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ABSTRACT

Background: Food protein–induced enterocolitis syndrome (FPIES) is a non–immunoglobulin E mediated food hypersen-
sitivity syndrome characterized by profuse vomiting and diarrhea, which leads to lethargy, dehydration, and hypotension.
Given the potential severity of reactions, resolution of FPIES is confirmed via oral food challenge (OFC) during which
intravenous (IV) access is recommended to facilitate IV fluids (IVF) and steroid therapy. Risk factors for IV treatment are not
well characterized.

Objectives: The objectives of this study were to analyze predictors for IV treatment during OFC in patients with FPIES.
Methods: A retrospective chart review was conducted of patients with The International Classification of Diseases, Ninth

Revision codes 558.3 and 558.9, and with OFC who were seen in an allergy and immunology clinic from January 2000 to
October 2015. OFC reaction severity was scored (1, mild; 2, moderate; 3, severe), and demographics, IV treatment frequency,
and OFC outcomes were evaluated. The Fisher exact test and Wilcoxon rank sum test statistical analyses were performed.

Results: Of 184 patients, 28 met inclusion criteria, with 39 OFCs performed. The median age of onset of FPIES was 6
months. The median age at OFC was 2.6 years. This was 2.2 years (range, 0.3–8.5 years) from symptom onset. Of 39 OFCs,
IV treatment, including IVF and/or steroids, was required in only 7.7%. Thirty-eight OFCs (97.4%) were of equal or lesser
severity than historical reactions. The median severity of presenting reaction (3[IV�]:1[IV�]; p � 0.05) was greater in those
who required IV treatment. OFCs with IV treatment were in younger patients (15 months [IV�]:32 months [IV�]; p � 0.039)
who underwent OFCs earlier relative to the time of diagnosis (8 months [IV�]:28 months [IV�]); p � 0.018).

Conclusion: Although FPIES can potentially elicit severe symptomatology, the patients most commonly experienced only
vomiting and diarrhea, which often resolved with minimal treatment. Reactions generally did not worsen over time. Fewer than
10% of the patients challenged required IV treatment, all were young and with severe FPIES. It is reasonable to consider age
and length of time from historical reactions when evaluating the necessity of IV placement in patients undergoing FPIES OFC.

(Allergy Asthma Proc 38:467–473, 2017; doi: 10.2500/aap.2017.38.4079)

Over the past decade, an increase in food protein–
induced hypersensitivity syndrome (FPIES) has

been reported, with a recent consensus guideline docu-
ment that outlines diagnostic criteria.1–3 Although FPIES
is believed to occur in up to 1 in 300 infants and accounts
for 40% of cow’s milk intolerance, it is still frequently
underrecognized, misdiagnosed, and poorly under-
stood.2–5 The recent guidelines state that up to 50% of
positive oral food challenge (OFC) results might re-
quire treatment with intravenous (IV) fluids.3 FPIES is
a non–immunoglobulin E (IgE) mediated food hyper-
sensitivity syndrome believed to be secondary to cell-
induced inflammation that results in increased intesti-

nal permeability with increased tumor necrosis factor �
in stool samples and decreased T-regulatory cells.6–9

Rather than immediate reactions, FPIES is character-
ized by delayed reactions limited to gastrointestinal
manifestations. Patients with FPIES are often young
and most commonly present with vomiting and diar-
rhea 2–10 hours after food ingestion.2 Approximately
70% of the reactions are triggered by cow’s milk, fol-
lowed by soybean and grains.10 Reactions are fre-
quently described as severe and progress to hypoten-
sion, with patients appearing seriously ill, with
development of shock, dehydration, and hypotension,
and require IV fluids (IVF) and hospitalization.11

Given this propensity for severe, life-threatening re-
actions, conservative management is recommended.
Dietary elimination of any FPIES triggers is suggested,
and reintroduction of foods at home is not encouraged.
FPIES consensus guidelines5 state that “some experts
strongly recommend that peripheral IV access be se-
cured before OFC.” This has been recommended be-
fore challenge for IVF, methylprednisolone, and/or
ondansetron administration.4 Although the propensity
for severe FPIES reactions is widely recognized, many
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parents refuse IV placement before FPIES OFCs despite
recommendations. Some physicians do not perform
challenges because of the IV recommendation. To our
knowledge, no studies to date analyzed the necessity of
IV access in FPIES. The objectives of this study were to
describe the characteristics of FPIES and OFCs, and to
evaluate potential factors that predict IV requirement
before FPIES OFC.

