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Abstract

Background: Food protein-induced enterocolitis syndrome (FPIES) is a non-IgE cell-mediated food allergy characterized by
repetitive vomiting and other gastrointestinal symptoms. Although little is known about FPIES pathophysiology, some cytokines
have been reported to be involved. Since one of the main symptoms is vomiting, which is common to other diseases, it is difficult
to distinguish acute FPIES from other conditions such as infectious enterocolitis. Thus, specific biomarkers are required for
differential diagnosis. We aimed to identify potential biomarkers distinguishing acute FPIES from infectious enterocolitis and
IgE-mediated anaphylaxis, which also cause vomiting. Methods: Seven patients with acute FPIES, nine with IgE-mediated
anaphylaxis, and six with infectious enterocolitis were enrolled. The serum concentrations of interleukins (IL)-2, -4, -6, -8,
-10, interferon-γ, and tumor necrosis factor-α were measured and compared among the three groups of patients. The serum

concentrations of IL-2 and IL-10 were also compared between the symptomatic and asymptomatic stages. Alterations in

serum cytokine levels were evaluated in acute FPIES during an oral food challenge test. Results: Serum IL-2 and IL-10 levels

were significantly higher in acute FPIES patients than in patients with infectious enterocolitis and IgE-mediated anaphylaxis,

whereas no significant differences were detectable in the serum levels of the other cytokines. The IL-2 and IL-10 elevation

was only observed in the symptomatic stage of acute FPIES. Conclusion: The elevation in serum levels of IL-2 and IL-10 was

specifically observed in symptomatic acute FPIES cases, suggesting that the measurement of IL-2 and IL-10 could be employed

for differential diagnosis.

Introduction

Food protein-induced enterocolitis syndrome (FPIES) is a non-IgE cell-mediated allergy characterized by
repetitive vomiting and diarrhea after ingestion of offending food. Symptoms are often severe and can result
in acute dehydration and lethargy.1 Although FPIES cases are currently increasing, little is known about the
pathophysiology of this disease. In the absence of specific laboratory tests, diagnosis predominantly relies on
clinical responses to elimination diets with a resolution of symptoms, oral food challenges with reappearance
of symptoms following ingestion of the offending food, results of endoscopic and biotic exams, and exclusion
of causes such as infection, inflammatory bowel disease, ischemia, and metabolic disorders.2

Previous studies have suggested that several cytokines are involved in the pathogenesis of FPIES.3-5 The
serum levels of interleukin (IL)-2 and IL-10 were found to be elevated in patients with FPIES after oral food
challenge (OFC) tests.4,5Kimura et al.4reported that the increase in T cell-produced serum IL-2, detected
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in OFC-positive patients, is associated with FPIES pathophysiology. Caubet et al.5 suggested that, in
patients with acute FPIES, T cells have a reduced capacity to secrete IL-10, and other cell populations,
such as monocytes, may produce compensatory IL-10 in response to antigen exposure. The increased serum
level of IL-8 and the elevation of neutrophils after OFC suggest that neutrophils play an important role in
acute-phase FPIES.

This disease is classified as acute or chronic FPIES and each timing and duration of symptoms is different.
Recent international consensus guidelines define acute FPIES by the following criteria: 1) it occurs after
intermittent food exposure, 2) emesis usually starts within 1–4 hours and is accompanied by lethargy and
pallor, 3) diarrhea can follow within 24 hours (usual onset after 5–10 hours), and 4) symptoms usually resolve
within 24 hours after elimination of the food from the diet.6 However, due to the absence of predictive
biomarkers, these criteria are mainly based on clinical symptoms.

Since the main symptom of acute FPIES is vomiting, analytical tools capable of distinguishing FPIES from
mimicking diseases that also cause vomiting, such as infectious enterocolitis, are strongly required. Lee et
al.7examined the clinical and laboratory characteristics of patients referred to emergency departments for
symptoms suggestive of acute FPIES, such as lethargy, floppiness, pallor, and normal C-reactive protein
(CRP), and compared these features with those of gastroenteritis and bacterial sepsis. However, their
retrospective study had substantial limitations because the diagnoses were not made by allergists, and
comprehensive data, including FPIES-related cytokines, were not evaluated.

