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O Abstract—Background: The practice of avoiding cepha-
losporin administration to penicillin-allergic patients persists
despite the low rate of cross reactions between both groups of
antibiotics. Objective: The purpose of this literature review is
to evaluate the published evidence regarding the commonly
held belief that patients with a history of an allergic reaction
to penicillin have a significantly increased risk of an allergic
reaction to cephalosporins. Materials and Methods: Articles
were identified through a computerized search of MEDLINE
from 1950 to the present using the search terms “penicillin$,”
“cephalosporin$,” “allerg$,” “hypersensitivity,” and “cross-
react$.” All articles were reviewed, and additional sources
cited in them were added to the literature review. Results:
Penicillins have a cross allergy with first-generation cephalo-
sporins (odds ratio 4.8; confidence interval 3.7-6.2) and a neg-
ligible cross allergy with second-generation cephalosporins
(odds ratio 1.1; confidence interval 0.6-2.1). Laboratory
and cohort studies confirm that the R1 side chain is responsi-
ble for this cross reactivity. Overall cross reactivity between
penicillins and cephalosporins is lower than previously
reported, though there is a strong association between amox-
icillin and ampicillin with first- and second-generation ceph-
alosporins that share a similar R1 side chain. Conclusions:
Although a myth persists that approximately 10% of patients
with a history of penicillin allergy will have an allergic reac-
tion if given a cephalosporin, the overall cross-reactivity
rate is approximately 1% when using first-generation ceph-
alosporins or cephalosporins with similar R1 side chains.

However, a single study reported the prevalence of cross reac-
tivity with cefadroxil as high as 27%. For penicillin-allergic
patients, the use of third- or fourth-generation cephalosporins
or cephalosporins with dissimilar side chains than the
offending penicillin carries a negligible risk of cross
allergy. © 2012 Elsevier Inc.
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INTRODUCTION

Classic teaching is that patients with a history of an al-
lergy to penicillin have a 10% risk of an adverse reaction
if they are given a cephalosporin (1,2). Early studies in the
1960s and 1970s reported cross-reactivity rates of 8—18%
(3.,4). Articles published by Petz and Dash during this
period are the main source of the pervasive belief in the
10% risk theory (5,6). The notion that such high cross
reactivity exists translates to clinical practice as the
complete avoidance of cephalosporins in penicillin-
allergic patients, even when a cephalosporin is indicated
as first-line treatment.

When treating a penicillin-allergic patient with an
infection for which a cephalosporin is first-line treatment,
it is necessary to consider the risks and benefits of
using a cephalosporin as well as of avoiding the drug.
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Avoidance may lead to administration of an antibiotic
that is less effective or associated with a greater risk for
development of pathogen resistance and side effects.
Understanding the true risk of adverse events resulting
from cephalosporin use in penicillin-allergic patients is
critical to providing the highest quality of care.

In this article, we review published information on the
cross reactivity of penicillin and cephalosporins to deter-
mine if classic teachings are justified.

MATERIALS AND METHODS

A literature search of MEDLINE (from 1950 to the pres-
ent) was performed and limited to studies published in
English. The search terms “penicillin$,” “cephalosporin$,”
“allerg$,” “hypersensitivity,” and “cross-react$” were
used (“$” indicates truncation, allowing for various
endings). The terms were combined in the following
search algorithm: “Penicillin$” AND “Cephalosporin$”
AND (“Allerg$ as keyword” OR “Hypersensitivity, im-
mediate or Drug hypersensitivity or Hypersensitivity,
delayed or Hypersensitivity as subject heading or Hyper-
sensitivity as keyword” OR “Cross reactions as subject
heading OR cross react$ as keyword”). The titles and
abstracts of the articles were screened, and articles deter-
mined to be appropriate for this review, based on their sus-
pected relevance to the clinical question, were collected.

The search yielded 406 articles (Figure 1). Their ab-
stracts and titles were assessed and reviewed by three of
the authors. Fifty-five articles were deemed relevant to
this review. To be selected, articles needed to specifically
address the cross reactivity of cephalosporins in patients
with a history of a penicillin allergy or, in laboratory stud-
ies, the cross reactivity of cephalosporins with penicillin
antibodies. Examination of the reference lists led us to 12
additional articles, giving a total of 67. The set included
two meta-analyses, 14 cohort studies (11 prospective
and 3 retrospective), two surveys, and nine in vitro
studies—a total of 27 articles that were included in this
review (Table 1). The remaining 40 articles (reviews,
letters to the editor, and background chemistry reports)
were used as reference material but were not deemed
applicable to the clinical question.

