Clinical Allergy - Brief Report

International Archives of

Allergy...
Immunology

Int Arch Allergy Immunol 2019;178:272-276
DOI: 10.1159/000495302

Received: October 22,2018
Accepted after revision: November 9, 2018
Published online: January 3, 2019

The Diagnosis of Ceftriaxone
Hypersensitivity in a Paediatric

Population

Francesca Mori® Giulia Liccioli®

Alessandra Piccorossi® Lucrezia Sarti?

Simona Barni® Mattia Giovannini® Chiara Azzari® Mariangela Manfredi

Elio Novembre?

2Department of Paediatrics, Allergy Unit, Anna Meyer Children’s University Hospital, Florence, Italy; °Department
of Paediatrics, San Salvatore Hospital, University of L'Aquila, L'Aquila, Italy; Section of Paediatrics, Division of
Immunology, Department of Health Sciences, Anna Meyer Children’s Hospital, University of Florence, Florence,
Italy; 9Laboratory of Immunology and Allergology, S. Giovanni di Dio Hospital, Florence, Italy

Keywords
Ceftriaxone - Hypersensitivity - Drug allergy - Children -
Paediatric population

Abstract

Introduction: Penicillins and cephalosporins are the most
frequent causes of hypersensitivity reactions (HRs) to drugs
in children. Among cephalosporins for intravenous use, cef-
triaxone (CT) is the most frequently prescribed in Italy. The
aims of this study were to evaluate the diagnostic methods
for CT hypersensitivity in a population of children with sus-
pected HRs to this drug and their tolerance toward amoxi-
cillin/clavulanic acid (AMX/CLV). Materials and Methods:
From 2012 to 2018, 90 children were investigated for sus-
pected HRs to CT according to the European Academy of Al-
lergy Asthma and Clinical Immunology (EAACI) guidelines.
Results: Ninety children had a history of reaction to CT. The
majority (79/90; 77.8%) had a history of immediate reactions
(IRs). CT hypersensitivity was confirmed in 26/90 patients
(28.9%). In case of IRs, skin tests can be useful (24% of posi-

tive CT intradermal tests — IDTs) particularly in cases of ana-
phylaxis (81.8% of positive CT IDTs). Only 5 out of 28 drug
provocation tests were positive. Serum-specific IgE (sIgE) de-
termination for CT correlated with positivity upon skin/drug
provocation tests (high specificity 95.6%) but had a low sen-
sitivity; slgE for AMX had a very low positive predictive value
(14.3%), advocating against its use. In case of non-IRs, only
7/11 patients reached a confident diagnosis, but the low
number of children does not enable proper conclusions.
Only 2 children showed cross- and/or co-allergy (2.2%) be-
tween CT and AMX/CLV. Conclusion: IDTs seem to be useful
for diagnosing CT IRs. Hypersensitivity to CT is confirmed in
28.9% of children, although a large fraction of parents re-
fused an intravenous rechallenge (45.6%). It remains un-
known whether this is due to the fact this was intravenous
rather than a rechallenge with the culprit, but it reflects a
clinical reality. Otherwise, cross- and/or co-allergy between

CT and AMX/CLV is a rare event. ©2019S. Karger AG, Basel
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Introduction