Therefore, we aimed to identify biomarkers capable of differentiating acute FPIES from infectious entero-
colitis or IgE-mediated anaphylaxis. In order to identify changes specific to acute FPIES, we compared the
serum levels of different cytokines in patients with acute FPIES, infectious enterocolitis, and IgE-mediated
anaphylaxis. Our results revealed new potential biomarkers for the differential diagnosis of acute FPIES.

Methods

Participants

Seven patients with acute FPIES who were referred to Yamaguchi University Hospital, Mine City Hospital,
or Oita University Hospital between March 2008 and September 2019 were enrolled in our study (Table 1 ).
The patients were diagnosed according to the criteria for acute FPIES.6 An OFC test was performed in three
patients for diagnosis. The other four patients, in whom OFC tests were not performed, were diagnosed
based on episodes fulfilling the criteria for acute FPIES after the ingestion of offensive food. Four patients
presented cow milk (CM)-induced FPIES, two patients presented egg yolk-induced FPIES, and one presented
wheat-induced FPIES. CM-, egg yolk-, or wheat-specific IgE (sIgE) were absent in all patients. There was
one low birth weight and preterm infant. In the FPIES-resolved patient, the condition was induced by egg
yolk.

Six patients with infectious enterocolitis [median age, 15 months; range, 3 months to 3 years (36 months)]
and nine patients with IgE-mediated food allergy and anaphylaxis [median age, 60 months; range, 8 months
to 8 years (99 months)] were enrolled. The infectious enterocolitis group included patients with abdominal
symptoms (e.g. , vomiting, diarrhea, and bloody stool). Pathogens were identified by stool examination in
all patients; norovirus and rotavirus were detected in 2 and 4 patients, respectively. Diagnosis of anaphylaxis
was based on the Japanese Guidelines for Food Allergy 2014.8 Milk, egg, wheat, and buckwheat were the
causative food in four, three, one, and one patient with IgE-mediated anaphylaxis, respectively. Informed
consent was obtained from the parents and/or patients. The protocol was approved by the Institutional
Review Board of Yamaguchi University Hospital (H28- 027).

Blood sample collection

Blood samples from FPIES patients were collected at symptomatic and asymptomatic stages. Samples were
collected when the four patients not undergoing the OFC test presented to the hospital due to vomiting
within 3 hours after onset or vomited after the intake of causative foods during hospitalization. For the
three patients undergoing OFC, samples were collected just after vomiting during the test. The asymptotic
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samples were collected from patients without any symptoms such as vomiting or bloody stool. For the
evaluation of the cytokine profile, samples were collected at several time points (Patient No. 6: before OFC
and 3, 6, and 24 hours after the beginning of OFC; Patient No. 7: before OFC and 0.5, 1, 1.5, 2, and 48
hours after the beginning of OFC; FPIES-resolved control: before OFC and 3, 6, and 24 hours after the
beginning of OFC). In the OFC of Patient No. 3, samples were collected only immediately after vomiting.
The FPIES-resolved control is an 11-month-old boy whose symptoms were induced by egg yolk.

The blood samples of patients with infectious enterocolitis and anaphylaxis were collected at the time of
presentation to the emergency department of the hospital. Samples were centrifuged at 1,400 × gfor 5 min,
and serum was collected and stored at -25 °C.