The 27 articles were evaluated for their level of evidence
and methodology by at least two of the authors, using the
literature review guidelines published by the American
Academy of Emergency Medicine (Tables 2, 3). If there
was disagreement in the scoring, a third author reviewed
the article. The major articles are summarized in Table 4.

RESULTS

Laboratory studies performed in the 1960s and 1970s
demonstrated immunologic cross reactivity between
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406 articles
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27 articles read and
evaluated by at least two
authors for level of evidence
and methodology using the
AAEM literature review
guidelines.

Figure 1. Process for article selection. AAEM, American
Academy of Emergency Medicine.

penicillins and cephalosporins, specifically to the Rl
side chain off the @B-lactam ring (7-10). These studies
show very little cross reactivity between the (-lactam
rings themselves (reaction to the (-lactam rings was
one of the original explanations for the link between
penicillin and cephalosporin allergies). More recent
laboratory studies and several cohort studies confirm the
role of the R1 side chain in the cross reactivity (11— 17).
Patients with an allergy to a specific cephalosporin also
demonstrate cross reactivity to penicillin and other
cephalosporins, as evidenced by an elevated immuno-
globulin E (IgE) response when challenged (18).

Assem and Vickers challenged 24 penicillin-allergic
patients with cephaloridine. Three (12.5%) of them had
an adverse reaction (7). This study may be flawed in
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Table 1. List of Articles Reviewed

Authors, Year of Publication, Reference Number Type Grade Ranking
Pichichero & Casey, 2007 (2) Meta-analysis Outstanding
Anne & Reisman, 1995 (29) Meta-analysis Good
Antunez et al., 2006 (43) Cohort Adequate
Atanaskovic-Markovic et al., 2005 (44) Cohort Poor
Romano et al., 2004 (21) Cohort Adequate
Novalbos et al., 2001 (22) Cohort Good
Romano et al., 2000 (18) Cohort Adequate
Miranda et al., 1996 (17) Cohort Adequate
Audicana et al., 1994 (13) Cohort Good
Blanca et al., 1989 (14) Cohort Good
Beam & Spooner, 1984 (23) Cohort Good
Solensky et al., 2002 (24) Cohort Good
Thoburn et al., 1966 (3) Cohort Poor
Park et al., 2006 (45) Cohort Good
Daulat et al., 2004 (26) Retro cohort Poor
Goodman et al., 2001 (27) Retro cohort Adequate

Apter et al., 2006 (28)
Fonacier et al., 2005 (20)
Solensky et al., 2000 (30)
Arndt & Garratty, 2002 (12)
Mauri-Hellweg et al., 1996 (16)
Dhar & Kulkarni, 1994 (46)
Katsutani & Shionoya, 1993 (15)
Tsuchiya et al., 1979 (10)

Mine et al., 1970 (9)

Batchelor et al., 1966 (8)
Assem & Vickers, 1974 (47)
Girard, 1968 (34)

Retro cohort

MMMMMMMMMmMMOO0TO000000000000> >

Adequate-Poor

Survey Adequate-Poor
Survey Good
Laboratory Adequate
Laboratory Adequate
Laboratory Adequate
Laboratory Adequate
Ilzagoratory ﬁgequate
aboratory equate
Laboratory Adequate-Poor
Laboratory Poor
Laboratory Poor

that the penicillin and cephaloridine were obtained from
the same manufacturer, which increases the risk of cross
contamination of the two medications and the chance that
they were manufactured in the same Acremonium fungus.

Two studies specifically addressed the reaction rate of
penicillin-allergic patients to cefamandole (second gener-
ation), which is no longer available in the United States.
Blanca et al. challenged 19 patients with a confirmed pen-
icillin allergy with cephaloridine (first generation) and
cefamandole (second generation) (14). Two patients

Table 2. Literature Review Guidelines: Level of Evidence

Grade A Randomized clinical trials or meta-
analyses (multiple clinical trials) or
randomized clinical trials (smaller
trials) directly addressing the review
issue

Grade B Randomized clinical trials or meta-
analyses (multiple clinical trials) or
randomized clinical trials (smaller
trials) indirectly addressing the review

issue

Grade C Prospective, controlled, non-
randomized, cohort studies

Grade D Retrospective, non-randomized, cohort
or case-control studies

Grade E Case series, animal/model scientific

investigations, theoretic analyses, or
case reports

Grade F Rational conjecture, extrapolations,
unreferenced opinion in literature, or
common practice

(10.5%) had an adverse reaction to cefamandole; no reac-
tions were noted with cephaloridine (14). Miranda et al.
challenged 21 patients confirmed to be allergic to amox-
icillin by skin testing to cefadroxil (first generation) and
cefamandole. No reactions were seen to cefamandole,
but 8 patients (38%) had a reaction to cefadroxil (17).
The combined adverse reaction rate for cefamandole
is 0.05% (2).