METHODS
A retrospective chart review was performed on pa-

tients seen from January 1, 2000, to October 3, 2015,
with physician-diagnosed FPIES and OFC in the al-
lergy and immunology clinic at a tertiary center. Insti-
tutional review board approval was obtained through
Baylor College of Medicine (H-23905). Patients were
included if they had International Classification of Dis-
eases, Ninth Revision (ICD-9)3 codes 558.3 and 558.9
(allergic/noninfectious gastroenteritis and colitis) and
a Current Procedural Terminology (American Medical
Association, Chicago, IL) code for food challenge
(95076). Patients were excluded if they did not have the
ICD-9 code diagnosis or a clinical FPIES diagnosis, or
were not given an OFC with the following protocol.
FPIES OFC was performed with three equal portions of
food protein (0.06–0.6 g/kg) administered over 45
minutes, followed by physician-supervised observa-
tion for 3 hours. A positive challenge result was de-
fined as symptoms of emesis, lethargy, or diarrhea, and
treatment was administered at the physician’s discre-
tion.

Patient demographics, reaction characteristics, IV
treatment frequency, and OFC outcomes data were
collected. Reaction severity was graded on an inter-
nally developed Likert scale (1, mild; 2, moderate; 3,
severe). Mild FPIES was defined as either vomiting or
diarrhea. Moderate FPIES was defined as having both
vomiting and diarrhea. Severe FPIES included any pa-
tient with lethargy, dehydration, or clinically signifi-
cant hypotension. Comparisons of OFC and patient
characteristics were made between the patients with
positive and negative OFC reactions and between pa-
tients who received IV treatment versus no IV treat-
ment. IV treatment was initiated per the treating phy-
sician’s clinical judgment. Statistical analyses were
performed by using the Fisher exact test for compari-
son of categorical characteristics and the Wilcoxon
rank sum test for continuous characteristics. Statistical
significance was defined as p � 0.05. For analysis, it
was assumed that each OFC was independent; how-
ever, there were repeated OFCs among six patients.
Generalized estimating equations models were used to
conduct clustered analyses, but the results were not
substantially different from the models when assum-
ing independent observations.

RESULTS
One-hundred and eighty-four patient charts that

contained diagnosis codes that pertain to allergic/non-
infectious gastroenteritis and colitis (558.3 and 558.9,
respectively) or a Current Procedural Terminology
code for food challenge (95076) were reviewed. One-
hundred and fifty-six patients lacked a diagnosis of
FPIES or had no documented OFC and, therefore, were
excluded. Twenty-eight patients met inclusion criteria,
six of whom underwent more than one OFC to differ-
ent triggers. Thirty-nine OFCs were performed in 28
patients. The majority of the OFCs were performed in
patients who experienced early onset FPIES, with their
first reaction having occurred at �9 months of age,
with a median age at diagnosis of 6 months (range, 2
days to 46 months). The median number of food trig-
gers ranged from one to six foods, with 16 OFCs in
patients who had two or more triggers (Table 1). Sixty-
eight percent of OFCs were in patients with reactions
to cow’s milk, followed by rice (36%), and soy (32%)
(Fig. 1).