Cytokine assays

The serum concentrations of the cytokines IL-2, IL-4, IL-6, IL-10, interferon (IFN)-γ, and tumor necrosis
factor (TNF)-α, were measured using the Cytometric Bead Array Kit (BD Biosciences, San Diego, CA,
USA). The serum concentration of IL-8 was measured using Human CXCL8/IL-8 Quantikine enzyme-linked
immunosorbent assay (ELISA) kit (R&D Systems, Minneapolis, MN, USA). The lower detection limits for
IL-2, IL-4, IL-6, IL-8, IL-10, IFN-γ, and TNF-α, were 2.6, 2.6, 3.0, 3.5, 2.8, 7.1, and 2.8 pg/mL, respectively.

Other laboratory examinations

CM- and egg yolk-sIgE levels were measured using the Fluorescence Enzyme Immunoassay (Special Reference
Laboratories, Inc., Tokyo, Japan).

Statistical Analysis

The comparison of serum cytokine levels among acute FPIES, enterocolitis, and IgE-mediated anaphylaxis
patient groups was analyzed by Mann-Whitney U test. The serum levels of IL-2 and IL-10 were compared by
Student’s t -test in samples obtained in symptomatic and asymptomatic stages. Analyses and calculations
were performed using JMP® software (SAS Institute Inc., Cary, NC, USA).

Results

Serum cytokine levels in acute FPIES, infectious enterocolitis, and anaphylaxis patients

We compared serum cytokine levels in patients with acute FPIES, infectious enterocolitis, and anaphylaxis.
Both serum IL-2 and IL-10 levels were significantly higher in patients with acute FPIES than in patients
from the other two groups (IL-2: FPIES vs. enterocolitis, p = 0.003; FPIES vs. anaphylaxis, p< 0.001. IL-10:
FPIES vs. enterocolitis, p = 0.02; FPIES vs. anaphylaxis, p = 0.003; Figures 1A and 1B, Table 2 ). Serum
IL-8 level was significantly higher in the acute FPIES group compared with that in the enterocolitis group,
but not with that in the anaphylaxis group (acute FPIES vs. enterocolitis, p = 0.008; vs. anaphylaxis, p =
0.24). Serum IFN-γ level was found to be significantly increased in patients with acute FPIES compared with
that in the anaphylaxis group (IFN-γ: FPIES vs. anaphylaxis, p = 0.04; Table 3 ). However, the IFN-γ
elevation was not as prominent as those detected for IL-2 and IL-10. There were no significant differences
in the serum levels of IL-4, -6, and TNF-α among three groups.

Cytokine dynamics in FPIES during acute phase and stable status

To verify whether the elevation in serum IL-2 and IL-10 was specific to the symptomatic period, we compared
the levels of the two cytokines in symptomatic and asymptomatic stages in samples from FPIES patients
(Figure 2 ). The results showed that the serum levels of both cytokines were significantly higher in the
symptomatic than in the asymptomatic period (IL-2 median values: 218.7 pg/mL vs. <2.6 pg/mL, p =
0.002; IL-10 median values: 31.8 pg/mL vs. 5.2 pg/mL, p < 0.001). Thus, serum IL-2 and IL-10 returned
to normal levels when the symptoms disappeared.

Alterations in serum levels of IL-2 and IL-10 during OFC

3
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Next, we evaluated the alterations of serum IL-2 and IL-10 levels during the OFC test in patients No. 6
and No. 7 (Figures 3A and 3B ). The patients were challenged with causative foods and showed vomiting
3 and 2 hours later, respectively. Notably, a marked increase in the serum levels of IL-2 and IL-10 were
observed immediately after vomiting. In patient No. 5, both IL-2 and IL-10 levels were higher at the time of
vomiting than 6 hours after the beginning of the OFC (Figure 3C ). In contrast, no elevation was observed
in the two cytokine levels before the OFC test and 24 hours after the beginning of the OFC test. In contrast,
this increase was not clearly observed in the FPIES-resolved subject.

