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Epidemiology of non-lgE-mediated food allergies:

what can we learn from that?
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Purpose of review

To underline the main characteristics of the non-Immunoglobulin E (IgE)-mediated food allergies (food
protein-induced allergic proctocolitis food protein-induced enteropathy and food protein-induced
enterocolitis syndrome ), which are common diseases in primary care and in allergy and gastroenterology

specialty practices evaluating children.

Recent findings

Non-IgE-mediated food allergies comprise a spectrum of diseases with peculiar features affecting infants
and young children. The most prominent features of these diseases are symptoms that affect mainly the

gastrointestinal tract.

Summary

It is of paramount importance to provide the clinicians with the tools for non-lgE-mediated food allergy
recognition in clinical practice to avoid the misdiagnosis with unnecessary laboratory tests and detrimental

treatments.
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induced enteropathy, non-IgE-mediated food allergy

The non-IgE-mediated food allergies include three
different diseases: food protein-induced enterocoli-
tis syndrome (FPIES) food protein-induced allergic
proctocolitis (FPIAP) and food protein-induced
enteropathy (FPE) [1].

These three entities present with different symp-
toms and grades of severity based on the diverse
gastrointestinal tract affected by each one [27].
These diseases are listed here in order of increasing
severity: FPIAP affects the distal colon causing
blood-streaked stools in thriving infants; FPE affects
the small intestine and presents with chronic non-
bloody diarrhea resulting in malabsorption symp-
toms such as steatorrhea, anemia, and hypoalbumi-
nemia until failure to thrive (FTT); finally, FPIES
may affect the entire gastrointestinal system and
is characterized by repetitive emesis, which can
cause metabolic acidosis and hypovolemic shock
[27].

The non-IgE mediated food allergies share sev-
eral common features but have different character-
istics that distinguish them from each other.

The aim of this review is to underline the main
characteristics of the non-IgE mediated food
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allergies to provide the clinicians with the tools
for their recognition in daily clinical practice to
avoid misdiagnoses with unnecessary laboratory
tests and detrimental treatments.

Among the non-IgE mediated food allergies, FPIAP is
surely the most common, although the exact prev-
alence is not known. An Israeli birth cohort study
found the overall prevalence of FPIAP to be 0.16%
[3].

Conversely, a prospective observational study
conducted in the USA found that the cumulative
incidence in healthy newborns with pediatrician-
diagnosed FPIAP and established evidence of
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Genetics and epidemiology

KEY POINTS

e Non-IgE mediated food allergies share several common
features but also have different characteristics that
distinguish them from each other.

e The most prominent features of non-IgE mediated food
allergies are gastrointestinal symptoms.

e There is a gradient of symptom severity of non-IgE
mediated food allergies: FPIAP represents the milder
one, whereas FPIES represents the more severe
expression of this spectrum.

e FPIAP remains a benign and self-resolving common
cause of rectal bleeding in infants, whereas FPIES
appears to be on the rise, and FPE seems to be
decreasing in incidence.

o It is of paramount importance that the clinicians know
in detail the distinctive clinical manifestations of these
diseases to avoid misdiagnosis and unnecessary
elimination diets.

gastrointestinal bleeding was 17% [4""]. The overdi-
agnosis of FPIAP in the latter study may be due to a
lack of confirmatory OFC after a period of observing
a culprit-food elimination diet.

FPIAP has been found to be the major cause (up
to 60% of cases) of visible rectal bleeding in infants
[5,6].

FPIAP represents the milder end of the non-IgE-
mediated food allergy spectrum [2*]. It typically
occurs in otherwise healthy, thriving infants who
have visibly blood-streaked stools with mucus [7-9].

FPIAP generally presents within days from birth
and up to 6 months of age, although it has also been
described in older children [7,9,10].

Symptoms usually develop gradually over time,
although sometimes they can occur acutely (<12 h)
after the introduction of the trigger food [11].

In breast-fed infants with FPIAP, the most com-
mon trigger foods are cow’s milk (CM) and soy,
although other causative foods such as egg, corn,
meat, fish, apple, carrot, wheat, and sesame in the
maternal diet have also been described [12].

Although the exact pathogenesis of FPIAP is
unknown, it is believed to be the result of the
immune response to protein allergens ingested by
the mother, which passed through the breast milk to
the infant [11].

In formula-fed infants, FPIAP is generally caused
by CM and soy; furthermore, extensively hydro-
lyzed formulas have been described as the cause
of FPIAP in up to 10% of infants [11].

Recently, Sopo et al. have proposed a manage-
ment algorithm in which the decision to pursue an
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elimination diet is based on the duration of hema-
tochezia (less or higher than 1 month) [13%].