Sastre et al. specifically addressed cross reactions in pa-
tients with an allergy to amoxicillin and cefadroxil (19).
The authors confirmed a penicillin allergy in 76 (13%)
of the 576 patients with a reported history of penicillin
allergy. The 16 patients who were specifically allergic
to amoxicillin were challenged with cefadroxil. Two of
them (12.5%) had an immediate allergic event (19).

Fonacier and associates sought to quantify the true risk
of an allergic reaction to cephalosporins in patients with
a documented penicillin allergy (20). The investigators
sent a survey to 186 patients who had a history of penicil-
lin allergy and received a cephalosporin during a hospital
stay. Eighty-three patients responded, yielding a response
rate of 44%. Seven of the 83 patients reported an allergic
reaction (8.4%): 2 of the 44 who received a first-
generation cephalosporin, 3 of the 10 who received a
second-generation cephalosporin, and 2 of the 19 who
received a third-generation cephalosporin. None of the
patients who received a fourth-generation cephalosporin
had a reaction. Limitations of this study are recall bias
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Table 3. Literature Review Guidelines: Methodology

Methodology Consideration Present

Both Considerations Present

Ranking Design Consideration Present
Outstanding Appropriate
Good Appropriate
Adequate Adequate with possible bias
Poor Limited or biased
Unsatisfactory Questionable/none

Appropriate Yes, both present
Appropriate No (either present)
Adequate No (either present)
Limited No (either present)
Questionable/none No (either present)

and the small sample size. Patients who had a reaction are
more likely to respond, so true cross-reactivity rates in the
larger group are likely to be lower.

In a cohort study by Romano and colleagues, 128
penicillin-allergic patients (those who sustained anaphylac-
tic shock or urticaria) underwent skin testing with cephalo-
sporins (cephalotin, cefamandole, cefuroxime,
ceftazidime, ceftriaxone, and cefotaxime) (21). Fourteen
(10.9%) had a positive reaction, mostly to the first-
generation cephalosporin, cephalothin. All of the patients
with negative skin tests tolerated challenges with cefurox-
ime (second generation) and ceftriaxone (third generation).

Novalbos et al. challenged penicillin-allergic (con-
firmed by positive skin test or provocation test) patients
with cephalosporins (cephazoline, cefuroxime, and cef-
triaxone) that had side chains dissimilar from the one in
the penicillin that caused the reaction (22). All of the pa-
tients tolerated therapeutic doses without adverse effects.

The study by Beam and Spooner questioned the reli-
ability of a reported history of penicillin allergy (23).
Only 2 of the 20 patients who gave a history of a type 1
hypersensitivity reaction to penicillin actually had a posi-
tive skin test. Similar results were reported by Solensky
et al., who performed skin testing on 58 patients with
a history of an IgE-mediated allergic response to penicil-
lin (24). Fifty-three had a negative skin test and were then
challenged with three 10-day courses of oral penicillin.
Among the 46 patients who completed the protocol, there
was no increased risk of resensitization. Of the 7 patients
who dropped out of the study, none was known to have
experienced an allergic reaction.

A cohort observational study of patients receiving
cephalothin (first generation) found that 7 of 54 patients
had an adverse reaction (i.e., rash [n = 3], urticaria [n = 2],
or anaphylaxis [n = 2]). Five of these patients reported
a history of a penicillin allergy, though only 3 had a pos-
itive penicillin skin test. Interestingly, 2 of the 7 had a pos-
itive skin test to cephalothin, and one patient had positive
skin tests to both cephalothin and penicillin—this pa-
tient’s adverse reaction was reported as anaphylaxis that
occurred within 30 s after receiving the cephalothin (3).

In a 6-year cohort observation study, Macy and Burch-
ette followed 249 patients and documented the number of
adverse reactions they experienced after receiving antibi-
otics. Of the 83 patients who were confirmed to be penicil-

lin allergic, 42 were given a cephalosporin, and one in that
group had an adverse event. The reaction was attributed to
cefixime (third generation). Interestingly, the authors
found that the reaction rate in penicillin-allergic patients
was actually lower with cephalosporins than with non-
B-lactams (p = 0.005). Cephalosporins were also associ-
ated with fewer adverse reactions, independent of penicil-
lin skin test results (p = 0.005) (25).