Discussion

In this study, we sought to identify potential biomarkers to differentiate acute FPIES from mimicking diseases
also associated with vomiting, such as enterocolitis or IgE-mediated anaphylaxis. Our study showed that the
serum levels of IL-2 and IL-10 were both prominently elevated in patients with acute FPIES compared with
those with enterocolitis or IgE-mediated anaphylaxis. Serum IL-2 and IL-10 increases were only detected in
symptomatic FPIES patients. These increases were also confirmed in the symptomatic phase by the OFC
test. The serum levels of these two cytokines were previously reported to be elevated in OFC-positive FPIES
patients,4, 5 which is in line with our results.

Several studies on oral immunotherapy have demonstrated that IL-10 levels increase in the course of tolerance
acquisition, suggesting a role of this cytokine in the induction of oral tolerance.5,9 Caubet et al.5reported
increases in the serum levels of IL-10 in OFC-positive cases, whereas this increase was not observable in
the supernatants of casein-stimulated peripheral blood mononuclear cells skewing toward T cells obtained
from FPIES patients positive for milk OFC. This suggests that, in patients with active FPIES, since T cells
have a reduced capacity to secrete IL-10, other cell populations such as monocytes produce compensatory
IL-10 in response to antigen exposure. It has been reported that the activation of innate immune cells is
involved in the pathogenesis of acute FPIES.10 Thus, the increase in serum IL-10 levels that we observed in
symptomatic patients could be related to the activation of innate immune cells such as monocytes.

IL-2 is a representative helper T (Th) 1 cytokine, produced by naive and Th cells, that activates T cells,
B cells, and monocytes/macrophages.11 Our finding that serum IL-2 was elevated in patients with acute
FPIES was consistent with the results of Kimura et al.4, who reported that IL-2 elevation contributes
to the activation of Th1 cells, which in turn plays a significant role in FPIES pathophysiology. Several
lines of evidence suggest a key role of T cells in the secretion of pro-inflammatory cytokines that have an
impact on intestinal permeability.12-16 On the other hand, the role of T cells has been questioned by some
studies.5,10,17,18It has been reported that IL-2 signaling might be required for maintaining the homeostasis
of regulatory T cells.19Zhou et al.20 recently reported that innate lymphoid cell (ILC) 3-derived, but not T
cell-derived, IL-2 is essential for maintaining regulatory T cell immunological homeostasis throughout the
gastrointestinal tract. This suggests that increased IL-2 serum levels observed in the very early phase of
onset in acute FPIES patients could reflect increased IL-2 production promoted by other mechanisms such as
ILC3 mediation in the gastrointestinal tract, although the pathophysiological role of IL-2 remains unknown
at the mechanistic level.

Some studies have reported elevated serum IL-8 levels in symptomatic acute FPIES patients.4,5 The serum
level of IL-8 was significantly elevated in the acute FPIES group compared with the enterocolitis group. How-
ever, there were no significant differences between patients with acute FPIES and IgE-mediated anaphylaxis,
suggesting that IL-8 was not a useful biomarker to differentiate acute FPIES from mimicking diseases.

It has been reported that serum IL-2 and IL-10 levels are elevated in severe anaphylactic reactions and
correlate with the severity.21 Furthermore, Jiang et al.22 and Newman et al.23 reported cytokine profiles in
children with rotavirus infection and patients with norovirus and observed a significant increase in the IL-2
and IL-10 levels compared to that in the corresponding healthy control group or individuals before illness
onset. The above-reported increases in IL-2 and IL-10 levels were not as high as those in our acute FPIES
patients. Because the half-life of serum IL-2 is very short (6.9 min)24, the timing of sample collection is very
important to detect higher levels of serum IL-2.
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Lee et al.7 also sought features distinctive of acute FPIES by comparing patients who presented to an
emergency department with FPIES symptoms and subjects with enterocolitis or sepsis. In their study,
the laboratory data characteristic of acute FPIES included less pronounced CRP elevation, leukocytosis,
lymphocytosis, and thrombocytosis; and elevated albumin/globulin ratio. Thus, we compared CRP as well
as white blood cell, lymphocyte, and platelet counts in patients with acute FPIES, enterocolitis, and IgE-
mediated anaphylaxis, and found no significant differences in these parameters among the three groups (data
not shown). This discrepancy might reflect differences in the study design and timing of sample collection.
Notably, in the study by Lee et al.7, acute FPIES was determined retrospectively based on the medical
record database of an emergency department, and the schedule of sample collection was not specified. In
contrast, in the present study, the diagnoses were made in suspected cases by well-trained pediatric allergists
based on recent international consensus guidelines3, and the blood samples were all obtained within 3 h after
the onset of vomiting.

