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Summary
The aim of this systematic review was to evaluate the efficacy of amino acid-based formulas
(AAF) in patients with cow’s milk allergy (CMA). Studies were identified using electronic
databases and bibliography searches. Subjects eligible for inclusion were patients of any age
with CMA or symptoms suggestive of it. Comparisons of interest were AAF vs. extensively
hydrolysed formula (eHF), AAF vs. soy-based formula (SF) and AAF vs. cow’s milk or cow’s
milk-based formula. Outcomes of interest were gastrointestinal (GI), dermatological,
respiratory and behavioural symptoms as well as growth. A total of 20 studies [three head-to-
head randomized controlled trials (RCTs), three cross-over challenge RCTs, seven clinical
trials (CTs) and seven case reports (CRs)] were included in the review. In infants with
confirmed or suspected CMA, the use of an AAF was shown to be safe and efficacious.
Findings from RCT comparisons of AAF with eHF showed that both formulas are equally
efficacious at relieving the symptoms of CMA in confirmed or suspected cases. However,
infants in specific subgroups (e.g. non-IgE mediated food-induced gastro-enterocolitis-
proctitis syndromes with failure to thrive, severe atopic eczema, or with symptoms during
exclusive breastfeeding) were more likely overall to benefit from AAF, as intolerance to eHF
may occur. In such cases, symptoms persisting despite eHF feeding usually remit on AAF, and
catch-up growth may be seen. Meta-analysis of the findings was not possible due to lack of
homogenous reporting of outcomes in the original trials. This systematic review shows
clinical benefit from use of AAF in both symp̌toms and growth in infants and children with
CMA who fail to tolerate eHF. Further studies are required to determine the relative medical or
economic value of initial treatment with AAF in infants at high risk of eHF intolerance.

Keywords amino acid-based formula, cow’s milk allergy, extensively hydrolysed formula,
soy-based formula, systematic review

Introduction

Cow’s milk allergy (CMA), an immunological intolerance
to milk proteins causing adverse clinical reactions, is one
of the most common forms of childhood food allergy,
affecting 2–3% of infants and young children [1]. In a
large cohort study, formal mathematical analysis was used
to identify groups of CMA patients with common features
[2]. Analysis of symptoms at presentation and elicited by
milk challenge revealed that patients appear to cluster
naturally into three groups. Immediate onset reactions
develop within minutes to 1 h after ingestion of small
volumes of cow’s milk and are associated with IgE
sensitization. Intermediate reactors develop vomiting

and/or diarrhoea several hours after ingestion of moderate
amounts of milk. Late reactions, which are usually T cell
and not IgE-mediated, occur after at least 12 h, and some-
times not for several days, following ingestion of normal
volumes of cow’s milk [1–4]. The European Academy of
Allergology and Clinical Immunology Task Force recog-
nized these different clinical manifestations of intolerance
to cow’s milk protein as CMA [5].

In an Australian study, more than half of infants with
CMA developed associated hypersensitivity to a few other
foods including egg, peanut and nuts, i.e. oligo-food
allergy [6]. In such cases, cutaneous manifestations like
urticaria and atopic dermatitis (AD) affect up to 50%,
compared with 56% for gastrointestinal (GI) and 20–30%
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for respiratory symptoms [7]. In more severe cases, CMA
may be associated with hypersensitivity to multiple food
proteins, including extensively hydrolysed formula (eHF),
soy milk, cow’s milk, wheat, egg, peanut, nuts, meats,
grains and vegetables, i.e. ‘multiple food protein intoler-
ance’/multiple food allergy syndrome [6, 8]. In these
patients, milk may be one of a number of foods that
induce hypersensitivity reactions manifesting as protoco-
litis, enterocolitis, enteropathy, reflux esophagitis, AD or
colic [8–10]. Significant delays in growth and develop-
ment, as a result of either delayed diagnosis or inadequate
treatment of CMA, have been reported [11]. The negative
and emotional impact of childhood food allergy on care-
givers and family activities can be severe [12]. However,
the studies reported [6–8] may represent more severe cases
than would be seen at the community level, as cases of
simple monosensitization to cow’s milk may not be
referred to hospital.

A number of alternatives to cow’s milk and cow’s milk-
based formulas are available, including soy-based formu-
las (SF), extensively hydrolysed formulas (eHF) and amino
acid-based formulas (AAF). All have been shown to be
nutritionally adequate for infant feeding [13]. Although
guidelines in Europe [14] and United States [15] have been
developed that discuss the types of alternative formulas
available, the place of each formula in the management of
infants with different forms of CMA remains unclear. In
addition, there has been no attempt to review system-
atically the literature comparing the relative merits of
each type of formula in the treatment of CMA.