Most OFC reactions consisted of vomiting (67%) and
diarrhea (56%), and no OFCs were performed on a
patient with a history of hypotension associated with
his or her reactions (Fig. 2). The median severity of
both the initial presenting reaction and the last docu-
mented reaction before OFC was mild (Table 1). The
OFCs were performed by using the FPIES protocol in
patients with minimally positive skin-prick test results
or serum-specific IgE when the clinical presentation
was classic for FPIES and IgE-mediated allergy was not
suspected. The number of patients with minimally pos-
itive IgE test results �0.35 kU/L was not different in
the positive result and the negative OFC result groups.
Thirty-five OFCs were performed in patients who had
two or more documented reactions after incidental
exposures to a single food trigger, whereas only one
OFC (2.9%) was associated with a patient who had a
worsening severity of symptoms after food ingestion
over time.

A strong history of atopy (defined as asthma, allergic
rhinitis, or atopic dermatitis) was evident in the major-
ity of patients, and more than half reported a family
history of atopy (Table 1). In addition to FPIES, more
than one-third of the patients also reported a history of
classic IgE-mediated food allergies to alternate foods.
Given a high clinical suspicion for FPIES, 30 OFCs
were performed in patients who had IgE-specific test-
ing for the offending food agent, and 20% were found
to have atypical, IgE positive, FPIES. Only 4% of 26
skin test results were positive. A family history of atopy
was associated with no IV treatment for OFC (Table 2).

Of 39 OFCs performed, 13 results were positive. Of
those, 10 patients were characterized by either having
no treatment or treatment with oral medications, in-
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cluding diphenhydramine, ondansetron, and/or oral
rehydration. Three patients who had OFCs required
treatment with IVFs and/or IV steroids (Fig. 3). The
median age of the patients at OFC was 31 months,
which was 27 months from the age of the initial FPIES
reaction (Table 3). Eight-five percent of OFC reactions
consisted of vomiting, and no OFCs resulted in clini-
cally significant hypotension (Fig. 2). Only one OFC
(2.6%) resulted in a reaction of greater severity than
historical patient reactions. No patients required hos-
pitalization after completion of OFC. Of the OFCs that
documented FPIES resolution (n � 31), the median
patient age at resolution was 32 months (Table 3). A
positive OFC result was associated with later resolu-
tion of FPIES (based on documented self-resolution
found via chart review or proven resolution on subse-

quent OFC) compared with negative OFC results (p �
0.04) (Table 3). No statistically significant differences
were observed in terms of patient age, number of trig-
gers, presence of atopy, or severity of historical reac-
tions between positive versus negative OFC results
(Tables 1 and 3).

In OFCs that required IV treatment, there was only a
trend toward more patients having a history of a more-
severe initial reaction severity score (SS) (SS � 3) com-
pared with those who did not require IV treatment
(SS � 1) (p � 0.05) (Table 2). However, this did not
meet statistical significance. When severity was ana-
lyzed as a potential predictor of OFC outcome, OFCs in
patients with an initial severe reaction only trended
toward being more likely to result in IV treatment

Table 1 Baseline characteristics of patients with FPIES: OFC

FPIES Characteristics No. of
Patients

All Challenges,
N � 39

Negative OFC Result,
n � 26 (67%)

Positive OFC Result,
n � 13 (33%)

p Value

Age at diagnosis, median (25th,
75th percentiles), mo

39 6 (1.5, 12) 3.25 (1.5, 12) 9 (4, 13) 0.28

No. triggers, median (25th,
75th percentiles)

39 2 (1, 3) 2 (1, 3) 2 (1, 3) 0.64

Reaction severity at initial
presentation, median (25th,
75th percentiles)

39 1 (1, 2) 1 (1, 2) 1 (1, 1) 0.39

Severity at the final oral food
challenge by history, median
(25th, 75th percentiles)

35 1 (1, 1) 1 (1, 1) 1 (1, 1) 0.46

Positive IgE result, no. (%) 30 6 (20) 4 (20) 2 (20) �0.999
Positive skin test result, no. (%) 26 1 (4) 0 1 (10) 0.39
Patient characteristics 28

Atopy 20 (71) 11 (65) 9 (82) 0.42
Family history atopy 16 (57) 12 (71) 4 (36) 0.12
Food allergies 11 (39) 6 (35) 5 (45) 0.70

FPIES � Food protein–induced enterocolitis syndrome; OFC � oral food challenge; IgE � immunoglobulin E.

