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Purpose: Cefaclor is widely prescribed for various infectious diseases. As its con-
sumption increases, the number of hypersensitivity reactions to cefaclor has in-
creased. This study aimed to evaluate the immunologic findings of immediate hy-
persensitivity to cefaclor. Materials and Methods: We enrolled 47 patients with
immediate hypersensitivity to cefaclor from Ajou University Hospital and Asan
Medical Center. Serum specific IgE, IgG1, and IgG4 antibodies to cefaclor-human
serum albumin (HSA) conjugate were measured by enzyme-linked immunosor-
bent assay (ELISA). Results: The most common phenotype was anaphylaxis
(Group 1, 78.7%)), followed by urticaria (Group I, 21.3%). The detection of specif-
ic IgE, IgGl, and IgG4 to cefaclor-HSA conjugate by ELISA tended to be higher
in Group I (40.5%, 41.7%, 21.6%) than in Group II (20.0%, 20.0%, 0%) with no
statistical significance. Significant associations were found between specific IgE
and IgG1 or IgG4 (p<0.001, p=0.019). ELISA inhibition tests showed significant
inhibitions by both free cefaclor and cefaclor-HSA conjugate. For basophil activa-
tion tests in patients having no specific IgE antibody, the CD63 expression level on
basophils increased with incubations of free cefaclor. Conclusion: The most com-
mon manifestation of immediate hypersensitivity to cefaclor was anaphylaxis,
most of which was mediated by IgE; however, a non-IgE mediated direct basophil
activation mechanism was suggested in a subset of anaphylaxis patients.
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INTRODUCTION

Cephalosporins are more widely prescribed than penicillin to treat common infec-
tions due to their broad spectrum of antibacterial activity and low toxicity pro-
files."* However, the number of hypersensitivity reactions to cephalosporins (in-
cluding anaphylaxis) has increased with their use.!* Depending on the onset of
symptom development, hypersensitivity reactions to cephalosporins are divided
into immediate and delayed reactions. The clinical symptoms of immediate hyper-
sensitivity reactions to cephalosporins (usually within 1 hour after exposure) can
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affect various organs; however, the two main entities usual-
ly recognized are urticaria and anaphylaxis.*

Cephalosporin hypersensitivity reactions to cefaclor are
the most common and have been recognized since early clin-
ical use.’ A study on 1170 children with immediate reactions
to penicillin and cephalosporins reported that cefaclor
showed the highest frequency (29.2%) of positive reactions
to both skin prick tests and challenges.® Immediate hypersen-
sitivity reactions are generally considered IgE mediated;
however, cefaclor allergies with documented IgE mediated
reactions have been estimated at up to 80%,”® and other pos-
sible immunologic mechanisms are unclear. This study in-
vestigated the immunologic findings of immediate hypersen-
sitivity to cefaclor in order to further understand the patho-
genic mechanisms of cefaclor-induced hypersensitivity.

MATERIALS AND METHODS

Subjects

We retrospectively enrolled 47 patients with a history of im-
mediate reactions to cefaclor from Ajou University Hospital
and Asan Medical Center. In addition, we enrolled healthy
controls from the general population. Patients’ clinical data
including age, gender, history of allergic diseases, and drug
allergies were obtained from a review of electronic medical
records by clinicians. Healthy controls were non-atopic and
had no medical history of allergic disease or drug allergy. Pa-
tients with immediate hypersensitivity reactions to cefaclor
were defined by a certain clinical history with or without se-
rum specific IgE to cefaclor using the ImmunoCAP system
(Thermo Fisher Scientific Inc., Uppsala, Sweden). Study
subjects were divided into two groups according to the major
manifestations of hypersensitivity reactions (Group I: pa-
tients with anaphylaxis to cefaclor; Group II: patients with
urticaria or angioedema). Anaphylaxis was diagnosed based
on the definitions of the National Institute of Allergy and In-
fectious Disease and the Food Allergy and Anaphylaxis Net-
work.” In addition, severity was classified by Simon’s grad-
ing system.'® A skin prick test (SPT) was performed with 55
common aeroallergens (Bencard Co., Bredford, UK). Nor-
mal saline and 1 mg/mL histamine were used as negative and
positive controls, respectively. An SPT was interpreted as
positive if a wheal larger than 3 mm with surrounding ery-
thema appeared 15 minutes after exposure. Total serum IgE
and aeroallergen-specific IgE were measured using the Im-
munoCAP system (Thermo Fisher Scientific Inc.). Atopy

