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Purpose: Cefaclor, a second-generation oral cephalosporin, is known to cause IgE-mediated hypersensitivity. Assays of serum-
specific IgE (sIgE) to cefaclor are commercially available via the InmunoCAP system (Thermo Fisher Scientific). While serum
levels of sIgE >0.35 kU/L are considered indicative of an allergy, some patients with cefaclor allergy show low serum IgE levels.
This study aimed to evaluate the proper cut-off levels of sIgE in the diagnosis of immediate hypersensitivity to cefaclor.

Materials and Methods: A total of 269 patients with drug allergy history, who underwent assays of sIgE to cefaclor at Ajou Univer-
sity hospital and Dong-A University Hospital, were reviewed retrospectively. Among them, 193 patients exhibited cefaclor-in-
duced immediate hypersensitivity with certain or probable causality of an adverse drug reaction according to the WHO-UMC (the
World Health Organization-the Uppsala Monitoring Centre) algorithm, and 76 controls showed delayed hypersensitivity reac-
tions to non-antibiotics.

Results: In total, 126 of the 193 patients (65.3%) experienced anaphylaxis; they had higher serum sIgE levels than patients with
immediate hypersensitivity who did not experience anaphylaxis (6.36+12.39 KU/L vs. 4.28+13.61 kU/L, p<0.001). The best cut-off
value for cefaclor-induced immediate hypersensitivity was 0.11 kU/L, with sensitivity of 80.2% and specificity of 81.6%. A cut-off
value of 0.44 KU/L showed the best sensitivity (75.4%) and specificity (65.7%) for differentiating anaphylaxis from immediate hy-
persensitivity reactions.

Conclusion: Patients with cefaclor anaphylaxis exhibit high serum IgE levels. A cut-off value of 0.11 kU/L of sIgE to cefaclor is

proper for identifying patients with cefaclor allergy, and 0.44 kU/L may be useful to detect anaphylaxis.
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INTRODUCTION

Cefaclor, a second-generation oral cephalosporin, is used for
a wide range of bacterial infections. Reports have indicated
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that cefaclor induces various kinds of reactions, such as ery-
thematous or popular eruptions, urticaria, serum sickness-
like reactions, hypersensitivity myocarditis, and anaphylaxis,
in both adults and children."® Immediate hypersensitivity re-
actions to cephalosporins are common, and they are usually
IgE-mediated reactions. Anaphylaxis, in particular, is the most
commonly reported immediate allergic reaction to cefaclor.
Skin testing and measurement of serum-specific IgE (sIgE)
levels to cefaclor have been well documented.>*” Skin testing
is the primary diagnostic method, although, in patients with a
history of severe reactions, in vitro tests may be recommended.
Additionally, sIgE to cefaclor can be measured by the com-
mercially available InmunoCAP system (Thermo Fisher Sci-
entific, Uppsala, Sweden), with high detection rates (80-90%).>”
Serum sIgE levels >0.35 kU/L against allergens measured by
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ImmunoCAP are regarded as indicating positivity to allergen,
regardless of type, such as foods, inhalants, and drugs, and
clinical manifestations, including urticarial, skin rash, and ana-
phylaxis. However, in real practice, some patients with hyper-
sensitivity to cefaclor show low IgE levels below 0.35 kU/L. In
this study, we evaluated proper cut-off levels of serum sIgE to
cefaclor for diagnosis of cefaclor-induced immediate hyper-
sensitivity and anaphylaxis.

MATERIALS AND METHODS

Study subjects

We reviewed a total of 1247 patients who had undergone mea-
surement of serum sIgE levels to cefaclor in pharmacovigi-
lance centers at Ajou and Dong-A University hospitals from
June 2002 to March 2016 (Fig. 1). Among them, 805 patients
had not been prescribed cefaclor; 275 were identified as tak-
ing cefaclor prior to sIgE measurement; and 167 patients had
no information on cefaclor prescription before undergoing
measurement of sIgE to cefaclor. We excluded the 167 patients
lacking information on cefaclor prescription.

