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M Abstract

Food protein—induced enterocolitis syndrome (FPIES) is a type of non—IgE-mediated gastrointestinal food hypersensitivity characterized by
profuse vomiting that is frequently associated with pallor or/and lethargy and appears within 1 to 3 hours after ingestion of the offending
food. A less frequent chronic form of FPIES is characterized by protracted vomiting, diarrhea, or both accompanied by poor growth.
Although FPIES is considered a rare allergic disorder, increasing reports in recent years point to a real increase in incidence, or at least an
increased awareness of this condition by pediatricians.

The foods most frequently implicated are cow’s milk, soy formula, grains, and fish, depending on the geographic area. Diagnosis is based
on clinical manifestations and requires a high index of suspicion, since we still lack a diagnostic laboratory tool. Early recognition of FPIES
and removal of the offending food are mandatory. International consensus guidelines on diagnosis and management have been published.
Prognosis is usually good, with most children tolerating foods before 6 years of age.
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M Resumen

La enterocolitis inducida por proteinas de alimentos es un tipo de enfermedad alérgica gastrointestinal no mediada por IgE. Se caracteriza
por vomitos profusos, frecuentemente asociados a palidez y/o letargia que aparece 1-3 horas después de la ingesta del alimento al que
el paciente se encuentra sensibilizado. Existe otra forma menos frecuente y mas larvada o cronica, caracterizada por vomitos persistentes
y/o diarrea, asociados a fallo de medro.

Aunque se considera una patologia alérgica infrecuente, en los Gltimos afios se ha incrementado el nimero de publicaciones sobre este
tema, indicando si no un incremento real en su incidencia, al menos un incremento en el conocimiento que los pediatras y alergélogos
tienen sobre esta enfermedad.

Los alimentos implicados con mayor frecuencia son leche de vaca, soja, cereales y pescado, dependiendo de las distintas zonas geogréficas.
El diagnostico se fundamenta en la clinica y por tanto requiere un alto indice de sospecha, dado que no existe ninguna prueba de laboratorio
que sea definitiva. Una vez establecido el diagnéstico, es fundamental retirar el alimento de la dieta. Recientemente ha sido publicado
un consenso internacional de expertos, en el que se revisa en profundidad el diagndstico y tratamiento de la enterocolitis. El pronéstico
suele ser bueno, ya que la mayoria de los nifios llegan a tolerar el alimento antes de los 6 afios.

Palabras clave: FPIES. Enterocolitis inducida por alimentos. Alergia alimentaria. Ondansetron. Prueba de exposicién controlada oral. Leche
de vaca. Pescado.
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Introduction

Food protein—induced enterocolitis syndrome (FPIES)
is a type of non-IgE-mediated gastrointestinal food
hypersensitivity characterized in its acute form by profuse
vomiting that is frequently associated with pallor or/and
lethargy and appears within 1 to 3 hours after ingestion of
the offending food. Chronic FPIES presents with protracted
vomiting, diarrhea, or both accompanied by poor growth.

FPIES is a relatively new condition. It was first reported
in 1967 by Gryboski [1], who described a series of infants
presenting during the first 6 weeks of life with recurrent
vomiting, bloody diarrhea, abdominal distension, and,
occasionally, dehydration while being fed with cow’s milk
(CM)-based formula. Patients improved with hydrolyzed
casein-based formula and experienced recurrence of severe
emesis | to 3 hours after reintroduction of CM-based formula.
In 1978, Powell [2] described 9 newborns presenting with
projectile vomiting and severe diarrhea after ingestion of CM
and soy-based formulas. Patients recovered on a CM- and soy-
free diet, and symptoms recurred from 1 to 10 hours during
food challenge, thus confirming the diagnosis. Based on his
experience, Powell proposed clinical diagnostic criteria for
FPIES and a standard challenge protocol [2] that has been
modified over time by other authors.

Epidemiology

Although FPIES is considered a rare allergic disorder, the
increasing number of reports in the last few years point to a
real increase in incidence, or at least an increased awareness
of this condition by pediatricians.

Large population studies to assess the overall prevalence
of FPIES are lacking. Katz et al [3] were the first to perform
a population-based case study with more than 13 000
prospectively enrolled Israeli infants. The authors reported a
cumulative incidence of CM FPIES of 0.34% compared with
0.5% of IgE-mediated CM allergy during the first year of life.

In the UK, Ludman et al [4] reported an incidence of 0.36%
after performing a retrospective audit of patients presenting
at a tertiary London pediatric allergy service. In Italy, Sopo
et al [5] estimated a prevalence of FPIES of around 1% based
on cases presenting at a pediatric allergy outpatients clinic. A
recent Australia-wide survey undertaken through the Australian

Paediatric Surveillance Unit revealed an incidence of FPIES
in children less than 2 years of age of 15.4 cases per 100 000
inhabitants per year [6].