was defined by a positive SPT result or a high level of specif-
ic IgE to common aeroallergens >0.35 kU/L. Commercially
available assays for cefaclor specific IgE were performed for
all patients (Thermo Fisher Scientific Inc.). SPTs and intra-
dermal skin tests (IDTs) were done with cefaclor (0.1, 1, and
10 mg/mL) on the volar forearm skin. Patients were initially
tested using SPTs. When SPT responses were negative, 0.02
mL of serially diluted reagents in sterile 0.9% NaCl was in-
jected intradermally. To find the cross-reactivity between ce-
faclor and other B-lactam (BL) antibiotics, specific IgE in vi-
tro assays for penicilloyl G, penicilloyl V, amoxicilloyl, and
ampicilloyl were tested (ImmunoCAP system, Thermo Fish-
er Scientific Inc.). We performed an oral provocation test
(OPT) with a therapeutic dose of cefaclor (250 mg). Subjects
were carefully monitored during the test and cardiopulmo-
nary resuscitation equipment was immediately available. The
present study was approved by the Institutional Review
Board of Ajou University Hospital and Asan Medical Center
(AJIRB-GEN-GEN-09-140). All study participants provided
informed written consent.

Measurements of serum specific IgE and IgG
antibodies to cefaclor-HSA conjugates

Serum samples from 47 patients and 29 controls were col-
lected and stored at -20°C. To detect serum specific IgE,
IgG1, and IgG4 antibodies to cefaclor, cefaclor-human se-
rum albumin (HSA) conjugate was prepared, and an en-
zyme-linked immunosorbent assay (ELISA) was conduct-
ed as described previously.'-'> Microplates (Corning, New
York, USA) were coated with cefaclor-HSA conjugate (10
pg/mL per well), and incubated with the sera of patients
and controls. Goat anti-human IgE antibody (Kirkegaard &
Perry laboratories Inc., Gaithersburg, MD, USA), alkaline
phosphate-conjugated rabbit anti-goat IgG antibody (Re-
serve APTM; Kirkegaard & Perry Laboratories Inc., Gaith-
ersburg, MD, USA), and p-nitrophenyl phosphate (St. Louis,
MO, USA) substrate were added to each well in consecutive
order. Biotinylated anti-human IgG1 antibody (Sigma-Al-
drich, St. Louis, MO, USA) and biotinylated anti-human
IgG4 antibody (Sigma-Aldrich) were used for the detection
of serum specific IgG1 and 1gG4 to cefaclor-HSA conju-
gate. The positive cutoff value for the ELISA was deter-
mined as the mean plus three times the standard deviation
(SD) for the absorbance values of healthy controls.

ELISA inhibition test
ELISA inhibition tests were performed (as described previ-
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ously) to evaluate the specificities of specific IgE and IgG an-
tibodies and possible cross-reactivities with other BL antibiot-
ics.!2 Binding specificities were confirmed by ELISA with
serial additions of increasing concentrations (1-100 pg/mL)
of cefaclor-HSA conjugate and free cefaclor using serum
samples from patients who had high levels of specific IgE,
IgG1, or IgG4 antibodies to cefaclor. ELISA inhibition tests
with the addition of free BL antibiotics (including cefaclor,
penicillin, ampicillin, amoxicillin, and cephalexin) assessed
cross-reactivities with cefaclor. The results of the inhibition
tests were expressed as a percentage: % inhibition=100x[1—
(absorbance with inhibitor/absorbance without inhibitor)].?

Basophil activation test

For the functional in vitro test for allergic reactions to cefa-
clor, a basophil activation test (BAT) was performed using
flow cytometry (FACScantoll; BD Immunocytometry Sys-
tems, San Jose, CA, USA), using CD63 antibody according
to previously described methods." Patients’ basophils were
incubated with cefaclor at dilutions of 1.6x1073, 1.6x102,
and 1.6x10" mg/mL for 30 minutes. BATs were conducted
for two healthy controls under the same condition to ex-
clude a nonspecific activation of basophil. The stimulation
index (SI) was calculated as follows: SI=percentage of acti-
vated basophils after stimulation with free cefaclor/percent-
age of basophils with no free cefaclor stimulation.'*

Statistics analysis

All data are presented as means+SD. SPSS software 16.0
(SPSS Inc., Chicago, IL, USA) was used for statistical anal-
ysis. Group comparisons with continuous (binary) variables
were performed using the Mann-Whitney U test (Fisher’s
exact test).