Itis of paramount importance to reintroduce the
suspected culprit food at home after 4—8 weeks of its
elimination from a diet to confirm the diagnosis [7]:
the resolution of symptoms is noted within a few
days from the start of the elimination diet, and the
symptoms’ prompt recurrence appears once the cul-
prit food is re-introduced [7,11,14,135].

A skin prick test (SPT) and serum food-specific
IgE (s-IgE) applied to the culprit food are typically
negative [16], even though atopic diseases affect up
to 40-50% of patients with FPIAP [4"] whereas a
positive family history of atopy is present in up to
60% of infants [17].

FPE is a rare syndrome with an unknown prevalence;
however, the incidence seems to be decreasing over
time [14,18]. This trend is probably due to the
increase in breastfeeding practice since FPE is fre-
quently reported in formula-fed infants [15] and
cases involving the use of lower-protein-content
adapted formulas [18].

In FPE, the structural damage of the small intes-
tine seems to be the result of food-specific T cell
infiltration, eosinophils, and localized production
of IgE, causing malabsorption [7].

The most common trigger foods are CM and soy,
although other culprit solid foods include rice, egg,
poultry, fish, and shellfish [18,19].

In the last decades, increasing attention has
been focused on the microbiome to suggest a possi-
ble role in the pathogenesis of non-Igk mediated
food allergy [207].

In one study, it was described that Bacteroides
and Alistipes (genera Bacterioidetes) and Sarcina
(genera Firmicutes) were present significantly in
CM-FPE when compared with the healthy controls
[21].

In another recent study, a significantly higher
presence of some members of the Clostridiales order
(Coriobacteriaceae family) was found in allergic
infants [22].

Another study found that Corinobacteriaceae
(mainly Collinsella genus) were present in higher
rates in infants with CM-FPE [23]. In that study, the
main difference between CM-FPE infants and the
healthy group was the reduction of Bacteroides
(family Bacteroideaceae) in infants with CM-FPE
after the restricted diet period.

The symptoms appear within weeks from the
introduction of CM formula, usually within nine
months of life, typically in the first two months
[7,15].
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Clinical manifestations of FPE combined with
the resolution of symptoms within several weeks
under an elimination diet or switching to an ele-
mental formula are used in the diagnosis of FPE [24].
The reintroduction of the culprit food can be per-
formed at home after 4-8 weeks of elimination diet
[7]. SPT and s-IgE for the culprit food are not useful
in diagnosis [16].

The prognosis is mostly favorable with a resolu-
tion by 1-2 years of age [25,26], although in some
cases, the FPE may be more persistent, indepen-
dently from the culprit food [27-29].

FPIES is the most severe disease of non-IgE-mediated
food allergies [2*"].

FPIES generally affects the whole gastrointesti-
nal system, presenting with delayed, repetitive
emesis, diarrhea, lethargy, pallor, and hypothermia
up to hypovolemic shock in severe acute FPIES [30-
34], whereas in chronic FPIES, the main symptoms
are watery diarrhea (occasionally with mucus and/
or blood) as well as intermittent but progressive
vomiting and FIT. Occasionally, symptoms may
progressively get worse also in chronic FPIES, lead-
ing to dehydration and metabolic acidosis [32,
35,36].

The exact FPIES prevalence and incidences are
unknown for several reasons. First of all, although
this entity was described for the first time in 1967 by
Gryboski [37], FPIES received a specific diagnostic
code (K52.2) in October 2015 by the International
Statistical Classification of Diseases and Related
Health Problems, Tenth Revision (ICD-10).

Second, the pathogenesis is still obscure, and no
biomarkers are available for diagnosis [38™].

Moreover, although a diagnosis of FPIES is based
on clinical history, the gold standard to confirm the
diagnosis remains a supervised OFC, which is a time-
consuming and risky procedure [39""].

Epidemiology of non-IgE-mediated food allergies Barni et al.

Finally, the misdiagnosis of FPIES with other
common pediatric illnesses like gastroenteritis or
sepsis is typical [40]. For all these reasons, epidemi-
ologic studies on FPIES are not easy to conduct.

However, FPIES should not be considered a rare
disease, as previously believed [41]. Comparable
cumulative incidences of CM-FPIES in children dur-
ing the first 2-3 years of life has been found by two
studies conducted in Israel and Spain: 0.34% and
0.35%, respectively [42,43""], although an Austra-
lian study reported an incidence of 0.015% cases per
year in children younger than 2 years [44]. The lower
incidence of the latter study may be because it relied
on voluntary reporting by pediatricians and only
acute FPIES is included. For this reason, FPIES inci-
dences may have been underestimated.

Moreover, the latest prevalence study has esti-
mated that 0.51% of children in the United States
are reported as having FPIES [45"].

The main studies on FPIES incidences and prev-
alence are summarized in Table 1 [42,43"% 44,45,
46,47"",48].

It has been observed that males are affected
slightly more than females [32].