The aim of this systematic review was to compare the
efficacy of AAF with eHF, SF and cow’s milk-based
formula in the treatment of CMA. The results of appro-
priately designed studies, identified according to vali-
dated methodology, were analysed.

Methods

Identification and retrieval of studies

The review was planned, conducted and reported accord-
ing to published guidelines [16–19]. A flow chart (Fig. 1)
illustrates the principle processes undertaken. Potentially
relevant studies were identified by searching electronic
databases and were accessed on 26 July 2004 [20–24] and
09 August 2004 [25]. The search terms included: amino
acid�, elemental, formula�, diet, allerg�, sensitiv�, cow�,
intolera�, milk. Bibliographies were checked and experts
in the field contacted for additional studies.

Studies were deemed eligible for inclusion in the review if
they conformed to pre-determined inclusion and exclusion
criteria (Table 1). No restrictions were placed on studies with
regard to year of publication, language (provided an English
translation was available) and source. The following types
of studies were included and are listed in order of priority:

(1) Randomized controlled trials (RCTs).
(2) Non-randomized controlled clinical trials (CCT).
(3) Before and after clinical trials (CT).
(4) Observational studies i.e. cohort or case reports (CRs).
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Fig. 1. Summary of study methodology stages and process of the systematic review.
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Any studies that did not comply with the inclusion
criteria described in Table 1 were excluded from review.
Following identification of potentially relevant studies
based on titles and abstracts, full papers were obtained
and evaluated by one researcher; a second assessor
verified inclusion/exclusion decisions. A pre-determined
data extraction table was designed to capture study
characteristics and outcome data, and allow assimilation
of data from differing study designs. Outcomes of interest
were recorded based on the definitions provided by the
original authors of each study and are shown in Table 1.

Quality assessment of included studies

These were assessed using two scales by K. R. and verified
by a second assessor (P. W.) and also by independent
assessment (Abacus International, UK). The scales were:

A. ‘Quality of Evidence Quality Assessment Scale’ [26]:
a six-point scale was adapted and used to score individual
studies included in the review. The highest grade (score 1)
was given to the RCTs and the lowest grade (score 6) was
given where the evidence was inadequate owing to
problems of methodology or where it was apparent there
were conflicts of evidence.

B. Jadad Assessment [27]: this assesses the quality of
reporting of RCTs. The highest grade (score 5) is only
achieved by well-conducted double-blind RCTs with ade-
quate description of randomization, blinding and dropouts.
The lowest possible score on this scale is 0 although studies
with scores of o3 may be regarded as poorly described.

Statistics

For planned meta-analysis, the method of Woolf [28] was
chosen to calculate a weighted average of the log odds

ratio in each study, and a fixed effects model was intended
to combine the treatment estimates, with heterogeneity
to be investigated by the Mantel–Haenszel method [29].
An attempt was made to pool quantitative data for allergic
and growth outcome measures, but due to a combination
of inconsistent reporting of outcomes and limited num-
bers of comparable studies, meta-analysis of the findings
was not possible.

Results

Part 1: identification of studies

A total of 1251 studies were identified by the search
strategy (Fig. 1). Following evaluation of the title/abstract,
64 papers were deemed potentially relevant and obtained
in full. On the basis of full text, 20 complied with the
inclusion criteria [8, 10, 30–47]. The other 44 studies were
excluded, due to not being an original experimental study,
e.g. a review (n = 3; [48–50]); reporting no relevant out-
comes (n = 5; [51–55]); not utilizing a nutritional inter-
vention (n = 4; [56–59]); using an ineligible nutritional
intervention (n = 14; [6, 12, 59–70]); using ineligible
subjects (n = 10; [71–80]); or because they were duplicates
(abstracts) of papers already selected for inclusion (n = 8;
[81–88]).

