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Background: In patients with documented IgE-mediated hyper-
sensitivity to penicillins, data on sensitization to cephalosporins
vary. Administering cephalosporins to such patients is often de-
ferred because of the risk for cross-reactivity.

Objective: To assess the cross-reactivity with cephalosporins
and its potential determinants in patients with documented pen-
icillin allergy.

Design: Prospective study in patients without clinical indications
for cephalosporin treatment.

Setting: Italy.

Patients: 128 consecutive patients who sustained anaphylactic
shock (n = 81) or urticaria (n = 47) and had positive results on
skin tests for at least 1 of the penicillin reagents tested.

Measurements: All patients were skin tested with cephalothin,
cefamandole, cefuroxime, ceftazidime, ceftriaxone, and cefotax-
ime. Patients with negative results for the last 4 cephalosporins
were challenged with cefuroxime axetil and ceftriaxone.

Results: 14 patients (10.9% [95% Cl, 6.1% to 17.7%]) had

positive results on skin tests for cephalosporins, mostly for ceph-
alothin or cefamandole. Skin test results for the minor determinant
mixture were positive in 10 of 14 patients (71.4%) with cross-
reactivity and 44 of 114 patients (38.6%) without cross-reactivity
(odds ratio, 3.90 [Cl, 1.17 to 13.40]; P = 0.0189). All 101 patients
with negative results on skin tests for cefuroxime, ceftazidime,
ceftriaxone, and cefotaxime tolerated cefuroxime axetil and ceftri-
axone (tolerability rate, 100% [Cl, 96.4% to 100%]).

Limitations: Challenges were not followed by full therapeutic
courses. Twenty-two patients declined challenges; positive re-
sponses in those patients would have decreased the tolerability
rate to 82.1% (Cl, 74.2% to 88.4%).

Conclusions: These data confirm the advisability of avoiding
cephalosporin treatment in patients with positive results on skin
tests for penicillin. In patients who especially require cephalospo-
rin treatment, we recommend skin tests with cephalosporins be-
fore assessing the tolerability of the cephalosporin with a graded
challenge.
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Penicillins and cephalosporins are the most widely used
antibiotics for treating common infections (1, 2). The
former are the most common causes of drug-induced, IgE-
mediated hypersensitivity and the most studied so far (3—
13). Like penicillin, cephalosporin may cause allergic reac-
tions, especially IgE-mediated reactions (6, 9). They are 2
classes of B-lactam antibiotics with differences in both
their core and side-chain structures.

In patients with documented IgE-mediated hypersen-
sitivity to penicillins, the data on sensitization to cephalo-
sporins—diagnosed on the basis of positive responses to
challenges carried out without performing prophylactic
skin tests with the cephalosporin—vary (5, 14-18). The
most recent review estimated a 4.4% rate of positivity (9).

Therefore, certain confusion exists about administer-
ing cephalosporins in patients who are allergic to penicil-
lins, which may lead to either under- or overestimating the
risk involved. In both cases, negative consequences may
result. Recently, Pumphrey and Davis (19) reported that 6
of 12 fatal anaphylactic reactions to antibiotics occurred
after the first dose of cephalosporin treatment. In 3 of the
6 reactions, patients were known to be allergic to amoxi-
cillin and 1 patient was allergic to benzylpenicillin. On the
other hand, because of the fear of cross-reactivity, the most
common therapeutic approach to patients who are allergic
to penicillin is to select antibiotics that do not contain a
B-lactam ring, such as macrolides, quinolones, trimetho-
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prim—sulfamethoxazole, or vancomycin (20-22). How-
ever, reduced effectiveness, increased antimicrobial resis-
tance (particularly to vancomycin), and higher costs are
major drawbacks of this choice (9).

In any case, there is still no consensus on the manage-
ment of patients with histories of penicillin allergy who
require a cephalosporin (9, 12, 21-23). Skin tests are usu-
ally recommended to determine whether a patient has IgE
antibodies to penicillins (11, 23, 24). Cephalosporins are
given to patients with negative results on skin tests, while
patients with positive results either are not treated with
cephalosporin (9, 24) or—if an alternate drug cannot be
used—are desensitized (11, 23).

Histories and penicillin skin test results do not reliably
predict the probability of allergic reactions to cephalospo-
rins in patients with histories of penicillin allergy (11).

We conducted this prospective study to evaluate
the use of cephalosporins in patients with documented
penicillin allergy who especially require cephalosporin
treatment. A large group of well-characterized, penicillin-
allergic patients was evaluated by skin tests with different
cephalosporins to assess the cross-reactivity and its poten-
tial determinants. Moreover, patients with negative results
on cephalosporin skin tests were challenged to ascertain
whether negative results could reliably indicate cephalospo-
rin tolerability.