Today, B-lactams (BLs) are among the most frequent
causes of hypersensitivity reactions (HRs) to drugs, with
penicillins and cephalosporins the two main classes of BL
antibiotics in terms of culprit drugs and prescription rates,
especially in children [1]. BLs may provoke both IgE-me-
diated and T-cell-mediated HRs. The former usually oc-
cur within 1 h after the last drug administration (i.e., im-
mediate reactions [IRs] from urticaria to anaphylaxis),
while the latter appear more than 1 h later (i.e., non-IRs
from maculopapular exanthemas [MPEs] to severe cuta-
neous adverse reactions). Both penicillins and cephalo-
sporins share a common BL ring attached to a 5-mem-
bered thiazolidine ring with a side chain (R) or a 6-mem-
bered sulphur-containing dihydrothiazine (cephem) ring
with 2 side chains (R1 and R2), respectively [1]. The BL
ring, thiazolidine/dihydrothiazine rings and side groups
are all potentially immunogenic. In particular, side chains
are important sites of immunological recognition and
may therefore cause allergic cross-reactivity that is prob-
ably less than 1-2% between penicillin and cephalosporin
[2, 3]. While several studies have been published on ceph-
alosporin HRs in children, the majority focus on HRs to
oral cephalosporins [4]. Ceftriaxone (CT) is the most fre-
quently prescribed cephalosporin for intravenous or in-
tramuscular use in Italy [5], and it causes the highest num-
ber of severe adverse reactions in Italian children [6]. This
is the first study investigating such a high number of chil-
dren with suspected HRs to intravenous CT, the aim being
to evaluate the diagnostic methods for CT hypersensitiv-
ity in a paediatric population with suspected HRs to this
drug. Moreover, tolerance towards amoxicillin (AMX)
was investigated, in order to provide a valid alternative to
treat the most common paediatric infections, AMX being
among the first-choice antibiotic treatments in children.

Materials and Methods

From January 2012 to September 2018, 90 children with a his-
tory of CT reactions were consecutively enrolled and subjected to
drug allergy work-up according to the European Network on Drug
Allergy (ENDA) guidelines. In case of IRs to CT skin testing (skin
prick tests [SPT] and intradermal tests [IDT]) with CT and other
BLs and assays for total serum and serum-specific IgE (sIgE) to BLs
were performed by using ImmunoCap. CT sIgEs were also deter-
mined using a radio-immunoenzymatic assay (Table 1) [7]. In par-
ticular sIgEs were measured before skin testing in those with severe
reactions according to the guidelines of Brockow et al. [8]. In case of
a clear history of non-IRs, only in vivo tests were performed. In case
of negativity to the in vivo tests and in the majority of patients with
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negative in vitro tests with CT, a drug provocation test (DPT) with
the culprit was performed. If there was no history of severe reactions
(anaphylaxis or history of severe cutaneous adverse reactions), the
DPT was performed with CT, otherwise it was performed with
AMX. In about half of the cases, it was not possible to perform the
DPT with CT, because the parents refused a challenge or did not at-
tend follow-up visits. Beforehand, all subjects or their families were
informed about the possible risks involved, and they signed an in-
formed consent form. An intravenous DPT was performed by ad-
ministering gradually increasing doses of CT (Table 1). In case of
diagnosis of hypersensitivity to CT and negativity of in vivo tests
with AMX, tolerance towards AMX was tested with a 3-step oral
DPT (Table 1), according to ENDA guidelines [8]. Patients were
instructed to withhold systemic antihistamines for at least 5 days
prior to the SPT/IDT and systemic corticosteroids for at least 5
weeks prior to the DPT. The DPT was performed in a ward by a
trained physician with continuous monitoring of vital signs and full
access to resuscitation support. Upon discharge, all patients had full
hospital access for reporting any non-IRs, considered to be related
to the drug when occurring within 96 h after the end of treatment.

Results

During the enrolment period, 1,264 children were re-
ferred to the Allergy Unit of the Anna Meyer Children’s
Hospital with a history of reactions to BL antibiotics.
Ninety children (7.1%) had a history of CT reactions. Ta-
ble 1 contains the demographic characteristics of the
population studied, the clinical symptoms of IRs and
non-IRs, and the allergy work-up. Seventy-nine out of 90
(87.8%) children had an IR and 11 out of 90 (12.2%) a
non-IR. Eleven out of 79 children (13.9%) with IRs had
experienced anaphylaxis; in the other cases they mainly
developed cutaneous symptoms. Among the non-IRs, the
most frequent symptoms were MPEs and urticaria; how-
ever, there were 2 cases of drug reaction with eosinophil-
ia and systemic symptoms (DRESS). The results of the
allergy work-up are summarised in Figure 1. Nineteen
out of 79 (24%) children with a history of IR had a posi-
tive SPT/IDT with CT, therefore the reactions to CT were
considered true HRs. Among those children only 1 child
with a history of urticaria was also positive to minor de-
terminant mixture and benzylpenicilloyl polylysine but
he passed the DPT with AMX. In particular, 9 out of 19
had a history of anaphylaxis. Moreover, 15/19 had also
positive CT sIgE measured by radio-immunoenzymatic
assay (9/15 of children with a history of anaphylaxis); 6
out of 19 had also a mild positivity to the BL sIgE mea-
sured by ELISA (3/6 children with a history of anaphy-
laxis). Five out of 19 children with a positive skin test (ST)
to CT were also positive to both sIgE to CT and sIgE to
BLs. Sixty out of 79 (76%) patients had a negative SPT/
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Table 1. Demographic characteristics of children enrolled and allergy work-up