In this study, we suggest that serum IL-2 and IL-10 may be suitable biomarkers for the diagnosis of acute
FPIES. Acute FPIES can cause lethal hypovolemic shock, and thus, the elimination of offensive foods
is crucial.25 However, causative foods may be reintroduced to patients unless acute FPIES is diagnosed by
reliable biomarkers. We propose serum IL-2 and IL-10 as a convenient biomarker to differentiate acute FPIES
from other mimicking diseases, thus avoiding the risk of lethal shock due to future accidental ingestion of
the offending foods by the patients.

There are some limitations in this study. First, it is a pilot study conducted with a small sample size in a
single center. Multicenter studies from different regions are warranted to confirm the diagnostic accuracy of
serum IL-2 and IL-10 measurements for discrimination between acute FPIES and mimicking diseases that
are also associated with vomiting. Second, we only considered infectious enterocolitis and IgE-mediated
anaphylaxis as non-FPIES conditions. Since there are many other acute FPIES-mimicking diseases2, further
analyses need to include other conditions such as necrotizing enterocolitis, sepsis, and lactose intolerance.
Third, as we did not use age-matched normal subjects, we have not adjusted the cytokine levels by age.

To our knowledge, this is the first report to identify potential biomarkers capable of discriminating between
acute FPIES and other diseases and, therefore, suitable for differential diagnosis. The measurement of serum
IL-2 and IL-10 levels may substantially improve the diagnosis of acute FPIES, which now mainly relies on
clinical manifestations.

Table 1
Clinical
features
of
patients
with
acute
FPIES

Table 1
Clinical
features
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with
acute
FPIES
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Table 1
Clinical
features
of
patients
with
acute
FPIES

No. Gender Gestational
age (week)

Birth
weight (g)

Age at
episode
(month)

Causative
food

Symptoms Specific
IgE
(UA/mL)

1 male 36 2,802 2 cow’s milk V, B < 0.10
2 male 39 3,036 8 egg yolk V < 0.10
3 female 38 3,248 9 cow’s milk V < 0.10
4 female 37 2,689 12 egg yolk V < 0.10
5 female 38 2,840 14 cow’s milk V, B, D < 0.10
6 male 31 1,714 32 wheat V, F <0.10
7 male 38 3,244 48 cow’s milk V < 0.34
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B, bloody stool; D, diarrhea; F, fever; FPIES, food protein-induced enterocolitis syndrome; V, vomiting.

Table 2
Serum
cy-
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tients
with
acute
FPIES
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Table 2
Serum
cy-
tokine
profile
in pa-
tients
with
acute
FPIES

No. Age at
episode
(month)

IL-2
(pg/mL)

IL-4
(pg/mL)

IL-6
(pg/mL)

IL-8
(pg/mL)

IL-10
(pg/mL)

ΙΦΝ-γ

(πγ/μΛ)

ΤΝΦ-α

(πγ/μΛ)

1 2 16.1 < 2.6 6.7 192.5 105.2 < 7.1 < 2.8
2 8 172.8 5.3 6.9 311.7 10.9 < 7.1 < 2.8
3 9 335.3 4.7 29.8 1,454.6 13.5 19.6 < 2.8
4 12 25.6 < 2.6 18.5 759.5 59.5 < 7.1 3.0
5 14 471.1 < 2.6 237.5 2,372.7 26.3 41.0 3.3
6 32 1,103.9 < 2.6 22.1 980.7 31.8 < 7.1 8.4
7 48 218.7 5.1 28.4 1263.0 83.1 17.1 7.6

FPIES, food protein-induced enterocolitis syndrome; IL, interleukin.

