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Abstract

Introduction: The increased use of biologic drugs (BDs) may
lead to an increase in immediate hypersensitivity reactions
(I-HSRs) in pediatric patients with inflammatory bowel disease
(IBD). Our aim was to assess I-HSRs to BDs in pediatric IBD,
examining frequency, clinical features, management, and as-
sociated risk factors. Methods: All children diagnosed with IBD
at our institution between January 1, 2006, and August 1, 2023,
and who developed I-HSRs related to any BD were included in
the study. Results: In a study of 197 pediatric IBD patients, 61
used BD. Among these, 52.4% were male, with a median di-
agnosis age of 145 months (13-215). Out of a total of 1,679
administrations, 6 patients developed I-HSRs (5 with infliximab,
1 with adalimumab), resulting in a frequency of 9.8% per
patient and 0.36% per administration. Of these, 66.7% were
cases of Type 1 HSRs (skin test positivity n = 1), while the rest
were infusion-related reactions (anti-drug antibody positivity
n = 4), all of which were mild to moderate in severity. In the age

and gender-adjusted logistic regression model, the presence of
any comorbid allergic disease was significantly associated with
the occurrence of I-HSR (aOR = 8.35; 95% Cl = 1.24-56.38; p =
0.029). Conclusion: The frequency of I-HSRs to BDs in children
with IBD is not rare but not severe in the long term. The
presence of any comorbid allergic disease is a risk factor for the
development of I-HSRs to BDs. © 2024 S. Karger AG, Basel

Introduction

Inflammatory bowel diseases (IBDs) are chronic in-
flammatory conditions affecting the gastrointestinal tract,
characterized by remission and relapses [1]. The main
subtypes of IBD are Crohn’s disease (CD), ulcerative colitis
(UC) and IBD unclassified (IBD-U) [1]. The treatment
goals in pediatric IBD are to achieve and maintain re-
mission, improve quality of life, and minimize the adverse
effects (AE) of medications [2]. In children, it is crucial to
achieve prompt disease control to prevent potential delays
in development, growth, and pubertal maturation [2].
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Biologic drug (BD) is a biotherapeutic protein product
prepared by recombinant DNA technology [3]. These
proteins are characterized by a high molecular weight and
some are partially of non-human origin [4]. Biologic
drugs have significantly changed the treatment ap-
proaches and disease progression of IBD in both adults
and children [1]. Antitumor necrosis factor-alpha (anti-
TNFa) agents, such as infliximab (IFX) and adalimumab
(ADA), are utilized in pediatric IBD. Anti-integrin agents
such as vedolizumab (VDZ) and anti-IL12/23 agents such
as ustekinumab (UST) are commonly utilized as treat-
ment options in pediatric patients with IBD [2].

As the use of BDs has increased, a corresponding rise in
hypersensitivity reactions (HSRs) has been observed [5].
When examining HSRs with anti-TNF agents, which are
frequently used in the treatment of IBD, the frequency is seen
to range from 4.6 to 38.6%. In this study, we aimed to
evaluate the frequency of immediate HSRs (I-HSRs) to all
BDs in pediatric patients specifically with IBD, describe the
clinical characteristics and management of these reactions,
and identify risk factors related to the development of I-HSR.

Methods

Patients

All pediatric patients who were diagnosed with IBD
between January 1, 2006, and August 1, 2023, were re-
viewed. The inclusion criteria were being aged 0-18 at
diagnosis, using at least one BD for IBD, and attending
regular follow-up visits. Patients who did not meet these
criteria were non-compliant with the treatment or received
immunosuppressive or BDs therapy for indications other
than IBD, as well as those with types 2, 3, and 4 HSRs
related to BDs, were excluded from the study. Charac-
teristics (gender, age at the diagnosis, type of IBD, duration
of follow-up, comorbid allergic [included in atopic der-
matitis, food allergy, asthma, allergic rhinitis, and drug
allergy], non-allergic chronic diseases, family history of
allergic diseases and IBD, presence of extraintestinal
manifestations) and treatment status of patients were
obtained from medical charts. The study was approved by
the Ethics Committee of the Gazi University (Approval
No. 2022-942). Informed consent was obtained from
parents of patients with specific HSRs testing.

Definitions

Diagnosis of IBD

The diagnosis of IBD was established in accordance
with the guidelines, and subtypes were classified as CD,
UG, and IBD-U [6].