Finally, three large retrospective cohort studies con-
firm that the cross-reactivity rate between penicillin and
cephalosporins is very low. From the records of 606
patients who had a history of penicillin allergy and who
received cephalosporins during their hospital stay, Daulat
et al. found that 1 (0.17%) patient had an adverse reaction
(26). These investigators recorded a total of 16 adverse
reactions to cephalosporins out of the 27,230 charts
they reviewed, yielding an overall adverse reaction rate
to cephalosporins of 0.07%. These numbers may be
biased by pharmacists who reviewed the orders and rec-
ommended alternative therapies and by incomplete cod-
ing of patients’ medical records (26). Goodman et al.
reviewed the charts of 2933 patients who received pro-
phylactic cefazolin (a first-generation cephalosporin)
before surgery (27). Of the 300 patients with a docu-
mented allergy to penicillin, 1 (0.3348%) had an adverse
reaction to the cefazolin. The largest retrospective review
was by Apter et al., who reviewed the records of 534,810
patients who received penicillin followed by a cephalo-
sporin within 60 days (28). Of the 3920 patients who re-
ported a reaction to penicillin, 43 (1.09%) had a reaction
to a cephalosporin. Among the 530,890 patients who
did not report a reaction to penicillin, 581 (0.11%)
had a reaction to a cephalosporin. These three studies
represent a total of 45 adverse events in 4826 docu-
mented penicillin-allergic patients, for a composite
cross-reaction rate with cephalosporins of 0.93%.

The meta-analyses by Pichichero and Casey, and Anne
and Reisman show that a cross allergy of penicillin with
first-generation cephalosporins (odds ratio 4.8, confi-
dence interval 3.7-6.2) does exist (2,29). The estimated
incidence is 1% to 10%. Their data show a negligible
cross allergy of second-generation cephalosporins (odds
ratio 1.1, confidence interval 0.6-2.1) with penicillin.

Solensky et al. addressed physicians’ willingness to
administer a cephalosporin to patients with penicillin



Table 4. Summary of Pertinent Articles

First Author,
Year of Publication,
Reference Number

Confirmed True
Penicillin Allergy*

Number of Patients
with Alleged or
Confirmed Allergyt

Number of Reactions
to a Cephalosporin

Notes

Apter, 2006 (28)

Assem, 1974 (7)

Audicana, 1994 (13)
Blanca, 1989 (14)

Dault (26)

Fonacier, 2005 (20)

Girard, 1968 (34)
Goodman, 2001 (27)
Macy, 2002 (25)

Miranda, 1996 (17)

Novalbos, 2001 (22)

Park, 2006 (45)

Romano, 2004 (21)

Sastre, 1996 (19)

Saxon, 1987 (38)

No

Yes

Yes
Yes

No

No

Yes
No
Yes

Yes

Yes

Yes

Yes

Yes

Yes

3920

24

12
19

606

83

23
300

21

41

11

75/128

16

62

43 (1%)

3 (12.5%)

0
2 (10.5%)

1 (0.16%)

7 (8.4%)

2(8.7)
1 (0.33%)
7 (8.4%)

8 (38%)

2 (12.5%)

1(1.6%)

Retrospective study of 534,810 patients who received a prescription for
penicillin followed by cephalosporin; 3920 reported an allergic event to
penicillin, and 43 of them also reported a reaction to a cephalosporin.

Twenty-four penicillin-allergic patients were challenged with cephaloridine.
Three had a reaction. Penicillin and cephaloridine were obtained from
the same manufacturer.

Penicillin-allergic patients were challenged with cephalexin and
ceftazidime. No reactions were noted.

Penicillin-allergic patients were challenged with cefamandole and
cephaloridine. Two had a reaction to cefamandole.

Retrospective review of 23,270 hospital records. One reaction was noted
in a patient with a penicillin allergy and 15 in patients who did not have
a penicillin allergy.

Surveys were sent to 186 patients with a history of penicillin allergy who
received a cephalosporin; 83 completed the survey; 7 self-reported an
allergic reaction to a cephalosporin. Four patients reacted to a
first-generation and 3 to a second-generation cephalosporin.

No reactions to any third-generation cephalosporins were documented.
Penicillin-allergic patients were challenged with cephaloridine.
Penicillin-allergic patients were given cefazolin for surgery.