Table 3
Serum
cytokine
levels in
patients
with acute
FPIES,
infectious
enterocolitis,
and
anaphylaxis
(except IL-2
and IL-10)
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Table 3
Serum
cytokine
levels in
patients
with acute
FPIES,
infectious
enterocolitis,
and
anaphylaxis
(except IL-2
and IL-10)

Acute
FPIES

Infectious
enterocolitis

Anaphylaxis p value p value

Cytokine Acute
FPIES vs.
Infectious
enterocolitis

Acute
FPIES vs.
Anaphylaxis

IL-4
(pg/mL)

< 2.6 (<
2.6-5.3)

< 2.6 < 2.6 (<
2.6-4.3)

0.08 0.13

IL-6
(pg/mL)

22.1
(6.7-237.5)

11.0 (3.7-25.7) 22.2
(3.4-724.0)

0.92 0.92

IL-8 (pg/mL) 980.7
(192.5-2,372.7)

44.3 (11.1-621.3) 147.7 (<
3.5-11,212.8)

0.005* 0.24
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Table 3
Serum
cytokine
levels in
patients
with acute
FPIES,
infectious
enterocolitis,
and
anaphylaxis
(except IL-2
and IL-10)

Table 3
Serum
cytokine
levels in
patients
with acute
FPIES,
infectious
enterocolitis,
and
anaphylaxis
(except IL-2
and IL-10)

Table 3
Serum
cytokine
levels in
patients
with acute
FPIES,
infectious
enterocolitis,
and
anaphylaxis
(except IL-2
and IL-10)

Table 3
Serum
cytokine
levels in
patients
with acute
FPIES,
infectious
enterocolitis,
and
anaphylaxis
(except IL-2
and IL-10)

Table 3
Serum
cytokine
levels in
patients
with acute
FPIES,
infectious
enterocolitis,
and
anaphylaxis
(except IL-2
and IL-10)

Table 3
Serum
cytokine
levels in
patients
with acute
FPIES,
infectious
enterocolitis,
and
anaphylaxis
(except IL-2
and IL-10)

ΙΦΝ-γ

(πγ/μΛ)

< 7.1 (<
7.1-41.0)

< 7.1 (<
7.1-11.2)

< 7.1 0.57 0.04*

ΤΝΦ-α

(πγ/μΛ)

3.0 (< 2.8-8.4) < 2.8 (<
2.8-3.9)

< 2.8 (<
2.8-3.7)

0.14 0.61

FPIES, food protein-induced enterocolitis syndrome; IL, interleukin; *p < 0.05.
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Figure legends

Figure 1. Serum levels of IL-2 (A ) and IL-10 (B ) in acute FPIES, infectious enterocolitis, and anaphylaxis.
IL, interleukin.

Figure 2. Cytokine dynamics in patients with acute FPIES in symptomatic and asymptomatic phase.
The comparison of cytokine levels during acute episodes and in stable status is shown. Each long bar
indicates the median value (IL-2: symptomatic and asymptomatic phase; 218.7 pg/ml vs. < 2.6 pg/ml,
IL-10: symptomatic and asymptomatic phase; 31.8 pg/ml vs. 5.2 pg/ml)　and each short bar indicates the
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mean value (IL-2: symptomatic and asymptomatic phase; 334.8 pg/ml vs. 2.8 pg/ml, IL-10: symptomatic
and asymptomatic phase; 47.2 pg/ml vs. 6.5 pg/ml). FPIES, food protein-induced enterocolitis syndrome;
IL, interleukin.

Figure 3. Time course of cytokines in FPIES patient No. 6 (A ), patient No. 7 (B ), and FPIES resolved
patient (control) (C ). FPIES, food protein-induced enterocolitis syndrome.
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