The following eligible studies were identified:

RCTs: n = 6; [8, 10, 33–35, 44]
CCTs: none were identified
CTs: n = 7; [30–32, 36–38, 42]
CRs: n = 7; [39–41, 43, 45–47]

The population included consisted exclusively of chil-
dren aged 2 days to 12 years. The diagnosis of CMA was

Table 1. Criteria for inclusion of studies into the systematic review

Selection criterion Inclusion criteria Exclusion criteria

Population All human studies
All patients, of all ages
Nutritional status either well–nourished or malnourished
Proven cow’s milk allergy (confirmed diagnosis e.g. DBPCFC, SPT)
Suspected cow’s milk allergy (diagnosis not specified e.g. reported intolerance/

adverse reaction to cow’s milk, multiple food allergy including cow’s milk)
Immediate and delayed type reactions to cow’s milk (IgE and non-IgE mediated)

Animal data

Intervention All studies using amino acid–based formulas (100% amino acids).
Route of administration oral or enteral (by tube)
Studies comparing amino acid–based formula with soy–based formula and/

or extensively hydrolysed formula and/or cow’s milk (formula)
Outcome measures Gastrointestinal symptoms (e.g. diarrhoea, bloody stools, vomiting)

Dermatological symptoms (e.g. eczema, atopic dermatitis, urticaria)
Respiratory symptoms (e.g. cough, rhinitis)
Behavioural symptoms (e.g. irritability/distress, refusal to eat)
Growth

DBPCFC, double-blind placebo-controlled food challenge; SPT, skin prick test.
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confirmed in 10 reports: four RCTs [10, 33–35] and six
non-RCTs [39–41, 43, 46, 47]. Ten other studies included
subjects with suspected CMA: two RCTs [8, 30], and eight
non-RCTs [31, 32, 36–38, 42, 44, 45]. Subjects were
classified as suspected CMA cases if it was not made clear
whether or not an internationally accepted method of
diagnosis [e.g. double-blind placebo-controlled food
challenge (DBPCFC)] had been used. Results are presented
in Tables 2–7. Further tables providing additional data on
studies included in Tables 2–7 are available from the
corresponding author.

Amino acid-based formulas vs. extensively hydrolysed
formula (n = 16).

(a) RCTs (n = 6)
(i) Head-to-head comparisons: In three RCTs, infants

were given an AAF or an eHF for a prolonged period of
6–9 months [33, 34, 44].

(ii) Cross-over challenge trials: In three RCTs, subjects
received only one open or DBPCFC with eHF and AAF
[8, 10, 35]. In two of these RCTs, some patients in the
comparator arm also received soy-based or cow’s milk-
based formula [8, 10].

(b) CTs (n = 5)
There were five before and after CTs eligible for

analysis [31, 32, 36–38]. One study [36] included some of
the patients who were also described in another CT [37],
but reported different outcomes, so both were included.

(c) CRs (n = 5)
Five case reports compared AAF with eHF in infants

who failed to tolerate eHF but were subsequently treated
with AAF [39, 43, 45–47].

Amino acid-based formulas vs. soy-based formula (n = 6).
(a) RCTs (n = 2)
(i) Head-to-head comparisons: No studies were

identified.
(ii) Cross-over challenge trials. Two cross-over chal-

lenge RCTs included SF [8, 35].
(b) CTs (n = 2)
Two CTs included SF before treatment with AAF [32, 36].
(c) CRs (n = 2)
Two CRs decribed infants who failed to tolerate eHF and

also SF, who were subsequently treated with AAF [43, 45].

Amino acid-based formulas vs. cow’s milk-based formulas
(n = 6).
(a) RCTs (n = 2)

(i) Head-to-head comparisons: No studies were
identified.

(ii) Cross-over challenge trials: Two cross-over chal-
lenge RCTs that included cow’s milk or cow’s milk-based
formula were compared with AAF and with eHF [8, 10].

(b) CTs (n = 2)

Two CTs compared cow’s milk or cow’s milk-based
formula with AAF after therapy [30, 42].

(c) CRs (n = 2)
Two CRs described infants who had failed to tolerate

cow’s milk or cow’s milk-based formula, who were subse-
quently treated with AAF [40, 41].

Assessment of quality of included studies

On the ‘Quality of Evidence Assessment Scale’ six RCTs [8,
10, 33–35, 44] scored the highest grade of 1. Seven CTs
[30–32, 36–38, 42] scored 4 and the seven CRs [39–41, 43,
45–47] scored 5.

Using the Jadad scale [27], three RCTs [8, 10, 44]
attained the highest score of 5; the others scored 4 [35], 3
[34] or 2 [33], respectively. The methodology of three of
the six RCTs was poorly described or planned with regard
to methods of randomization, blinding and recording of
number of drop-outs [33–35].

Part 2: clinical findings

Amino acid-based formula vs. extensively hydrolysed
formula (Tables 2–5).