Followed a total of 249 patients (83 with confirmed penicillin allergy) over
6 years and documented the number of reactions to any antibiotic. The
adverse reaction rate for those with a known penicillin allergy was 8.4%,
and 4.2% for those without a known allergy. The difference was not
statistically different (p = 0.31).

Patients were challenged with cefadroxil and cefamandole after being
confirmed allergic to amoxicillin. Eight patients had a reaction to
cefadroxil. No reactions to cefamandole were noted.

Penicillin-allergic patients were challenged with cefazolin, cefuroxime, and
ceftriaxone; no reactions were noted.

Trial of 999 people with a history of penicillin allergy who agreed to undergo
skin testing. Fifty-three (5.3%) had a confirmed or equivocal skin test.
Eleven of these patients received a g-lactam antibiotic, with no adverse
reaction. Of the 946 patients who had a negative skin test, 5 (0.5%) had
an adverse reaction to a 3-lactam.

Penicillin-allergic patients were challenged with cephalothin and
cefamandole. No reactions were seen in the 75 patients with negative
skin tests to cephalosporins. Five patients were not challenged due to
a positive skin test for a cephalosporin, and 22 refused challenge.

576 patients with a suspected history of penicillin allergy; 76 (13%) were
confirmed allergic to a penicillin, and 16 were allergic specifically to
amoxicillin. The 16 allergic to amoxicillin were challenged with cefadroxil;
2 had an allergic reaction.

Penicillin-allergic patients were challenged with unknown cephalosporins.
One reaction was noted.
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allergy (30). For patients with a vague penicillin allergy,
58% and 59% of physician responders would choose
a cephalosporin to treat mild or moderate disease, respec-
tively, and 40% would choose vancomycin. For patients
with a convincing penicillin-allergy history and severe
disease, 55% of physicians would choose erythromycin,
449% would prescribe a quinolone for oral use, and 63%
would choose vancomycin. The study is limited by
a 16% response rate.

DISCUSSION

Our literature review indicates that the cross reactivity be-
tween penicillins and cephalosporins is overestimated
and much lower than reported in early studies. The high
cross reactivity found in the early studies probably was
caused, at least in part, by contamination of the study
drugs with penicillin during the manufacturing process.
Before the 1980s, pharmaceutical companies used

Performed penicillin skin testing on 778 patients with a history of penicillin
allergy; 108 (14%) had a positive skin test. Among the 27 patients who
had a positive skin test and received a cephalosporin, there were no
reactions. The skin test was for penicillin, ampicillin, and methicillin.

51 patients who were receiving cephalothin were observed; 7 patients who
experienced an allergic reaction to cephalothin underwent skin testing.
Three of the 7 patients had a positive skin test to cephalothin, and 2 had
a positive skin test to penicillin. One patient had a positive skin test for
both penicillin and cephalothin.
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32 and did not account for the fact that penicillin-allergic
=3 patients have an increased risk of adverse reactions to
(0] E . .
el any medication (2).
5 0
§=§ True penicillin allergies are less common than re-
g g 5 ported. Only IgE-mediated immunologic responses (man-
o 3 § '@ ifested as bronchospasm, angioedema, a pruritic rash,
c‘:’ Tz urticaria, or hypotension) are likely to result in anaphy-
5 % laxis (representing a true allergy). Several studies in this
2E review confirm a very low rate of positive skin and radio-
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£ _-?_; person is allergic to a specific substance) in those with
@ g a reported penicillin allergy (14,23). This is further
é £ supported by the work of Surtee et al., who studied 132
Y - %’é patients with a purported history of penicillin allergy
c2 (32). The allergy was confirmed by radioallergosorbent
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é 3 128 patients were given a single dose of oral penicillin and
Ie] % experienced no allergic reaction. The amassed data indi-
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Penicillin Cephalosporins That Cross React | Common R1 Side Chain
Amoxicillin Cefaclort NH, "
Ampicillin Cefadroxil* looNe %
Cefatrizine* /\rr \[r
Cefprozilt I\ N\)<
Cephalexin* 0// %
Cephradine* CO0H

Figure 2. Penicillin and cephalosporins known to have a risk of allergic cross reaction (17,19,34,37,47,49). These cephalosporins

should be avoided in patients who are allergic to penicillin.
*First generation.
tSecond generation.

Patients who are selectively allergic to amoxicillin or ampicillin should avoid the cephalosporins listed, because they have similar

R1-group side chains.