Population-based studies have demonstrated
some environmental risk factors associated with
the development of FPIES: in particular, Katz et al.
have found that Israeli Jewish ethnicity and births
by cesarean section were associated with the devel-
opment of FPIES [42]. It is hypothesized that the
microbiome may have been disrupted by the cesar-
ean section, predisposing the infant to the develop-
ment of FPIES; however, more studies on stool
microbiota in infants with FPIES are necessary to
confirm these findings. Furthermore, it is possible
that intestinal microbiota could be influenced not
only by the birth mode (vaginal versus cesarean
section) but also by the maternal use of antibiotics
during pregnancy and by infant consumption
of antibiotics.

Boyer et al. demonstrated that the stools of FPIES
infants had significantly more Proteobacteria and

Table 1. Reported incidence or prevalence of food protein-induced enterocolitis syndrome in the general population

Avuthors [Reference]

Studied population

Incidence (I) or Prevalence (P)

Katz et al. [42]
Mehr et al. [44]

Israeli infants

Australian infants

1-0.34% (CMFPIES)
I=15.4/100.000/year

Alonso et al. [43"7] Spanish infants 1=0.7%
[=0.35 (CM-FPIES)
Nowak-Wegrzyn et al. [45™"] US children P=0.51%
Ruffner et al. [47™%] US children 1=0.14%
Ludman et al. [48] UK infants [=0.36%
Xepapadaki et al. [46] Greek infants P=0.47%
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Porphyromonadaceae than the stools of allergic-free
infants that had more Prevotella [49].

Up to 40-60% of FPIES patients [30,50,51%]
present co-atopic diseases such as IgE-mediated food
allergy, eczema, asthma, allergic rhinitis, and
recently, eosinophilic esophagitis [32,44,45%",47",
52-54,55%,56].

Although a family history of atopy is present in
80% of first-degree relatives [32,44], siblings with
FPIES have been reported rarely, and FPIES may be
more common in twins [42].

Interestingly, FPIES has been reported in patients
with Down syndrome. In these children, the disease
course is more protracted [57], and it is probably due
to the immune dysregulation seen in children with
trisomy 21 [58], which includes reduced levels of IL-
10 (cytokine associated with tolerance development)
and increased expression of TNF alfa (responsible for
increased gut permeability), two key cytokines impli-
cated in FPIES pathogenesis [59,60].

FPIES to liquid food (CM and soy milk) usually
present within the first weeks or months of life,
whereas FPIES to solid food presents later, at 4-7
months of age, when the complementary foods are
introduced in the infant’s diet [31]. Rarely does
FPIES occur in adulthood; it is usually triggered by
seafood [61-64].

CM is the most common FPIES-trigger food
around the world [42,52,65-67], with the exception
of Australia [44] and the Southwest USA [55%], where
rice is the major culprit food and Spain, where fish is
the main one [68,69].

In the majority of cases (up to 80%), children
experience FPIES to a single food. Nonetheless,
~25% of children may react to two foods, and less
than 10% react to three or more foods [32].

The pathogenesis of FPIES remains unclear.
FPIES reactions are associated with systemic
immune activation with increased neutrophils,
decreased T cells and eosinophils, activated mono-
cytes and natural killer T cells, increased cytokine,
and increased C-reactive protein [70-74]. Nonethe-
less, the exact mechanism of activation to a specific
food remains unknown.

Although the SPT and s-IgE to the trigger food
are typically negative in patients with FPIES, up to
20% of patients could have detectable IgE to the
trigger foods at the initial evaluation (atypical FPIES)
[32,50,52].

Assaid, the diagnosis of FPIES is mainly based on
clinical history; however, in cases where the history
is less clear or not all the diagnostic criteria are
satisfied, the gold standard to diagnose acute FPIES
still remains the OFC [31,75"].

For chronic FPIES, since well-defined criteria do
not exist, an OFC with the culprit food after a period
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of its elimination is mandatory to confirm the diag-
nosis with the occurrence of acute symptoms [31].

Furthermore, the OFC is the only way to validate
whether or not the acquisition of tolerance has been
reached; it is generally performed at least 12-18
months from the most recent reaction [31].

The OFC should be conducted under medical
supervision for prompt therapeutic support [31]. So
far, despite the 2017 consensus, different OFC pro-
tocols are still debated.

The management of FPIES consists of avoiding
the suspected culprit food [31] and treating the
acute symptoms with fluid rehydration along with
the possible administration of ondansetron and/or
methylprednisolone [31].