MEeTHODS
Patient Selection

Patients were recruited prospectively from a large out-
patient population with a history of immediate reactions to
at least 1 penicillin. This sample was evaluated between
January 1995 and June 2003 in the allergy units of Com-
plesso Integrato Columbus, Rome, Italy, and Oasi Maria
Santissima, Troina, Italy. The inclusion criterion required
positive results on skin tests for 1 or more penicillin re-
agents (penicilloyl-polylysine, minor determinant mixture,
and benzylpenicillin), 1 or more semi-synthetic penicillins
(ampicillin, amoxicillin, and piperacillin), or both. An in-
dication for cephalosporin treatment was not an inclusion
criterion. We evaluated sensitization to cephalosporins by
using skin tests with first-generation (cephalothin), second-
generation (cefamandole and cefuroxime), and third-
generation (ceftazidime, ceftriaxone, and cefotaxime) ceph-
alosporins. In case of negative results for cefuroxime,
ceftriaxone, ceftazidime, or cefotaxime, the former 2 ceph-
alosporins were administered to consenting patients. The
exclusion criteria were pregnancy; use of [-blockers; and
severe cardiovascular, renal, or respiratory compromise. Be-
fore the study, all patients received information about pos-
sible risks for skin and challenge tests, and each patient or
the parents of patients younger than 18 years of age gave
written informed consent. The respective institutional re-
view boards approved the protocol.

Skin Tests

Because 12 different reagents were assessed, the skin
testing was performed on 3 different days to reduce the risk
for systemic reactions, which were reported in a similar
protocol (25).

On the first day, prick and intradermal tests were car-
ried out by using penicilloyl-polylysine (Allergopharma,
Reinbek, Germany, distributed by Merck, Sharpe & Dohme
SpA, Milan, Italy), minor determinant mixture (benzyl-
penicillin and sodium benzylpenicilloate [Allergopharmal),
and benzylpenicillin (Pharmacia, Milan, Italy). The final
concentrations were 5 X 107> mmol/L, 2 X 10”2 mmol/L,
and 10 000 IU/mL (benzylpenicillin was diluted in normal
saline), respectively. A 1:10 dilution in normal saline of
the penicilloyl-polylysine final solution was initially used.
When results were negative, testing was repeated with the
undiluted solution. A 1:1000 dilution, 1:10 dilution in
normal saline, and undiluted solution of minor determi-
nant mixcure were used. Benzylpenicillin was administered
at concentrations of 0.1, 100, and 10 000 IU/mL.

Ampicillin (Amplital, Pharmacia), amoxicillin (Smith-
Kline Beecham, Milan, Italy), and piperacillin (Avocin,
Wyeth-Lederle SpA, Aprilia, Italy) were all used on the
second day at concentrations of 1 mg/mL and 20 mg/mL
after dilution in normal saline.

Cephalothin (Keflin, Lilly, Sesto Fiorentino, Italy), ce-
famandole (Mandokef, Lilly), cefuroxime (Curoxim, Glaxo
Wellcome, Verona, Italy), ceftazidime (Glazidim, Glaxo
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Context

The usefulness of cephalosporin skin tests is not well-
defined in patients with a history of penicillin allergy.

Contribution

These investigators performed cephalosporin skin tests of
128 patients with a history of documented penicillin
allergy. About 11% of patients had positive skin test
results. Patients with negative skin test results tolerated
subsequent challenge doses of cephalosporin without an
allergic reaction.

Implications

Since 10% of patients with documented penicillin allergy
also had positive results on skin tests for cephalosporin,
physicians should avoid using cephalosporins in such pa-
tients unless they have tested these patients for cephalo-
sporin allergy.

—The Editors

Wellcome), cefotaxime (Zariviz, Aventis, Milan), and cef-
triaxone (Rocefin, Roche, Milan, Italy) at a concentration
of 2 mg/mL in 0.9% sodium chloride were used on the
third day.

All of these reagents—prepared fresh with the intrave-
nous form under sterile conditions daily—were initially
tested on volar forearm skin by the prick method. Reac-
tions were considered positive when a wheal larger than 3
mm in diameter with surrounding erythema was present
20 minutes later. When prick test results were negative,
0.02 mL of the reagent solution was injected intradermally
on volar forearm skin. Readings were made 20 minutes
after injections. Results were considered positive when
wheals larger than 5 mm accompanied by erythema devel-
oped. Positive controls for prick tests were done with his-
tamine at 10 mg/mL. Normal saline was used as a negative
control. The concentration used for cephalosporins was
nonirritant in a control group of 40 healthy patients, as we
previously described (26).

In Vitro Tests

Assays (UniCAP specific IgE, Pharmacia, Milan, Italy)
were performed, according to the manufacturer’s instruc-
tions, for specific IgE antibodies to penicilloyl G, penicil-
loyl V, ampicilloyl, and amoxicilloyl. A positive result (that
is, detectable specific IgE antibodies) was defined as a
value of 0.35 kIU/L or greater. Blood samples were ob-
tained when patients were evaluated and sera were kept at
—20 ° C until assayed.

Cephalosporin Test Dosing

Challenges with cefuroxime axetil (500 mg orally) and
ceftriaxone (1 g intramuscularly) were also administered
(each on a different day) in patients with negative results
on skin testing for cefuroxime, ceftriaxone, ceftazidime, or
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cefotaxime. We administered an initial dose of one hun-
dredth of the therapeutic dose. In patients with negative
results, we administered a dose of one tenth of the thera-
peutic dose 1 hour later. If the result was again negative,
we administered a full dose after another hour.

Each patient was carefully monitored during test dos-
ing, and complete equipment for cardiopulmonary resus-
citation was immediately available.

Patients with positive results on skin tests for cefu-
roxime and ceftriaxone were not challenged because such
positivity indicates sensitization. Those with positive re-
sults for cefotaxime or ceftazidime were also not chal-
lenged because our previous observations (27) indicated
a risk for cross-reactions related to structural similarities
in the aforesaid cephalosporins.