The structural similarities between penicillins and
cephalosporins led to the belief in a high rate of cross re-
activity. Penicillins and cephalosporins are both small-
molecular-weight compounds with a (-lactam ring that
has various side chains (39). The two groups differ in
regard to the constituents and structure of the side
chains as well as their degradation pathways (39-41).
However, similarities in the side chains does correlate
with risk for cross reactivity (2,42). A number of studies
indicate that the R1 side chain off the (-lactam ring
rather than the ring itself is the determining factor for
the rate of cross reactivity (8,9,11,13-16). In particular,
the aminopenicillins, amoxicillin and ampicillin, have the
same R-group side chains as several first- and second-
generation cephalosporins (Figure 2). The highest ob-
served cross reactivity rate (27%) is with cefadroxil, which
has the same R-group side chain as amoxicillin. This state-
ment is based on two studies that documented a total of 10
adverse events in 40 patients (17,19). Based on these data,
patients confirmed to be selectively allergic to amoxicillin
or ampicillin, but who tolerate penicillin, should not be
given cephalosporins with similar R1 side chains.

Skin testing in penicillin-allergic patients cannot
reliably predict an allergic response to a cephalosporin
(13,29). The meta-analysis by Anne and Reisman, en-
compassing published reports and post-marketing data
from pharmaceutical companies, found that skin testing
does not predict allergic response to cephalosporins in
penicillin-allergic patients, particularly to compounds
with dissimilar side chains (29). However, skin testing
may be useful in determining whether a true allergy to
penicillin exists (24).

CONCLUSIONS

There is limited correlation between allergy to a penicillin
antibiotic and allergy to a cephalosporin antibiotic. Most
cross reactivity between penicillins and cephalosporins

stems from whether their R1 side chains are structurally
similar. Cross reactivity between penicillins and most
second- and all third- and fourth-generation cephalospo-
rins is negligible. The overall cross reactivity between
penicillins and cephalosporins in individuals who report
a penicillin allergy is approximately 1% and, in those
with a confirmed penicillin allergy, 2.55%.

If a patient has had an allergic response to penicillin, it
is safe to administer a cephalosporin with a side chain that
is structurally dissimilar to that of the penicillin or to ad-
minister a third- or fourth- generation cephalosporin. It is
also recommended, based on a small number of cases
(n = 40), that cefadroxil be avoided in these patients.
For patients with a questionable history of penicillin al-
lergy, skin testing predicts a true penicillin allergy but
does not reliably predict allergy to cephalosporins, partic-
ularly to those with dissimilar side chains.

Recommendations

When patients provide a history of penicillin allergy,
further information should be obtained to determine
whether an [gE-mediated response (anaphylaxis) occurred.
In patients with a documented IgE-mediated response to
penicillin, third- and fourth-generation cephalosporins
can be used generously. First- and second-generation ceph-
alosporins with R1 side chains similar to that of penicillin
(ie, cefaclor, cefadroxil, cefatrizine, cefprozil, cephalexin,
and cephradine; Figure 2) should be avoided; first- and
second-generation cephalosporins with different R1 side
chains can be given. Skin testing is not recommended for
determining the safety of administration of cephalosporins
to penicillin-allergic patients due to its unreliability.

Acknowledgment—The manuscript was copyedited by Linda J.
Kesselring, Ms, ELs, the technical editor/writer in the Department
of Emergency Medicine at the University of Maryland School of
Medicine.



Penicillins and Cephalosporins

619

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

24.

REFERENCES

. Herbert ME, Brewster GS, Lanctot-Herbert M. Medical myth: ten

percent of patients who are allergic to penicillin will have serious
reactions if exposed to cephalosporins. West ] Med 2000;172:341.

. Pichichero ME, Casey JR. Safe use of selected cephalosporins in

penicillin-allergic patients: a meta-analysis. Otolaryngol Head
Neck Surg 2007;136:340-7.

. Thoburn R, Johnson JE 3rd, Cluff LE. Studies on the epidemiology

of adverse drug reactions. IV. The relationship of cephalothin and
penicillin allergy. JAMA 1966;198:345-8.

. Petz LD. Immunologic reactions of humans to cephalosporins.

Postgrad Med J 1971;47(Suppl):64-9.

. Petz LD, Fudenberg HH. Coombs-positive hemolytic anemia

caused by penicillin administration. N Engl J Med 1966;274:171-8.

. Dash CH. Penicillin allergy and the cephalosporins. J Antimicrob

Chemother 1975;1(3 Suppl):107-18.

. Assem ES, Vickers MR. Tests for penicillin allergy in man. II. The

immunological cross-reaction between penicillins and cephalospo-
rins. Immunology 1974;27:255-69.