Hypersensitivity to Biologics in Children
with Inflammatory Bowel Diseases

Biological Drug Administration

IFX, chimeric with 75% human and 25% murine
components, was administered intravenously. In the
initial dose, a graded challenge protocol was used, fol-
lowed by subsequent doses using the standard protocol.
An accelerated protocol was not employed [7]. ADA,
being fully human, is administered subcutaneously (SC)
every 2 weeks. In the case of an inadequate response, a
switch to weekly administration is considered. VDZ
(humanized) was also administered intravenously infu-
sion and UST (fully human) was also administered in-
travenously infusion for the first dose and subsequent
doses given SC [5]. Intravenous BDs were administered in
the clinic setting under physician observation. Subcuta-
neous BDs were initially administered with clinical
training at our clinic until patients or their caregivers felt
confident to self-administer at home. For those who
preferred not to administer SC at home, the injections
continued in the clinic. No premedication was applied
before the use of any BD.

Immediate Hypersensitivity Reactions

All patients receiving BD treatment were monitored at
our pediatric gastroenterology clinic. During their follow-
up, if there was suspicion of HSR related to any BD,
patients were evaluated by pediatric allergists (H.I.E.K.
and A.B.).

We classified reactions occurring within the first
1-6 h after the administration or infusion of BD as [-HSR
[4] and graded their severity according to modified
Brown criteria as mild, moderate, or severe [8].

The I-HSRs were classified into 4 subgroups [4, 5, 9]:
1. Type 1 HSR (IgE/non-IgE) was defined as the

sudden onset of one or more symptoms or findings
such as cutaneous (flushing, pruritus, urticaria,
angioedema), respiratory (dyspnea, chest tightness,
wheezing, cough, oxygen desaturation), throat (it-
chy, tickle, lump in throat, tightness, swelling,
hoarse voice, difficulty swallowing, stridor), car-
diovascular (chest pain, tachycardia, bradycardia,
hypotension, hypertension, presyncope/syncope),
gastrointestinal (nausea, vomiting, diarrhea, ab-
dominal pain), and loss of consciousness, within
minutes to a few hours.

2. Cytokine release syndrome (CRS) was defined as
quickly developing within minutes to a few hours
following exposure and including specific symptoms
(headache, low blood pressure, pain of the chest and
back, fever, myalgia, arthralgia, and rigors) and non-
specific symptoms (rash, fatigue, dyspnea, throat
tightness, dizziness/hypotension, vomiting, diarrhea).
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3. Mixed reactions refer to cases that exhibit overlapping
features of both type 1 reactions and CRS.

4. Infusion-related reactions (IRRs) are characterized by
the presence of pruritus, flushing, dyspnea, chest
discomfort, myalgia, nausea, and headache which
usually occurs during the first administration, and
premedication with steroids/antihistamines along
with a slower infusion rate may prevent the reaction.
These reactions are generally self-limiting upon sub-
sequent exposures. The difference between IRRs and
CRSs is the self-limiting nature of IRR on repeat
exposure and the response to premedication.

Diagnostic Allergy Workup

Patients who experienced I-HSRs with BDs underwent
skin testing 4 weeks after the reaction occurred. Patients
were checked to ensure they had not taken antihista-
mines, steroids, or immunosuppressive agents before the
skin test, and that they did not have dermographism. If
skin prick tests with undiluted forms of the BDs produced
negative results, subsequent intradermal tests were
conducted using dilutions of 1/100 and 1/10, respectively.
The results of the tests were accepted as positive if the
wheal area was >3 mm greater than the negative control
(0.9% saline). Histamine (10 mg/mL) was used as positive
control.

In patients with suspected I-HSR, anti-drug antibodies
were collected if available. Solid-phase enzyme-linked
immunosorbent assay (ELISA) qualitative method was
used to determine non-isotype antibodies to BDs in se-
rum samples.