a Demographic characteristics

Total Allergic Non-allergic Uncertain
Patients, n 90 26 (28.9%) 23 (25.5%) 41 (45.6%)
Mean age at reaction, years 6.5 (3 months to 17 years) 8.1 (2-17 years) 6.9 (3 months to 17 years) 5.3 (1-16 years)
Sex 54 M/36 F 17 M/9 F 13 M/10 F 24 M/17 F
Atopy, n 30/90 14/26 7/23 9/41

Latency from reaction and
diagnostic work-up, months

12.9 (1 month to 12 years)

6 (1 month to 2 years)

17.6 (1 month to 12 years)

11.9 (1 month to 12 years)

Type of reaction, n

A 11 9 0 2
U/AE/ER/MPE/UV 69 12 20 7
RS 6 2 2 2
GI 1 1 0 0
DRESS 2 2 0 0
Hypotonia 1 0 1 0
b Allergy work-up
Hapten SPT IDT Immunoassays, kU/L DPT
PPL (Diater, Madrid, Spain) Undiluted Undiluted / /
MDM (Diater, Madrid, Spain) Undiluted Undiluted / /
BP (Pharmacia, Milan, Italy) 10,000 IU 10,000 IU / /
AMX (Hymox Forte, Biocheme 20 mg/mL 20 mg/mL ImmunoCAP™ ELISAs to Oral administration of
Spimaco, Saudi Arabia) penicilloyl G, penicilloyl V, gradually increasing doses
ampicillin, AMX and of AMX (1/10-2/10-7/10)
cefaclor were performed of the therapeutic dose
(ThermoFischer Scientific, calculated at 50 mg/kg/day
Uppsala, Sweden) every 20 min
CT (Mylan Generics, Milan, 2 mg/mL 2 mg/mL RIA: the solid phase was Endovenous administration
Ttaly) obtained by coupling the of gradually increasing
drug to sepharose epoxy doses of CT (1/10-2/10—
activated 6B 7/10 of the full therapeutic
dose calculated at 50 mg/
kg/day) every 20 min
Histamine phosphate 10 mg/mL 1 mg/mL / /
(positive control)
Saline solution Undiluted Undiluted / /

(negative control)

Positivity

Immediate reading (20
min): wheal accompanied
by erythema 3 mm larger
than a negative control
(>5 mm)

Immediate reading
(20 min) + late
reading (24-48 h):
wheal accompanied
by erythema 3 mm
larger than the
injected papule in the
IDT

ImmunoCAP: value >0.10
kU/L

RIA: results are expressed as
the percentage of
radioactivity bound to the
solid phase in relation to
the total radioactivity
introduced; values of at
least 3 times the normal
serum level were considered
positive

Signs of a hypersensitivity
reaction, defined by the
occurrence of objective
symptoms or throat
tightness after 2 h of
observation

A, anaphylaxis (urticaria and/or angio-oedema, dyspnoea with desaturation, bronchospasm); U, urticaria; AE, angio-oedema; ER, erythema; MPE, mac-
ulopapular exanthema; UV, urticaria and vasculitis; RS, respiratory symptoms; GI, gastrointestinal symptoms; DRESS, drug reaction with eosinophilia and
systemic symptoms. CT, ceftriaxone; SPT, skin prick test; IDT, intradermal test; PPL, benzylpenicilloyl polylysine; MDM, minor determinant mixture; BP,
benzylpenicillin; AMX, amoxicillin; ImmunoCap, ELISA for detecting BL-specific IgE; DPT, drug provocation test; RIA, radio-immunoenzymatic assay.
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Fig. 1. Allergy work-up in 90 children with suspected ceftriaxone
(CT) hypersensitivity reactions (HRs). IRs, immediate reactions;
non-IRs, non-immediate reactions; SPT, skin prick test; IDT, in-
tradermal test; PPL, benzylpenicilloyl polylysine; MDM, minor de-
terminant mixture; BP, benzylpenicillin; AMX, amoxicillin; RIA,