(a) RCTs [8, 10, 33–35, 44]
(i) Head-to-head comparisons: Table 2 summarizes

three head-to-head RCTs comparing AAFs with eHFs [33,
34, 44]. Two RCTs included infants with confirmed CMA
and AD at approximate age 6 months [33, 34]. The other
included very young infants with suspected CMA and GI
symptoms [44]. In all three RCTs, improvements in
GI and dermatological symptoms occurred following
treatment with both AAF and eHF and no significant
differences were found between interventions. In the two
RCTs of infants with AD and CMA, both AAF and eHF
significantly decreased SCORAD scores after 8 months
treatment, with significant reduction in serum IgE
[33, 34]. The RCT of infants with GI disorders reported
a significant increase in plasma albumin levels only with
eHF [44].

The two RCTs of infants with confirmed CMA and AD
reported significant growth differences for AAF compared
with eHF [33, 34]. One demonstrated increase in both
relative weight and length [33] and the other demon-
strated only length [34] in those receiving AAF, but not in
those receiving eHF. In contrast, the RCT involving
suspected CMA infants with GI disorders reported no
differences in weight for age and length for age Z scores,
but increase of weight for length Z scores in only the eHF
group [44]. All RCTs reported similar energy intakes in
those treated with AAF and eHF [33, 34, 44].

(ii) Cross-over challenge trials: Table 3 displays details
and results of three cross-over challenge RCTs [8, 10, 35].
Infants and children with confirmed CMA [10, 35] and
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infants with suspected CMA [8] were challenged orally
with AAF, eHF and other formulas in short-term challenge
trials. More infants and children developed GI, respiratory
and behavioural symptoms when orally challenged with
eHF compared with AAF but these differences were not
significant. Complete symptom resolution within 2 weeks,
before the commencement of one RCT, was seen in all
patients treated with AAF [8]. In another RCT, two of 10
infants receiving AAF and one of 16 infants receiving eHF
developed eczema [35]. This trial showed that all alter-
native formulas provoked significantly fewer clinical
reactions than cow’s milk. In the third study, two of 25
children with CMA tolerant to AAF reacted to eHF on
DBPCFC [10].

(b) CTs [31, 32, 36–38]
Table 4 presents details and findings of five CTs (pooled

size 138 cases) in patients (age 3 weeks-16 months) with
intolerance to eHF subsequently treated with AAF. Three
CTs reported time to complete symptom resolution of o2
weeks of commencing AAF following failure to tolerate
eHF [31, 37, 38]. One CT in infants with protein-induced
enterocolitis showed treatment with AAF induced signifi-
cant reduction in daily vomiting episodes, crying time and
stool output, after eHF had failed [31]. A CT in infants with
persistent gastroesophageal reflux symptoms and eczema
despite eHF feeding reported that AAF induced significant
reduction in non-cutaneous symptoms in 13 of 16 infants
[37]. Another study reported 12 young children with severe
eczema persisting on eHF but resolving with AAF [32].

Two CTs in infants with persistent GI symptoms, which
resolved on AAF, reported significant increase in mean
weight and height Z scores [36] or body weight index [37].
Increased growth was seen in infants with food protein-
induced enterocolitis who failed to tolerate eHF and were
given AAF was reported in another CT, with a mean
weight gain of 30 g/day [31].

(c) CRs [39, 43, 45–47]
Table 5 summarizes results from CRs in which infants

who had failed to tolerate eHF were successfully treated
with AAF. One CR of an infant with confirmed CMA
shows resolution of symptoms within 3 days of com-
mencement of AAF after previously failing to tolerate
eHFs and SF [43]. Another CR of a 1-month-old infant
with confirmed CMA described weight gain from the
3rd–50th percentile over 4 months after changing from
partially hydrolysed formula to AAF [46]. A third CR
reported a neonate with vomiting episodes, gastritis,
angio-oedema with poor growth when ingesting cow’s
milk, soy milk or eHF but settling completely following
AAF feeding [45]. An additional report reported fatal
anaphylaxis in one pre-term twin receiving casein hydro-
lysate, and allergic colitis in her twin, responding to AAF
[47]. A final CR described one child with persistent atopic
eczema when ingesting eHF, which resolved when com-
menced on AAF [39].Ta
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Amino acid-based formula vs. soy-based formula (Tables 3–5).
(a) RCTs [8, 35]
Two short-term cross-over challenge trials included SF [8,

35], and have been described in the previous section reporting
AAF vs. eHF. One study [8] reported adverse effects of SF
challenge in patients asymptomatic on AAF and the other
[35] reported no adverse effects of AAF on children who were
shown to be tolerant to soy.

(b) CTs [32, 36]
Two CTs included SF [32, 36], and have been described in

the previous section (1b). In one, 12 infants with severe atopic
eczema were intolerant to SF, which resolved on AAF [32].
The other CT of 52 infants with predominantly GI symptoms
were intolerant to SF and eHF but symptoms settled on AAF
[36].