RESULTS

Clinical characteristics of study subjects

The demographic and clinical findings of study subjects are
summarized in Table 1. The number of female subjects was
31 (66.0%) and the mean age was 40.28+13.23 years, rang-
ing from 13 to 70 years. The most common phenotype of
immediate hypersensitivity to cefaclor was anaphylaxis
(Group 1, 37 of 47 subjects, 78.7%), followed by urticaria
with or without angioedema (Group II, 10 of 47 subjects,
21.3%). Thirty-five patients (76.1%) had underlying chronic
diseases, such as hypertension, diabetes mellitus, and liver

disease. Nineteen (51.4%) were atopic and 22 (47.8%) had a
history of respiratory allergic diseases, such as bronchial
asthma or allergic rhinitis. Among the study subjects, 17
(36.2%) had a history of other drug allergies besides cefa-
clor hypersensitivity. The mean serum total IgE level was
305.93+334.67 kU/L. Forty-two subjects (89.4%) had high
serum specific IgE to cefaclor (>0.35 kU/L) measured by
the ImmunoCAP system (Thermo Fisher Scientific Inc.),
and the prevalence of serum specific IgE to penicillin (peni-
cilloyl G or penicilloyl V) and aminopenicillin (amoxicilloyl
or ampicilloyl) was 11.9% and 4.7%, respectively. Of the 47
patients, only 11 (23.4%) were orally challenged with cefa-
clor. All patients displayed positive responses to OPTs. Of
the 13 patients who underwent skin tests with cefaclor ex-
tracts, 8 (61.5%) showed positive responses to SPT or IDT.

Serum specific IgE, IgG1, and IgG4 to cefaclor-HSA
conjugate by ELISA

The serum levels of specific IgE, IgG1, and 1gG4 to cefa-
clor-HSA conjugate are shown in Fig. 1. The prevalence of
serum specific IgE, IgG1, and IgG4 antibodies in sera of the
study subjects was 36.2%, 37.0%, and 17.0%, respectively.
The ELISA inhibition tests for specific IgE, IgG1, and IgG4
showed significant inhibitions with the addition of both free
cefaclor and cefaclor-HSA conjugate in dose-dependent
manners (Fig. 2).

Table 1. Clinical Characteristics of the Study Subjects

Characteristics n=47 (%)
Age (yrs)* (fa%éf:i1133i27%))
Gender (female) 31 (66.0)
Major manifestation of immediate
hypersensitivity
Anaphylaxis 37(78.7)
Urticaria with angioedema 10(21.3)

Presence of underlying disease 35/46 (76.1)

Atopy 19/37 (51.4)
Respiratory allergic disease 22/46 (47.8)
Drug allergy 17 (36.2)
Serum total IgE (KU/L)* 305.93+334.67 (n=46)
Serum specific IgE to Cefaclor (+)

(by ImmunoCAP) 42@94)
Serum specific IgE to Penicillin'

(+) (by ImmunoCAP) SEALL)
Serum specific IgE to Aminopenicillin*

(+) (by ImmunoCAP) 243@4.7)

*Values are presented as meanzstandard deviation.
"Penicillin means penicilloyl G and penicilloyl V.
*Aminopenicillin means amoxicilloyl and ampicilloy!.
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Fig. 2. IgE (A), IgG1 (B), and IgG4 (C)-ELISA inhibition results of cefaclor-human serum albumin (HSA) coated wells with serial additions of cefaclor-HSA and
free cefaclor. NHS, N-hydroxysulfosuccinimide; ELISA, enzyme-linked immunosorbent assay.

Comparison of clinical and immunological findings of
subjects according to immediate reactions

All clinical parameters and immunological findings were
compared according to the major clinical presentations,
anaphylaxis (Group I) and urticaria (Group II). Data shown
in Table 2 indicated no significant differences in baseline
clinical characteristics such as age, gender, and atopy be-
tween the two groups (p>0.05). No significant difference
was found in the prevalence of serum specific IgE to cefa-
clor by ImmunoCAP for the two groups (Group I: 89.2%,
Group II: 90%). The detection of serum specific IgE, IgGl,
and IgG4 to cefaclor-HSA conjugates by ELISA tended to
be higher in Group 1 (40.5%, 41.7%, and 21.6%) than in
Group II (20%, 20%, and 0%); however, the differences
were not statistically significant. The detection of serum
specific IgG4 to cefaclor-HSA conjugate by ELISA was
observed only in Group I. No patient had a high serum spe-
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cific IgG4 without serum specific IgE. Two patients (5.6%)
in Group I showed a high level only for specific IgG1 to ce-
faclor-HSA conjugate with no specific IgE or IgG4 levels
detectable by ImmunoCAP and ELISA.