Although FPIES is considered a pediatric disease,
which typically presents during infancy and to some extent
during childhood, reports of adult FPIES indicate that it may
develop at any age [7]. Most case series report a slight male
predominance.

As for atopic background, frequency varies depending
on geographical area. In Europe, specifically in Spain and
Italy, up to 20%-42.7% of patients report a family history of
atopy [5,8-10] while in the United States and Australia, this
percentage is higher. In the United States, Caubet et al [11]
and Nowak-Wegrzyn et al [12], respectively, reported that
77% and 71% of children had a family history of atopy. In
Australia, Mehr et al [6] reported that 57% of children had a
family history of atopy.

Eczema has been reported in 9%-65% of FPIES patients,
asthma in 6%-28%, and IgE-mediated food allergy in 11%-
34% [5,8-10,12-14].

Clinical Presentation

The first manifestations of FPIES usually develop after
the first or second time the offending food is introduced into
the infant’s diet [3,5,6], although it is only after a mean of 2
episodes (range, 1-6) that the actual diagnosis is finally made
[9,10,12,15,16].

FPIES may present in an acute or chronic form. Acute
FPIES is the commonest type and usually presents in older
infants, children, and adults after intermittent ingestion of
the offending food. It is characterized by profuse, projectile,
and repetitive emesis frequently accompanied by pallor and
lethargy, beginning 1 to 4 hours after ingestion, although it
may develop as soon as half an hour or as late as 6 hours after
ingestion. Diarrhea may follow within 2 to 10 hours, especially
in severe reactions [17,18]. Stools may contain blood and
mucous. The most common symptoms of acute FPIES are
summarized in Table 1.

Chronic FPIES occurs when the culprit food is introduced
early in life, usually during the first 4 months, and intake is
daily. In this form of presentation, CM- and soy-based formulas
are the most frequently implicated foods. Patients develop
intermittent emesis, bloody diarrhea, lethargy, dehydration,

Table 1. Clinical Manifestations of Food Protein—Induced Enterocolitis Syndrome?

Katzl Sopo Sicherer  Ruiz-Garcia Ludman  Caubet  Nowak-Wegrzyn  Vila Zapatero
[3] [3] [64] (22] [4] [11] [11] [10] (9]
(N=44) (N=66)  (N=22) (N=16) (N=54) (N=74) (N=14) (N=21) (N=14)
Vomiting 100 (44) 98 (65)  95(21) 100 (16) 81 (44) 96 (70) 100 (14) 100 21)  85(12)
Lethargy 77 (34) - 36 (8) 25(4) 17 (9) 7(5) 71 (10) 66 (14) 21(3)
Pallor 14 (6) 80 (53) - 19 (3) 15 (8) - - 52 (11) -
Hypotension - 77 (51) 9(2) - - 19 (14) 21 (3) - -
Diarrhea 25 (11) 54(36)  72(16) 56 (9) 37 (20) 7(5) 33(7) 35(5)
2Values are shown as percentage (number of patients).
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abdominal distension, hypoalbuminemia, and failure to
thrive. Avoidance of the offending food leads to resolution of
symptoms in days, and reintroduction of the food induces an
acute FPIES reaction.

FPIES in exclusively breastfed infants is rare, and few
cases of CM- or soy-induced FPIES in exclusively breastfed
infants have been described [6,19-21]. Breast milk may have
a protective effect based on the presence of IgA, the fact that
the food is highly processed, and the fact that the amount of
the food present in breast milk may be insufficient to elicit
symptoms.

Foods Causing FPIES

CM is the most frequent cause of FPIES throughout the
world. Soy formula is another common trigger of FPIES in
the USA [11,14], but not in other areas of the world, such as
Europe [5,8,9,22], Australia [6,15], and Israel [3].

As for solid foods, cereals are the principal cause of
FPIES in the USA (oats and rice) [11,12,14] and Australia
(rice) [6,13,24], while in Europe, especially Spain and Italy,
fish is the most widely reported solid food causing FPIES
[4,5,8,10,15,22]. The wide variety of foods reported includes
egg, poultry meat, vegetables (sweet potato, squash, pumpkin,
corn, carrots), legumes (green pea, peanut, lentil, kidney bean),
fruits (banana, orange, pineapple, apple, tomato, strawberry)
[23], mushrooms [25], and even the probiotic Saccharomyces
boulardii [2]. Seafood and egg seem to be the main triggers of
FPIES in adults [7,27,28].

The most common food triggers in cohort studies are
summarized in Table 2.

Patients with CM and soy FPIES present earlier than those
with solid food FPIES, since formulas are introduced before
solids in infants’ diet.

Threshold doses of foods causing FPIES are usually in
the gram range, in contrast with IgE-mediated food allergy.
However, some children react to casein in hydrolyzed formula
and to CM that passes through breast milk, as previously
mentioned.