Statistical Analysis

The data were analyzed using SPSS 22.0. Descriptive
statistics were provided as numbers, percentages, mean +
standard deviation, and median (minimum; maximum).
Normal distributions for continuous variables were as-
sessed with visual (histograms and probability graphics)
and analytic methods (Shapiro-Wilk’s test). Measure-
ments of variables determined not to follow a normal
distribution will be evaluated between independent bi-
nary groups using the Mann-Whitney U test. The fre-
quency differences between groups for categorical vari-
ables will be compared using x* tests. Variables that were
significant in univariate analyses (p < 0.05) were included
in the logistic regression analysis to examine their as-
sociation with the occurrence of I-HSR. Logistic re-
gression analysis and multivariate analyses were per-
formed to identify risk factors for the development of
I-HSR with BDs. The statistical significance level of the
study was accepted as p < 0.05.
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Results

Patients Characteristics

Over a study period, 197 (54.8% UC, 44.2% CD, 1%
IBD-U) pediatric patients diagnosed with IBD were ex-
amined (shown in Fig. 1). Among these patients, it was
determined that 61 (31%) had used any BD at any time
during the treatment of the disease. The demographic
data of patients using BDs are detailed in Table 1.
Thirteen of these patients were found to have 16 different
comorbid allergic diseases. These were as follows: other
drug allergies (n = 5), asthma (n = 4), food allergy (n = 3),
allergic rhinitis (n = 2), and atopic dermatitis (n = 2).

Four different BD were administered a total of
1,679 times in 61 patients (shown in Fig. 2). It was ob-
served that 14 (23%) of them received two different types
of BD, and one (1.6%) of them received three different
types of BD during the treatment. I-HSRs developed in 6
patients. The frequency of I-HSR was determined 9.8%
per patient and 0.36% per administration.

Characteristics of I-HSR

Four of 6 patients developed type 1 HSR, while two
developed IRR. The 2 patients who developed IRR had
received their first infliximab infusions without any is-
sues. A reaction occurred during the second infusion,
which was found to be administered more quickly than
the infusion protocol recommended. No reactions oc-
curred in patients from the third infusion onward, which
was given at the protocol-specified rate. Mixed reactions
and CRS were not detected. All reactions were mild or
moderate; no severe reaction was observed.

The skin tests were examined in 5 patients, and 1 of
them had positive results. In 5 patients in whom anti-
drug antibodies could be evaluated, 4 (80%) were found to
be positive. Detailed information about these patients is
provided in Table 2.

Management of I-HSR

Patient 1 successfully received infliximab 17 times
through an 11-step rapid drug desensitization (RDD) pro-
tocol starting at one hundred-thousandth of the cumulative
dose was implemented [10]. Patients 2 and 3, who developed
IRRs, received subsequent administrations smoothly with
appropriate infusion duration. However, in these 3 patients,
due to an inadequate treatment response observed during
follow-up, IFX was switched to ADA. Patients 4 and 5, who
did not accept RDD with the culprit BD, were initiated on
UST treatment. Unfortunately, in the case of patient 6, the
patient died due to complications associated with IBD before
any treatment modification could be made.

Terece et al.
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Fig. 1. Study population.

Table 1. Characteristics of patients
using BD (n = 61)

Age at the diagnosis, months, median (min-max)

145 (13-215)

Male, n (%) 32 (52.4)
Subtype of IBD, n (%)

CcD 38 (62.3)

ucC 21 (34.4)

IBD-U 2 (3.3)
Duration of follow-up, month, median (min-max) 44 (2-210)
Extraintestinal manifestations, n (%) 15 (24.6)
Comorbid chronic diseases, n (%)

Allergic 13 (21.3)

Non-allergic 28 (45.9)
History of a previous drug allergy, n (%) 5(8.2)
Family history of allergic diseases, n (%) 7 (11.5)
Family history of IBD, n (%) 4 (6.6)

CD, Crohn’s disease; UC, ulcerative colitis; IBD-U, IBD-unclassified; IBD, inflammatory

bowel diseases.

Risk Factors for I-HSR

Patients with or without I-HSRs were compared in
terms of gender, age at diagnosis, type of IBD, duration of
follow-up, presence of any comorbid allergic disease and
its type, drug allergies, comorbid non-allergic chronic
diseases, presence of extraintestinal manifestations, du-
ration until the initiation of a BD, and prior use of dif-
ferent BDs. A statistically significant difference was ob-
served between individuals with a comorbid allergic

Hypersensitivity to Biologics in Children
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disease, at 33.3% (3 out of 9), and the non-allergic disease
group, which had a reaction rate of 5.8% (3 out of 52),
with a p value of 0.037, while no significant difference was
observed between the groups in terms of other param-
eters (p > 0.05). In the age and gender-adjusted logistic
regression model, the presence of any allergic disease was
significantly associated with the occurrence of I-HSR
(adjusted odds ratio [aOR] = 8.35; 95% CI = 1.24-56.38;
p = 0.029).
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Discussion

In this study, we evaluated the occurrence of I-HSRs
induced by the use of BDs in pediatric IBD patients over
17 years. The frequency of I-HSR per patient is 9.8%, and
per administration is 0.36%, and all I-HSRs were noted to
be mild to moderate. The presence of any allergic disease
increases the development of I-HSRs induced by BD use.