(c) CRs [43, 45]
Two CRs [43, 45] have been described in the previous

section (1c). An infant developed soy enterocolitis following
rotavirus gastroenteritis, persisting with eHF but resolving
with AAF [43]. A second infant had vomiting spells, angio-
oedema and gastritis, failing to grow when ingesting SF or
eHF, but recovering fully on AAF [45].

Amino acid-based formula vs. cow’s milk or milk-based
formula (Tables 3, 6 and 7).

(a) RCTs [8, 10]
Two cross-over challenge studies reported the effect of

AAF on children with CMA. One documented tolerance to
AAF in 18 infants with a history of probable CMA [8] and
the other tolerance to AAF in 20 children with confirmed
CMA [10].

(b) CTs [30, 42]
Table 6 details results of two CTs [30, 42]. In one CT,

relative weight for height scores improved significantly
[42]. The other CT of infants with suspected CMA and
multiple food protein intolerance reported restoration of
normal growth pattern in patients with previous growth
delay [30].

(c) CRs [40, 41]
Two CRs are documented in Table 7 [40, 41]. In one, an

infant with hyper-IgE syndrome, confirmed CMA, eczema
and poor growth improved on AAF [40]. In the other, a
child suffered brain damage following an adverse reaction
to cow’s milk at 6 months of age and tolerated AAF
subsequently [41].

Discussion

This systematic review was conducted according to pub-
lished guidelines and is the first to collate all intervention
studies comparing safety and efficacy of AAF, eHF and SF
in CMA. Our findings suggest distinct differences between
children with uncomplicated CMA and those with more
complex GI manifestations or multiple food allergy. We
point out however that all of the studies examinedPa
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represent children referred for secondary or tertiary
assessment, and note a lack of evidence based on primary
care, where it is probable that simple monosensitization
is more common.

Evidence from head-to-head RCTs shows AAF and eHF
are equally effective in resolving GI and skin symptoms in
uncomplicated CMA. Owing to the high efficacy of both
formulas, published studies have not been adequately
powered to detect significant overall differences, and
studies of appropriate magnitude are unlikely to occur.
Findings from cross-over challenge RCTs are consistent,
in that no significant differences between AAF and eHF
were observed, although fewer infants and children re-
acted adversely to AAF than to eHF when orally chal-
lenged with these formulas. Some differences were
reported in terms of biological parameters. In one RCT, a
significant increase in plasma albumin was observed only
in the eHF group [44]. The relevance of this is unclear, as
this trial contained different forms of CMA, including
complex surgical patients.

The formulas are nutritionally adequate and all meet
European Union commission guidelines [89], although
there are clear differences in amino acid profiles due to
their different nitrogen sources. However, evidence from
RCTs suggests possible differences in linear growth with
AAF in comparison with eHF in infants with confirmed
CMA. Two RCTs reported increase in relative length [33]
or length SDS score [34], not observed in the eHF treat-
ment groups. In another RCT [8], increase in weight was
observed following AAF treatment in cases with growth
failure and an incomplete clinical response to eHF. It is
possible this difference may be related to subtle effects
of residual antigenicity of eHF or differences in energy/
protein intake. By contrast, one RCT showed that growth

(weight for length) was significantly greater in the eHF
than in the AAF group [44]. Despite the significant
differences in linear growth reported in these studies, the
evidence favouring AAF over eHF is not convincing given
the uncertainty of length measurements in infants in a
routine clinical setting. In all three head-to-head RCTs
[33, 34, 44] insufficient baseline data were given for
interpretation of growth parameters, and the description
of how growth was measured and by whom was inade-
quate in two of these studies [33, 34]. To resolve these
uncertainties, future studies should use validated growth
parameters such as Z scores. The most clinically relevant
parameter for future studies may be body composition,
which may allow some insight as to whether easily
measured changes in body weight are a truly relevant
measure of growth in such cases.