Commonly, FPIES has a good prognosis with the
acquisition of tolerance at a young age, although
differences have been found in different countries
and for different culprit foods; for exemple, in Israel
[42], 90% of children tolerated CM by the age of
3 years, which is very similar to Australia [76] (88%
by the age of 3 years). In South Korea [67], patients
with CM-FPIES reached the tolerance earlier (27.3%
by 6 months of age and 100% by 2 years); in con-
trast, in a study from the USA [32], the median age of
tolerance development to CM was higher (53% by
5 years of age), whereas in Italy [52], it was 63% by
24 months of age. FPIES to fish and egg have been
considered more persistent in the USA [32] and
Australia [76]. In Spain, most children with FPIES
to fish develop tolerance later (75% by 5 years of age)
than those with FPIES to CM (50% by 29 months of
age) [69].

The non-IgE-mediated food allergies comprise a
spectrum of diseases with similar and different fea-
tures (highlighted in Table 2) affecting infants and
young children.

The most prominent features of these diseases
are symptoms that affect the gastrointestinal tract.

There is a gradient of symptom severity of non-
IgE-mediated food allergies: FPIAP represents the
milder one, whereas FPIES represents the more
severe expression of this spectrum of diseases; in
fact, it is the only one that could present itself in an
acute form.

FPIAP remains a benign and self-resolving com-
mon cause of rectal bleeding in infants whereas
FPIES appears to be on the rise and FPE seems to
be decreasing in incidence.

Non-IgE mediated food allergies share several
common features: the age of onset, typically in
infancy; the gastrointestinal symptoms, without
the involvement of cutaneous and respiratory
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Table 2. Comparison of non-IgE mediated food allergies (Created using data from Refs. [2%=,77]

FPIAP

FPE

FPIES

Typical age of onset

Gender (more affected)

Risk factors
Culprit foods

Multiple foods
Co-atopy morbidity

Feeding at the onset

Main clinical presentation

Allergy evaluation

Diagnosis

OFC protocol

Treatment

Time to improvement

1 day-6 months

Not known

Not know

Cow'’s milk, soy (main)
egg, corn, wheat

Occasional

40-50%

Familiar history: up to 60%

>50% exclusively
breastfed

Blood/mucus streaked
stools, mild diarrhoea in
well appearing infants

Negative (not
recommended)

Clinical history = OFC

does not exist

Avoidance of offending
foods (maternal
exclusion diet if
breastfed)

72h (up to 2 weeks)

Re-infroduction of culprit food setting Home

Typical age of resolution

1-2 years

2-24 months (occasionally
in older children)

Not known
Not know

Cow'’s milk, soy (main)
wheat, egg

Rare

20-40%

Formula

Diarrhoea (rare bloody
stools), intermittent
vomiting, failure to
thrive, malabsorption

Negative (not
recommended)

Clinical history = OFC

does not exist

Avoidance of offending
foods

Several weeks

Home

1-3 years

1 day to 1 year

Male

Israeli Jewish ethnicity
Cesarean section

Cow'’s milk, soy, rice (main)
Fish, poultry, fruits, vegetable
Frequent

40-60%

Familiar history: up to 80%

Formula

Acute: delayed, repetitive emesis,
diarrhoea, dehydration, lethargy,
pallor, hypothermia, (shock:15%)

Chronic: intermittent but progressive
emesis, watery diarrhoea (occasionally
with blood or mucus), failure to thrive

Negative; positive in 20% of patients
(atypical FPIES)

Clinical history = OFC

administering the culprit food at a dose
of 0.06-0.6g per kilogram of body
weight in 3 equal doses over 30 min
followed by a 4-6-h observation.

Avoidance of offending foods

In case of acute reaction:
fluids = antiemetic & corticosteroids

4-12h (<24h)

Under medical supervision (inpatient or
outpatient setting)

>3 years

FPE, food protein enteropathy; FPIAP, food protein-allergic proctocolitis; FPIES, food protein-induced enterocolitis syndrome; OFC, oral food challenge.

systems; the negativity of SPT and s-IgE; CM and soy
as culprit foods; the co-atopy morbidity; a good
prognosis, with recovery usually in early childhood;
the resolution of symptoms with the elimination of
the offending foods from the diet; and the recur-
rence of symptomatology with their reintroduction
[77].

Nevertheless, these allergies have different dis-
tinguishing characteristics: FPIAP is more common
in breastfeeding infants whereas FPE and FPIES
usually occur in formula-fed infants; FPIES occurs
more often in males whereas, in FPIAP and FPE, a
more affected gender is not described; FPIES can
rarely occur in adults whereas FPIAP and FPE are
described merely in childhood and a small percent-
age of FPIES-affected infants could have positive s-
IgE whereas the s-IgE is always undetectable in

1528-4050 Copyright © 2020 Wolters Kluwer Health, Inc. All rights reserved.
Copyright © 2020 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

FPIAP- and FPE-affected infants. Moreover, it is
suggested that the reintroduction of the culprit
food is performed in a hospital setting with a
well-defined protocol for FPIES; for FPIAP and
FPE, this could be performed at home, but there
are no detailed protocols described in the litera-
ture. Lastly, solid food and atypical FPIES can per-
sist later on in childhood, whereas the resolution of
FPE and FPIAP usually occurs within 2 years of age
[27].