IDT to CT, and in that group sIgE to CT was positive in
21/60 patients. Only 2/21 children were provoked with
CT but only 1 passed the DPT. Thirty-nine out of 60
(65%) patients with a negative ST had also a negative sIgE
to CT, and only 1 had positive sIgE to BLs; 21/39 (53.8%)
DPTs were performed with CT, with true hypersensitiv-
ity confirmed in 4 patients. Eighteen out of 39 families
refused the DPT so the allergy work-up was not complet-
ed and no confident diagnosis was possible. All 11 chil-
dren in the group with a history of non-IRs had a negative
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radio-immunoenzymatic assay for detecting CT-specific IgE; BL,
B-lactam; ELISA, enzyme-linked immunosorbent assay; DPT,
drug provocation test; DRESS, drug reaction with eosinophilia and
systemic symptoms; pos. or +, positive; neg. or —, negative. The
asterisk marks results described in the text.

in vivo test. Five out of 11 underwent a DPT with CT with
negative results; 2/11 had a diagnosis of DRESS syndrome
hence the DPT was not recommended with the culprit;
4/11 refused the DPT. Tolerance toward AMX was de-
tected in all children of whom 88 passed the DPT. Two
out of 90 (2.2%) children, instead, reacted to AMX: one
was the patient with a history of DRESS with a negative
ST to CT and penicillins, who developed an MPE 12 h
after oral administration of AMX; the other had a history
of anaphylaxis to CT with IDT and sIgE to CT and posi-
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tive sIgE to BLs (AMX 0.13 kU/L) and a negative penicil-
lin ST, who developed some wheals on his back within 1 h
after the last dose (7/10) of AMX. Overall, we performed
28/90 (31.1%) DPTs with CT. Anyway, we considered
26/90 patients (28.9%) as allergic to CT (three groups):
those with a positive DPT; those with positive IDTs; the
2 cases of DRESS syndrome. We considered 23/90 chil-
dren (25.5%) with negative DPTs as non-allergic. In con-
clusion, the diagnostic certainty, as a result of a combina-
tion of DPT, STs and clinical features (DRESS cases), was
obtained in 49/90 patients (54.4%). Conversely, the diag-
nosis remained doubtful in 41/90 patients (45.6%) not
subjected to DPTs. On investigating the diagnostic accu-
racy of STs, the IDTs with CT were positive at the imme-
diate reading in 19/26 (73%) of allergic patients. In our
study only 11/79 (13.9%) patients had a history of ana-
phylaxis with the IDTs positive in 9/11 (81.8%) of them.
Nevertheless, the 5 patients with a positive DPT with CT
had negative IDT results. Anyway, all 5 patients reacted
to the first dose (1/10) with mild cutaneous reactions, ex-
cept one who showed MPE 3 h after the infusion. Conse-
quently, IDTs are confirmed as a useful tool in diagnosing
severe IRs (2 cases). In contrast, we cannot conclude on
the value of ST's in case of non-IRs given the low number
of patients with a history of non-IR and the lack of patch
tests in both cases of DRESS. As regards sIgE to CT, the
sensitivity of this test is 20% with a specificity of 95.6%
calculated on patients provoked, with positive and nega-
tive predictive values of 50 and 84.6%, respectively, which
is in line with data in the literature [9]. When focusing on
the specificity of sIgE to BLs, we found that the majority
of CT allergic patients (6/7 with a positive sIgE to BLs)
tolerated AMX through DPT (very low positive predic-
tive value 14.3%), confirming that sIgE to BLs often led to
an overestimation of the number of subjects with cepha-
losporin allergy, who were also sensitive to penicillins.
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