Based on causality assessment using WHO-UMC (the World
Health Organization-the Uppsala Monitoring Centre) criteria,
84 certain, 109 probable, 74 possible, and eight unlikely cases
were identified from 275 patients reported as having cefaclor
allergy. The causality of “certain” is based on the condition
that adverse drug reaction (ADR) is confirmed by provocation
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test or occurs repeatedly when the causative medication is re-
exposed. In addition, when ADR occurs after taking another
drug at the same time and if the other drug can be excluded
by skin tests or provocation tests, we can deem the suspected
medication as a certain cause. Of these 275 patients, 193 who
were diagnosed with cefaclor-induced immediate hypersen-
sitivity with certain or probable causality were included in the
present study. Among the 805 patients who had not been pre-
scribed cefaclor, we defined 76 subjects with non-immediate
hypersensitivity reactions to other medications, except antibi-
otics, who had undergone measurement of serum sIgE levels
to cefaclor during the study period as unexposed controls.
Subjects who had been prescribed antibiotics other than cefa-
clor or unknown medications were also excluded. This study
was approved by the institutional review boards of both hos-
pitals (AJIRB-MED-MDB-16-166).

Specific IgE to cefaclor

All subjects with cefaclor allergy and the included controls
underwent measurement of serum sIgE levels to cefaclor us-
ing ImmunoCAP” (Thermo Fisher Scientific). We also collect-
ed the results of serum sIgE to penicilloyl G and V, ampicillin,
and amoxicillin, as they were available.

Statistical analysis

Quantitative and qualitative results are given as means+SD
and absolute numbers or frequencies, respectively. Descrip-
tive statistics were performed using SPSS software ver. 19.0

(n=1247)

Subjects having been tested
serum specific IgE to cefaclor

Unknown to
have taken cefaclor

(n=167)

Subjects who had taken cefaclor
prior to IgE measurement
(n=275)

Subjects who had not been
taking cefaclor
(n=805)

84 certain
109 probable

74 possible
8 unlikely

Subjects taking drugs
other than antibiotics

Subjects taking antibiotics
other than cefaclor (n=335)
or unknown medications (n=86)

(n=384)

Cefaclor allergy
(n=193)

Without immediate
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(n=76)

Unexposed controls
(n=76)

Fig. 1. Selection of study subjects.
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(IBM Corp., Armonk, NY, USA). Kolmogorov-Smirnov test re-
vealed that total and sIgE levels in the present study were not
distributed normally (both p values <0.001). Statistical signifi-
cance was assessed using Mann-Whitney U-test for continuous
variables and Fisher’s exact test for categorical variables. Corre-
lation between serum sIgE levels to cefaclor and IgEs to peni-
cillin, ampicillin, and amoxicillin was analyzed using Spear-
man'’s tho. p values <0.05 were considered to indicate statistical
significance. Receiver-operating characteristic (ROC) curves
were drawn to determine the optimal cut-off values of serum
sIgE to cefaclor levels through which to identify immediate
hypersensitivity reactions to cefaclor, and to discriminate ce-
faclor-induced anaphylaxis. Therefrom, the area under the
curve (AUC) with a 95% confidence interval (CI) was estimated.

RESULTS

Clinical characteristics of study subjects

Mean ages and gender differences were not noted between
cefaclor hypersensitivty and unexposed control groups (Table
1). Among combined allergic diseases, the frequencies of
asthma, allergic rhinitis, and chronic urticaria were similar be-
tween the two groups. However, drug allergy was more com-
monly identified in unexposed control group than in cefaclor
hypersensitivity group (18.4% vs. 2.6%, p<0.001). Immediate
hypersensitivity and anaphylaxis were identified in 172 and
126 patients with cefaclor hypersensicitivity, respectively. Of
the 126 patients with anaphylaxis, 12 (9.5%), 76 (60.3%), and
38 (30.2%) patients were identified with mild, moderate, and

Table 1. Clinical Characteristics of Study Subjects

Specific IgE to Cefaclor for Cefaclor Allergy

severe anaphylaxis, respectively. Log-transformed serum total
IgE and sIgE levels to cefaclor were significantly higher in ce-
faclor hypersensitivity group than in unexposed control group
(2.320.6 kU/L vs. 2.1+0.62 kU/L, p=0.011 for total IgE; 5.3+12.2
KU/L vs. 0.2+0.93 KU/L, p<0.001 for sIgE to cefaclor). The mean
interval between onset of adverse reactions and sIgE mea-
surement was 13.4+ 15.9 days (minimum to maximum, 0-67)
in patients with cefaclor hypersensitivity.