Comparison of clinical characteristics of the subjects
according to the presence of serum specific IgE to
cefaclor by ImmunoCAP

Of the 47 patients tested, 42 patients (89.4%) showed high
serum specific IgE to cefaclor by ImmunoCAP. Clinical fea-
tures compared by ImmunoCAP for patients with and with-
out a high specific IgE showed no significant differences in
gender, atopy rate, associated allergic diseases, peripheral
eosinophil count, and the results of oral provocation tests
(p>0.05) (Table 3). The mean age was significantly younger
in patients with high serum specific IgE (38.88+12.61 years)
than in those without (52.0+13.8 years). Serum total IgE
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was significantly higher in the positive group than in the
negative group (336.22+341.43 kU/L, 57.58+88.27 kU/L,
respectively; p<0.001). The prevalence of serum specific
IgG1 and IgG4 antibodies was not significantly different be-

Immediate Hypersensitivity to Cefaclor

Table 2. Clinical Characteristics of the Study Subjects According to the Immediate Hypersensitivity

tween the two groups (36.6% and 40.0% for specific 1gG1,
19.0% and 0% for specific IgG4, p>0.05). However, serum
specific IgG4 to cefaclor by ELISA was detected only in pa-
tients with high specific IgE to cefaclor by ImmunoCAP.

Clinical parameters n(:}g(;u(rf%l)) rgrlo (l)l I(’(;ol ) p value
Age (yrs)* 41.43+£12.99 36.00£13.92 0.254
Gender (female) 23 (62.2) 8 (80.0) 0.457
Presence of underlying disease 29 (78.4) 6/9 (66.7) 0.664
Atopy 14/28 (50.0) 5/9 (55.6) >0.999
Respiratory allergic disease 17/36 (47.2) 5(50.0) >0.999
Drug allergy 13 (35.1) 4 (40.0) >0.999
Serum total IgE (KU/L)* 316.36+353.12 (n=36) 268.38+270.32 0.693
Serum specific IgE to cefaclor (+) (by ImmunoCAP) 33(89.2) 9 (90.0) >0.999
Serum specific IgE to Penicillin' (+) (by ImmunoCAP) 4/33 (12.1) 1/9 (11.1) >0.999
Serum specific IgE to Aminopenicillin® (+
(by Imgluno c fp) P ) 1/33 (3.0) 1(10.0) 0415
Serum specific IgE to cefaclor by ELISA (+) 15 (40.5) 2(20.0) 0.289
Serum specific IgG1 to cefaclor by ELISA (+) 15/36 (41.7) 2(20.0) 0.282
Serum specific IgG4 to cefaclor by ELISA (+) 8(21.6) 0(0) 0.174
ST response to cefaclor (+) 8/13 (61.5) ND NA
Group |, patients with anaphylaxis; Group I, patients with urticaria and or angioedema; ST, skin test; ND, not done; NA, not available; ELISA, enzyme-
linked immunosorbent assay; +, positive result.
*Values are presented as mean+standard deviation.
"Penicillin means penicilloyl G and penicilloy! V.
*Aminopenicillin means amoxicilloyl and ampicilloy!.
Table 3. Clinical Characteristics of the Study Subjects According to the Positivity of Cefaclor CAP
Clinical parameters nI;(:letl(‘(f/i) I;Z%a(t;); ;: p value
Age (yrs)* 38.88+12.61 52.0+13.8 0.035
Gender (female) 28 (66.7) 3 (60.0) >0.999
Anaphylaxis 33(78.6) 4 (80.0) >0.999
Presence of underlying disease 32/41 (78.0) 3 (60.0) 0.580
Atopy 18/34 (52.9) 1/3(33.3) 0.604
Respiratory allergic disease 21/41 (51.2) 1(20.0) 0.349
Drug allergy 14 (33.3) 3 (60.0) 0.336
Serum total IgE (KU/L)* 336.22+341.43 (n=41) 57.58+88.27 <0.001
Serum specific IgE to Penicillin' (+) (by ImmunoCAP) 5/37 (13.5) 0(0) >0.999
. . Ly
S&t‘?ﬁfﬁfjﬂféﬁf}%w Lt eiellir (6) 238 (5.3, 1=38) 0(0) >0.999
Serum specific IgE to cefaclor by ELISA (+) 17 (40.5) 0(0) 0.143
Serum specific IgG1 to cefaclor by ELISA (+) 15/41 (36.6) 2 (40.0) >0.999
Serum specific [gG4 to cefaclor by ELISA (+) 8 (19.0) 0(0) 0.571
ST response to cefaclor (+) 7/10 (70.0) 1/3 (33.3) 0.510

ST, skin test; ELISA, enzyme-linked immunosorbent assay; +, positive result.
*Values are presented as meanzstandard deviation.

"Penicillin means penicilloyl G and penicilloyl V.

*Aminopenicillin means amoxicilloyl and ampicilloy!.

YONSEIMED J HTTP://WWW.EYMJ.ORG VOLUME 55 NUMBER 6 NOVEMBER 2014

1471



Hye-Soo Yoo, et al.