Multiple Foods Causing FPIES

In the USA, Ruffner et al [14] and Caubet et al [11],
respectively, reported that 43.5% and 35% of patients with
CM FPIES also reacted to soy. These observations differ from
those made in Israel, Spain, Italy, and Australia, where most
patients with CM FPIES tolerate soy [3,5,6,8,15]

There are also geographical differences in the number of
foods involved. In the USA, Nowak-Wegrzyn [12] reported
that 80% of infants reacted to more than 1 food, with 65%
previously diagnosed with CM and/or soy FPIES. In Australia
and Europe, only 7%-33% of infants with solid food FPIES
reacted to more than 1 type of food [6,23]. In Spain, we found
only 2 patients out of 21 reacting to 2 different foods: Vazquez
et al [8] reported only 1 child out of 81 with FPIES reacting
to more than 1 food, and Infante et al [15] reported 9 out of
80 children with fish-induced FPIES reacting to other types
of food.

Mehr et al [6] recently reported that infants with FPIES
to grains were likely to have co-associated FPIES to fruits,
vegetables, or both.

The percentage of patients with FPIES reacting to 2 or
more foods is summarized in Table 3.

Differences in FPIES triggers between countries may be
explained at least in part by feeding practices. Soy formula is
much more commonly used in the USA than in Europe and
Australia, and Australian and European feeding guidelines
do not recommend the use of soy formula in children under
6 months of age, whereas American guidelines make no
restrictions [29].

On the other hand, although rice is one of the first solid
foods introduced in the infant diet, FPIES caused by rice is
reported mainly in Australia and the USA, but not in Europe,
where fish is the main solid food causing FPIES. Thus, other
environmental or genetic factors could be involved in this
geographical variability regarding FPIES triggers.

Katz et al [3] and Sopo et al [5] support the theory
of different phenotypes of FPIES, which would explain
differences in food triggers, prevalence of allergic family
histories, and range of severity of reactions.

Table 2. Most Common Food Triggers of Food Protein—Induced Enterocolitis Syndrome in Cohort Studies

Caubet Ruffner  Sicherer Ludman Ruiz-Garcia Sopo Vazquez-Ortiz Vila Mehr
[11] [14] [64] [4] [22] [3] (8] [10] [15]

(N=160) (N=462) (N=22) (N=54) (N=16)  (N=66) (N=81) (N=21)  (N=35)
Cow's milk 44 (70)  67(309)  59(13) 46 (25) 44 (7) 67 (44) 259 (21) - 20 (7)
Soy 41(66)  41(189) 63 (14) 11 (6) 6(1) 43) - - 34 (12)
Rice 23 (36) 19 (88) 2 (4) 6(1) 4(3) 7.4 (6) 9.5(2) 40 (14)
Oat 16 (26) 16 (74) - 6(3) - - - 4.7(1) 6(2)
Fish - - - 15 (8) 31(5) 12 (8) 54.3 (44) 85.7(18) 3(1)
Poultry - 4521)  45(1) - 6 (1) 3(2) - - 3(1)
Wheat 1(2) 10 (46) - 11 (6) 6(1) - - 4.7(1) -
Egg - 11 (51) - 13(7) - 6(4) 9.8 (8) - -

3Values are shown as percentage (number of patients).
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Table 3. Percentage of Patients With Food Protein—Induced Enterocolitis
Syndrome Reacting to 2 or More Foods

USA Caubet [10] 35%
USA Nowak-Wegrzyn [11] 80%
USA Ruffner [13] 43%
Australia Mehr [14] 17%
Spain Vila [9] 9%

Spain Ruiz-Garcia [21] 7%

Spain Vazquez-Ortiz 8] 1.2%
Italy Sopo [5] 15%
United Kingdom Ludman [4] 30%
Pathophysiology

Based on the reports by Freier et al [30] and Kuitunen
et al [31], FPIES is presumed to be caused by the protein
component of foods. Freier et al observed that S out of 6 infants
presenting with vomiting related to CM formula reproduced
these symptoms after being challenged with isolated
B-lactoglobulin (BLG). One infant reacted only to bovine
serum albumin. The authors also reported 1 infant with a severe
reaction after being challenged with BLG that had been boiled
for 70 minutes and suggested that conformational epitopes do
not play arole in FPIES. However, some patients with CM and
egg FPIES tolerate these foods in baked form [32]. Kuitunen
et al studied 54 children with diarrhea and failure to thrive
related to CM formula. Eight infants were challenged with
CM proteins, and casein and BLG were the main triggers of
clinical manifestations.

The immune mechanisms responsible for FPIES remain
unclear. FPIES is considered a T-cell-mediated disorder, where
ingestion of food allergens causes local inflammation leading
to increased intestinal permeability and fluid shift.

Mucosal biopsies from children with enteropathy/FPIES
show a number of inflammatory features after food challenge,
such as increased counts of intraepithelial lymphocytes, CD4*
T cells, and plasma cells producing IgM and IgA [33], as well
as clusters of eosinophils [34,35]. Eosinophils and Charcot-
Leyden crystals in stool samples have also been reported [36].