. Batchelor FR, Dewdney JM, Weston RD, Wheeler AW. The immu-

nogenicity of cephalosporin derivatives and their cross-reaction
with penicillin. Immunology 1966;10:21-33.

. Mine Y, Nishida M, Goto S, Kuwahara S. Cefazolin, a new semisyn-

thetic cephalosporin antibiotic. IV. Antigenicity of cefazolin and its
cross reactivity with benzylpenicillin, ampicillin and cephaloridine.
J Antibiot (Tokyo) 1970;23:195-203.

Tsuchiya K, Shiho O, Kondo M. Immunological cross-reactivities
of sulfocephalosporins. J Antibiot (Tokyo) 1979;32:488-95.
Antunez C, Fernandez T, Blanca-Lopez N, et al. IgE antibodies to
betalactams: relationship between the triggering hapten and the
specificity of the immune response. Allergy 2006;61:940-6.
Arndt PA, Garratty G. Cross-reactivity of cefotetan and ceftriaxone
antibodies, associated with hemolytic anemia, with other: cephalo-
sporins and penicillin. Am J Clin Pathol 2002;118:256-62.
Audicana M, Bernaola G, Urrutia I, et al. Allergic reactions to betalac-
tams: studies in a group of patients allergic to penicillin and evaluation
of cross-reactivity with cephalosporin. Allergy 1994;49:108-13.
Blanca M, Fernandez J, Miranda A, et al. Cross-reactivity between
penicillins and cephalosporins: clinical and immunologic studies.
J Allergy Clin Immunol 1989;83:381-5.

Katsutani N, Shionoya H. Immunogenicity of various beta-lactam an-
tibiotic-protein conjugates and cross-reactivity of the antibodies pro-
duced in guinea pig. Int Arch Allergy Immunol 1993;100:128-34.
Mauri-Hellweg D, Zanni M, Frei E, et al. Cross-reactivity of T cell lines
and clones to beta-lactam antibiotics. J Immunol 1996;157:1071-9.
Miranda A, Blanca M, Vega JM, et al. Cross-reactivity between
a penicillin and a cephalosporin with the same side chain. J Allergy
Clin Immunol 1996;98:671-7.

Romano A, Mayorga C, Torres MJ, et al. Immediate allergic reac-
tions to cephalosporins: cross-reactivity and selective responses.
J Allergy Clin Immunol 2000;106:1177-83.

Sastre J, Quijano LD, Novalbos A, et al. Clinical cross-reactivity be-
tween amoxicillin and cephadroxil in patients allergic to amoxicil-
lin and with good tolerance of penicillin. Allergy 1996;51:383-6.
Fonacier L, Hirschberg R, Gerson S. Adverse drug reactions to
a cephalosporins in hospitalized patients with a history of penicillin
allergy. Allergy Asthma Proc 2005;26:135-41.

Romano A, Gueant-Rodriguez RM, Viola M, Pettinato R,
Gueant JL. Cross-reactivity and tolerability of cephalosporins in pa-
tients with immediate hypersensitivity to penicillins. Ann Intern
Med 2004;141:16-22.

Novalbos A, Sastre J, Cuesta J, et al. Lack of allergic cross-
reactivity to cephalosporins among patients allergic to penicillins.
Clin Exp Allergy 2001;31:438-43.

. Beam TR Jr, Spooner J. Cross allergenicity between penicillins and

cephalosporins. Chemioterapia 1984;3:390-3.

Solensky R, Earl HS, Gruchalla RS. Lack of penicillin resensitiza-
tion in patients with a history of penicillin allergy after receiving
repeated penicillin courses. Arch Intern Med 2002;162:822-6.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Macy E, Burchette RJ. Oral antibiotic adverse reactions after penicillin
skin testing: multi-year follow-up. Allergy 2002;57:1151-8.

Daulat S, Solensky R, Earl HS, Casey W, Gruchalla RS. Safety of
cephalosporin administration to patients with histories of penicillin
allergy. J Allergy Clin Immunol 2004;113:1220-2.

Goodman EJ, Morgan MJ, Johnson PA, Nichols BA, Denk N,
Gold BB. Cephalosporins can be given to penicillin-allergic patients
who do not exhibit an anaphylactic response. J Clin Anesth 2001;
13:561-4.

Apter AJ, Kinman JL, Bilker WB, et al. Is there cross-reactivity
between penicillins and cephalosporins? Am J Med 2006;119:
354:e311-20.

Anne S, Reisman RE. Risk of administering cephalosporin antibi-
otics to patients with histories of penicillin allergy. Ann Allergy
Asthma Immunol 1995;74:167-70.