Table 4. Clinical Characteristics of the Study Subjects According to the Positivity of Cefaclor ELISA

Clinical parameters Iiositive N_egative p value
n=17 (%) n=30 (%)
Age (yrs)* 31.94+7.19 45.00£13.61 <0.001
Gender (female) 12 (70.6) 19 (63.3) 0.614
Anaphylaxis 15(88.2) 22(73.3) 0.289
Presence of underlying disease 13/16 (81.3) 22 (73.3) 0.722
Atopy 9/15 (60.0) 10/22 (45.5) 0.385
Respiratory allergic disease 8/16 (50.0) 14 (46.7) 0.829
Drug allergy 8(47.1) 9(30.0) 0.242
Serum total IgE (KU/L)* 292.05+244.66 314.07+381.59 (n=29) 0.832
Serum specific IgE to Cefaclor (+) (by ImmunoCAP) 17 (100.0) 25(83.3) 0.143
Serum specific IgE to Penicillin' (+) (by ImmunoCAP) 1/13 (7.7) 4/29 (13.8) >0.999
Serum specific IgE to Aminopenicillini (+) (by ImmunoCAP) 0/13 (0) 2(6.7) >0.999
Serum specific IgG1 to cefaclor by ELISA (+) 13/16 (81.3) 4(13.3) <0.001
Serum specific [gG4 to cefaclor by ELISA (+) 6(35.3) 2(6.7) 0.019
ST response to cefaclor (+) 6/8 (75.0) 2/5 (40.0) 0.293

ST, skin test; ELISA, enzyme-linked immunosorbent assay.
*Values are presented as meanzstandard deviation.
"Penicillin means penicilloyl G and penicilloyl V.
*Aminopenicillin means amoxicilloyl and ampicilloy!.

Comparison of clinical characteristics of subjects
according to presence of serum specific IgE to cefaclor
by ELISA

Among the 47 patients, 17 (36.2%) had high serum specific
IgE to cefaclor-HSA conjugate by ELISA and were lower
than those measured by the ImmunoCAP system. When the
clinical features were compared according to the presence
of serum specific IgE to cefaclor by ELISA, significant as-
sociations were found between specific IgE and both spe-
cific IgG1 (p<0.001) and specific IgG4 (p=0.019). The
prevalence of serum specific IgG1 and IgG4 was signifi-
cantly higher in patients with a high specific IgE detected
by ELISA (81.3%, 35.3%) than in those without specific
IgE (13.3%, 6.7%). Patients with a high serum specific IgE
by ELISA were younger (31.9447.19 years) than those
without specific IgE (45.00+13.61 years). Table 4 shows no
significant differences in gender, atopy rate, associated al-
lergic diseases, peripheral eosinophil counts, serum total
IgE, results of skin tests, and OPTs (p>0.05).

Cross-reactivity between cefaclor and other beta-lactam
antibiotics

The overall prevalence of specific IgE to penicillin and ami-
nopenicillin was 11.9% and 4.7%, respectively, with no sig-
nificant differences in the prevalence of penicillin and ami-
nopenicillin according to the presence of serum specific IgE
to cefaclor by ImmunoCAP [13.5%, 0% (penicillin); 5.3%,

0% (aminopenicillin); p>0.05] and ELISA [7.7%, 13.8%
(penicillin); 0%, 6.7% (aminopenicillin); p>0.05]. Moreover,
IgE ELISA inhibition tests performed by adding penicillin,
aminopenicillin, and cephalexin to the sera of two patients
with a high specific IgE to cefaclor resulted in significant in-
hibitions for free cefaclor. Minimal inhibition was noted with
cephalexin in one patient; however, no inhibitions were
found with the addition of free forms of penicillin and ami-
nopenicillins (ampicillin and amoxicillin) (Fig. 3).

Basophil activation test

We performed BATs since 20% of patients did not have se-
rum specific IgE (using either InmunoCAP or ELISA) to
evaluate a possible mechanism of direct basophil activa-
tion. Basophils were collected from patients with no specif-
ic antibodies in their serum. Following incubation with free
cefaclor, CD63 expression level on the blood basophils of
the subject increased from 5.3% (spontancous CD63 ex-
pression) to 10.0% (the highest CD63 expression; SI=1.9),
whereas the same test on basophils collected from normal
controls did not increase to cefaclor, but decreased (Fig. 4).