Statistical Analysis

Data were prospectively collected and analyzed by us-
ing Statview 5 software for Windows (SAS Institute, Inc.,
Cary, North Carolina).

Our goal was to assess the cross-reactivity with cepha-
losporins and its potential determinants in patients with
documented penicillin allergy. The frequency of positive
skin test results is given as a percentage and exact 95% CI
(28). We compared the group of patients who were cross-
reactive with those who were not. Age is reported as the
means (+SD), and the time interval between the last ad-
verse reaction and testing was reported as the median and

range. These continuous variables were compared by using
a Mann—Whitney U-test. Categorical data are given as
numbers of cases and percentages, and they were compared
by using a chi-square test. A P value of 0.05 or less indi-
cates statistical significance. The odds ratio of categorical
determinants was determined only in determinants that
corresponded to at least 10 outcomes per independent vari-
able and were found to be statistically significantly associ-
ated with cross-reactivity.

Role of the Funding Source

The Ministry for University, Scientific and Techno-
logical Research (MURST), Rome, Italy, and Ministry for
National Education, Research and Technology (MENRT),
Paris, France, provided 60% and 40% of funding, respec-
tively. The MURST funding was used for performing the
skin testing and challenges, and the MENRT funding was
used for the biological and statistical analyses. The funding
sources had no role in the decision to submit the manu-
script for publication.

REsuLTS

We examined 128 adults (90 women, 38 men; mean
age [=SD], 45.3 £ 16.7 years) with histories of immediate
reactions to penicillins. Our work-up was performed with
intervals ranging from 1 to 420 months (median, 7 months)

Table 1. Characteristics of Study Group according to Challenge Test Assessment

Clinical Characteristics Challenge Test
All Patients Performed Not Performed Declined
(n =128) (n=101) (n=5) (n=22)
Mean age * SD, y 455 +16.7 452 = 16.8 46.4 = 18.9 46.7 = 16.2
Men, n (%) 38 (29.7) 31 (26.0) 2 (40.0) 5(22.7)
Median time interval (range), mo* 7 (2-47) 7 (2-36) 2 (1-7) 27 (2-132)
Family history, n (%) 42 (32.8) 36 (35.6) 0 6(27.3)
Personal history, n (%) 28 (21.8) 22 (21.7) 1 (20.0) 5(22.7)
Culprit penicillins, n (%)
Aminopenicillins 103 (80.5) 80 (79.3) 5 (100.0) 18 (81.8)
Benzylpenicillin 12 (9.4) 9 (80.9) 0 3(13.6)
Benzathine-penicillin 7 (5.5) 6 (5.9) 0 1(4.5)
Piperacillin 6(4.7) 6(5.9) 0 0
Manifestations, n (%)
Urticaria 24 (18.3) 19 (18.9) 2 (40.0) 3(13.6)
Angioedema or urticaria 23 (7.9) 20 (19.8) 0 3(13.6)
Anaphylactic shock 81 (63.3) 62 (61.4) 3 (60.0) 16 (72.7)
Positive skin test results, n (%)
Penicilloyl-polylysine 45 (35.2) 37 (36.6) 3 (60.0) 5(22.7)
Minor determinant mixture 54 (42.2) 40 (39.6) 3 (60.0) 11 (50.0)
Benzylpenicillin 56 (43.7) 42 (41.5) 2 (40.0) 12 (54.5)
Ampicillin 73 (57.0) 55 (54.4) 3 (60.0) 15 (68.2)
Amoxicillin 72 (56.2) 55 (54.4) 3 (60.0) 14 (63.6)
Piperacillin 32 (25.0) 26 (25.7) 2 (40.0) 4(18.2)
Positive specific IgE assay results, n (%)
Penicilloyl G 42 (32.8) 33(32.6) 3 (60.0) 6(27.3)
Penicilloyl V 43 (33.6) 34 (33.6) 3 (60.0) 6 (27.3)
Ampicilloyl 41 (32.0) 32(31.7) 3 (60.0) 6(27.3)
Amoxicilloylt 32 (25.0) 26 (25.7) 3 (60.0) 3(13.6)
* Time elapsed between last adverse reaction and current allergologic examination.
T P = 0.0244 between patients who did not undergo challenges and those who declined challenges.
18|6 July 2004 | Annals of Internal Medicine | Volume 141 ¢ Number 1 www.annals.org
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Table 2. Summary of Results of Cephalosporin Skin Tests and Challenges

Skin Test Results

Eligible for Challenge

Not Eligible Total
for Challenge

Received Challenge

Declined Challenge

Positive for at least 1 cephalosporin 7
Negative for all cephalosporins 94

n

20 0 114

after the most recent adverse reaction. No case met any
exclusion criterion.

A total of 103 patients reported adverse reactions to
aminopenicillins (amoxicillin, ampicillin, and bacampicil-
lin), 12 patients reported adverse reactions to benzylpeni-
cillin, 7 patients reported adverse reactions to benzathine
penicillin, and 6 patients reported adverse reactions to pip-
eracillin. Table 1 presents the clinical manifestations, clas-
sified according to their severity as anaphylactic shock and
urticaria with or without angioedema. All patients had pos-
itive results on skin tests for at least 1 of the penicillin
reagents tested. Table 2 summarizes the results of cepha-
losporin skin testing. Fourteen of 128 patients (10.9%
[95% CI, 6.1% to 17.7%]) displayed positive responses to
skin tests for cephalosporins. Nine patients had positive
results for cephalothin, cefamandole, or both, while 5 pa-
tients presented different patterns of skin test positivity.