Levels of serum specific IgE to cefaclor

Among patients with cefaclor hypersensitivity, serum sIgE
levels to cefaclor were significantly different between cases
reported as immediate and those reported as non-immediate
hypersensitivity (5.80+12.72 kU/L vs. 1.30+4.40 kU/L, p<0.001)
(Fig. 2). The mean level of serum sIgE to cefaclor was signifi-
cantly higher in patients with anaphylaxis than in those with
other immediate reactions (6.36+12.39 kU/L vs. 4.28+13.61
KU/L, p<0.001) (Fig. 2). However, there was no significant dif-
ference in the mean levels of sIgE to cefaclor among three sub-
groups of anaphylaxis, based on the clinical severity thereof
(5.69+6.39 kU/L in mild vs. 6.23+13.70 kU/L in moderate vs.
6.82+11.19 kU/L in severe anaphylaxis, p value >0.05). In pa-
tients with cefaclor-induced immediate hypersensitivity, sSIgE
to cefaclor was significatly correlated with total IgE (Spear-
man'’s rho 0.248, p=0.002) and sIgE levels to penicylloyl G
(0.198, p=0.041) and amoxicilloyl (0.313, p<0.001). However,
no significant correlations were observed between sIgE to ce-
faclor and IgE to penicilloyl V (-0.082, p=0.406) and ampicillo-
y1(-0.069, p=0.419).

Cefaclor hypersensitivity (n=193) Unexposed controls (n=76) pvalue
Age (yr) 4311149 (7-79) 40.1£16.1 (10-79) 0.151
Female, n (%) 132 (68.4) 55(72.4) 0.524
Allergic diseases, n (%)
Bronchial asthma 16 (8.3) 11(14.5) 0.129
Allergic rhinitis 31(16.1) 14(18.4) 0.641
Drug allergy 5(2.6) 14(18.4) <0.001
Chronic urticaria 5(2.6) 5(6.6) 0.151
Immediate hypersensitivity, n (%) 172(89.1) 0
Anaphylaxis 126 (65.3) 0
Mild 12(9.5)
Moderate 76 (60.3)
Severe 38(30.2)
Log (total IgE, kU/L) 2.3+0.6 2.10£0.62 0.011
sIgE to cefaclor (kU/L) 5.3+12.2 0.2+0.93 <0.001
slgE to penicilloyl G (kU/L) 0.62+2.2/119 0.04£0.1/52 0.006
slgE to penicilloyl V (kU/L) 5.54+15.3/119 0.19+0.2/45 0.832
slgE to ampicilloy! (kU/L) 8.31+£21.2/154 0.44+0.7/54 0.815
slgE to amoxicilloyl (kU/L) 0.54+1.6/121 0.37+1.4/51 0.001
Interval between onset of ADR and slgE measurement (day) 13.4+15.9 NA 0.119

ADR, adverse drug reaction; NA, not applicable; sIgE, specific IgE.
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Cut-off value for detecting cefalcor-induced immediate
hypersensitivity
ROC curve analysis yielded a value of 0.11 kU/L of serum sIgE
to cefaclor as the optimal cut-off for discriminating immedi-
ate hypersensitivity to cefaclor in patients with cefaclor hyper-
sensitivity of certain or probable causality (AUC 0.874, 95% CI
0.829-0.919, p<0.001). Using a serum sIgE level >0.11 kU/L as
the cut-off value, the sensitivity and specificity for detecting
immediate hypersensitivity to cefaclor were 80.2% and 81.6%,
respectively (Table 2). When we applied a cut-off of 0.35 kU/L,
the sensitivity and specificity for confirming immediate hyper-
sensitivity to cefaclor were 70.9% and 71.4%, respectively. How-
ever, there was no statistically significant difference in AUCs
between two ROC curves with 0.11 kU/L and 0.35 kU/L for de-
termining immediate hypersensitivity (p=0.521) (Fig. 3A).
For detecting anaphylaxis among patients with cefaclor hy-
persensitivity, a cut-off of 0.44 kU/L was identified (AUC 0.726,
95% CI 0.648-0.804, p<0.001). With a serum sIgE level >0.44
kU/L as the cut-off value, the sensitivity and specificity for de-

p<0.001
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Fig. 2. Levels of serum slgE to cefaclor according to clinical phenotypes
of cefaclor hypersensitivity. slgE, specific IgE.
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tecting cefaclor-induced anaphylaxis were 75.4% and 65.7%,
respectively (Table 2). A cut-off of 0.35 kU/L of serum sIgE to
cefaclor showed sensitivity of 78.6% and specificity of 56.7% to
discrimate anaphylaxis among cefaclor-induced hypersensi-
tivity reactions. However, no significant difference in compar-
ison of two ROC curves using sIgEs of 0.44 kU/L and 0.35 kU/
L to detect cefaclor-induced anaphylaxis (p=0.617) (Fig. 3B).