Figure 1. Food triggers for patients with food protein–induced
enterocolitis syndrome (FPIES) on initial presentation. Figure 2. Symptoms of patients with food protein–induced en-

terocolitis syndrome (FPIES) on initial presentation and with sub-
sequent oral food challenge (OFC).
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compared with OFCs in those with mild-moderate re-
actions (p � 0.056) (Table 4). OFCs that resulted in IV
treatment were in significantly younger patients than
the OFCs without an IV treatment requirement (p �
0.04) (Table 2). OFCs in patients �18 months old at the
time of challenge had a significantly higher likelihood

of requiring IV treatment compared with OFCs in older
patients (p � 0.01) (Table 4). In addition, OFC was
performed significantly sooner from the time of diag-
nosis in patients who required IV treatment (p � 0.02),
and if OFC was performed �12 months from initial
presentation, then the risk for IV requirement was
significantly increased (p � 0.004) (Tables 2 and 4).

DISCUSSION
Over recent years, FPIES has become a widely re-

garded food hypersensitivity syndrome,3 but the un-
derlying pathogenesis and optimal treatment have not
yet been well defined. Reports that describe potentially
severe FPIES reactions led to recommendations for IV
access for patients undergoing FPIES OFC.2,10–16 In
2011, however, Katz et al.2 first questioned this recom-
mendation on finding that, of 24 OFCs performed,
none required IV treatment or had clinically significant
hypotension. This study was biased toward a lower
acuity of disease, however, because it excluded pa-
tients with a history of severe FPIES from undergoing
OFCs.2 In contrast, the current study analyzed FPIES
OFC outcomes among all severities of disease in an

Table 2 Comparison of baseline patient characteristics and OFC characteristics based on the need for IVT

OFC Characteristics No. of
Patients

No IVT Needed,
n � 36 (92%)

IVT Needed,
n � 3 (8%)

p Value

Age diagnosis, median (25th, 75th
percentiles), mo

39 5.5 (1.25, 12.5) 7 (4, 10) 0.67

No. triggers, median (25th, 75th
percentiles)

39 2 (1, 3) 1 (1, 2) 0.11

Reaction severity at the initial
presentation, median (25th, 75th
percentiles)

39 1 (1, 1) 3 (1, 3) 0.05

Reaction severity at the most recent
historical reaction, median (25th, 75th
percentiles)

35 1 (1, 1) 1.5 (1, 2) 0.16

IgE positive result, no. (%) 30 6 (21) 0 —
Skin test positive result, no. (%) 26 1 (4) 0 —
Age at OFC, median (25th, 75th

percentiles), mo
39 32 (24, 48.5) 15 (8, 30) 0.04

Time to OFC, median (25th, 75th
percentiles), mo

39 28 (20, 43) 8 (4, 20) 0.02

Severity of in-office OFC Reaction, median
(25th, 75th percentiles)

39 0 (0, 1) 3 (1, 3) 0.002

Hospitalization, no. (%) 39 0 0 –
Age at resolution, median (25th, 75th

percentiles), mo
31 32 (24, 44) 36 0.69

Patient characteristics, no. (%)
Atopy 28 18 (72) 2 (67) �0.999
Family history of atopy 28 16 (64) 0 0.07
Food allergies 28 10 (40) 1 (33) �0.999

OFC � Oral food challenge; IVT � intravenous treatment; IgE � immunoglobulin E.

Figure 3. Treatment given to patients with food protein–induced
enterocolitis syndrome (FPIES) on oral food challenge in the out-
patient clinic.
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outpatient setting and highlighted findings that chal-
lenge the current guidelines.