Fifty-one of the patients who underwent in vitro assays
(39.8% [CI, 31.3% to 48.3%]) had positive results. All but
6 patients had specific IgE antibodies to penicilloyl G,
penicilloyl V, or both.

Among the 128 patients, 114 patients had negative
results on skin tests for all the cephalosporins tested. Of
these, 94 patients agreed to challenges with cefuroxime
axetil and ceftriaxone and 20 patients declined challenges.
Nine of the 128 patients had positive results on skin tests
for cephalothin, cefamandole, or both. Of these, 7 patients
accepted challenges and 2 patients declined challenges. The
remaining 5 patients were not challenged because they had
positive results for at least 1 of the following: cefuroxime,
ceftazidime, ceftriaxone, or cefotaxime (Table 2).

All 101 patients who underwent challenges tolerated
oral cefuroxime axetil and intramuscular ceftriaxone. We
found no statistically significant difference in sex, age, time
interval between the last adverse reaction and allergologic
examination, clinical manifestations of penicillin allergy,
and skin tests and specific IgE assays for penicillin reagents
between patients who underwent challenge tests and those
who either declined challenges or were not challenged be-
cause of cephalosporin skin test positivity. A higher rate of
positive results on IgE assays for amoxicillin was among
patients with positive results on cephalosporin skin tests
who were not challenged, as compared with those who
declined challenges (Table 1). In addition, the frequency
of these characteristics did not statistically significantly dif-
fer between patients with either positive or negative results
on skin tests for cephalosporins; the exception was skin test
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positivity to the minor determinant mixture, which oc-
curred in 10 of 14 (71.4% [CI, 47.7% to 95.1%]) patients
and 44 of 114 (38.6% [CI, 29.7% to 47.5%]) patients
with and without cross-reactivity, respectively (P = 0.0189)
(Table 3). The estimated odds ratio of skin test positivity to
the minor determinant mixture for cross-reacting to at least 1
cephalosporin was 3.90 (CI, 1.17 to 13.40).

Discussion

Administering cephalosporins to penicillin-allergic pa-
tients who might benefit from this treatment is often de-
ferred because of the fear of cross-reactivity (9). In the
management of such patients, prophylactic skin tests with
cephalosporins are not routinely performed (9, 11, 12, 21—
24), although some allergists perform skin tests for both
penicillin and the cephalosporin in question before giving
cephalosporin to a patient (29, 30). Two important reasons

Table 3. Characteristics of Study Group according to Results of
Cephalosporin Skin Tests

Clinical Characteristics Cross-Reactivity
No Yes
(n=114) (n=14)
Mean age * SD, y 455 =171 431 +13.8
Men, n (%) 32 (28.1) 6 (42.8)
Median time interval (range), mo* 7 (2-36) 8 (2-120)
Family history, n (%) 38 (33.3) 4 (28.6)
Personal history, n (%) 24 (21.1) 4 (28.6)
Culprit penicillins, n (%)
Aminopenicillins 91 (79.8) 12 (85.7)
Benzylpenicillin 10 (8.7) 2(14.3)
Benzathine-penicillin 7 (6.1) 0
Piperacillin 6(5.3) 0
Manifestations, n (%)
Urticaria 22 (19.3) 2(14.3)
Angioedema or urticaria 21(18.4) 2(14.3)
Anaphylactic shock 71 (62.3) 10 (71.4)
Positive skin test results, n (%)
Penicilloyl-polylysine 38(33.3) 7 (50.01)
Minor determinant mixturet 44 (38.6) 10 (71.4)
Benzylpenicillin 49 (42.9) 7 (50.0)
Ampicillin 65 (57.1) 8(57.1)
Amoxicillin 62 (54.4) 10 (71.4)
Piperacillin 26 (28.8) 6(42.8)
Positive specific IgE assay results, n (%)
Penicilloyl G 38(33.3) 4 (28.6)
Penicilloyl V 38 (33.3) 5(35.7)
Ampicilloyl 37 (32.6) 4 (28.6)
Amoxicilloyl 28 (28.7) 4 (28.6)

* Time elapsed between last adverse reaction and current allergologic examination.
TP =0.0189.
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Table 4. Rate of Adverse Reactions to Cephalosporin in Penicillin-Allergic Patients according to Previous Assessment with