DISCUSSION

The prevalence of allergies to antibiotics has been reported to
be 5-10% worldwide.®® However, a considerable amount of
patients with suspected antibiotics allergy are not confirmed
by an appropriate diagnostic workup: the diagnosis of antibi-
otics allergy is usually based on clinical history. Although skin
tests have been used for the diagnosis of hypersensitivity reac-
tions against antibiotics, some cephalosporins, such as cefa-
clor, are not available in injectable form, and intradermal tests
are not possible.”” Moreover, although provocation tests are
regarded as the gold standard to confirm drug allergy, they
are not recommended in patients who have experienced life-
threatening reactions, including severe anaphylaxis. Mean-
while, previous studies have demonstrated that immunoassay
to measure sIgE antibodies to betalactams show good aggree-
ment with skin testing.'! Compared with a lower sensitivity
(36.2%) for detecting serum sIgE to cefaclor-albumin conju-
gate by homemade ELISA, ImmunoCAP has been found to
show a higher sensitivity (89.4%) for detecting cefaclor allergy
at a cut-off value of 0.35 KU/L.”

Using data from two pharmacovigilance centers in Korea,
the present study suggests that a cut-off value of 0.44 kU/L of
serum sIgE measured by ImmunoCAP can diagnose cefaclor-
induced anaphylaxis among patients with immediate hyper-
sensitivity to cefaclor. Compared to using 0.35 kU/L, the spec-
ificity for determining cefaclor-induced anaphylaxis was higher
when we applied 0.44 kU/L as a cut-off value. Since cefaclor is
an oral antibiotic with broad-spectrum use for urinary tract
infections, skin infections, otitis media, and others, it has been

Table 2. Cut-off Values of sIgE to Cefaclor for Detecting Immediate Hypersensitivity and Anaphylaxis

slgE to cefaclor (kU/L) Immediate hypersensitivity (n=172) Unexposed controls (n=76) pvalue
>0.11 138(80.2 14(18.4
(80.2) (184 <0.001
<0.11 34(19.8) 62 (81.6)
>0.35 122(70.9 3(3.9
(703) 13.3) <0.001
<0.35 50(29.1) 73(96.1)
slgE to cefaclor (kU/L) Anaphylaxis (n=126) Other hypersensitivity reactions (n=67) pvalue
>0.35 99(78.6 29(43.3
(78561 433 <0.001
<0.35 27 (21.4) 38(56.7)
>0.44 95(75.4 23(34.3
(754) (343) <0.001
<044 31(24.6) 44.(65.7)

slgE, specific IgE.

Data are presented as number (%).
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Specific IgE to Cefaclor for Cefaclor Allergy
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Comparison of two ROC curves using 0.11 kU/L and 0.35 kU/L
showed no significant difference (p=0.521)

A

Comparison of two ROC curves showed no significant difference (p=
0.617)
B

Fig. 3. ROC curves for determining immediate hypersensitivity to cefaclor (A) and discriminating anaphylaxis among patiens with cefaclor hypersensitivity
(B). sIgE, specific IgE; Cl, confidence interval; AUC, area under the curve; ROC, receiver operating characteristic.

frequently prescribed in patients of all ages. It is well known
that adverse reactions associated with cefaclor are mostly im-
mediate hypersensitivity, and anaphylaxis is the most com-
mon phenotype of cefaclor allergy.*”'"* In the present study,
among 193 cases of cefaclor allergy of certain or probable cau-
sality, 126 (65.3%) involved anaphylaxis.

Most patients with suspected cefaclor allergy are also ex-
posed to antipyretics or analgesics, which are the most com-
mon culprits for immediate drug hypersensitivity, and both
skin tests and immunoassay are not applicable for most pa-
tients with nonsteroidal anti-inflammatory drug (NSAID) hy-
persensitivity. Therefore, screening for the possibility of cefa-
clor-induced hypersensitivity among patients who experience
urticaria, angioedema, and anaphylaxis during treatment with
cefaclor and NSAIDs is helpful for physicians in determining
the culprit. In this study, a cut-off value of 0.11 KU/L (80.2%) of
serum sIgE to cefaclor showed greater sensitivity in differenti-
ating patients with cefaclor-induced immediate hypersensi-
tivity than 0.35 kU/L (70.9%). With the criterion of 0.11 kU/L,
however, two patients with non-immediate hypersensitivity to
cefaclor were misdiagnosed as cefaclor-induced immediate hy-
persensitivity. Notwithstanding, 16 (9.3%) patients with cefa-
clor allergy whose serum sIgE levels to cefaclor were between
0.11 kU/L and 0.35 kU/L could avoid rechallenge of cefaclor
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by being diagnosed with cefaclor allergy, based on immuno-
assay results. For patients experiencing immediate hypersen-
sitivity upon being exposed to cefaclor and NSAIDs simulta-
neously, clinicians can consider performing oral provocation
test with NSAIDs to confirm the diagnosis when serum sIgE
levels to cefaclor are <0.11 kU/L. Nevertheless, it has been re-
ported that cefaclor-induced anaphylaxis can develop in a
subset of patients by non-IgE mediated mechanisms, such as
direct activation of basophils or mast cells.”** Accordingly, even
in patients with sIgE to cefaclor <0.11 kU/L, but who are still sus-
pected as having cefaclor allergy, clinicians may seek to care-
fully perform oral provocation with cefaclor.

