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EPHALOSPORIN antibiotics are widely pre-

scribed for common infections such as bron-

chitis, otitis media, pneumonia, and cellulitis.
They are also administered as first-line prophylaxis for
many types of surgical procedures. A relative contrain-
dication to these agents is a history of allergy to pen-
icillin. In this situation, many clinicians select a differ-
ent class of antibiotic, such as vancomycin. However,
the emergence of antimicrobial-resistant organisms de-
mands that the selection of antibiotics be made only
after careful evaluation. In this article, we review aller-
gy to cephalosporins, with special attention to the risks
of administering them to patients with a history of
penicillin allergy.

REACTIONS TO CEPHALOSPORINS

Common reactions to cephalosporins include a
maculopapular or morbilliform skin eruption, drug
fever, and a positive antiglobulin, or Coombs’, test
(Table 1). Less common reactions include urticaria,
eosinophilia, serum-sickness—like reactions, and ana-
phylaxis. Acute interstitial nephritis and drug-induced
cytopenias are rare.

Skin Reactions

The frequency of cephalosporin-induced skin reac-
tions such as urticaria, rash, exanthem, and pruritus is
between 1 and 3 percent.! Severe skin reactions to
cephalosporins are rare and seem to be less common
than with penicillins. Exfoliative dermatitis as a result
of cefoxitin therapy and the Stevens—Johnson syn-
drome as a result of cephalexin therapy have been re-
ported.’?

Serum-Sickness-like Reaction

A serum-sickness—like reaction consisting of rash
and arthritis has been described in children given cef-
aclor.!® To date, there are no reports of such reactions
in adults.

From the Divisions of Allergy and Outpatient Infectious Disease and In-
ternal Medicine, Mayo Clinic, Rochester, Minn. Address reprint requests
to Dr. Li at the Mayo Clinic, 200 First St. SW, Rochester, MN 55905, or
at li.james@mayo.edu.

804 - N EnglJ Med, Vol. 345, No. 11 - September 13, 2001

TABLE 1. ADVERSE REACTIONS TO CEPHALOSPORINS.

Type oF REACTION FREQUENCY REFERENCES
%
Dermatologic 1.0-2.8 Norrby,! Sanders et al.,2 Arndt
and Jick,? Platt*
Positive direct antiglobu- 1.0-2.0 Sanders et al.,? Platt,* Meyers®
lin test
Anaphylaxis 0.0001-0.1 Gadde et al., Sogn et al.”
Fever 0.5-0.9 Sanders et al.,2 Meyers®
Eosinophilia 2.7-8.2 Sanders et al.,2 Platt*
Fever

Cephalosporins can cause febrile reactions.!! In a
study of 101 patients who received cephalosporin (cef-
tazidime, cefsulodin, or cefoperazone), 2 had a febrile
reaction.!?

Anaphylaxis

Studies suggest that anaphylactic reactions to ceph-
alosporin are rare (frequency, 0.0001 to 0.1 percent)
(Table 2)528; however, deaths have been reported.!315
The risk of anaphylaxis from cephalosporin may be in-
creased in patients with a history of allergy to penicil-
lin (Table 3). One study evaluated 9388 patients with
no history of penicillin allergy who were treated with
cephaloridine, cephalothin, or cephalexin, and only
2 cases of anaphylaxis (0.02 percent) were observed.?”
A review article28 reported data from a survey of phar-
maceutical manufacturers on the risk of anaphylaxis:
17 cases of anaphylaxis from ceftriaxone were report-
ed from 1985 to 1990, and 11 cases of anaphylaxis
from cefoxitin were reported from 1986 to 1990.

Immunohematologic Reaction

Some patients who receive cephalosporins have
positive antiglobulin tests. As is the case with peni-
cillin, the cephalosporin may combine with the red-
cell membrane, and then specific antibodies against
the cephalosporin may react with the drug. A positive
direct antiglobulin test caused by a cephalosporin is
clinically important, because these results can lead to
an apparent incompatibility in the minor cross-match
test and thus confuse the evaluation of a hemolytic dis-
order that is not due to cephalosporin therapy. How-
ever, cephalosporin-induced immune hemolytic ane-
mia is uncommon.