Cephalosporin Skin Tests*

Study Patients, Skin Testing Challenge
(Reference) n
Penicillin Reagents Cephalosporin(s) Administered Administration Reactions,
Cephalosporin(s) Route n (%)
Assem and Vickers 3 Benzylpenicillin, benzyl- NP Cephaloridine Intramuscular 3 (100)
(14) penicilloyl
Solley et al. (15) 27 Benzylpenicillin, ampicillin, NP NS NS 0
methicillin
Saxon et al. (5) 62 NS NP NS NS 1(1.6)
Blanca et al. (16) 16 Benzylpenicilloyl, benzyl- NP Cefamandole Intramuscular 2 (10.5)
penicillin, ampicillin,
amoxicillin
Shepherd and Burton 9 Benzylpenicilloyl, benzyl- NP NS NS 0
17) penicillin
Macy (18) 28 Benzylpenicilloyl, benzyl- NP NS Oral 1(3.6)
penicillin, amoxicillin,
penilloate, penicilloate
Warrington et al. 3 Benzylpenicilloyl, minor Cephalothin NS NS 0
(43) determinant mixture,
ampicillin, cloxacillin,
methicillin
Audicana et al. (34) 29 Benzylpenicilloyl, minor Cephalexin, ceftazidime Cephalexin, ceftazidime  Cephalexin: oral; 0
determinant mixture, ceftazidime:
ampicillin, amoxicillin intravenous
Novalbos et al. (44) 41 Benzylpenicilloyl, minor Cefazoline, cefuroxime, Cefazoline, cefuroxime, Intramuscular 0
determinant mixture, ceftriaxone ceftriaxone
benzylpenicillin, amoxicillin
Present study 101 Benzylpenicilloyl, minor Cephalothin, cefamandole, Cefuroxime, ceftriaxone Cefuroxime: oral; 0
determinant mixture, ceftazidime, cefuroxime, ceftriaxone:
benzylpenicillin, ampicillin, ceftriaxone, cefotaxime intramuscular
amoxicillin, piperacillin

* NP = not performed; NS = not specified.

for not performing cephalosporin skin tests are the lack of
standardization of such tests and some researchers’ belief
that cephalosporin skin testing is experimental because of
unknown hapten determinants (9, 12, 23, 31, 32).

In our experience, however, cephalosporin skin tests at
a concentration of 2 mg/mL were reliable and effective for
diagnosing immediate hypersensitivity to these B-lactams
(26, 27, 33). For this reason, we do not perform challenges
with cephalosporins in patients with positive results; au-
thors who did so in single patients elicited immediate
urticarial or anaphylactic reactions to the responsible ceph-
alosporins (34-37).

Among our patients, 10.9% displayed skin test posi-
tivity to cephalosporins. Positivity to the minor determi-
nant mixture was a statistically significant predictor be-
cause the risk for having a positive skin test to at least 1
cephalosporin was increased 4-fold. Nine of 14 patients
had positive results on skin tests for cefamandole, cephalo-
thin, or both, which have side-chain structures similar to
those of penicillins (8, 38). Specifically, cefamandole, ben-
zylpenicillin, and ampicillin have similar side-chain struc-
tures, which are benzyl derivatives (38). Five of 14 patients
had skin test positivity to at least 1 of the other cephalo-
sporins tested, which have side-chain structures different
from those of penicillins. Our results demonstrate, there-
fore, that the risk for cross-reactivity is not only related to
the structural similarities between the side-chain determi-
nants of penicillins and cephalosporins (8, 38).
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The question of whether some patients developed a
response to cephalosporins because of cross-reactivity with
penicillins or because of coexisting sensitivities is difficult
to answer. Patients who are allergic to benzylpenicillin and
never received cephalosporins may have demonstrable an-
tibodies specific for the latter, which indicates cross-sensi-
tivity (38—40). However, some evidence (41) suggests that
coexisting sensitivities may occur. Such sensitivities may be
related to a propensity to several antibiotic reactions. A
recent study by Strom and colleagues (42) suggested that
the association between hypersensitivity reactions to sul-
fonamide antibiotics and subsequent allergic reactions to
sulfonamide nonantibiotics was due to a predisposition to
allergic reactions rather than to cross-reactivity with sulfon-
amide-based drugs.

In the present study, as in previous studies assessing
patients who are allergic to penicillins (34, 43, 44), nega-
tive results on skin testing for cephalosporins seem to in-
dicate tolerability (Table 4). No adverse reaction to ceph-
alosporins occurred in patients with negative results on
cephalosporin skin tests from any of the earlier, smaller
studies (34, 43, 44) or our 101 patients, while adverse
reactions occurred in patients who did not undergo ceph-
alosporin skin tests from 4 of the 6 previously mentioned
studies (5, 14-18). Specifically, the rate of adverse reac-
tions to cephalosporin in the largest study was 1.6% (5)
(Table 4). Since we challenged patients with cefuroxime
and ceftriaxone, the reliability of cephalosporin skin tests
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applies to only these 2 compounds and not to the other 4
cephalosporins skin-tested. Moreover, because we studied
these patients for research purposes (rather than because
they had a clinical indication for cephalosporin treatment),
challenges were not followed by a full therapeutic course.
Another important limitation of our study was that 22
patients declined to be challenged. We have compared the
characteristics of challenged patients with those of patients
who declined to be challenged (Table 1). We found no
statistically significant differences and therefore think that
the possibility of bias in our results is limited. Ignoring the
patients who declined challenge suggests that the rate of
cephalosporin tolerability was 100% (CI, 96.4% to 100.0%)
(101 of 101 patients challenged). However, the potential
effect of these patients on the final estimate of cross-reac-
tivity should be evaluated. For this purpose, we considered
various scenarios based on hypothetical results of challenge
tests in the 22 patients who declined to be challenged. If
50% of patients who declined had positive results on chal-
lenges, the cephalosporin tolerability rate would be 91.6%
(CI, 84.6% to 95.5%) (112 of 123 patients). In another
scenario, if all 22 patients had positive results on chal-
lenges, the rate of cephalosporin tolerability would decrease
to 82.1% (CI, 74.2% to 88.4%). Further studies are
needed before a definitive conclusion can be drawn.