Moreover, a reduction in the expression of TGF-f receptor
1 in the intestinal epithelium of children with challenge-proven
CM-FPIES has been described compared with controls [34].
TGF-f is a cytokine that induces T-cell suppression, promotes
B-cell switching to IgA production, and preserves epithelial
barrier function.

TNF-a is a proinflammatory molecule that induces
intestinal permeability. In vitro studies have shown that
peripheral blood mononuclear cells from children with FPIES
produce more TNF-a than those from controls [37] or patients
who had outgrown FPIES.

Gonzalez-Delgado et al [37] also demonstrated a higher
increase in expression of the HLA-DR molecule in dendritic
cells (DC) from patients with fish-induced FPIES in the
presence of 2 different fish extracts than in controls.

J Investig Allergol Clin Immunol 2018; Vol. 28(1): 13-23
doi: 10.18176/jiaci.0192

Goswami et al [38] recently reported activation of
cells of the innate immune system after food challenge
(eg, monocytes, neutrophils, eosinophils, and natural killer
cells). This activation was not observed in children who had
outgrown FPIES. Furthermore, a global loss of lymphocytes
from the peripheral circulation was observed after positive
food challenge, as was activation of CD4*, CD8+, and
vd lymphocytes, probably in response to cytokines and other
mediators released during the acute reaction.

Data for the humoral immune profile are contradictory.
In a comparison with controls, Konstantinou et al [39] found
significantly lower levels of casein-specific IgA, casein-
specific IgG, and casein-specific IgG4 in infants with CM
FPIES after CM challenge. Caubet et al [40] also reported
lower levels of CM- and casein-specific IgG and casein-
specific IgG4 in patients with active CM FPIES than in those
who tolerated CM. Shek et al [41] also observed significantly
lower levels of CM-specific IgG4 in patients with CM FPIES
than in controls. In contrast, McDonald et al [42] reported
an increase in specific IgA and IgG in infants who reacted to
CM, egg, and soy on food challenge compared with those who
tolerated these foods.

Interestingly, 1L-10 levels have been found to be
significantly higher in patients with resolved CM-FPIES,
suggesting that expression of IL-10 could be associated
with the development of tolerance in these patients [40].
Nevertheless, Kimura et al [43] found increased serum IL-10
in 2 positive open food challenges (OFCs).

An increase in serum IL-8 in patients with positive OFC
results compared with patients with a negative OFC result has
been also reported [40,43]. IL-8 is a potent chemoattractant
of neutrophils from peripheral blood into tissues and is
also secreted by neutrophils, thus supporting the role of
neutrophils in the pathogenesis of FPIES. In addition, higher
casein-specific production of IL-9 was found in children with
CM FPIES compared with children with IgE-mediated CM
allergy. IL-9 may participate in the pathogenesis of FPIES
by increasing intestinal mast cell numbers and influencing
intestinal permeability [40].

Increased serum levels of IL-2 and IL-5 were recently
reported after positive OFC results. IL-2 is a representative
Tyl cytokine, while IL-5 is a T2 cytokine that enhances the
proliferation of eosinophils and promotes the development
of eosinophilic inflammation in allergic disorders [43].
Furthermore, IL-2 and IL-8 induce fever and increase
C-reactive protein concentrations. Elevation of both cytokines
might explain why some patients have fever after a positive
OFC [43].

Further studies are needed to elucidate the role of these
cytokines in the pathogenesis of FPIES.

Pathologic findings in patients with FPIES are summarized
in Table 4.

Diagnosis

Affected infants experience 2 to 3 reactions (range, 1-10)
before FPIES is considered. A mean delay of 12 months until
the diagnosis of FPIES has been reported [4]. Diagnosis of
FPIES, especially to solid foods, can be challenging and is

© 2018 Esmon Publicidad
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Table 4. Pathologic Findings in Patients With Food Protein—Induced Enterocolitis Syndrome

Cellular findings
crystals in stool samples [34]

Peripheral blood eosinophilia, clusters of eosinophils in intestinal biopsies, eosinophils and Charcot-Leyden

Increased numbers of intraepithelial lymphocytes, increased number of CD4+, plasma cells producing IgM

and IgA [36]

Increased expression of HLA-DR in dendritic cells [35]

Increased plasma cells producing IgM and IgA and eosinophils during milk exposure in the gastrointestinal tract [32,33]

Activation of cells of the innate immune system (monocytes, eosinophils, natural killer cells, neutrophils) [38]

Pan—T-cell activation and redistribution from the circulation after positive food challenge [38]

Humoral responses

Lower levels of casein-IgG4 and casein-IgG in patients with active cow’s milk food protein-induced

enterocolitis syndrome than those who tolerate cow’s milk [36,37]

Contradictory results regarding food specific-IgA: increased [42] /decreased [39]

Cytokines Decreased secretion of 1L-10 [40]

Increased secretion of IL-8 [43) and IL-9 [40]

Increased TNF-a [36,37, 43]

Decreased expression of TGF-f receptors and decreased production of TGF-f [37,41]

Increased IP-10 [40]
Increased IL-2 and IL-5 [43]

Abbreviation: HLA-DR, human leukocyte antigen—antigen D-related.

often delayed, probably owing to a low index of suspicion,
absence of diagnostic tests, and the fact that many culprit foods
(eg, vegetables, rice, and poultry meat) are traditionally not
considered allergenic.