There have been limited studies on BD-HSR in pe-
diatric IBD patients. Results of HSR related to the BD
used in IBD have been presented comprehensively along
with different disease groups [11]. Most studies focus on
an HSR with a single BD type [12-14], while others
categorize reactions associated with BDs as “adverse
events” or “infusion reactions” [12, 15-17]. In previous
studies, immediate and delayed reactions are often
combined, leading to reaction frequencies ranging widely
from 4.6 to 38.6% [12-14]. Therefore, the frequency of
I-HSR in our study aligns with this range. Notably, they
reported the highest frequency of 38.6% [12], which they
termed “medically significant reactions,” including sub-
jective symptoms such as dysphoria, tingling, and
numbness. In the study reporting the lowest frequency,
we believe that this may be due to the larger patient
population [13].

In our study, none of the I-HSRs were severe, con-
sistent with the findings of another pediatric study, which
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is the only study outside our scope that evaluates severity
[17]. It is understood that in this study, unlike ours,
patients were given premedication before BD adminis-
tration. However, the number of patients who received
premedication and the content of the premedication
remain unclear. Nevertheless, it has been reported that
there is no correlation between the development of im-
mediate adverse events and the use of premedication [17].
While other pediatric studies lacked clear severity grade,
individual findings suggested the possibility of severe
HSRs, including hypotension and hypoxia despite the use
of premedication use [12-14]. Moreover, in the study by
Jacobstein et al. [13], it was reported that infusion re-
actions developed more frequently in the group that
received premedication compared to those who did not.
The role of premedication before the administration of
BDs in preventing the development of HSRs remains
open to discussion based on these results.

When we wanted to compare the HSRs to BDs in IBD
in terms of frequency, type, and severity with the adult
group, we found that most of the data were included in
efficacy and safety studies. In these studies, there were
heterogeneous definitions such as adverse events, acute
infusion reactions or injection site reactions, similar to
those in pediatric studies. We could not find any adult
studies that exclusively focused on I-HSR and could be
directly compared to our study. Nevertheless, considering
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Table 2. Characteristics of patients who developed I-HSR with BD and management

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6
Subtype of IBD CD CcD uc cD CcD cD
Duration of IBD, 52 116 15 54 126 21
months
Age at 9.2 14.6 125 17.5 17.3 16
development of
I-HSR, years
Culprit BD IFX IFX IFX ADA IFX IFX
Time of I-HSR 10th min 30th min 10th min 15th min 30th min 20th min
I-HSR 2nd 2nd 2nd 7th 3rd 1st
developing
dose
I-HSR signs and  Flushing, Dyspnea, Flushing, Flushing, itching, Urticaria, Urticaria,
symptoms abdominal pain vomiting abdominal pain, conjunctivitis angioedema,  flushing,
cough, dyspnea, dyspnea chest tightness, dyspnea
chest pain tachycardia
hoarseness,
tachycardia
Type of I-HSR Type 1 non-IgE IRR IRR Type 1 IgE- Type 1 non-IgE  Type 1
mediated mediated mediated
Severity of Moderate Moderate Moderate Mild Moderate Moderate
[-HSR
Acute treatment Infusion Infusion Infusion Administration Infusion Infusion
of I-HSR discontinued, discontinued discontinued, discontinued discontinued discontinued
adrenaline adrenaline and adrenaline

administered

pheniramine
administered

administered

Skin tests Negative Negative Negative Positive (ID test  Negative NA

with 1/100

dilution

15%12 mm)
Non-isotype Positive Positive Positive Negative Positive NA
anti-drug
antibody
Management of RDD with IFX was Infusion time Infusion time Treatment Treatment Switching IFX
I-HSR applied prolonged prolonged changed changed to ADA was

planned

Comorbid None None Asthma Penicillin allergy None Atopic
allergic disease dermatitis

IBD, inflammatory bowel diseases; CD, Crohn’s disease; UC, ulcerative colitis; I-HSR, immediate hypersensitivity reactions; BD,
biologic drug; IFX, infliximab; ADA, adalimumab; RDD, rapid drug desensitization; NA, non-applicable.

all these, we can say that the frequency of reactions with
BDs in adult patients ranges from 2.3 to 20%, with most
being mild, similar to in pediatric IBD [18-21].