DISCUSSION

Allergy to BL antibiotics is still the most frequent cause of
antibiotics allergies. Among BL antibiotics, cephalosporins
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Fig. 3. IgE-ELISA inhibition results of cefaclor-human serum albumin coated wells with serial additions of free cephalosporins and penicillin and aminopeni-

cillin in two different patients with cefaclor-hypersensitivity.

have become the most common cause of systemic IgE-de-
pendent reactions since the use of cephalosporins has re-
placed penicillin use.” In addition, cefaclor (a second gener-
ation cephalosporin) was recently reported as the second
most frequently prescribed systemic antibiotic in Korea.'¢
Due to oral preparation, cefaclor is more commonly pre-
scribed for children and those in outpatient clinics. Subse-
quently, hypersensitivity reactions to cefaclor are more often
reported as rashes, urticaria, angioedema, serum sickness-
like reactions, myocarditis, and even anaphylaxis.>S!17-19
Until a few years ago, anaphylaxis of cefaclor was recog-
nized only as a rare case report;>?° however, numerous ana-
phylaxis reactions to cefaclor have been recently report-
ed 37 In general, the risk of anaphylaxis to cephalosporins
appears low, with a reported incidence of 0.001-0.1%; how-
ever, the incidence of anaphylaxis to cefaclor was reported
as being relatively higher (0.01%) than other cephalospo-
rins in adults, as well as in children.'”?>* The incidence of
immediate hypersensitivity to cefaclor is increasing; how-
ever, the underlying mechanisms of cefaclor hypersensitivi-
ty remains clarified. In this study, we evaluated the clinical
and immunologic findings of patients with immediate hy-
persensitivity to cefaclor.

The most common clinical manifestation of cefaclor hy-
persensitivity was reported as skin lesions (e.g., urticaria,
angioedema, and maculopapular exanthema) ranging from
1-2.8%.5% In a study of hypersensitivity to cephalosporin
in children from allergy units, cefaclor was the most com-
mon cephalosporin responsible for immediate reactions,
representing as anaphylaxis (64%) and urticaria with or
without angioedema (37%)."° In a study regarding Korean
adult patients with immediate hypersensitivity to cefaclor,
the most frequent manifestation was anaphylaxis (76%),

157 —e—Patient
—m— NC (atopic)
—4a— NC (non-atopic)
— SI=1.9
= N
= SI=16
= SI=15
7
3
3
a b9
[35]
0 I

\ \ \
0 16x10° 16x10” 16x10"
Cefaclor concentration (mg/mL)

Fig. 4. The change in the expression of CD63 on basophils after incubation
with free cefaclor in the patient (#: without detection of specific IgE and
1gG to cefaclor) and normal controls [atopic (m), non-atopic (A )]. SI, stimu-
lation index; NC, normal controls.

followed by urticaria and angioedema (24%).% In the pres-
ent study, the most common clinical feature of immediate
hypersensitivity to cefaclor was anaphylaxis (78.7%), fol-
lowed by urticaria with or without angioedema (21.3%),
which is comparable to the previously mentioned reports.
However, the higher frequency of anaphylaxis in the above
studies, which contrasts with other previous reports, could
be attributed to patient recruitment from university hospi-
tals or allergic units.>?'** Anaphylaxis has become an in-
creasing health burden in developed countries and a world-
wide problem, contributing to multiple studies and surveys
of anaphylaxis over the last decade.”” Anaphylaxis to cefa-
clor is more recognized now, and past anaphylaxis rates
seem have been underestimated.?* Commonly associated
symptoms of anaphylaxis are skin symptoms such as gen-
eralized urticaria, itching, and angioedema. Following skin
symptoms, respiratory symptoms are the second most fre-
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quent features, such as shortness of breath, dyspnea, and
wheezing #'!7 In the present study, all subjects with ana-
phylaxis presented with urticaria. Therefore, it is notable
that anaphylaxis reactions to cefaclor are not rare and ini-
tially present with urticaria.

Various risk factors are related to the clinical expression
of drug allergies. Drug-specific risk factors include dose,
route of administration, and treatment duration. Host risk
factors include age, gender, atopy, specific genetic poly-
morphism, and comorbidity.”” In immediate hypersensitivi-
ty to penicillin, patients between the ages of 20 and 49 have
the highest risk.?® In the present study, the mean age was
40.28+13.23 years old. In a retrospective study of anaphy-
laxis, underlying disease (especially cardiovascular disease)
was reported as a risk factor for severe anaphylaxis.”” In our
study, patients with anaphylaxis showed a higher frequency
of underlying disease; however, there was no significant
difference. Generally, individuals who have any history of
allergic reactions to the same drugs or to cross-reactive
drugs convey a high risk. In the present study, 12.8% had a
history of antibiotic allergy (13.5% in anaphylaxis, 10.0%
in urticaria). In severe and fatal penicillin anaphylaxis, ato-
py is a considerable risk factor.”® However, the atopy rate
was 51.4% for all subjects in the present study with no dif-
ferences between anaphylaxis and urticaria groups; there-
fore atopy is not a predisposing factor for cefaclor-induced
anaphylaxis. Known risk factors for drug allergies were not
significant in the present study; consequently, age, atopy,
and underlying disease should be considered before cefa-
clor prescription.