Based on the patient characteristics described, this
study population represented the FPIES population as
a whole. This study confirmed that patients with FPIES
were mostly infants who presented within the first 6
months of life with vomiting and diarrhea, typically
secondary to a cow’s milk trigger.10–16 Although the
majority of studies found soy to be the second most
common trigger and rice to be the most common solid
food FPIES trigger, our study found rice to cause 36%
of FPIES, followed by soy, which caused 32% of FPIES
(Fig. 1). The slightly decreased prevalence of soy FPIES
in this population compared with the literature may be
due to frequent early introduction of rice cereal, with a
lower and later exposure to soy milk. Patients with an
allergy or FPIES reaction to cow’s milk may have been
discouraged from introducing soy due to a reported
50% cross-reactivity as well as a common parental fear
of a detrimental effect of estrogen content in soy for-
mula on a child’s development.17,18

In addition, the results of this study supported ear-
lier accounts in the literature of patients with FPIES
who commonly (57% in our study) developed multiple
FPIES food triggers.5,10,11,13–16 The presence of atopy
(allergic rhinitis, asthma, atopic dermatitis) is a well-
known association with FPIES that was also mimicked
in this study. Almost three-fourths of this FPIES pa-
tient population had atopic disease and 57% reported a
family history of atopy, which was consistent with
previous studies that describe concomitant atopy as
high as 30%, and 20–80% with a family history of
atopic disease.11,13,19,20

Although the characteristics of the FPIES population
in this cohort seemed to coincide with that described in
the literature, the results did not reflect the severity of
reactions previously reported. Other studies found that
75% of patients with FPIES seem acutely ill and that
15% require hospitalization for hypotension.4 In solid
food FPIES, 79% of patients present with severe reac-
tions, 57% of whom seem in shock, and 64% require
hospitalization.11 In contrast, 0% of our patients dem-

Table 3 Characteristics of patients with FPIES at the time of OFC

No. of
Patients

All Challenges,
N � 39

Negative OFC Result,
n � 26 (67%)

Positive OFC Result,
n � 13 (33%)

p Value

Age at OFC, median (25th,
75th percentiles), mo

39 31 (23, 48) 31.5 (24, 38) 30 (22, 82) 0.52

Time to OFC, median (25th,
75th percentiles), mo

39 27 (19, 43) 24.3 (20, 33.5) 29 (15.5, 56) 0.47

Severity score for reaction,
median (25th, 75th
percentiles)

39 0 (0, 1) 0 (0, 0) 1 (1, 1) �0.001

Hospitalization, no. (%) 39 0 0 0 —
Age at resolution, median

(25th, 75th percentiles), mo
31 32 (24, 44) 31.5 (24, 38) 39 (36, 61) 0.04

FPIES � Food protein–induced enterocolitis syndrome; OFC � oral food challenge.

Table 4 Predictive indicators for an IVT requirement during OFC

All Challenges,
N � 39

No IVT Needed,
n � 36 (92%)

IVT Needed,
n � 3 (8%)

p Value

Severity at first reaction 0.06
Mild-moderate (SS 1, 2) 33 32 1
Severe (SS, 3) 6 4 2

Age at OFC 0.01
�18 mo 3 1 2
�18 mo 36 35 1

Time to OFC 0.004
�12 mo 2 0 2
�12 mo 37 36 1

IVT � Intravenous treatment; OFC � oral food challenge; SS � severity scale.
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onstrated clinically significant hypotension, and none
were hospitalized. In addition, this study did not dem-
onstrate a worsening severity of reactions over time.
Concern for interval worsening of FPIES reactions
arose from Bansal et al.21 and Monti et al.,22 who de-
scribed increased sensitivity on subsequent exposures
to the same food antigen. However, only 1 of 39 OFCs
in this study resulted in a reaction more severe than
historical reactions, which thus alleviated the concern
that an OFC may produce an unexpectedly severe
reaction.