It is of paramount importance that clinicians
know in detail the distinctive clinical manifesta-
tions of these diseases to avoid misdiagnosis and
unnecessary elimination of food from the diet.

Acknowledgements
None.

www.co-allergy.com 5



Genetics and epidemiology

Financial support and sponsorship
None.

Conflicts of interest

There are no conflicts of interest.

Founding: This research did not receive any specific grant
from funding agencies in the public, commercial, or not-
for-profit sectors.

Papers of particular interest, published within the annual period of review, have
been highlighted as:

m  of special interest

mm of outstanding interest

1. Satitsuksanoa P, Jansen K, Gtobinska A, et al. Regulatory immune mechan-
isms in tolerance to food allergy. Front Immunol 2018; 9:1-9.

2. Labrosse R, Graham F, Caubet JC. Nonige-mediated gastrointestinal food

mm allergies in children: an update. Nutrients 2020; 12:1-28.

A detailed review on distinctive clinical features of non-IlgE-mediated food allergies

that summarizes the current understanding of the pathogenesis of these diseases,

recent findings, and addresses current gaps in the knowledge, to guide future
management opportunities

3. Elizur A, Cohen M, Goldberg MR, et al. Cow's milk associated rectal bleeding:
a population based prospective study. Pediatr Allergy Immunol 2012;
23:765-769.

4. Martin VM, Virkud YV, Seay H, et al. Prospective assessment of pediatrician-

mm diagnosed food protein-induced allergic proctocolitis by gross or occult
blood. J Allergy Clin Immunol Pract 2020; 8:1692-1699.e1.

This is the first prospective study conducted in US on newborn infants examing the

incidence of FPIAP.

5. Arvola T, Ruuska T, Keranen J, et al. Rectal bleeding in infancy: clinical,
allergological, and microbiological examination. Pediatrics 2006;
117:¢760-e768.

6. Geaney C. Prevalence and outcome of allergic colitis in healthy infants with
rectal bleeding: a prospective cohort study: commentary. Pediatrics 2006;
118(Suppl. 1):16-22.

7. Caubet JC, Szajewska H, Shamir R, Nowak-Wegrzyn A. Non-IgE-mediated
gastrointestinal food allergies in children. Pediatr Allergy Immunol 2017;
28:6-17.

8. Sampson HA, Aceves S, Bock SA, et al. Food allergy: a practice parameter
update-2014. J Allergy Clin Immunol 2014; 134:1016-1025.e43.

9. Boyce JA, Assa'ad A, Burks AW, et al. Guidelines for the Diagnosis and
Management of Food Allergy in the United States: summary of the NIAID-
Sponsored Expert Panel Report. Nutr Res 2011; 31:61-75.

10. Kaya A, Toyran M, Civelek E, et al. Characteristics andprognosis of allergic
proctocolitis in infants. J Pediatr Gastroenterol Nutr. 2015; 61:69-73

11. Nowak-Wegrzyn A. Food protein-induced enterocolitis syndrome and allergic
proctocolitis. Allergy Asthma Proc 2015; 36:172-184.

12. Espa S, Erdem SB, Nacaroglu HT, et al. Allergologia et tolerance develop-
ment in food protein-induced allergic proctocolitis: single centre experience.
Allergol Immunopathol. Published online 2017;45: 212-219

13. Miceli Sopo S, Monaco S, Bersani G, et al. Proposal for management of the
infant with suspected food protein-induced allergic proctocolitis. Pediatr
Allergy Immunol 2018; 29:215-218.

The study proposes a new management protocol on FPIAP based on the duration

of hematochezia based on scientific evidence.

14. Feuille E, Nowak-Wegrzyn A. Food protein-induced enterocolitis syndrome,
allergic proctocolitis, and enteropathy. Curr Allergy Asthma Rep 2015; 15:50.
doi:10.1007/s11882-015-0546-9.

15. Nowak-Wegrzyn A, Katz Y, Mehr SS, Koletzko S. Non-lgE-mediated
gastrointestinal food allergy. J Allergy Clin Immunol 2015; 135:1114—
1124,

16. Muraro A, Werfel T, Hoffmann-Sommergruber K, et al. EAACI Food Allergy
and Anaphylaxis Guidelines: diagnosis and management of food allergy.
Allergy Eur J Allergy Clin Immunol 2014; 69:1008-1025.

17. Lucarelli S, Nardo GD, Lastrucci G, et al. Allergic proctocolitis refractory to
maternal hypoallergenic diet in exclusively breast-fed infants: a clinical ob-
servation. BMC Gastroenterol 2011; 11:82. doi:10.1186/1471-230X-11-
82.