Finally, our data provide substantial clinical support to
the conclusion of the Joint Task Force on Practice Param-
eters (23), which advises physicians to avoid giving cepha-
losporins to patients with positive results on penicillin skin
tests and suggests using an alternative antibiotic. Taking
into account the aforesaid practice measures and the results
of our study, the clinician faced with a patient with a
documented penicillin allergy and a compelling need for a
cephalosporin (cefuroxime or ceftriaxone) has the follow-
ing 3 clinical options:

1. Desensitize without cephalosporin skin testing.
Pros: This is a careful way to administer antibiotic and is
supported by practice measures (23). Cons: 1) Brief inten-
sive care unit admission increases resource use; 2) reaching
the full strength antibiotic dose is delayed 3.5 to 4 hours
(presumably an alternative antibiotic would be used in the
interim) (45); and 3) patient keeps label of “cephalosporin
allergy.”

2. Graded challenge to cephalosporin without cepha-
losporin skin testing. Pros: 1) This approach is safer than
administering full dose immediately because a less severe
reaction may occur with a smaller dose of cephalosporin; 2)
desensitization is not needed in intensive care unit; and 3)
reaching the full dose is delayed 2 (instead of 4) hours.
Cons: 1) There is a 4.4% reaction rate (based on recent
review data [9]); 2) there is a medical-legal risk if the
patient reacts, as practice measures state that “If the (pen-
icillin) skin test is positive, there may be an increased risk
of a reaction if the cephalosporin is given and desensitiza-
tion with the cephalosporin should be performed” (23); 3)
during the 2-hour delay in reaching the full dose, presum-
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ably an alternative antibiotic may be used (45); and 4)
patient keeps label of “cephalosporin allergy.”

3. Skin test with cefuroxime or ceftriaxone. If skin test
result is negative, proceed to give cefuroxime or ceftriaxone
with a graded challenge. Pros: 1) None of our 101 patients
tested had a reaction; 2) desensitization is not needed in
intensive care unit; 3) reaching the full dose is delayed 2
(instead of 4) hours; and 4) a negative result helps establish
that a patient may not be allergic to cephalosporin, which
can be confirmed later if repeated cephalosporin skin test
results are negative (46). Cons: 1) There is a medical-legal
risk if a reaction occurs in a patient with a negative result
on a cephalosporin skin test, considering the practice mea-
sures statement (23); and 2) during the 2-hour delay in
reaching the full dose, presumably an alternative antibiotic
may be used (45).

We believe that the positive considerations of the third
clinical option outweigh the negative ones. Even consider-
ing the disadvantage of the 2-hour delay, we still recom-
mend a graded challenge until enough patients have been
studied, especially in light of some data showing that pen-
icillin skin testing may have suboptimal sensitivity (47).

From Universita Cattolica del Sacro Cuore, Complesso Integrato Co-
lumbus, Rome, Italy; Istituto di Ricovero e Cura a Carattere Scientifico,
Oasi Maria Santissima, Troina, Italy; Laboratoire de Pathologie Cellu-
laire et Moléculaire en Nutrition, Institut National de la Santé et de la
Recherche Médicale, Vandoeuvre, France; and Centre Hospitalier Uni-
versitaire de Nancy-Brabois, Vandoeuvre, France.

Potential Financial Conflicts of Interest: None disclosed.

Requests for Single Reprints: Antonino Romano, MD, Unita di Aller-
gologia, Complesso Integrato Columbus, Via G. Moscati, 31-00168
Rome, Italy; e-mail, columbus.romano@linet.it.

Current author addresses and author contributions are available at www
.annals.org.

References

1. McCaig LF, Hughes JM. Trends in antimicrobial drug prescribing among
office-based physicians in the United States. JAMA. 1995;273:214-9. [PMID:
7807660]

2. Cars O, Mélstad S, Melander A. Variation in antibiotic use in the European
Union [Letter]. Lancet. 2001;357:1851-3. [PMID: 11410197]

3. Levine BB. Immunologic mechanisms of penicillin allergy. A haptenic model
system for the study of allergic diseases of man. N Engl ] Med. 1966;275:1115-
25. [PMID: 5923027]

4. Adkinson NF Jr, Thompson WL, Maddrey WC, Lichtenstein LM. Routine
use of penicillin skin testing on an inpatient service. N Engl ] Med. 1971;285:
22-4. [PMID: 5089368]

5. Saxon A, Beall GN, Rohr AS, Adelman DC. Immediate hypersensitivity
reactions to beta-lactam antibiotics. Ann Intern Med. 1987;107:204-15. [PMID:
3300459]

6. Weiss ME, Adkinson NF. Immediate hypersensitivity reactions to penicillin
and related antibiotics. Clin Allergy. 1988;18:515-40. [PMID: 2977302]

7. Blanca M, Vega JM, Garcia J, Miranda A, Carmona MJ, Juarez C, et al. New
aspects of allergic reactions to betalactams: crossreactions and unique specificities.
Clin Exp Allergy. 1994;24:407-15. [PMID: 8087651]

8. Baldo BA. Penicillins and cephalosporins as allergens—structural aspects of

6 July 2004 | Annals of Internal Medicine | Volume 141 ¢ Number 1|21



ARTICLE Cephalosporin Tolerability in Penicillin Allergy

recognition and cross-reactions. Clin Exp Allergy. 1999;29:744-9. [PMID:
10336588]