The clinical diagnostic criteria for FPIES over time are
summarized in Table 5.

Powell [2] initially proposed diagnostic criteria for the
chronic form of FPIES, which were subsequently modified
to incorporate features of the acute form [44]. In 2013, Sopo
et al [45] updated the criteria, mainly for the acute form, and
suggested that the diagnosis could be established after 2 typical
episodes of FPIES. The first international consensus guidelines
on diagnosis and management of FPIES were recently
published [46]. At present, the diagnosis of FPIES is based on
a clinical history of typical characteristic signs and symptoms
with improvement after withdrawal of the suspected trigger
food. OFC can help to confirm the diagnosis if the history is
unclear and there is a favorable risk-benefit ratio [46].

A variety of protocols for FPIES-related OFC have been
published. Infante et al [ 15] perform OFC on 2 nonconsecutive
days: on the first day, they give the child a single dose slightly
less than 50% of the serving size for age. If tolerated and the
child remains free of symptoms for 48 hours, a full serving is
offered. All patients are observed for 4 hours after each OFC.
Sopo et al [5] described 3 different protocols in Italy. Only 1
medical team placed an intravenous access before OFC. In
this case, 0.4 g/kg of protein divided into 3 equal doses was
administered over 3 hours, and if no adverse reaction occured,
a whole meal with the offending food was given and the patient
remained under observation for 2 hours. The second protocol
consisted of the administration of 50% of a serving for age
followed by a 2-hour observation period. If tolerance was

© 2018 Esmon Publicidad

confirmed, a second dose of 100% of the serving was given,
followed by a 4-hour observation period. The third protocol
started with 25% of the serving size followed by a 4-hour
clinical observation period; a dose equal to 50% of the serving
was given, followed by another 4-hour observation period.
Finally, the whole meal was given the day after, followed by
a 4-hour clinical observation period.

Vazquez-Ortiz et at [8] administer 0.3 g of protein/kg, 3
¢ as the maximum dose, divided into 3 equal doses given at
90-minute intervals, except for CM, in which 7 consecutive
doses are given at 90-minute intervals. An intravenous line is
placed before the OFC starts.

We usually administer the full serving per age and size
divided into 5 doses given every 20 minutes. Patients are under
observation for at least 4 hours. We do not usually place an
intravenous line, except in cases of severe previous reactions.

Current consensus is to administer 0.06 g to 0.6 g of
protein/kg (0.15 to 0.3 g protein/kg if the patient has a history
of severe reaction) in 3 equal doses over 30 minutes in order
not to exceed a total dose of 3 g of protein or 10 g of total
food (100 mL of liquid). Patients are observed for 4 to 6
hours [46]. Readily available intravenous hydration is advised
during this procedure [46], although in our experience and
that of others [3,5], most reactions can be managed by oral
rehydration.

Although the results of serum specific-IgE and skin prick
tests with the suspected food are negative in most cases, some
patients present food-specific IgE. This condition is known as
atypical FPIES and has been reported more frequently in the
USA and UK. Thus, in the USA, Caubet et al [11] reported
atypical FPIES in 37% of patients with atypical FPIES, and
in the UK, Ludman et al [4] reported the condition in 33%.

J Investig Allergol Clin Immunol 2018; Vol. 28(1): 13-23
doi: 10.18176/jiaci.0192
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Table 5. Clinical Diagnostic Criteria for Food Protein—Induced Enterocolitis Syndrome Over Time and Actual Proposed Criteria

Powell, 1978 [2]

1. Onset before 2 months of age.

2. Manifestations: watery stools with mucus, blood, and leukocytes.
Peripheral polymorphonuclear leukocytosis.
3. Clinical manifestations resolve when the offending food is eliminated.
4. Reintroduction of offending food (OFC) leads to:
a. Diarrhea within 24 hours of challenge
b. Stools contain blood and leukocytes
c. Leukocytosis over 4000 cells/mm3, 6 to 8 hours postchallenge.

Powell, 1986 [44]

1. Removing of the offending food leads to disappearance of vomiting and diarrhea and of leukocytes and blood in stools.
2. No other causes for colitis.