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

Kelkar PS, Li JT. Cephalosporin allergy. N Engl J Med 2001;345:
804-9.

Surtees SJ, Stockton MG, Gietzen TW. Allergy to penicillin: fable
or fact? BMJ 1991;302:1051-2.

Idsoe O, Guthe T, Willcox RR, de Weck AL. Nature and extent of pen-
icillin side-reactions, with particular reference to fatalities from ana-
phylactic shock. Bull World Health Organ 1968;38:159-88.

Girard JP. Common antigenic determinants of penicillin G, ampicil-
lin and the cephalosporins demonstrated in men. Int Arch Allergy
Appl Immunol 1968;33:428-38.

Levine BB, Redmond AP, Fellner MJ, Voss HE, Levytska V. Peni-
cillin allergy and the heterogenous immune responses of man to
benzylpenicillin. J Clin Invest 1966;45:1895-906.

Anderson JA. Cross-sensitivity to cephalosporins in patients aller-
gic to penicillin. Pediatr Infect Dis 1986;5:557-61.

Levine BB. Antigenicity and cross-reactivity of penicillins and
cephalosporins. J Infect Dis 1973;128(Suppl):S364—6.

Saxon A, Beall GN, Rohr AS, Adelman DC. Immediate hypersen-
sitivity reactions to beta-lactam antibiotics. Ann Intern Med 1987
107:204-15.

Abraham EP. Penicillins and cephalosporins. Pure Appl Chem
1971;28:399-412.

Hewitt WL. The cephalosporins—1973. J Infect Dis 1973;
128(Suppl):S312-9.

Newton GG, Abraham EP, Kuwabara S. Preliminary observations
on the formation and breakdown of “cephalosporoic acids”. Anti-
microb Agents Chemother (Bethesda) 1967;7:449-55.

Pichichero ME. A review of evidence supporting the American Acad-
emy of Pediatrics recommendation for prescribing cephalosporin an-
tibiotics for penicillin-allergic patients. Pediatrics 2005;115:1048-57.
Antunez C, Blanca-Lopez N, Torres MJ, et al. Immediate allergic
reactions to cephalosporins: evaluation of cross-reactivity with
a panel of penicillins and cephalosporins. J Allergy Clin Immunol
2006;117:404-10.

Atanaskovic-Markovic M, Velickovic TC, Gavrovic-Jankulovic M,
Vuckovic O, Nestorovic B. Immediate allergic reactions to cephalo-
sporins and penicillins and their cross-reactivity in children. Pediatr
Allergy Immunol 2005;16:341-7.

Park M, Markus P, Matesic D, Li JT. Safety and effectiveness of
a preoperative allergy clinic in decreasing vancomycin use in
patients with a history of penicillin allergy. Ann Allergy Asthma
Immunol 2006;97:681-7.

Dhar HL, Kulkarni DN. Cross reactivity of cephalosporins with
penicillin. Indian J Physiol Pharmacol 1994;38:303-5.

Assem ES, Vickers MR. Immunological response to penicillamine
in penicillin-allergic patients and in normal subjects. Postgrad Med
J 1974;50(Suppl 2):65-71.

Solley GO, Gleich GJ, Van Dellen RG. Penicillin allergy: clinical
experience with a battery of skin-test reagents. J Allergy Clin Immu-
nol 1982;69:238-44.

DePestel DD, Benninger MS, Danziger L, et al. Cephalosporin use
in treatment of patients with penicillin allergies. ] Am Pharm Assoc
(2003) 2008;48:530-40.



620

J. D. Campagna et al.

ARTICLE SUMMARY
1. Why is this topic important?

An understanding of the prevalence of cephalosporin
sensitivity among patients who are allergic to penicillin
is important because it affects clinical decisions regarding
choice of antibiotics.

2. What does this review attempt to show?

This literature review challenges the previously re-
ported 10% prevalence of cross reactivity to penicillins
and cephalosporins.

3. What are the key findings?

Cross reactivity between penicillins and most second-
generation and all third- and fourth-generation cephalo-
sporins is negligible. The overall cross reactivity between
penicillins and cephalosporins with similar side chains is
approximately 2.5%, and overall cross reactivity between
penicillins and all cephalosporins is 1%.

4. How is patient care impacted?

Patient care is affected by broadening clinicians’ ability
to choose the most appropriate first-line antibiotic for
a specific infection in a patient who is allergic to penicil-
lin. Avoidance of some medications may lead to adminis-
tration of a less-effective antibiotic and thus heighten the
risk of pathogen resistance.
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