The CTs identified an important group of infants with
suspected CMA and intolerance to eHF who responded
favourably to AAF. Studies suggested 2–10% of infants
with uncomplicated CMA may be intolerant to eHF [10,
63, 65], rising to 40% in pre-term and term infants with
more complex forms of the disease [12, 60, 90]. Such
infants more frequently developed symptoms while being
exclusively breastfed and manifested delayed non-IgE-
mediated GI reactions to cow’s milk, including gastroeso-
phageal reflux disease, entero-colitis or proctitis and
gastroenteritis syndromes [8, 9, 31, 37, 69, 76] as well as
severe atopic eczema [8]. Many of these infants with
intolerance to eHF suffer from multiple food allergy. Their
slowly evolving reactions to eHF are likely to be T cell
mediated and triggered by residual T cell epitopes in
hydrolysed formula [12]. Intolerance to these relatively
minor residual antigens in eHF or breast milk is consistent
with underlying impairment of low dose tolerance, a

Table 6. Results of clinical trials (CTs) comparing amino acid-based formula (AAF) vs. cow’s milk/cow’s milk-based formula (CM/CMF) in patients
with suspected cow’s milk allergy (CMA)

Outcome measures

Kanny et al. [30] Isolauri and Sampson [42]

Mean age 12.2 months
(ranges 1.5–36)
n = 26, suspected CMA

Age 14 months–8 years
n = 31, suspected CMA

Before After (4–9 months) Before After (6 months)

Patients with GI troubles 6/26 – – –
Patients with AD 25/26 – – –
SCORAD score 54 15�

26 after 2–3 months
– –

Patients with asthma 1/26 – – –
Patients with anaphylaxis 2/26 – – –
Patients with FTT 5/26 1/26w – –
Weight for height Z score (mean) – – � 3.1 �1.2 (P = 0.03)

�Result reported in 23/26 infants.
wPatient found to have gluten intolerance.
GI, gastro-intestinal; AD, atopic dermatitis; SCORAD, scoring atopic dermatitis; FTT, failure to thrive; –, data not reported.
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regulatory mechanism dependent on the cytokine TGF-b
[91]. In support of this, impaired generation of duodenal
TGF-b producing lymphocytes has been demonstrated in
infants with allergy to cow’s milk and other antigens [92].

Not all studies reported complete resolution of symp-
toms on transfer from eHF to AAF although the numbers
that do not achieve complete resolution is relatively small.
In one CT, three of 28 did not achieve full resolution of
symptoms although all were able to demonstrate a gain in
weight [31]. One investigator [35] suggested atopic ecze-
ma induced by AAF was attributable to contamination by
equipment previously used in the manufacture of hydro-
lysed formula. Another investigator [37] documented
three cases of failed response to an AAF prepared in a
dedicated factory and thus unlikely to have been con-
taminated by milk proteins. It is possible the diarrhoea
may have been caused by enteropathy-associated carbo-
hydrate malabsorption [93], which may account for poor
response to AAF in a minority of infants with eHF-
induced enterocolitis [31, 59]. Whether such carbohydrate
malabsorption may indirectly affect immune responses
through changes in the gut flora is unknown. Some of the
AAF used in these studies [31, 44, 59] are lactose and
sucrose free with carbohydrate provided as maltodextrin.
Lipid constituents have included safflower oil, coconut oil
and soy oil. Soy lipid emulsions have the potential, albeit
very rarely, to cause hypersensitivity reactions to AAF in
highly allergic infants [94]. There is recent evidence in
mice that lipid antigens may directly induce allergic
T-helper type 2 T cell responses, following presentation
by the non-classical MHC molecule CD1 [95]. However,
there is so far no confirmation of such a phenomenon in
humans.

There was a lack of studies directly comparing AAF vs.
cow’s milk or SF. For the former comparison, this was due
to the ethical implications of assigning infants with
known or suspected CMA to a cow’s milk formula com-
parator arm. For the latter comparison, this may relate to
consensus statements advising against use of SF in the
treatment of CMA [14, 15, 96, 97]. However, before and
after type studies showed that infants who failed to
tolerate cow’s milk or SF had improvement in symptoms
and growth when transferred to AAF [31, 36, 37].

The studies reported had several methodological limita-
tions. In general, there was inconsistent data reporting,
with some studies only reporting symptom frequencies at
the start or at the end of the trial, making it difficult to
compare effects. Few studies reported time to symptom
resolution, despite its relevance as an outcome measure in
CMA. Benefits of AAF were reported within 2–3 days in
one study [37] and within 2 weeks in others [8, 31, 38].
More studies including this outcome measure are needed.
Amongst studies in infants, we identified an overall lack
of high quality (level 1) studies, and planned meta-
analyses were impossible to undertake due to a lack ofTa
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homogeneous study design or consistency in outcome
reporting. Future studies need to assess the impact of
long-term AAF use, and it may be that the introduction of
other proteins during weaning is necessary. Recent animal
studies suggest that prolonged absence of whole dietary
protein after weaning may impair immunological matura-
tion and the development of tolerance [98, 99]. This is yet
to be demonstrated in humans, and such considerations
would appear relevant only to the small number of infants
receiving exclusive long-term AAF intake who are unable
to tolerate any other solids.