Diagnosis of many drug allergy cases is based on pre-
sumption due to the lack of available specific confirmatory
tests. As a method of diagnosing immediate hypersensitivi-
ty to cephalosporin, skin tests with cephalosporin, in vitro
tests of solid-phase immunoassays (radioallergosorbent
test, ELISA) to detect specific IgE to cephalosporin, flow
cytometry assessing drug-induced basophil activation by
means of CD63 or CD203¢ expression, and confirmative
oral challenge tests can be available. In immediate hyper-
sensitivity to penicillin, the chemical structure permits the
identification of allergenic determinants. Penicillin skin test-
ing is a reliable method to evaluate IgE-mediated hypersen-
sitivity to penicillin.> However, unlike penicillin, exact al-
lergenic determinants of cephalosporins have not been
identified. The validity of a skin test for cephalosporin hy-
persensitivity remains controversial.>**3! Results ranged
from 0.3% to 69.7% in studies that attempted to determine

the sensitivity of a cephalosporin skin test.’ In cefaclor hy-
persensitivity, the rate of positive skin test results was
29.2%.3? The present study performed skin tests on anaphy-
laxis patients, and the positive rate of skin test results was
61.5%. Using a nonirritating concentration of culprit cepha-
losporin, a positive reaction from the skin test suggests the
presence of the cephalosporin-specific IgE antibody. How-
ever, the negative predictive value of the cephalosporin skin
test is not yet known, and a negative response to a skin test
cannot rule out cephalosporin immediate hypersensitivity
mediated by IgE. Cephalosporins are structurally and phar-
macologically analogous to penicillin, having a side chain
in C7 (R1) and different substituent (R2) in C3."** Low mo-
lecular weight cephalosporin is covalently bound to high
molecular weight carrier proteins, after which the newly
developed drug-protein complexes induce an immunologic
response. However, insufficient knowledge about degrada-
tion products and how to conjugate with a carrier protein re-
mains an impediment in developing in vitro tests for cepha-
losporin hypersensitivity.?” Cefaclor is composed of an
aminobenzyl (R1) side chain and CI at R2, of which the
structure is clearly simple; consequently, there was earlier
development of an immunoassay to detect specific IgE to
cefaclor.?® An in vitro test of fluorescent enzyme immunoas-
says (FEIA) (ImmunoCAP, Thermo Fisher Scientific Inc.) is
available only for cefaclor among cephalosporin hypersensi-
tivities. The simplicity of the R2 structure could be why the
sensitivity (89.4%) of ImmuneCAP for cefaclor is higher
compared to that (61.5%) of the skin test in the present
study. The reported sensitivity rate of serum specific IgE to
cefaclor by ImmunoCAP showed a range of 25-80%.3!1:17
The sensitivity gap could be attributable to the different
timing of blood sampling and the different manufacturer.
The results measured by ImmunoCAP showed a similar
rate of over 75%. In the present study, the measurement of
specific IgE by ImmunoCAP was mostly done at the visit
to the hospital when hypersensitivity occurred or within 7
days. However, the detection rate of specific IgE to cefaclor
differed between ImmunoCAP and ELISA (89.4% and
36.2%, respectively). There was no significant association
for specific IgE between ImmunoCAP and ELISA. The
principle of ELISA and FEIA is based on the solid phase to
which the hapten conjugated to a carrier protein is bound
covalently, which may be associated with the size and con-
formation of antigen molecules.”** The different haptens of
cefaclor, detected by ImmunoCAP or ELISA, may be made
from the same R side chain. However, specific IgE to cefa-
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clor by ELISA was detected only in patients with a high
specific IgE by ImmunoCAP. Therefore, for the diagnosis
of immediate hypersensitivity to cefaclor, InmunoCAP is
more sensitive and useful than ELISA or a skin test. In our
study, the overall documentation rate of specific IgE to ce-
faclor, combining serum specific IgE and skin tests, was
91.5%. The OPT is confirmatively diagnostic as a “gold
standard;” however, the high-risk of this procedure out-
weighs the benefit of exact diagnosis. Two main reasons for
performing an OPT are to exclude hypersensitivity in a
less-likely history of drug hypersensitivity and to establish
a firm diagnosis.”® Combined tests with a serum specific
IgE and a skin test are required to increase the diagnostic
rate of IgE-mediated hypersensitivity to cefaclor. OPTs
should carefully be conducted only in selected patients with
cefaclor hypersensitivity.