18. Savilahti JE. Food-induced malabsorption syndromes. J Pediatr Gastroenterol
Nutr Pediatr Gastroenterol 2000; 30:S61-S66.

19. Kleinman RE. Milk protein enteropathy after acute infectious gastroenteritis:
experimental and clinical observations. J Pediatr 1991; 118(4 PART
2):S111-S115.

6 www.co-allergy.com

20. Mennini M, Fierro V, Di Nardo G, et al. Microbiota in non-IlgE-mediated food

= allergy. Curr Opin Allergy Clin Immunol 2020; 20:323-328.

This is a nonsystematic review of literature on the role of microbiota in the

pathogenesis of the different types of non-IgE-mediated food allergies.

21. Berni Canani R, De Filippis F, Nocerino R, et al. Gut microbiota composition
and butyrate production in children affected by non-IgE-mediated cow’s milk
allergy. Sci Rep 2018; 8:1-10.

22. Diaz M, Guadamuro L, Espinosa-Martos |, et al. Microbiota and derived
parameters in fecal samples of infants with Non-IgE cow’s milk protein allergy
under a restricted diet. Nutrients 2018; 10:1481. doi:10.3390/nu10101481.

23. Rajilic-Stojanovic M, de Vos WM. The first 1000 cultured species of the
human gastrointestinal microbiota. FEMS Microbiol Rev 2014;
38:996-1047.

24. American College of Allergy, Asthma, and Immunology. Food allergy: a practice
parameter. Ann Allergy Asthma Immunol 2006; 96(3 Suppl 2):S1-S68.

25. Kuitunen P, Visakorpi JK, Savilahti E, Pelkonen P. Malabsorption syndrome
with cow’s milk intolerance: clinical findings and course in 54 cases. Arch Dis
Child 1975; 50:351-356.

26. Walker-Smith J. Food sensitive enteropathy: overview and update. Pediatr Int
1994; 36:545-549.

27. Kokkonen J, Haapalahti M, Laurila K, et al. Cow’s milk protein-sensitive
enteropathy at school age. J Pediatr 2001; 139:797-803.

28. Kokkonen J, Tikkanen S, Savilahti E. Residual intestinal disease after milk
allergy in infancy. J Pediatr Gastroenterol Nutr 2001; 32:156-161.

29. Walker WA. Cow'’s milk protein-sensitive enteropathy at school age: a new
entity or a spectrum of mucosal immune responses with age. J Pediatr 2001;
139:765-766.

30. Nowak-Wegrzyn A, Sampson HA, Wood RA, Sicherer SH. Food protein-
induced enterocolitis syndrome caused by solid food proteins. Pediatrics
2003; 111:829-835.

31. Nowak-Wegrzyn A, Chehade M, Groetch ME, et al. International consensus
guidelines for the diagnosis and management of food protein-induced en-
terocolitis syndrome: Executive summary—Workgroup Report of the Adverse
Reactions to Foods Committee, American Academy of Allergy, Asthma &
Immunology. J Allergy Clin Immunol 2017; 139:1111-1126.e4.

32. Caubet JC, Ford LS, Sickles L, et al. Clinical features and resolution of food
protein-induced enterocolitis syndrome: 10-year experience. J Allergy Clin
Immunol 2014; 134:382-389.

33. Diaz JJ, Espin B, Segarra O, et al. Food protein-induced enterocolitis syn-
drome: data from a multicenter retrospective study in Spain. J Pediatr
Gastroenterol Nutr 2019; 68:232-236.

34. Caubet JC, Cianferoni A, Groetch M, Nowak-Wegrzyn A. Food protein-
induced enterocolitis syndrome. Clin Exp Allergy 2019; 49:1178-1190.

35. Su KW, Patil SU, Stockbridge JL, et al. Food aversion and poor weight gain in
food protein-induced enterocolitis syndrome: a retrospective study. J Allergy
Clin Immunol 2020; 145:1430-1437.e11.

36. Delahaye C, Chauveau A, Kiefer S, Dumond P. Syndrome d'entérocolite
induite par les protéines alimentaires (SEIPA): Une série de 14 enfants. Arch
Pediatr 2017; 24:310-316.

37. Gryboski JD. Gastrointestinal milk allergy in infants. Pediatrics 1967;
40:3564-362.

38. Nowak-Wegrzyn A, Berin MC, Mehr S. Food protein-induced enterocolitis

mm  syndrome. J Allergy Clin Immunol Pract 2020; 8:24-35.

An updated and detailed review of the most important current concepts in

epidemiology, pathophysiology, diagnosis, and management of FPIES.

39. Upton JEM, Bird JA. Oral food challenges: special considerations. Ann

mm  Allergy, Asthma Immunol 2020; 124:451-458.

