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Background: There are no reports on the relationship between
food protein-induced enterocolitis syndrome (FPIES) diagnosis
and procalcitonin levels.

Objective: Our study sought to demonstrate a correlation
between the presence or absence and severity of FPIES
symptoms and postemetic procalcitonin levels.

Methods: The subjects were 53 patients with FPIES (44 with
hen’s egg allergy, 4 with milk allergy, 4 with wheat allergy, and
3 with soy allergy), who collectively underwent a total of 75 oral
food challenges (OFCs). Procalcitonin levels at 5 hours after
antigen ingestion were compared between patients with a
positive OFC result and those with a negative OFC result and
between patients who experienced mild or moderate events and
those who experienced severe events.

Results: At 5 hours after ingestion of the causative food, the
median procalcitonin levels in patients with a negative OFC
result, patients who experienced a mild or moderate event, and
patients who experienced a severe event were 0.02, 0.03, and
0.16 ng/mL, respectively. The procalcitonin level was
significantly higher in the groups with a positive OFC result
than in the groups with a negative OFC result (P <.001), and it
was significantly higher in those who experienced severe events
than in those who experienced mild or moderate events (P =
.012).

Conclusion: Measurement of procalcitonin levels has the
potential to provide a quantitative and objective assessment of
FPIES diagnosis and severity. (J Allergy Clin Immunol Global
2023;2:100156.)
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Abbreviations used

FPIES: Food protein—induced enterocolitis syndrome
IQR: Interquartile range
OFC: Oral food challenge

TARC: Thymus- and activation-regulated chemokine

INTRODUCTION

Food protein—induced enterocolitis syndrome (FPIES) is a
non-IgE-mediated allergic disease that manifests exclusively as
gastrointestinal symptoms such as emesis and diarrhea.' The
diagnosis of FPIES can be established by fulfilling the diagnostic
criteria or performing an oral food challenge test (OFC); nonethe-
less, a disease-specific serologic test for FPIES is currently un-
available. Hence, the discovery of a disease-specific biomarker
of FPIES would be beneficial. Recently, serum thymus- and
activation-regulated chemokine (TARC) has been proposed as a
potential biomarker, as it has been linked to the presence or
absence of symptoms and disease severity.” The overexpression
of TNF-a has been suggested as an etiologic factor for FPIES.’
TNF-a and other cytokines have been shown to trigger procalci-
tonin production from systemic organs.” Previous research has
demonstrated that procalcitonin is produced by TNF-a and other
cytokines after symptom onset.” Although there are case reports
of elevated procalcitonin levels following the onset of FPIES
symptoms,” ™ there have been no case series or reports on the dis-
ease’s severity. In the present investigation, we assessed the pro-
calcitonin levels of patients with FPIES 5 hours after antigen
ingestion of the causative food and examined their correlation
with symptoms presence or absence and disease severity.

The study involved subjects who underwent OFC for purposes of
diagnosing FPIES or confirming tolerance between November 2020
and July 2022. This study was a prospective study of patients eligible
to undergo OFC. Diagnosis of FPIES was based on the diagnostic
criteria outlined in the International Consensus Guideline.'

OFC was carried out by using the open and single-serving
methods. The allergist determined the food load based on the
patient’s history and other factors (see Appendix | in the Online
Repository at www.jaci-global.org). The criteria for positivity
and severity of the OFC reaction were in accordance with the In-
ternational Consensus Guideline.'

The patient characteristics assessed included the antigen, age at
initial presentation in months, sex, symptoms (emesis, diarrhea,
hematochezia, hypovolemia, pallor, and frequency of emesis),
and history of physician-diagnosed IgE-mediated food allergy
and atopic dermatitis.


Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
http://www.jaci-global.org
mailto:chihiro.kunigami@gmail.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jacig.2023.100156
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jacig.2023.100156&domain=pdf

2 KUNIGAMI ET AL

TABLE l. Patient characteristics
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All patients All OFC Negative OFC Positive OFC

Characteristic (n =53) results (n = 75) results (n = 49) results (n = 26) P value
Male sex, no. (%) 26 (49) 37 (49) 21 (43) 16 (62) 124
Age at onset (mo), median (IQR) 7 (7-8)
Age at OFC (mo), median (IQR) 12 (10-17) 12 (10-17) 12 (9-20) 1.000
Causative food, no. (%) .808

Egg 44 (83) 60 (80) 38 (78) 22 (85)

Milk 4 (8) 6 (8) 5 (10) 14

Wheat 4 (8) 6 (8) 4 (8) 2(7)