3. Symptoms do not recur and weight gain is normal for 1 month on a low-antigen formula as the only dietary source.

4. Challenge with the offending food reproduces symptoms of vomiting within 1-3 hours and/or diarrhea within 4-10 hours.

Leonard and Nowak-Wegrzyn, 2012 [23]

. Less than 9 months of age at initial diagnosis.
. Repeated exposure to the offending food elicits gastrointestinal symptoms with no alternative cause.

1

2

3. Absence of symptoms suggesting an IgE-mediated reaction.
4. Removal of causative food results in resolution of symptoms.
5

. Re-exposure to the offending food elicits typical symptoms within 4 hours.

Sopo et al, 2013 [45]

1. Age of presentation less than 2 years.

2. Exposure to the offending food elicits repetitive vomiting, pallor, and lethargy within 2-4 hours. Diarrhea may be present but later.
Symptoms usually resolve within 6 hours.

3. Absence of symptoms suggesting an [gE-mediated reaction.

>

Avoidance of the offending food results in resolution of symptoms.

5. Re-exposure to the offending food elicits typical symptoms within 2-4 hours. Two typical episodes are needed to establish the
definitive diagnosis without the need to perform an OFC.

Consensus guidelines for the diagnosis and management of food protein—induced enterocolitis syndrome (Nowak-Wegrzyn et al, 2017 [46]

Acute FPIES
Major criterion

Vomiting in the 1-4 hour period after ingestion of the offending food and absence of classic IgE-mediated allergic skin or respiratory symptoms.
Minor Criteria

. A second (or more) episode of repetitive vomiting after eating the same suspected food
. Episode of repetitive vomiting 1-4 hours after eating a different food

. Extreme lethargy with any suspected reaction

. Marked pallor with any suspected reaction

. Need for emergency room visit with any suspected reaction

Need for intravenous fluid support with any suspected reaction

. Diarrhea within 24 hours (usually 5-10 hours)

. Hypotension

. Hypothermia

The diagnosis of FPIES requires the major criterion and at least 3 minor criteria.

Chronic FPIES

Severe presentation: when the offending food is ingested in on a regular basis (eg, infant formula): intermittent and progressive
vomiting and diarrhea (occasionally with blood) can develop, sometimes with dehydration and metabolic acidosis.

© 0NN AW~

Milder presentation: lower doses of the culprit food (eg, solid foods or food allergens in breast milk) lead to intermittent vomiting, and/
or diarrhea, usually with poor weight gain/failure to thrive, but without dehydration of metabolic acidosis.

The most important criterion for chronic FPIES diagnosis is resolution of the symptoms within days after elimination of the offending food(s)
and acute recurrence of symptoms when the food is reintroduced, onset of vomiting in 1-4 hours, diarrhea in 24 hours (usually 5-10 hours).

J Investig Allergol Clin Immunol 2018; Vol. 28(1): 13-23 © 2018 Esmon Publicidad
doi: 10.18176/jiaci.0192
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Atypical FPIES is unusual in Italy and Spain: Sopo et al [5]
found atypical FPIES in 3% of Italian children, whereas in
Spain, Ruiz et al [22] found 1 patient out of 16 to have food-
specific IgE. Zapatero et al [9] reported 1 out of 14 cases,
Infante et al [15] reported 3 out of 80 patients, and Vazquez-
Ortiz et al [8] reported no atypical FPIES in a large series of 81
patients. Consistent with these observations, we found negative
SPT results and serum specific IgE in 21 children with FPIES
caused by solid foods [10].

Patients with atypical FPIES have a more protracted course
and an increased risk of immediate allergic reactions after
ingestion of the offending food [3,5,11]. Therefore, testing
specific IgE for the trigger food would be interesting during
follow-up, before performing OFC, in patients with comorbid
conditions such as IgE-mediated allergy to other foods and
atopic dermatitis believed to be influenced by a food allergen;
however, this is not recommended in the initial evaluation of
a FPIES trigger. In patients with CM-induced FPIES, CM IgE
levels should be measured before performing OFC, given the
risk of conversion to IgE-mediated CM allergy [46]. In cases
of positive food-specific IgE, more gradual administration of
increasing doses of food during OFC is recommended, with a
longer observation period [47].

Given that FPIES is presumably T-cell-mediated, atopy
patch testing (APT) was initially thought to be useful for the
diagnosis of FPIES. In a series of 19 patients, Fogg et al [48]
reported APT to have high sensitivity (100%) and specificity
(71%). A subsequent study by the same group showed APT to
have a 45% false-negative rate, and the authors concluded that
APT was not useful for the diagnosis of FPIES [14]. Jarvinen
and Nowak-Wegrzyn [49] performed APT on children with
FPIES before OFC to monitor development of tolerance. APT
yielded low sensitivity (11.8%), a positive predictive value
of 40%, and a negative predictive value of 54.5%. Therefore,
more studies are needed to determine the usefulness of APT
for the diagnosis of FPIES.

Other determinations such as stool testing, endoscopy,
and biopsy are not routinely recommended in patients with
suspected FPIES, since the diagnosis is based on clinical
criteria [46].