CROSS-REACTIVITY WITH PENICILLIN

Because penicillin-related compounds are produced
by the cephalosporium mold, early cephalosporin an-
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TABLE 2. REPORTED CASES OF ANAPHYLAXIS FROM CEPHALOSPORINS.

HisToRY OF
No. oF TYPE OF RoOUTE oF PENICILLIN

REFERENCE PATIENTS ~ CEPHALOSPORIN  ADMINISTRATION ALLERGY OutcomE

Hoffman et al.3 1 Cephalexin Oral Yes Fatal

Pumphrey and Davis! 1 Unknown Unknown Yes Fatal

5 Unknown Unknown No Fatal

Spruill et al.15 1 Cephalothin Intravenous Yes Fatal

1 Cephalothin Intravenous No Fatal
Nordt et al.16 1 Cephalexin Topical dermal Yes Nonfatal
Grouhi et al.'7 1 Cefaclor Oral Yes Nonfatal
Rothschild and Doty$ 1 Cephalothin Intravenous Yes Nonfatal
Barnett and Hirshman!® 1 Cephapirin Intravenous No Nonfatal
Konno and Nagase20 1 Cefazolin Intravenous No Nonfatal
Mizutani et al.2! 1 Cefotiam Oral No Nonfatal
Romano et al.22 1 Ceftriaxone Intramuscular No Nonfatal
Kaplan and Weinstein23 1 Cephaloridine Intravenous No Nonfatal
Saleh and Tischler?+ 1 Cephaloridine Intravenous No Nonfatal
Zeok and Tsueda?s 1 Cephalothin Intravenous Yes Nonfatal
Bloomberg?2¢ 3 Cefotetan Intravenous No Nonfatal
Detz?” 2 Cephalothin Unknown No Unknown
2 Cephalothin Unknown Yes Unknown
Lin28 11 Cefoxitin Unknown Unknown  Unknown
17 Ceftriaxone Unknown Unknown  Unknown

tibiotics contained trace amounts of penicillin. Thus,
penicillin contamination may have led early studies of
allergy to cephalosporins and penicillin to overestimate
the degree of cross-reactivity.32

The cross-reactivity among cephalosporins and be-
tween cephalosporins and penicillins has been exam-
ined in laboratory and clinical settings; nevertheless,
this complex issue remains unresolved.28:32 The specific
haptens involved in hypersensitivity to cephalospor-
in have not been identified. The number of potential
haptens is large, because both side-chain and nuclear
components of the cephalosporins may participate in
the hypersensitivity reaction.’? Laboratory tests sug-
gest that cephalosporin derivatives have less cross-reac-
tivity among themselves than do penicillin derivatives,
but the degree of cross-reactivity between cephalo-
sporins is greater than that between cephalosporins
and penicillin.3? These assessments are severely limited
by the fact that the cephalosporin haptenic determi-
nants are unknown.

According to a review of the literature on allergy to
penicillin,? of 15,987 patients who were treated with
cephaloridine, cephalexin, cephalothin, cefazolin, or
cefamandole, 8.1 percent of those with a history of
penicillin allergy had reactions, as compared with 1.9
percent of those without such a history. Thus, the risk
of reactions was increased by a factor of approximately
four among patients who were allergic to penicillin.

There have been numerous studies of patients with
a history of allergy to penicillin who subsequently re-
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TABLE 3. REPORTED REACTIONS TO CEPHALOSPORINS IN PATIENTS
WITH A HISTORY OF PENICILLIN ALLERGY.

SKIN TEST FOR No. orF No. oF
PeNiCILLIN SuBJECTS  REACTIONS

REFERENCE (YEAR) ALLERGY CHALLENGED (%)
Assem and Vickers? (1974) Positive 3 3 (100)
Warrington et al.3 (1978) Positive 3 0
Solley et al.3! (1982) Positive 27 0
Saxon et al.32 (1987) Dositive 62 1(1.6)
Blanca et al.33 (1989) Positive 19 2 (10.5)
Shepherd and Burton®* (1993) Positive 9 0
Audicana et al.3 (1994) Dositive 12 0
Total 135 6 (4.4)
Sullivan et al.3¢ (1981) Negative 23 0
Solley et al.3! (1982) Negative 151 2 (1.3)
Shepherd and Burton* (1993) Negative 159 0*
Audicana et al.3 (1994) Negative 18 0
Total 351 2 (0.6)
Thoburn et al.7 (1966) Not done 11 2(18.2)
Girard3® (1968) Not done 23 2(8.7)
Total 34 4(11.8)