Risk factors for HSR to BD include both patients’
characteristics, underlying disease to be treated and drug-
related factors. In this regard, when assessing hyper-
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sensitivity to BDs in IBD, Romeo et al. [16] reported that
female gender, starting treatment at the age of 14 or older,
and a disease duration of more than 1 year is associated
with the development of adverse events. Also, it has been
reported that the use of immunomodulators for more
than 4 months either prior to or concurrently with the BD
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reduces the development of HSRs [12, 14, 17]. Among the
various factors we evaluated, we found that only the
presence of any allergic disease is a risk factor for the
development of I-HSRs to BDs, in contrast to the findings
of D’Arcangelo et al. [17]. Since no other variable that
could potentially act as a confounding factor emerged
significantly in our study, we evaluated the presence of
any comorbid allergic disease as an independent risk
factor.

Previously, the presence of atopy was not considered a
risk factor for drug HSRs; instead, it was thought to
contribute to more severe allergic reactions [22]. How-
ever, a recent study showed that determinants of atopy
were predictors of immediate-type beta-lactam allergy in
the Spanish population [23]. Additionally, atopy was
found to be a risk factor for NSAID hypersensitivity in
another recent study, including both adults and children
[24]. Therefore, it is evident that further studies are
needed to elucidate the impact of comorbid atopic dis-
eases on the development of HSRs, both in other drug
groups and with BDs. From this perspective, the diagnosis
of comorbid allergic diseases is primarily based on his-
tory, and atopy was evaluated in history-positive patients;
in other patients, we did not check for the presence of
atopy with skin tests.

Specific factors related to the drug, also play a sig-
nificant role in the development of HSR with BDs [9].
Hypersensitivity reactions to BDs are less common for
fully human or humanized BD that elicits lower im-
munogenic responses [25]. In support of this, despite a
higher frequency of ADA administration compared to
IFX, a lower frequency (3.8% vs. 11.4% per patient) of
I-HSR was observed in our study. This is due to the higher
level of humanization in ADA compared to IFX, which is
a chimeric IgG1 monoclonal antibody. In all patients
except one who developed I-HSR with IFX, non-isotype
antidrug antibodies were found to be positive despite
negative skin tests. These antibodies may be associated
with I-HSRs, although we could not test for the presence
of these antibodies in the group without I-HSR. Fur-
thermore, we did not detect I-HSR with VDZ and UST.
We attribute this finding not only to their humanized
nature but also to the lower number of administered
patients and doses. On the other hand, although the safety
profiles of UST and VDZ are reported to be good, cases of
hypersensitivity with both have been reported in both
children and adults [26-28]. Additionally, the relation-
ship between disease-specific variables and the devel-
opment of I-HSR with BD has been reported in children
diagnosed with rheumatological diseases [29]. In order to
determine disease-specific risk factors, we compared
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variables such as age at diagnosis, duration of IBD,
subtype of IBD, and presence of accompanying extra-
intestinal manifestations between the groups. However,
aside from the presence of any comorbid allergic disease,
we did not find any significant differences.

The main limitation of our study is its relatively small
patient population, which might restrict the generaliz-
ability of our findings. Additionally, its retrospective
design could potentially lead to data loss and hinder our
ability to identify other risk factors such as atopy, disease
activity, and anti-drug antibodies in the development of
I-HSR. Although comorbid allergic diseases were cor-
related with I-HSR development in univariate analyses,
the lack of significant differences compared to other
variables precluded conducting multivariate analyses.

The strengths of the study are its exclusive focus on the
pediatric age group, its evaluation of all types of BDs used
in pediatric IBD, its accurate classification of I-HSRs
according to current criteria, and its completion of the
allergic diagnostic workup. Moreover, we attempted to
identify risk factors that could be associated with the
development of I-HSR with BDs.

In conclusion, the frequency of I-HSRs to BDs in
children with IBD is not rare but not severe in the long
term. The presence of any comorbid allergic disease is a
risk factor for the development of I-HSRs.
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