Soy 3 (6) 34 2 4) 14
Total IgE level (IU/mL), median (IQR) 24 (9-59) 27 (10-64) 22 (10-50) 59 (22-75) .084
Allergen-specific IgE level 0.37 (0.1-3.89) 0.6 (0.1-6.63) 0.34 (0.1-3.62) 2.16 (0.1-12.4) 213

(UA/mL), median (IQR)
History of IgE-dependent food 3 (6) 4 (5 2 (4) 2(8)

allergy, no. (%)
History of atopic dermatitis, no. (%) 1) 1(1) 1) 0 (0)
TABLE Il. Comparison of laboratory findings in the positive and negative OFC results

Negative OFC result, median (IQR) Positive OFC result, median (IQR)
Indicator (n = 49) (n = 26) P value
Procalcitonin level (ng/mL) 0.02 (0.02-0.03) 0.04 (0.02-0.21) <.001
TARC level (pg/mL) 787 (585-1032) 1051(836-1651) .021
Neutrophil count (/L) 3930 (2470-4940) 6665 (5435-9158) <.001
Eosinophil count (/L) 150 (100-210) 100 (97-154) 011
Hematocrit level (%) 34.9 (32.2-36.8) 34.3 (33.5-35.8) 760
Platelet count (104/mm?) 39.75 (35.0-45.9) 33.1 (28.1-38.1) 173
CRP level (mg/dL) 0.04 (0.04-0.04) 0.04 (0.04-0.04) 716
LDH level (U/L) 299 (275-334) 299 (272-315) .388
pH 7.424 (7.404-7.45) 7.382 (7.375-7.413) <.001
HCOj;™ level (mEq/L) 20.1 (19.1-21.6) 18.35 (16.6-21.9) .074
Methemoglobin level (%) 0.6 (0.5-0.7) 0.6 (0.5-0.7) 425
CRP, C-reactive protein; LDH, lactate dehydrogenase.
TABLE lll. Comparison of laboratory findings between mild or moderate and severe events
Mild or moderate, median (IQR)

Indicator Severe, median (IQR) (n = 13) (n =13) P value
Procalcitonin level (ng/mL) 0.16 (0.04-0.46) 0.03 (0.02-0.04) .012
TARC level (pg/mL) 1623 (1362-1999) 892 (544-989) .009
Neutrophil count (/L) 6840 (5390-10710) 6795 (5740-9448) 551
Eosinophil count (/L) 100 (51-152) 100 (99-208) 443
Hematocrit level (%) 35.3 (34.2-37.7) 33.7 (33.2-34.3) .039
Platelet count (X 104/mm?>) 33.5 (25.9-46.5) 31.7 (28.8-35.7) 755
CRP level (mg/dL) 0.04 (0.04-0.05) 0.04 (0.04-0.04) 247
LDH level (U/L) 278 (267-314) 302 (298-321) .060
pH 7.3785 (7.374-7.393) 7.396 (7.38-7.42) .180
HCOj5™ level (mEq/L) 18.2 (16.5-20.4) 19.75 (17.2-22.5) 539
Methemoglobin level (%) 0.6 (0.5-0.7) 0.6 (0.6-0.7) 346

CRP, C-reactive protein; LDH, lactate dehydrogenase.

Regarding the blood tests, venous blood samples were obtained
both before and 5 hours after loading. A venous catheter was
inserted before OFC, and blood was collected before loading after
the catheter had been secured. Blood was then collected 5 hours
after loading by either using the same catheter or puncturing the
vessel again. Procalcitonin levels were determined using LUMI-
PULSE Presto Brahms procalcitonin (Fujirebio, Tokyo, Japan).

Additionally, TARC level, white blood cell count, neutrophil count,
eosinophil count, hematocrit level, platelet count, C-reactive
protein level, lactate dehydrogenase level, venous blood pH,
HCOj;™ level, and methemoglobin level were also evaluated. Blood
test data were compared between patients with positive and nega-
tive OFC results. Patients with positive OFC results were further
compared between those in the mild or moderate groups and those
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FIG 1. Comparison of procalcitonin between OFC-positive and OFC-negative events and between mild or

moderate and severe events.
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FIG 2. Receiver operating characteristic analysis of procalcitonin levels 5
hours after ingestion. AUC, Area under the curve.

in the severe group according to disease severity. The results are
presented as medians (quartiles), and statistical analysis was per-
formed by using IBM SPSS, version 28.0.0.0 IBM, Armonk,
NY). The Mann-Whitney U test was used to compare blood test
data between the 2 groups. A level of P less than .05 was defined
as significant. This study was conducted in compliance with the
Declaration of Helsinki and approved by the ethics committee at
Showa University Hospital (approval number 22-183-B).