9. Kelkar PS, Li JT. Cephalosporin allergy. N Engl ] Med. 2001;345:804-9.
[PMID: 11556301]

10. Blanca M, Mayorga C, Torres M]J, Warrington R, Romano A, Demoly P,
et al. Side-chain-specific reactions to betalactams: 14 years later. Clin Exp Allergy.
2002;32:192-7. [PMID: 11929481]

11. Salkind AR, Cuddy PG, Foxworth JW. The rational clinical examination. Is
this patient allergic to penicillin? An evidence-based analysis of the likelihood of
penicillin allergy. JAMA. 2001;285:2498-505. [PMID: 11368703]

12. Gruchalla RS. 10. Drug allergy. ] Allergy Clin Immunol. 2003;111:5548-59.
[PMID: 12592301]

13. Macy E, Mangat R, Burchette R]. Penicillin skin testing in advance of need:
multiyear follow-up in 568 test result-negative subjects exposed to oral penicillins.
J Allergy Clin Immunol. 2003;111:1111-5. [PMID: 12743578]

14. Assem ES, Vickers MR. Tests for penicillin allergy in man. II. The immu-
nological cross-reaction between penicillins and cephalosporins. Immunology.
1974;27:255-69. [PMID: 4138812]

15. Solley GO, Gleich GJ, Van Dellen RG. Penicillin allergy: clinical experience
with a battery of skin-test reagents. ] Allergy Clin Immunol. 1982;69:238-44.
[PMID: 7056954]

16. Blanca M, Fernandez J, Miranda A, Terrados S, Torres M]J, Vega JM, et al.
Cross-reactivity between penicillins and cephalosporins: clinical and immuno-
logic studies. J Allergy Clin Immunol. 1989;83:381-5. [PMID: 2918183]

17. Shepherd GM, Burton DA. Administration of cephalosporin antibiotics to
patients with a history of penicillin allergy [Abstract]. J Allergy Clin Immunol.
1993;91:262.

18. Macy E. Elective penicillin skin testing and amoxicillin challenge: effect on
outpatient antibiotic use, cost, and clinical outcomes. J Allergy Clin Immunol.
1998;102:281-5. [PMID: 9723673]

19. Pumphrey RS, Davis S. Under-reporting of antibiotic anaphylaxis may put
patients at risk [Letter]. Lancet. 1999;353:1157-8. [PMID: 10209990]

20. Harris AD, Sauberman L, Kabbash L, Greineder DK, Samore MH. Peni-
cillin skin testing: a way to optimize antibiotic utilization. Am ] Med. 1999;107:
166-8. [PMID: 10460049]

21. Solensky R, Earl HS, Gruchalla RS. Clinical approach to penicillin-allergic
patients: a survey. Ann Allergy Asthma Immunol. 2000;84:329-33. [PMID:
10752918]

22. Puchner TC Jr, Zacharisen MC. A survey of antibiotic prescribing and
knowledge of penicillin allergy. Ann Allergy Asthma Immunol. 2002;88:24-9.
[PMID: 11814274]

23. Bernstein IL, Gruchalla RS, Lee RE, Nicklas RA, Dykewicz MS, Shepherd
GM, et al. Disease management of drug hypersensitivity: practice parameter. Ann
Allergy Asthma Immunol. 1999;83:665-700.

24. Li JT, Markus PJ, Osmon DR, Estes L, Gosselin VA, Hanssen AD. Re-
duction of vancomycin use in orthopedic patients with a history of antibiotic
allergy. Mayo Clin Proc. 2000;75:902-6. [PMID: 10994825]

25. Torres MJ, Romano A, Mayorga C, Moya MC, Guzman AE, Reche M, et
al. Diagnostic evaluation of a large group of patients with immediate allergy to
penicillins: the role of skin testing. Allergy. 2001;56:850-6. [PMID: 11551249]
26. Romano A, Quaratino D, Venemalm L, Torres MJ, Venuti A, Blanca M. A
case of IgE-mediated hypersensitivity to ceftriaxone. J Allergy Clin Immunol.
1999;104:1113-4. [PMID: 10550764]

27. Romano A, Mayorga C, Torres MJ, Artesani MC, Suau R, Sanchez F, et al.
Immediate allergic reactions to cephalosporins: cross-reactivity and selective re-

22|6 July 2004 | Annals of Internal Medicine | Volume 141 ¢ Number 1

sponses. ] Allergy Clin Immunol. 2000;106:1177-83. [PMID: 11112903]

28. Zar JH. Biostatistical Analysis. 4th ed. Upper Saddle River, NJ: Prentice-
Hall; 1999.

29. Wickern GM, Nish WA, Bitner AS, Freeman TM. Allergy to beta-lactams:
a survey of current practices. ] Allergy Clin Immunol. 1994;94:725-31. [PMID:
79303006]

30. Mendelson LM. Adverse reactions to B-lactam antibiotics. Immunol Allergy
Clin North Am. 1998;18:745-57.

31. Kishiyama JL, Adelman DC. The cross-reactivity and immunology of beta-
lactam antibiotics. Drug Saf. 1994;10:318-27. [PMID: 8018304]

32. Ann¢ S, Reisman RE. Risk of administering cephalosporin antibiotics to
patients with histories of penicillin allergy. Ann Allergy Asthma Immunol. 1995;
74:167-70. [PMID: 7697478]