*Four patients had a suspected allergic reaction after at least 24 hours.
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ceived cephalosporin antibiotics (Tables 2 and 3). Ear-
ly reports from the 1960s suggested that the rate of
reaction among these patients was as high as 18 per-
cent,3738 but a 1975 review suggested that it may be
closer to 7 percent (as compared with the overall rate
of reactions to cephalosporins of about 1 percent)
(Table 4).3°

In several studies, patients with a history of allergy
to penicillin had skin tests for penicillin allergy (Ta-
ble 3).3° In one study, only 2 of 151 patients with a
history of allergy to penicillin and negative skin tests
who received cephalosporins had a reaction (1.3 per-
cent).?! In a similar study, none of the 159 patients
had an immediate reaction, but 4 (2.5 percent) had
possible reactions one or more days after receiving the
cephalosporin.?* A smaller number of patients with
a history of penicillin allergy and positive skin tests
have been challenged with cephalosporins, and the
results suggest that these patients may be at increased
risk for a reaction to cephalosporins (4.4 percent)
(Table 3). However, these prospective studies are too
small to evaluate accurately the value of skin testing
in patients with a history of allergy to penicillin.

A retrospective study of 350,000 reports of adverse
drug reactions identified 12 fatal anaphylactic reactions
to antibiotics over a five-year period.!* Six of these fa-
tal reactions were attributed to cephalosporins, and
three of the six reactions were in patients with a his-
tory of allergy to penicillin (or amoxicillin).

Whether patients with a history of anaphylaxis from
penicillin are more likely to have a serious reaction to
cephalosporin than patients with other types of re-
actions has not been studied directly. However, stud-
ies of penicillin allergy show that patients with a histo-
ry of anaphylaxis from penicillin have a significantly
higher rate of positive skin tests for penicillin.¢-”

Together, these studies suggest that the risk of an
allergic reaction to cephalosporins in patients with a
history of allergy to penicillin may be up to eight times
as high as the risk in those with no history of allergy
to penicillin. The studies also suggest that patients with

TABLE 4. FREQUENCY OF REACTIONS TO CEPHALOSPORINS
IN PATIENTS WITH A HISTORY OF PENICILLIN ALLERGY.*

ToTAL ALLERGIC

No. oF REACTIONS TO HisToRY OF
DruG PATIENTS ~ CEPHALOSPORINS PENICILLIN ALLERGY

REACTION TO
TOTAL NO. CEPHALOSPORINS
number (percent)

Cephalexin 6,573 73 (1.1) 69 5(7.2)
Cephaloridine 10,967 92 (0.8) 255 20 (7.8)
Cephalothin 1,983 21 (1.1) 138 8 (5.8)

*Reprinted from Dash3 with the permission of the publisher.
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a history of allergy to penicillin but negative skin tests
are not at increased risk for allergy to cephalosporin.
Thus, testing for a penicillin allergy may be useful in
patients with a history of allergy to penicillin who re-
quire cephalosporin therapy.

The product label for all cephalosporin antibiotics
states,

Before therapy with [the cephalosporin] is instituted, care-
tul inquiry should be made to determine whether the patient
has had previous hypersensitivity reactions to [the cephalo-
sporin], other cephalosporins, penicillins, or other drugs. If
[this product] is to be administered to penicillin-sensitive
patients, caution should be exercised because cross-hyper-
sensitivity among beta-lactam antibiotics has been clearly
documented and may occur in up to 10% of patients with
a history of penicillin allergy.

RISK FACTORS

The most important risk factor for allergy to ceph-
alosporins is a history of allergy to penicillin or ceph-
alosporins. Patients with a history of allergy to pen-
icillin seem to have a greater risk (by a factor of about
three) of a subsequent reaction to any drug.#0 As re-
viewed above, patients with a history of allergy to pen-
icillin and a positive skin test may be at higher risk for
a reaction to cephalosporin than those who have only
a history of allergy to penicillin. A prior reaction to
cephalosporin may be a risk factor for future reactions
to cephalosporin. A history of atopy (allergic rhinitis,
asthma, or atopic dermatitis) does not seem to be an
independent risk factor for the development of an al-
lergy to beta-lactam antibiotics, although atopic per-
sons, especially those with asthma, may be predisposed
to severe and fatal reactions should anaphylaxis occur.4!