If the diagnosis of FPIES is not established during the
acute FPIES reaction, the ill appearance of the patient may
warrant laboratory studies to narrow the differential diagnosis,

Table 6. Differential Diagnosis of FPIES

Acute FPIES Chronic FPIES

Gastrointestinal viral infection Celiac disease

Sepsis Proctocolitis

Anaphylaxis Food protein—induced
enteropathy

Inborn errors of metabolism Eosinophilic
gastroenteropathies

Inborn errors
of metabolism

Intussusception

Necrotizing enterocolitis

Abbreviation: FPIES, food protein—induced enterocolitis syndrome

© 2018 Esmon Publicidad

which includes sepsis, gastroenteritis, bowel obstruction, celiac
disease, inborn errors of metabolism, necrotizing enterocolitis,
and even anaphylaxis. Leukocytosis with neutrophilia is a
common finding in acute FPIES reactions [12,50]. Other
findings include thrombocytosis [15], eosinophilia [51],
metabolic acidosis, and methemoglobinemia [52]. A time-
dependent significant increase in C-reactive protein during
acute episodes of FPIES was recently reported [50]. Stool
samples may reveal leukocytes, frank or occult blood, and
eosinophils. All these changes return to normal ranges once
the reaction has resolved.

Chronic FPIES has to be distinguished from eosinophilic
gastroenteritis, celiac disease, allergic proctocolitis, and food
protein-induced enteropathy.

The differential diagnosis of FPIES is summarized in
Table 6.

Management

Acute management of FPIES is based on rehydration. Oral
rehydration at home or at a medical facility, when possible,
is preferred. However, intravenous hydration is mandatory in
severe cases with protracted emesis, lethargy, hypotension, or
acidosis. In some cases, supplemental oxygen, vasopressors,
and even methylene blue may be necessary.

Given that FPIES is a cell-mediated condition, intravenous
methylprednisolone (1 mg/kg) is traditionally administered
during the acute, severe reaction although no studies support
this recommendation [53].

Two recent small case series by Holbrook et al [54] and
Sopo et al [55] suggest a role for parenteral ondansetron in
controlling acute symptoms.

Ondansetron is a serotonin 5-HT3 receptor antagonist
that prevents postsurgical and chemotherapy-induced nausea
and vomiting. It is also used to control vomiting during acute
gastroenteritis [56]. Serotonin is mostly produced in the
gastrointestinal tract and. It induces vomiting through vagal
peripheric and central reflexes and stimulates peristalsis, gastric
emptying, and secretion of liquid and electrolytes to the intestine.

The only relevant adverse effect of ondansetron is the risk
of prolonged QT interval, which can lead to torsade de pointes,
a potentially fatal arrhythmia. As this is a dose-dependent
adverse effect, it has been recommended that a single
>32-mg intravenous dose should be avoided. Patients with
bradyarrhythmias and patients taking concomitant medications
that prolong the QT interval are at greater risk [57].

Sopo et al [58] conducted a study comparing parenteral
ondansetron with traditional therapy (intravenous fluids and
methylprednisolone [1 mg/kg]) and found that only 19%
of children treated with ondansetron continued vomiting
compared with 93% of children treated with traditional therapy.
Moreover, nonresponders treated with ondansetron had fewer
episodes of vomiting than those receiving traditional therapy,
although the difference was not significant. In addition, the
percentage of children admitted to hospital overnight was
significantly lower in the ondansetron group. Therefore,
the authors conclude that parenteral ondansetron is more
effective than intravenous corticosteroids for resolution of
the acute symptoms of FPIES. No significant differences were

J Investig Allergol Clin Immunol 2018; Vol. 28(1): 13-23
doi: 10.18176/jiaci.0192



20 Vila Sexto L

Table 7. Proposed Doses of Ondansetron as Treatment of Acute Food Protein-Induced Enterocolitis Syndrome

Intravenous

Intramuscular

IV/IM Oral (Lingual)

Holbrook et al [54]
Sopo et al [55]
Sopo et al [58]

Vila et al
(personal communication)

0.08-0.1-0.15-0.2 mg/kg

0.2 mg/kg

0.15-0.2 mg/kg

Body weight Dose
8-15 kg 2 mg
16-30 kg 4 mg
>30 kg 8 mg

found between the intramuscular and intravenous routes of
administration of ondansetron.

Leonard [23] reported on the effectiveness of home-
administered liquid ondansetron in patients with FPIES [23].
Our personal experience with this route of administration was
positive in 7 patients who developed vomiting on OFC at our
clinic. Only 1 patient continued to vomit after the first dose
of ondansetron and had to be admitted to the emergency room
for oral rehydration. The proposed dosage is extrapolated from
that recommended for acute gastroenteritis (Table 7).