33. Romano A, Quaratino D, Aimone-Gastin I, Mayorga C, Papa G, Venuti A,
et al. Cephalosporin allergy: characterization of unique and cross-reacting ceph-
alosporin antigens. Int ] Immunopathol Pharmacol. 1997;10(suppl 2):187-91.
34. Audicana M, Bernaola G, Urrutia I, Echechipia S, Gastaminza G, Mufioz
D, et al. Allergic reactions to betalactams: studies in a group of patients allergic to
penicillin and evaluation of cross-reactivity with cephalosporin. Allergy. 1994;49:
108-13. [PMID: 8172357]

35. Marcos Bravo C, Luna Ortiz I, Gonzélez Vazquez R. Hypersensitivity to
cefuroxime with good tolerance to other betalactams. Allergy. 1995;50:359-61.
[PMID: 7573820]

36. Gaig P, San Miguel MM, Enrique E, Garcia-Ortega P. Selective type-1
hypersensitivity to cefixime. Allergy. 1999;54:901-2. [PMID: 10485404]

37. Demoly P, Messaad D, Sahla H, Hillaire-Buys D, Bousquet J. Immediate
hypersensitivity to ceftriaxone. Allergy. 2000;55:418-9. [PMID: 10782542]

38. Guéant JL, Mata E, Masson C, Gérard P, Moneret-Vautrin DA, Mouton-
Faivre C, et al. Non-specific cross-reactivity of hydrophobic serum IgE to hydro-
phobic drugs. Mol Immunol. 1995;32:259-66. [PMID: 7723771]

39. Grieco MH. Cross-allergenicity of the penicillins and the cephalosporins.
Arch Intern Med. 1967;119:141-5. [PMID: 6017122]

40. Shepherd GM. Allergy to 3-lactam antibiotics. Immunol Allergy Clin North
Am. 1991;11:611-33.

41. Ong R, Sullivan T. Detection and characterization of human IgE to cepha-
losporin determinants [Abstract]. J Allergy Clin Immunol. 1988;81:222.

42. Strom BL, Schinnar R, Apter AJ, Margolis D], Lautenbach E, Hennessy S,
et al. Absence of cross-reactivity between sulfonamide antibiotics and sulfon-
amide nonantibiotics. N Engl ] Med. 2003;349:1628-35. [PMID: 14573734]
43. Warrington RJ, Simons FE, Ho HW/, Gorski BA, Tse KS. Diagnosis of
penicillin allergy by skin testing: the Manitoba experience. Can Med Assoc J.
1978;118:787-91. [PMID: 638909]

44. Novalbos A, Sastre J, Cuesta J, De Las Heras M, Lluch-Bernal M, Bombin
C, et al. Lack of allergic cross-reactivity to cephalosporins among patients allergic
to penicillins. Clin Exp Allergy. 2001;31:438-43. [PMID: 11260156]

45. Gilbert DN, Moellering RC, Sande MA. The Sanford Guide to Antimicro-
bial Therapy. 33rd ed. Hyde Park, VT: Antimicrobial Therapy; 2003.

46. Pichichero ME, Pichichero DM. Diagnosis of penicillin, amoxicillin, and
cephalosporin allergy: reliability of examination assessed by skin testing and oral
challenge. J Pediatr. 1998;132:137-43. [PMID: 9470015]

47. Torres MJ, Mayorga C, Leyva L, Guzman AE, Cornejo-Garcia JA, Juarez
G, et al. Controlled administration of penicillin to patients with a positive history
but negative skin and specific serum IgE tests. Clin Exp Allergy. 2002;32:270-6.
[PMID: 11929493

www.annals.org



Current Author Addresses: Professor Romano and Dr. Viola: Unita di
Allergologia, Complesso Integrato Columbus, Via G. Moscati, 31-00168
Rome, Italy.

Dr. Guéant-Rodriguez and Professor Guéant: Laboratoire de Pathologie
Cellulaire et Moléculaire en Nutrition, Institut National de la Santé et de
la Recherche Médicale 0014, Facult¢é de Médecine, BP 184, F-54500
Vandoeuvre, France and Service de Cardiologie, Centre Hospitalier Uni-
versitaire de Nancy-Brabois, F-54500 Vandoeuvre, France.

Dr. Pettinato: Istituto di Ricovero e Cura a Carattere Scientifico, Oasi
Maria Santissima, Via Conte Ruggero, 73-94018 Troina, Italy.

Author Contributions: Conception and design: A. Romano, J.-L.
Guéant.

www.annals.org

Analysis and interpretation of the data: A. Romano, R.-M. Guéant-
Rodriguez, M. Viola, R. Pettinato, J.-L. Guéant.

Drafting of the article: A. Romano, R.-M. Guéant-Rodriguez, J.-L.
Guéant.

Critical revision of the article for important intellectual content: A. Ro-
mano, R.-M. Guéant-Rodriguez, J.-L. Guéant.

Final approval of the article: A. Romano, R.-M. Guéant-Rodriguez, J.-L.
Guéant.

Provision of study materials or patients: A. Romano, M. Viola, R. Pet-
tinato.

Statistical expertise: R.-M. Guéant-Rodriguez, J.-L. Guéant.
Administrative, technical, or logistic support: A. Romano.

Collection and assembly of data: A. Romano, M. Viola, R. Pettinato.

6 July 2004 | Annals of Internal Medicine | Volume 141 ¢ Number 1|W-3



