COW'’S

MILK ALLERGY

Turning now to cow’s milk alergy, which is the classica
example of gastro-intestinal food allergy in childhood, sev-
eral syndromes are recognized. Table 1 shows a schematic
representation of the clinical spectrum of cow’s milk allergy
in infancy and childhood, grouped according to various clin-
ical presentations as well as temporal rates of onset. It can be
seen that these reactions range from those of quick onset such
as acute cow’s milk allergy, to those of dow onset such as
cow's milk esophagitis, cow’s milk-sensitive enteropathy,
and cow’s milk colitis. A third group with a varied presen-
tation is seen as part of a multiple-food allergy.

DIAGNOSIS OF COW'S MILK ALLERGY

From a practical perspective diagnosis in gastro-enterologic
practice is usually related to a clear response to food elimi-
nation evaluated clinically and in the laboratory. For organ-
specific disorders, classically serial biopsies related to elimina
tion and challenge were undertaken and for nonorgan-specific,
double-blind, placebo-controlled challenge. In practice, food
challenge is not used routinely; now the emphasis is on the
recognition of characteristic pathology and its response to
food elimination.

COW’S MILK-SENSITIVE ESOPHAGITIS

This syndrome has been well described by Cavataio et a.*
Characterigtically, there is a dense infiltrate with eosinophils
within the esophageal mucosa but this is not a specific find-
ing; in children with cow’s milk sensitization, it responds to
cow’s milk elimination. However, in cow’s milk sensitiza-
tion, as opposed to reflux, there are more eosinophils in the
lamina propria? Butt et al® have demonstrated that when
children with this disorder are compared with those with
primary reflux esophagitis there was an increase of the T cell
activation marker CD-25 and HLA-DR expression providing
evidence of T cell activation, but most strikingly there was
upregulation of the chemokine eotaxin. Whilst it was sug-
gested that lymphocytes homed from the gut to the esopha-
gus, it was the expression of eotaxin in the esophagus recruiting
eosi nophilswhich produces the characteristic pathology. Thus, it

Table 1. Schematic Presentation of the Clinical Spectrum of Cow’s
Milk Allergy in Infancy and Childhood Grouped According to
Clinical Presentation and Temporal Rates of Onset

Clinical presentation Example

Quick-onset syndromes
Slow-onset syndromes

Acute cow’s milk allergy

Cow’s milk esophagitis

Cow’s milk-sensitive enteropathy
Cow’s milk colitis

Varied Part of multiple food allergy

was suggested that there is a distinct epithelial chemokine dis-
tribution in infantile cow’s milk-induced esophaged reflux. If
this can be confirmed in larger numbers of children, eotaxin may
be an attractive molecule as a potentia target for specific im-
munotherapy.

Cow’ s milk-sensitive esophagitis can be diagnosed by dem-
ongtrating milk elimination and challenge responsive gastro-
esophagesal reflux. Histopathologically eosinophilic esophagitis
may be indistinguishable from eosinophilic esophagitis, but such
children neither respond to cow’s milk eimination nor do they
have associated gastro-esophaged reflux.

COW'S MILK-SENSITIVE ENTEROPATHY

This is a disorder characterized by an abnormal small intes-
tinal mucosa when having cow’s milk in the diet. The abnor-
mality isreversed by acow’s milk-free diet only to recur once
more on challenge. It isatemporary disorder of early infancy.
There is a typical small intestina enteropathy characterized
by a thin mucosa and a patchy lesion. Classically, it was
diagnosed by serial biopsies related to elimination and chal-
lenge. Nowadays, the findings of a typical enteropathy in a
child with chronic diarrhea and failure to thrive combined
with arapid response to elimination of cow’s milk are enough
to make the diagnosis. Such children nearly aways have
malnutrition, which characteristically occurs as a sequel to
gastro-intestinal infection.* So this problem is declining in
developed communities, but is still acommon and important
problem in developing communities.

Persistent small intestinal mucosal damage following gas-
tro-enteritis may be attributable to persisting infection with a
bacterial organism such as enteropathogenic Escherichia coli,
afurther insult with a new infectious agent, or to sensitization
to afood antigen, most often cow’s milk. The mechanism of
the mucosal damage is related to T cell activation.

CHANGING PATTERNS
Gastro-intestinal infection, especialy infection with entero-
pathogenic E. coli, has greatly diminished in developed com-
munities. The latter has virtually disappeared in Britain, so
the infants with severe small intestinal enteropathy attribut-
ableto cow’smilk alergy rarely present with these symptoms
nowadays. Yet in gastro-enterologic practice, children with
less severe or even minor enteropathy still occur in devel oped
communities, but these cases are often associated with im-
munodeficiency such as IgA deficiency. So in developed
communities, children with the following features may be
seen: namely, gastro-esophageal reflux, sleep disturbance,
and colic with slow linear growth, but without the character-
istic chronic diarrhea and malnutrition with severe failure to
thrive associated with severe enteropathy, seen in the past
associated with postenteritis syndrome. Such children may be
intolerant to hydrolysates, a completely new phenomenon in
recent years.

Murch® has produced evidence that these infants may be
sensitized viatheir mother’ s breastmilk; such cases have been
seenincreasingly intertiary clinicsin recent years. There may
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be sensitization to multiple food antigens, although cow’s
milk is clinically usualy the dominant feature. A family
history is important in such children.® Latcham et al® studied
121 children with multiple-food alergy divided into those
that had quick and slow reactions and those with slow reac-
tions alone. They found that overall IgE was associated with
quick-onset responses but not sensitization itself. They sug-
gested that IgE may alter the type of response to food anti-
gens, but actua sensitization to food antigens relates to
immune dysregulation. The pattern in these children was
consistent with a reduced systemic Th, response. Murch® has
suggested that a fundamental problem may be an inadequate
response by cells of the innate immune system.

For some years it has been known that gastro-intestina
food allergy is associated IgA deficiency. Now transforming
growth factor (TGF)-B isthe major determinant of B-cell IgA
production, and it is central in low-dose oral tolerance. Perez-
Machado et al” showed that there is inadequate production of
the cytokine, TGF-B in children with cow’s milk allergy
alone or as part of multiple-food allergy. This has been shown
by single cell cytokine production (CD8 lamina propria lym-
phocytes) and by immunohistochemistry. It seems probable that
amagjor factor in accounting for sengitization in these children
who are sensitized via the tiny amounts of antigen in breastmilk
may be absence or deficiency of TGF- by Th, cdlls.

CONCLUSION

The clinical manifestations of cow’s milk allergy are very
diverse and differ between developing and developed com-
munities. Understanding the immunologic mechanisms in-
volved isof key importance in understanding this diversity. A
shift to Th, may be associated with tissue damage in the
gastro-intestinal tract and gastro-intestinal infection, whereas
a shift to Th, may be associated with only minor damage or

norma mucosa. Much more work is required to elucidate
these mechanisms.
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