Long-term Management and Prognosis

Strict avoidance of the trigger food is the cornerstone of
long-term management. After elimination of the offending
food, acute FPIES usually resolves within 4-12 hours, whereas
chronic FPIES resolves within 3 to 10 days [59].

Breastfeeding should be encouraged in infants with CM/soy
FPIES, and an extensive hydrolyzed casein-based formula is
usually recommended, although up to 11%-40% of infants may
not tolerate it and require an amino acid-based formula[11,12].
Since there are only small case series reporting tolerance to

baked egg and milk [32], it is recommended to introduce them
in the clinical setting under physician supervision.

As for solid foods, some patients tolerate other foods
belonging to the same family as the offending one. Our
group [10] and Sopo et al [5], respectively, reported that
60% and 21% of children with fish FPIES tolerated fish other
than the one causing the reaction. Based on our experience,
and especially in the case of fish-induced FPIES, OFC at
diagnosis with other foods from the same family as the
offending food would help to avoid unnecessary dietary
restrictions.

Prognosis is good, with most children tolerating the
offending food over time. However, there are some differences,
depending on the type of food. Children with fish-induced
FPIES outgrow it later than those with CM-, soy-, or rice-
induced FPIES [3,5,8-11,13,14-16,24,35,55], although, as
reported by Caubet et al [11], soy FPIES may be outgrown
by as late as 6 years of age (Table 8).

OFC is recommended every 1.5-2 years to confirm
tolerance to the offending food, although deferring egg and fish
challenges until age 5 years has been suggested [24].

Kimura et al [60] recently studied 32 patients with FPIES
caused by CM and found a significant positive correlation

Table 8. Age of Food Protein-Induced Enterocolitis Syndrome Resolution by Cohort

Cow’s Milk Soy Rice/Grains Fish Egg
Gonzalez-Delgado et al [35] >6y
Sopo et al [5] 2y 9y
Vila et al [9] >S5y
Ruffner et al [13] 35y
Vazquez-Ortiz et al [8] 24y Sy >S5y
Nowak-Wegrzyn et al [11] 2y >3y 2y
Caubet et al [10] Sy 6.7y 4.7y
Katz et al [3] 3y
Mehr et al [14] 3y
Lee et al [24] 4y 4y >S5y >S5y
Huang et al [16] ly 7.8 mo
Karefylaki et al [55] >4y
Infante et al [15] Sy
J Investig Allergol Clin Immunol 2018; Vol. 28(1): 13-23 © 2018 Esmon Publicidad
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between the time of acquisition of tolerance and the level of
serum C-reactive protein at onset and a significant negative
correlation with the percentage of eosinophils in peripheral
blood at onset, thus suggesting that C-reactive protein could
be a useful parameter of poor prognosis and that eosinophilia
could be used as a marker of good prognosis.

Older age at the time of the initial FPIES episode and
diagnosis and presence of specific IgE to the triggering
food have been associated with slower achievement of
tolerance [11,24].

The issue of whether common FPIES foods should be
prophylactically avoided in infants with a previous history
of FPIES is controversial. Owing to the high rates of
cosensitization to CM and soy in the USA, Ruffner et al [14]
and Caubet et al [ 11] recommend avoidance of soy formulas in
infants with CM-induced FPIES. Cohort studies from Australia,
Italy, and Israel report much lower rates of simultaneous CM
and soy FPIES, suggesting that soy could be an alternative for
infants with CM FPIES [62].

Children with CM- or soy-induced FPIES may also be
more likely to react to solid foods, mainly rice and oat, and
although grains, legumes, and poultry should be avoided in
the first year of life [62], current early feeding guidelines do
not recommend delaying the introduction of complementary
foods after 6 months of life because of a history of previous
FPIES [46]. A sequence for introducing solid foods after
6 months of age starting with fruits and vegetables followed
by red meats and then cereal grains (considering poultry,
banana, green pea, rice, and oat as high risk foods) has been
proposed [46,59]. Sopo et al [46] propose supervised OFCs
to various solids as a way of excluding the risk of severe
reactions to small amounts, followed by gradual build-up to
regular age-appropriate servings at home.

Mothers are not recommended to avoid trigger foods
when nursing unless a reaction is documented after
breastfeeding [63].

In summary, FPIES is a non-IgE-mediated type of
gastrointestinal food hypersensitivity that predominantly
affects infants and young children. The foods most frequently
implicated are CM, soy formula, grains, and fish, depending
on the geographic area. Diagnosis is based on clinical
manifestations and requires a high index of suspicion, since
we still lack an effective diagnostic laboratory tool. Early
recognition of FPIES and removal of the offending food are
mandatory to prevent new acute episodes and/or chronic
manifestations such as failure to thrive.

Prognosis is usually good, with most children tolerating
foods before 6 years of age. More protracted courses are seen
in infants with fish-induced FPIES and in those patients who
develop food-specific IgE.

Further studies on pathophysiology, diagnostic tools, and
the natural course of FPIES are warranted.
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