Medical History

The medical history of patients with reactions to
antibiotics should include a detailed description of the
symptoms (e.g., urticaria, pruritus, angioedema, or
respiratory difficulties) and severity (e.g., mild or life-
threatening). Studying the time course of the reaction
can help determine whether the event was a drug re-
action; for example, anaphylaxis typically develops
within minutes after the administration of the drug.
Evaluating a list of all the medications the patient was
taking at the time of the event can help determine
whether the symptoms were caused by a reaction to
the antibiotic or to another drug (e.g., aspirin).

It is important to elicit a history of all antibiotic
reactions. A history of reaction to multiple antibiotics
may narrow the therapeutic options. Similarly, it is use-
ful to know which antibiotics a patient has used, in-
cluding those that were well tolerated. Identitying an-
tibiotics that have been tolerated in the past may widen
the therapeutic options or even cast doubt on a cur-
rent diagnosis of allergy to an antibiotic. Careful re-
view of medical records can provide additional infor-
mation about the use of and allergies to antibiotics.
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Tests for Cephalosporin Allergy

Attempts to develop a skin test for allergy to ceph-
alosporins have been unsuccessful, and skin testing
with the native drug alone has little predictive value.
No anti-cephalosporin IgE antibody assays are avail-
able clinically.

Skin Tests for Penicillin Allergy

Skin tests for allergy to penicillin can be useful in
evaluating patients with a history of allergy to peni-
cillin who have a clinical indication for cephalospor-
in treatment. The preferred test for identifying an al-
lergy to penicillin is the direct skin test with both
major and minor determinants.*> About 80 to 95 per-
cent of patients who have a history of allergy to pen-
icillin will have negative skin-test results.*2

RECOMMENDATIONS
Patients with Penicillin Allergy

One common therapeutic approach to patients
with an allergy to penicillin is to select an antibiotic
that does not contain a beta-lactam ring. This strategy
avoids the risks of cross-sensitivity. Macrolides, quin-
olones, sulfonamides, and vancomycin are among the
antibiotics that do not show cross-sensitivity to ceph-
alosporins or penicillin. Decreased antimicrobial effec-
tiveness, increased cost, and increased antimicrobial
resistance (particularly to vancomycin) are potential
drawbacks to this strategy. This approach may be at-
tractive if there are many appropriate antibiotics for
the clinical indication or if the patient has a history
of a serious (or unidentified) reaction to penicillin.

Another common strategy is to administer the ceph-
alosporin to a patient with a history of allergy to pen-
icillin. In this strategy, the risk of anaphylaxis from
or a reaction to cephalosporin is not considered high
enough to warrant either the selection of a non—beta-
lactam antibiotic or further evaluation. Many clinicians
who follow this strategy select patients whose previous
reaction to penicillin was not life-threatening or ana-
phylactic. The appeal of this approach is that serious
reactions to cephalosporins are rare. The main draw-
back is the potential increased risk of a drug reaction
or anaphylaxis. A published guideline on the diagnosis
and management of drug hypersensitivity discourages
this practice.#® Nevertheless, this approach may be at-
tractive if the allergy to penicillin is mild, the indication
for the use of cephalosporin antibiotics is strong, skin
testing for penicillin allergy is impractical, or treatment
for drug reactions is readily available.

A third strategy is to evaluate the patient with a his-
tory of allergy to penicillin with tests for allergy to pen-
icillin.#* With this strategy, a cephalosporin is given to
patients with negative tests and withheld from patients
with positive tests. Most patients (80 to 90 percent)
have negative skin tests and will be able to receive
cephalosporins. The main drawbacks are the accessi-
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bility of such tests and the costs of testing. This strat-
egy may be attractive for patients who have a strong
indication for cephalosporin therapy but who have a
history of a serious reaction to penicillin.

Patients with Cephalosporin Allergy

Skin testing for penicillin allergy can be helpful for
patients with a history of allergy to a cephalosporin
who require penicillin. If the test is negative, they can
receive penicillin; if it is positive, they should either
receive an alternative medication or undergo desensi-
tization to penicillin.