RESULTS AND DISCUSSION
Of the 130 OFC results from 65 patients with diagnosed or
suspected FPIES, 55 without accompanying blood sampling

data were excluded. In all, 75 OFC results from 53 patients were
included in the analysis (Table I). Among the cohort of 53 pa-
tients, 31 individuals received a definitive diagnosis in accor-
dance with the International Consensus Guideline before OFC,
whereas the remaining 24 were categorized as suspected of hav-
ing FPIES. In 55 cases, blood samples were not collected for
various reasons. Specifically, 45 instances corresponded to the
second or subsequent OFC, and considering the negative
outcome and small dose of the challenge, the attending physi-
cian deemed the likelihood of induction of symptoms to be
low, thereby rendering blood sampling unnecessary. In addition,
in 7 cases there was no parental consent, whereas procedural
challenges were encountered in 3 cases. Of the 55 cases, 7
(13%) exhibited a positive outcome in the OFCs. Of that total,
the results of 26 OFCs were positive and the results of 49 were
negative. The median age of the patients was 12 months (inter-
quartile range [IQR] = 10-17 months) at the time of OFC. Of the
cases with a positive result, 12 were mild, 1 was moderate, and
13 were severe.

The test results for both groups are presented in Tables II and
II1. The positive group exhibited significantly higher levels of pro-
calcitonin (ng/mL), with a median level of 0.04 ng/mL
(IQR = 0.02-0.21 ng/mL) in the positive group and 0.02 ng/mL
(IQR = 0.02-0.03 ng/mL) in the negative group (P <.001) (Fig
1). Moreover, the positive group had significantly higher TARC
levels, neutrophil counts, and eosinophil counts, along with lower
venous blood pH. However, no significant differences in other pa-
rameters were observed between the 2 groups.

Five hours after ingestion of the causative food, the median
procalcitonin level was 0.03 ng/mL (IQR = 0.02-0.04) in the mild
or moderate group and 0.16 ng/mL (IQR = 0.04-0.46 ng/mL) in
the severe group, with the severe group exhibiting a significantly
higher level (P =.012) (Fig 1). Moreover, the positive group had
significantly lower levels of hematocrit.
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The results of the receiver operating characteristic analysis of
procalcitonin levels 5 hours after ingestion of the causative food
are illustrated in Fig 2. The area under the curve and cutoff values
for procalcitonin were 0.755 and 0.035 ng/mL, respectively. The
positive and negative predictive values were 63.0% and 81.2%,
respectively.

Although the pathogenesis of FPIES remains unclear, exces-
sive expression of TNF-a is hypothesized to be one of the etio-
logic factors.” There have been reports of heightened levels of
TNF-a following the onset of symptoms in patients with FPIES.”
Additionally, this study has shown a correlation between the pres-
ence or absence and severity of FPIES symptoms and postemetic
procalcitonin levels.

Currently, there is no definitive biomarker for the diagnosis of
FPIES, and evaluation of acute-phase symptoms following anti-
gen ingestion by a medical professional is necessary for diagnosis
and severity assessment. However, there may be situations in
which precise evaluation of acute symptoms is not possible, such
as in emergency room or clinic settings, where a physician
without specialization in pediatric allergies is handling the case,
or when the patient visits his or her family doctor the following
day. In these instances, measurement of procalcitonin levels has
the potential to provide a quantitative and objective assessment of
FPIES diagnosis and severity. However, distinguishing other
inflammatory conditions (eg, sepsis, acute gastroenteritis, and
other infections) from FPIES by using only a procalcitonin level
outside OFC setting would be difficult. Procalcitonin levels
should be assessed in conjunction with a meticulous patient
interview and comprehensive documentation of the patient’s
clinical course. Conversely, procalcitonin could serve as a valu-
able biomarker in the determination of OFC outcomes.

Several limitations of this study must be noted. Procalcitonin
levels were measured 5 hours after loading, and it is unclear
whether this measurement time is appropriate, as procalcitonin is
known to peak 24 hours after a stimulus such as infection.” There-
fore, the measurement time of 5 hours after ingestion of the caus-
ative food may have captured the timing of the onset of the rise.
Nevertheless, the fact that the groups with a positive OFC result
and severe illness exhibited significantly higher values even at 5
hours after ingestion of the causative food does not diminish the
significance of the present results. Furthermore, this study’s target
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antigen was limited to chicken eggs, and whether the observed
trends hold true for all causative antigens is uncertain. Given
the increasing number of FPIES cases in recent years, further
case accumulation and prospective studies are warranted in the
future.
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Clinical implications: A correlation between the presence or
absence and severity of FPIES symptoms and postemetic pro-

calcitonin levels has been demonstrated. Measurement of pro-
calcitonin levels has the potential to provide a quantitative
and objective assessment of FPIES diagnosis and severity.
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