This review reinforces special considerations for offering and conducting an oral

food challenge. Risk and benefit assessment guide of the OFC procedure. The

conduct of OFCs is influenced by multiple factors, including age, food, and the
goal of the challenge.

40. Fiocchi A, Claps A, Dahdah L, et al. Differential diagnosis of food protein-induced
enterocolitis syndrome. Curr Opin Allergy Clin Immunol 2014; 14:246-254.

41. Nowak-Wegrzyn A, Spergel JM. Food protein-induced enterocolitis syn-
drome: not so rare after all! J Allergy Clin Immunol 2017; 140:1275-1276.

42, Katz Y, Goldberg MR, Rajuan N, et al. The prevalence and natural course of
food protein-induced enterocolitis syndrome to cow's milk: A large-scale,
prospective population-based study. J Allergy Clin Immunol 2011; 127:647 -
653.e3.

43. Alonso SB, Ezquiaga JG, Berzal PT, et al. Food protein-induced enterocolitis

mm syndrome: increased prevalence of this great unknown—results of the PRE-
VALE study. J Allergy Clin Immunol 2019; 143:430-433.

The study described the incidence of FPIES in Spain utilizing a prospective birth

cohort. This study adds data regarding incidence of FPIES to recent global

epidemiologic studies.

44. Mehr S, Frith K, Barnes EH, et al. Food protein-induced enterocolitis syn-
drome in Australia: a population-based study, 2012-2014. J Allergy Clin
Immunol 2017; 140:1323-1330.

45. Nowak-Wegrzyn A, Warren CM, Brown-Whitehorn T, et al. Food protein-

mm induced enterocolitis syndrome in the US population-based study. J Allergy
Clin Immunol 2019; 144:1128-1130.

This is the first study estimating the lifetime prevalence of FPIES in the US. It

emphasizes the need for population-based studies specifically designed to assess

the incidence and prevalence of FPIES.

Volume 20 o Number 00 o Month 2021

Copyright © 2020 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



46. Xepapadaki P, Kitsioulis NA, Manousakis E, et al. Remission patterns of food
protein-induced enterocolitis syndrome in a Greek Pediatric Population. Int
Arch Allergy Immunol 2019; 180:113-119.

47. Ruffner MA, Wang KY, Dudley JW, et al. Elevated atopic comorbidity in

mm patients with food protein-induced enterocolitis. J Allergy Clin Immunol Pract
2020; 8:1039-1046.

The first study of FPIES in a US birth cohort:

48. Ludman S, Harmon M, Whiting D, Du Toit G. Clinical presentation and referral
characteristics of food protein-induced enterocolitis syndrome in the United
Kingdom. Ann Allergy Asthma Immunol 2014; 113:290-294.

49. Boyer J, Scuderi V KN. P504 Comparison of the gut microbiome between
food protein-induced enterocolitis syndrome (FPIES) infants and allergy-free
infants. Ann Allergy Asthma Immunol. Published online 2017; 119:e2—-e4.

50. Sicherer S, Eigenmann P, Sampson H. Clinical features of food protein-
induced enterocolitis syndrome. J Pediatr 1998; 133:214-219.

51. Maciag MC, Bartnikas LM, Sicherer SH, et al. A Slice of Food Protein-Induced

m  Enterocolitis Syndrome (FPIES): Insights from 441 Children with FPIES as
Provided by Caregivers in the International FPIES Association. J Allergy Clin
Immunol Pract 2020; 8:1702-1709.

This study offers novel insights into the demographic characteristics of FPIES-

affected infants, association with other atopic conditions, familial predisposition,

and reported burden of dietary restriction.

52. Sopo SM, Giorgio V, lacono | Dello, et al. A multicentre retrospective study of 66
ltalian children with food protein-induced enterocolitis syndrome: different
management for different phenotypes. Clin Exp Allergy 2012; 42:1257-1265.

53. Kimura M, Shimomura M, Morishita H, Meguro T. Prognosis of infantile food
protein-induced enterocolitis syndrome in Japan. Pediatr Int 2017;
59:855-860.

54. Mehr S, Kakakios A, Frith K, Kemp AS. Food protein-induced enterocolitis
syndrome: 16-year experience. Pediatrics. Published online 2009;123:
e459-64

55. Blackman AC, Anvari S, Davis CM, Anagnostou A. Emerging triggers of food

m  protein-induced enterocolitis syndrome: lessons from a pediatric cohort of 74
children in the United States. Ann Allergy Asthma Immunol 2019;
122:407-411.

It is important to consider other less common trigger foods of FPIES like avocado,

although cow'’s milk, soy, and grains still remain the most common trigger foods in

FPIES.

56. Ruffner MA, Ruymann K, Barni S, et al. Food protein-induced enterocolitis
syndrome: insights from review of a large referral population. J Allergy Clin
Immunol Pract 2013; 1:343-349.