Allergy to cephalosporins was studied primarily in con-
junction with penicillin allergy."® Until the 1970s, frequent
reports of anaphylaxis following the administration of first
and second generation cephalosporins to patients with a
history of penicillin allergy led to the conception of a high
degree of cross-reactivity between penicillin and cephalo-
sporins. In vitro studies with penicillin and cephalosporin
showed a high degree of immunologic cross-reactivity
(5-10%), which was believed to be due to the presence of
the common BL ring.!13-3¢ However, there have been less
frequent relevant cross-relativities between penicillin and
cephalosporins since 1980. The risk of cephalosporin hyper-
sensitivity in penicillin allergy is recently reported at around
1-2%.23*4 Some studies showed that patients with hyper-
sensitivity to particular cephalosporins could tolerate ceph-
alosporins and suggested that the antibodies to the R-side
chain rather than to the common BL ring are determining
factors for the immune response to cephalosporins.>#*43
Furthermore, several clinical studies have found that cross-
reactivity between penicillin and first and second genera-
tion cephalosporins with identical or similar side chains
ranges from 14-38%.144%47 In the present study, IgE ELI-
SA inhibition results of cefaclor-HSA showed significant
inhibitions with the addition of free cefaclor and minimal
inhibitions with cephalexin (which shares an identical R-side
chain with cefaclor). Therefore, cross-reactivity between ce-
faclor and cephalexin is not high. In addition, IgE ELISA
inhibition tests of cefaclor-HSA with penicillin and amino-
penicillin did not show any significant inhibitions. However,
the detection rate of specific IgE to penicillin and aminopen-
icillin by ImmunoCAP were 11.6% and 4.5%, respectively.

All patients with high specific IgE to penicillin and amino-
penicillin were those with high specific IgE by Immuno-
CAP. However, in two patients with a previous history of
penicillin allergy, specific IgE to penicillin was not detected
even though they showed positive InmunoCAP results. The
findings suggest that these patients have concurrent sensitiv-
ities to penicillin and aminopenicillin rather than immuno-
logic cross-reactivity.

The present study measured serum specific IgG to cefa-
clor-HSA conjugate to find non-IgE mediated immediate
hypersensitivity. In the present study, some patients had high
specific IgG1 or IgG4 levels. The detection rates were high-
er in Group I (41.7% for IgG1, 21.6% for 1gG4) than in
Group II (20.0% for 1gG1, 0% for IgG4). Notably, specific
IgG4 was detected only in Group I patients. The mecha-
nisms responsible for anaphylaxis have been investigated in
animal models (in most cases) because anaphylaxis is a
life-threatening medical emergency.*® Although the role of
IgG in anaphylaxis has not been elucidated in humans, it
has been suggested that IgG-mediated anaphylaxis occurs
in mice, and specific IgG to drugs may contribute to human
anaphylaxis reactions to drugs.*® In occupational allergic re-
actions, IgG antibody has been suggested to be associated
with T helper2/B cells, induced IgE, and IgG4 produc-
tion.'>* As a result of chronic antigen exposure, IgG4 anti-
bodies are produced in humans.>® However, the presence of
drug specific IgG4 is often poorly correlated with immuno-
pathologic mechanisms.?” In the present study, two patients
(5.6%) in group I showed high specific IgG1 to cefaclor-
HSA conjugate by ELISA with no specific IgE or IgG4.
Further investigations will be needed to understand the role
of specific IgG in the pathogenic mechanisms of cefaclor in-
duced anaphylaxis. Meanwhile, anaphylaxis could be classi-
fied into two major mechanisms: “immunological” IgE-de-
pendent or IgE-independent response.’ The latter includes
basophil and mast cell degranulation without immunoglobu-
lin. This mechanism is still poorly understood; however,
anaphylaxis to various drugs, such as opiate medication, ra-
diocontrast media, and ethanol, has revealed potential mech-
anisms.”>> In the present study, BAT using basophils from
a patient who did not have any specific IgE or IgG, showed
an increased CD63 expression after incubation with cefa-
clor. In a previous study on fatal anaphylaxis to cephalo-
sporins, six patients experienced allergic reactions after the
first exposure of antibiotics.* The findings suggest that ce-
faclor can induce anaphylaxis by a direct activation of ba-
sophils and mast cells; however, an extended study will be
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needed in a larger cohort.

In conclusion, the most common manifestation of imme-
diate hypersensitivities to cefaclor was anaphylaxis, most
of which was mediated by IgE antibody; however, we sug-
gest a possible non-IgE mediated, but direct, basophil acti-
vation mechanism in a subset of cefaclor-induced anaphy-
laxis patients.
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