In conclusion, this analysis has demonstrated that for
infants with CMA who completely tolerate eHF, there was
no additional benefit from the use of AAF. However, a
clear need for AAF in infants with CMA and intolerance to
eHF was demonstrated. These infants are more likely to
have developed symptoms during exclusive breastfeeding
[9, 55] and to have severe atopic eczema [8], reflux
esophagitis [76] or a food-induced entero-colitis-proctitis
syndrome with failure to thrive [31, 37]. We emphasize
that severity of symptoms should be an important deter-
minant. Simple rectal bleeding has been shown to have a
benign outcome in infants, and many cases proved not to
relate to food allergy [100]. This suggests that more severe
symptomatology is necessary to warrant use of AAF, and
that cow’s milk challenge should be undertaken in infants
in whom rectal bleeding is the primary reason for con-
sidering AAF use.

The cost of different treatment options for CMA needs
to be balanced against the cost of hospitalization, inves-
tigation and increased morbidity in infants in whom
effective treatment is delayed. For infants intolerant to
eHF, the available evidence favours early use of AAF. The
evidence concerning primary use of AAF at presentation,
in infants with high risk for eHF intolerance (e.g. sympto-
matic while exclusively breastfed), is so far less clear. One
potential future stratagem for the sick high-risk infant
might be an initial period of several weeks’ stabilization
with AAF, before moving to eHF if the challenge was
successful. Further studies of the medical and economic
value of such an approach are required to demonstrate
any potential reductions in morbidity and the cost of
hospitalization and/or investigation.
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Arch Pédiatr 1999; 6:1279–85.

70 Vanto TT, Klemola TK, Juntunen-Backman KM et al. Hypersen-
sitivity to soy formula and extensively hydrolyzed formula in
infants with cow’s milk allergy. J Allergy Clin Immunol 2001;
107:S184 (Abstract 611).

71 Hill DJ, Heine RG, Cameron DJ et al. Role of food protein
intolerance in infants with persistent distress attributed to
reflux esophagitis. J Pediatr 2000; 136:641–7.

72 Miele E, Staiano A, Tozzi A, Auricchio R, Paparo F, Troncone R.
Clinical response to amino acid-based formula in neurologi-
cally impaired children with refractory esophagitis. J Pediatr
Gastroenterol Nutr 2002; 35:314–9.

73 Hill DJ, Catto-Smith ACS, Cameron DJS, Chow CW, Francis DM,
Hosking CS. Is multiple food protein intolerance (MFPI) the
cause of ‘reflux oesophagitis’ in distressed infants. J Allergy
Clin Immunol 1996; 103:336 (Abstract 615).

74 Heine RG, Cameron DJS, Francis DEM et al. Effect of amino
acid-based formula on Gastroesophageal reflux in infants with
persistent distress. J Allergy Clin Immunol 2003; 111:S102
(Abstract 29).

75 Markowitz JE, Spergel JM, Ruchelli E, Liacouras CA. Elemental
diet is effective treatment for eosinophillic esophagitis in
children and adolescents. Am J Gastroenterol 2003; 98:777–82.

76 De Agustin JC, Sanz N, Canals MJ et al. Successful medical
treatment of two patients with eosinophilic oesophagitis.
J Pediatr Surg 2002; 37:207–13.

77 Kelly K, Lazenby A, Yardley J, Perman J, Sampson H. Elemental
diet therapy in pediatric patients with chronic reflux symptoms:
improvement of esophageal histopathology. Gastroenterol
1994; 106 (Part 2):A104.

78 Kelly KJ, Lazenby AJ, Rowe PC, Yardley JH, Perman JA,
Sampson HA. Eosinophilic esophagitis attributed to gastroeso-
phageal reflux: improvement with an amino acid-based for-
mula. Gastroenterol 1995; 109:1503–12.

79 Arvola T, Moilanen E, Vuento R, Isolauri E. Weaning to
hypoallergenic formula improves gut barrier function in
breast-fed infants with Atopic Eczema. J Pediatr Gastroenterol
Nutr 2004; 38:92–6.

80 Veereman-Wauters GA, Van Elsacker E, Hoffman I, De Swert L.
Successful avoidance of total parenteral nutrition by adminis-
tration of an amino-acid based enteral formula (neocate) in
infancy. Gastroenterol 2000; 118 (Suppl. 2: Part 1 of 2):A777
(Abstract 4159).

81 Miele E, Staiano A, Troncone R, Tozzi A, Ciarla C, Paparo F.
Clinical response to amino acid based enteral formula in
neurologically impaired children with refractory esophagitis.
J Pediatr Gastroenterol Nutr 1999; 28:561 (Abstract 68).