57. Wakiguchi H, Hasegawa S, Kaneyasu H, et al. Long-lasting non-IgE-mediated
gastrointestinal cow’s milk allergy in infants with Down syndrome. Pediatr
Allergy Immunol 2015; 26:821-823.

58. Kusters MAA, Verstegen RHJ, Gemen EFA, De Vries E. Intrinsic defect of the
immune system in children with Down syndrome: a review. Clin Exp Immunol
2009; 156:189-193.

59. Rostami MN, Douraghi M, Mohammadi AM, Nikmanesh B. Altered serum pro-
inflammatory cytokines in children with Down’s syndrome. Eur Cytokine Netw
2012; 23:64-67.

1528-4050 Copyright © 2020 Wolters Kluwer Health, Inc. All rights reserved.
Copyright © 2020 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

Epidemiology of non-IgE-mediated food allergies Barni et al.

60. Sullivan KD, Evans D, Pandey A, et al. Trisomy 21 causes changes in the
circulating proteome indicative of chronic autoinflammation. Sci Rep 2017;
7:1-11.

61. Du Y (Jennifer). Nowak-Wegrzyn A, Vadas P. FPIES in adults. Ann Allergy
Asthma Immunol 2018; 121:736-738.

62. Gonzalez-Delgado P, Caparros E, Moreno MV, et al. Food protein-induced
enterocolitis-like syndrome in a population of adolescents and adults caused
by seafood. J Allergy Clin Immunol Pract 2019; 7:670-672.

63. Fernandes BN, Boyle RJ, Gore C, et al. Food protein-induced enterocolitis
syndrome can occur in adults. J Allergy Clin Immunol 2012;
130:1199-1200.

64. Tan JA, Smith WB. Non-IgE-mediated gastrointestinal food hypersensitivity
syndrome in adults. J Allergy Clin Immunol Pract 2014; 2:355-357.e1.

65. Ludman S, Harmon M, Whiting D, Du Toit G. Clinical presentation and referral
characteristics of food protein-induced enterocolitis syndrome in the United
Kingdom. Ann Allergy Asthma Immunol 2014; 113:290-294.

66. Hwang JB, Sohn SM, Kim AS. Prospective follow-up oral food challenge in
food protein-induced enterocolitis syndrome. Arch Dis Child 2009;
94:425-428.

67. Vazquez-Ortiz M, Argiz L, Machinena A, et al. Diagnostic criteria for acute
FPIES: what are we missing? J Allergy Clin Immunol Pract. Published online
2013;1: 343-9

68. Vazquez-Ortiz M, Machinena A, Dominguez O, et al. Clinical Communications
Food Proteineinduced Enterocolitis Syndrome to Fish and Egg Usually
Resolves by Age 5 Years in Spanish Children. 2017;5: 512-515. www.ja-
ci-inpractice.org.

69. Goswami R, Blazquez AB, Kosoy R, Rahman A, Nowak-Wegrzyn A, Berin MC.
Systemic Innate Immune Activation in Food Protein-Induced Enterocolitis
Syndrome. Vol 139. Elsevier Inc.; 2017;139: 1885-1896.e9

70. Pecora V, Prencipe G, Valluzzi R, et al. Inflammatory events during food
protein-induced enterocolitis syndrome reactions. Pediatr Allergy Immunol
2017; 28:464-470.

71. Kimura M, Shimomura M, Morishita H, et al. Eosinophilia in infants with food
protein-induced enterocolitis syndrome in Japan. Allergol Int 2017;
66:310-316.

72. Kimura M, Ito Y, Tokunaga F, et al. Increased C-reactive protein and fever in
Japanese infants with food protein-induced enterocolitis syndrome. Pediatr Int
2016;58:826-830

73. Kimura M, Shimomura M, Morishita H, et al. Serum C-reactive protein in food
protein-induced enterocolitis syndrome versus food protein-induced procto-
colitis in Japan. Pediatr Int 2016; 58:836-841.

74. Barni S, Vazquez-Ortiz M, Giovannini M, et al. Diagnosing food protein-

m  induced enterocolitis syndrome. Clin Exp Allergy. 2020 Oct 22.
doi:10.1111/cea.13767. Epub ahead of print

An updated review on FPIES diagnosis

75. Lee E, Campbell DE, Barnes EH, Mehr SS. Resolution of acute food protein-
induced enterocolitis syndrome in children. J Allergy Clin Immunol Pract
2017; 5:486-488.e1.

76. Leonard SA. Non-IgE-mediated adverse food reactions. Curr Allergy Asthma
Rep 2017; 17:84. doi:10.1007/s11882-017-0744-8.

www.co-allergy.com 7


http://www.jaci-inpractice.org/
http://www.jaci-inpractice.org/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 0
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU (Use these settings to create Adobe PDF documents for Quad Graphics' Midland MI Facility.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks true
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 12
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