Cephalosporins allergy is dependent on antigenic determi-
nants for each patient. Sensitization to specific cephalosporin
haptens, or to common structures shared with penicillins or
other cephalosporins, is possible."*'* Due to identical R1 side
chains, cross-reactivity between cefaclor and cephalexin has
been described in a previous study.'® However, cross-reactivity
related to R2 side chain'® and its metabolite pyrazinone hap-
ten has also been noted."” Venemalm'” reported that, in nine
of 15 patients who were positive to cefaclor InmunoCAP, sIgE
to pyrazinone hapten was detected. Moreover, these 15 pa-
tients were also positive to at least one of penicilloyl G, peni-
cilloyl V, ampicilloyl, and amoxicilloyl. They suggested pyrazi-
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none hapten as a common antigenic determinant in a subgroup
of patients with allergy to cefaclor and penicillins.'” A recent
study reported that two-thirds of cases with cephalosporin al-
lergy showed a selective recognition of R1 side chain, and the
other one-third had crossreactivity with different cephalospo-
rins.® While cefaclor shares the same R1 side chain with ampi-
cillin, crossreactivity with penicillin and amoxicillin has also
been reported in patients with cefaclor allergy.®”'*'® Indeed,
significant correlations for sIgE to cefaclor with total IgE and
sIgE to amoxicilloyl and penicillinoyl G, but not with ampicil-
loyl or penicilloyl V, were observed in the present study. Mean-
while, allergic reaction to B-lactams is determined by the
chemical structures of metabolites, as well as by the nature of
conjugates and presentation by antigen-presenting cells."
Moreover, non-IgE mediated immediate hypersensitivity re-
actions to cefaclor have already been proven.” Therefore, the
potential of crossreactivity between cefaclor and other beta-
lactams cannot be simply determined.

The present study had some limitations. Although cefaclor
hypersensitivity cases deemed certain or probable in causality
were included in this study, positive predictive values of our
cut-off levels of cefaclor sIgE could not be determined since it
was a retrospective study based on a spontaneously reported
pharmacovigilance system. Conversely, we also cannot assert
that all patients included in the unexposed controls of this
study had never taken cefaclor before. Moreover, the time in-
terval between onset of cefaclor allergy and measurement of
sIgE to cefaclor was not controlled in the present study. Previ-
ous studies have shown that the possibility of sIgE detection
in skin or serum decreases as the time interval between reac-
tion and measurement increases.”’ However, there has been a
report of one patient whose sIgE to cefaclor persisted for at
least 6 years after reactions.’ Hidden contact with cefaclor or
exposure to other antibiotics sharing common allergenic pep-
tides with cefaclor, as well as reactivity to several penicillin de-
terminants, has been suggested as potential factors to induce
persistent presence of sIgE.***! Indeed, the cases in the pres-
ent study involved a relatively short time period with which to
measure sIgE to cefaclor after adverse reactions at a mean of
13.4 days and a maximum of 67 days.

Different weights can be applied to the sensitivity or speci-
ficity of a test to measure sIgE antibodies, as clinical manifes-
tations and causes of drug allergy can vary. With the correct
sIgE criteria to differentiate clinical phenotypes of cefaclor hy-
persensitivity, unwanted provocation tests can be avoided in
cases of severe manifestation. In conclusion, the present study
indicates that 0.11 kU/L and 0.44 kU/L of serum sIgE to cefa-
clor might be proper levels for detecting immediate hypersen-
sitivity and anaphylaxis caused by cefaclor, respectively. How-
ever, prospective studies to investigate the negative and positive
preditive values of the suggested cut-off values of cefaclor sIgE
antibodies will be required to confirm the clinical performance
of these criteria.
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