82 Sutas Y, Isolauri E, Turjanmaa S, Oja S, Makinen-Kiljunen S.
Efficacy and safety of cow milk hydrolysate and amino-acid
derived formulae in cow milk allergy. J Pediatr Gastroenterol
Nutr 1995; 20:478 (Abstract 131).

83 Dupont C, Nigggemann B, Binder C, Hadji S, Arvola T, Isolauri
E. Early introduction of an amino acid-based vs protein hydro-
lysate formula in children with cow milk allergy; a randomised
multicentre trial. J Pediatr Gastroenterol Nutr 1999; 28:589
(Abstract 17).

84 Isolauri E, Sutas Y, Turjanmaa K. Optimal management of cow’s
milk allergy in infants. Pediatr Allergy Immunol 1995; 8:74
(Abstract P-045).

85 de Boissieu D, Dupont C. Allergy to extensively hydrolysed cow
milk proteins in infants: safety and duration of the amino-acid
formula. J Pediatr Gastroenterol Nutr 2002; 34:486 (Abstract 38).

86 Hernandez-Trujillo VP, Belleau JT, Nguyen WT, Jeng M, Conley
ME, Lew DB. Beneficial effect of an amino acid-based formula

�c 2007 SHS INTERNATIONAL LTD.
Journal compilation �c 2007 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 37 : 808–822

Amino acid-based formulas for cow’s milk allergy 821



for Neonatal Eosinophilic Folliculitis associated with hyper-IgE
syndrome and cow’s milk allergy. J Allergy Clin Immunol 2003;
111:S228 (Abstract 638).

87 Murray ND, Kaufman SS, Vanderhoof JA. Growth of infants
with cow milk allergy who were treated with Neocate. In:
20th Clinical Congress of the American Society for Parenteral
and Enteral Nutrition, Washington, 14–16 January 1996; 387:
Poster 5.

88 Vanderhoof JA, Kaufman SS, Murray ND, Young RJ, Mack MR,
Corkins MR. Evaluation of Neocate in infants with milk protein
induced colitis. J Pediatr Gastroenterol Nutr 1995; 21:331
(Abstract 30).

89 . Commission Directive 91/321/EEC. 14 May 1991. Infant
formulae and follow-on formulae.

90 Bishop JM, Hill DJ, Hosking CS. Natural history of cow milk
allergy: clinical outcome. J Pediatr 1990; 116:862–7.

91 Faria AM, Weiner HL. Oral tolerance. Immunol Rev 2005;
206:232–59.

92 Perez-Machado MA, Ashwood P, Thomson MA et al. Reduced
transforming growth factor-beta1-producing T cells in the
duodenal mucosa of children with food allergy. Eur J Immunol
2003; 33:2307–15.

93 Amadi B, Mwiya M, Chomba E et al. Improved nutritional
recovery on an elemental diet in Zambian children with

persistent diarrhoea and malnutrition. J Trop Pediatr 2005;
51:5–10.

94 Morriset M, Lee T, Codreanu F et al. Allergy to amino acid
formula in infants: residual soy allergens in soybean oil are
incriminated. J Allergy Clin Immunol 2006; 117:S40 (Abstract
157).

95 Agea E, Russano A, Bistoni O et al. Human CD1-restricted T cell
recognition of lipids from pollens. J Exp Med 2005; 202:295–308.

96 Agostoni C, Axelsson I, Goulet O et al. Soy protein infant
formulae and follow-on formulae: a commentary by the
ESPGHAN Committee on Nutrition. J Pediatr Gastroenterol
Nutr 2006; 42:352–61.

97 British Dietetic Association. Paediatric Group position state-
ment on the use of soya protein for infants. J Family Health
Care 2003; 13:93.

98 da Menezes JS, de Mucida DS, Cara DC et al. Stimulation by
food proteins plays a critical role in the maturation of the
immune system. Int Immunol 2003; 15:447–55.

99 Mucida D de S, Rodriguez D, Keller AC et al. Decreased nasal
tolerance to allergic asthma in mice fed an amino acid-based
protein-free diet. Am NY Acad Sci 2004; 1029:361–5.

100 Arvola T, Ruuska T, Keranen J, Hyoty H, Salminen S, Isolauri E.
Rectal bleeding in infancy: clinical, allergological, and micro-
biological examination. Pediatrics 2006; 117:e760–8.

�c 2007 SHS INTERNATIONAL LTD.
Journal compilation �c 2007 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 37 : 808–822

822 D. J. Hill et al