IV treatment has been a mainstay of therapy for
acute FPIES reactions. Only three challenges (7.7%) in
our study elicited a reaction that warranted treatment
with IVF and/or IV steroids. Three additional positive
OFC reactions resolved with oral rehydration and/or
oral medications alone, whereas the remaining seven
positive OFC results required no intervention. Gener-
ally, the patients who required no treatment involved
those with substantially delayed reactions that oc-
curred at home after the period of physician observa-
tion. Reactions were not severe enough to warrant
seeking medical attention, and symptoms, typically
recurrent emesis, self-resolved.

Although establishing IV access in every FPIES OFC
may not be essential, certain considerations should be
made in high-risk situations. The patients who pre-
sented for OFC at a young age, with minimal time
elapsed since the initial reaction, were significantly
more likely to experience a reaction that required IV
treatment. Results of a recent study from Korea indi-
cated sooner challenges may be permissible but con-
tinued to endorse waiting until at least 12 months of
age to perform cow’s milk FPIES challenge.23 If electing
to perform OFC sooner than 12 months after previous
reactions, obtaining IV access is prudent. Allergists
may have difficulty implementing OFCs for FPIES be-
cause of the perceived need for IV placement. Young
children may need many personnel to restrain them for
IV placement. Frequently, this is traumatic for the fam-
ily. In addition, office workflow issues and parental
refusal of oral challenge may arise due to the invasive
procedure. The quality of life would likely be enhanced
in patients who have this diagnostic procedure,24 so
there is potential benefit to stratifying risk for OFCs in
patients with FPIES and with the features that corre-
spond to milder reactions (older age, longer length of
time from historical reactions). This would enable al-
lergists to make more accurate diagnoses of FPIES and
eliminate FPIES as a cause of emesis in patients with
mild symptoms or questionable histories.

Due to the retrospective nature, our study was lim-
ited by the information supplied in the electronic med-
ical record. FPIES is a clinical diagnosis, which thus
relied on clinicians’ ability to detect and document the
disease. Also, ICD-9 codes were screened to obtain

patients who met inclusion criteria, and, because no
one ICD-9 code for FPIES existed in the past, some
patients with FPIES were likely overlooked. This study
only encompassed patients who presented and were
seen in the allergy and immunology clinic, and who
were compliant to follow-up for OFC. The change in
OFC frequency over time was not assessed due to the
small number of patients. However, there were no
efforts to change the management of FPIES with regard
to OFCs during the time frame studied. Other patients
with FPIES may not have been incorporated into this
study if they were seen in the emergency department,
never referred, or lost to follow-up. It is feasible that
the reaction severity of patients in the study might
have underrepresented those with severe FPIES if the
patients with severe reactions were underrecognized
and misdiagnosed as sepsis, for example. Lastly, given
the very small percentage of patients who required IV
treatment for a FPIES OFC reaction, significance was
difficult to determine in many cases, and future pro-
spective studies are necessary to confirm the predictive
factors reported.

To our knowledge, this was the first study to date to
describe patients with FPIES OFCs in an outpatient
setting, assessed the need for IV access during an
FPIES OFC, and, more precisely, determined criteria
that delineated the necessity of IV placement. This
study incorporated a large sample size collected over a
15-year span. The patients presented to the outpatient
clinic and, therefore, are thought to adequately repre-
sent the pediatric FPIES outpatient population as a
whole. This study also characterized FPIES reactions
over time and analyzed the risk for interval worsening
of reactions.

CONCLUSION
FPIES is a clinical syndrome, which typically mani-

fests as vomiting and diarrhea. Ninety-seven percent of
OFCs result in similar or milder reactions on subse-
quent exposures to offending food antigens in this
population, and, although universal IV placement dur-
ing FPIES OFC has been recommended, �90% of these
IVs may be placed unnecessarily. Special consideration
should be given to infants �18 months old and those
who presented for OFC despite a recent reaction be-
cause these patients were significantly more likely to
require IV treatment after OFC.
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