A patient who has had an allergic reaction to a ceph-
alosporin should not receive that cephalosporin again.
The risk of a drug reaction when a different cephalo-
sporin is administered to a patient with a history of
allergy to one cephalosporin is unknown. Some have
suggested that the degree of cross-reactivity among
cephalosporins is low.3245 In fact, rabbit antibodies
against cephalosporins with different side chains do
not cross-react.4® Thus, side-chain—specific antibodies
may predominate in the immune response to cepha-
losporins.

Cross-reactivity (or the absence of it) between a
cephalosporin and other beta-lactam antibiotics can be
explained in part by the structure of the side chains.
The side chains of cefamandole, cefaloram, cephalo-
thin, and cephaloridine are similar to that of penicil-
lin G.#” Cephalexin has a side chain identical to that
of ampicillin, cefadroxil has the same side chain as
amoxicillin, and ceftazidime has the same side chain
as aztreonam. Whether these structural similarities re-
sult in heightened cross-sensitivity is not known.

Serum-sickness—like reactions to cefaclor are caused
by a hereditary defect in metabolism.*8 Patients who
have a history of such reactions to cefaclor can take
other cephalosporins without difficulty, including lor-
acarbef, which is structurally similar to cefaclor.*8

Desensitization

Desensitization to cephalosporins has been de-
scribed but has not been standardized, and experience
is limited. Desensitization to cephalosporins can be
considered for patients with a previous life-threatening
reaction to penicillin or cephalosporin who require an-
timicrobial therapy with a cephalosporin and for pa-
tients with a history of allergy to penicillin and positive
skin tests for penicillin allergy.

Although successful desensitization to cefotaxime
and ceftazidime has been reported,*5° desensitization
can result in drug reactions such as bronchospasm or
rash’® and should be conducted by trained personnel
in a hospital setting (Table 5).

Test Dosing

Test dosing consists of the administration of a small
dose of the drug, less than the dose that potentially
would cause a serious reaction, followed by relatively
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TABLE 5. REPORTED PROTOCOLS FOR
INTRAVENOUS DESENSITIZATION
TO CEPHALOSPORINS.

ProToCOL Dose
mg

14-Day protocol for desensitiza-
tion to cefotaxime*

Day 1 1
Day 2 2
Day 3 4
Day 4 8
Day 5 16
Day 6 32
Day 7 60
Day 8 120
Day 9 200
Day 10 400
Day 11 800
Day 12 1600
Day 13 3200
Day 14 4000
2-Day protocol for desensitiza-
tion to ceftazidimet
Day 1
Dose 1 0.025
Dose 2 0.05
Dose 3 0.1
Dose 4 0.2
Dose 5 0.4
Dose 6 0.83
Dose 7 1.66
Dose 8 2.5
Dose 9 6
Dose 10 12
Dose 11 25
Dose 12 50
Dose 13 100
Dose 14 307
Day 2
Dose 1 0.5
Dose 2 1
Dose 3 2
Dose 4 4
Dose 5 8
Dose 6 16.5
Dose 7 32.3
Dose 8 50
Dose 9 100
Dose 10 200
Dose 11 586

*Data are from Papakonstantinou et al.#

1Data are from Ghosal and Taylor.5® Ceftazidime
was infused in a stepwise manner every 15 minutes.

large incremental increases in the dose until the full
therapeutic dose is given. The administration of a
cephalosporin to a patient who is potentially allergic to
that drug is hazardous and is not recommended. In
one patient, an intravenous test dose of 140 mg of
cephalothin did not produce anaphylaxis, but a sub-
sequent bolus of 1 g did result in anaphylaxis.?s

CONCLUSIONS

A detailed history of medications and allergies,
supplemented by a careful review of medical records,

can be useful in guiding therapeutic decisions. Pa-
tients with a history of allergy to cephalosporins or
penicillin may be at increased risk for a reaction to
cephalosporins. Skin testing for an allergy to penicil-
lin may be helpful in patients with a history of such
an allergy who have a clinical indication for cephalo-
sporins. The majority of these patients have negative
tests and should not be at increased risk for a reaction
to cephalosporins. Desensitization to cephalosporins
can be considered for high-risk patients.
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