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Several approaches have been undertaken in the study of possible’ immunologic

cross-reactivity between cephalosporins and penicillins. Although the chemical struc-
tures of these compounds are similar in several respects, there are distinct differences
in their degradation and transformation. Various degrees of cross-reactivity of anti-
bodies produced in response to administration of these drugs have been demon-
strated both with test systems that measure IgG and IgM antibodies and with those
that measure IgE antibodies. The clinical significance of immune responses to cepha-

losporins is best understood in regard to immunohematologic abnormalities: positive
direct antiglobulin (Coombs') tests occur in only ~39 of patients receiving cephalo-
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sporins; however, several cases of cephalosporin-induced immune hemolytic anemia
have been reported. Clinical studies of the cephalosporins indicated that patients
with a history of penicillin allergy have an increased incidence of reactivity to cepha-
losporins, but it is impossible to determine to what extent this finding is due to im-

munologic cross-reactivity
incidence of hypersensitivity
cillins. In addition, there is e
that indicates independently
in some patients.

The possibility of immunologic cross-reactivity
between cephalosporins and penicillins is of [re-
quent concern in clinical medicine. A variety of
approaches have been undertaken in the study
of possible cross-reactivity and the assessment of
its clinical significance.

In this review, the following aspects will be
considered: (/) chemical configuration and deg-
radation of penicillins and cephalosporins, (2)
antibody cross-reactivity, (3) immunohemato-
logic reactions, (#) immediate hypersensitivity
reactions, and (5) clinical studies.

Chemical Configuration and Degradation
of Penicillins and Cephalosporins

Perhaps the first scientists to consider immune
cross-reactivity were chemists who noted that the
chemical configurations of the basic structures
of the penicillins and cephalosporins (6-amino-
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because penicillin-allergic patients have an increased
reactions to drugs immunologically unrelated to peni-
vidence of specific immune response to cephalosporins
acquired hypersensitivity rather than cross-reactivity

penicillanic acid [6-APA] and 7-amino-cephalo-
sporanic acid [7-ACA], respectively) are similar
in several respects. Both compounds are of low
molecular weight, are highly substituted, possess
a B-lactam ring structure on which antimicrobial
activity depends, and possess a separate ring struc-
ture containing sulfur [1]. However, the chemis-
try ol the degradation and transformation of the
penicillins differs from that of the cephalosporins
[2]. Alfter the action of specific B-lactamases, pen-
icillin forms a stable penicilloate, whereas cepha-
losporin forms an ultraviolet absorption peak
that rapidly (lisappears, a phenomenon indicat-
ing [ragmentation of the cephalosporin nucleus.

Thus, on the basis of the chemical configura-
tion and degradation of the penicillins and ceph-
alosporins, some authors have suggested that im-
munologic cross-reactivity between these com-
pounds would be expected [3, 4], whereas others
have come to the opposite conclusion [2, 5, 6].
However, even more detailed information on
the chemistry and degradation of penicillins and
cephalosporins than is presently available will not
produce a definitive answer regarding the pres-
ence or absence of in vivo immunologic cross-
reactivity.
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Cross-Reactivity of Antibodies

to Penicillins and Cephalosporins

Another approach has been the assessment of
cross-reactivity of antibodies to penicillins and
cephalosporins in animals and in humans.
Schneierson et al. [7] reported in 1964 that cepha-
lothin can stimulate the production of immuno-
logic reactions in rabbits and guinea pigs, but
they found no evidence ol cross-reactions De-
tween cephalothin and penicillin. Working with
rabbits, Brandriss et al. [8] and Batchelor et al.
[9] demonstrated that cephalothin and cephalori-
dine conjugated to appropriate protein carrier
molecules can induce the formation of antibod-
ies detectable by HA, precipitation, and passive
cutaneous anaphylaxis, and that these antibod-
ies cross-react with the major antigenic determi-
nant of penicillin, i, the benzyl-penicilloyl
determinant. Abraham et al. [10] were the first
investigators to report results with use of hu-
man sera. They studied 174 adult patients receiv-
ing cephalothin or penicillin G iv. Utilizing pas-
sive HA, these workers demonstrated the immu-
nogenicity of cephalothin as indicated by a
higher incidence of antibodies to cephalothin in
patients who had received the drug than in con-
trols and by an increase in titer of antibodies to
cephalothin during administration of the drug.
Immunologic cross-reactivity with  penicillin
was indicated by a high incidence of antibodies
to cephalothin in patients who were receiving
penicillin and had never received cephalothin,
and by an increase in titer of antibody to cepha-
lothin in patients receiving penicillin. Further-
more, patients receiving cephalothin had a high
incidence ol antibodies to penicillin, and the ti-
ter of antibody to penicillin increased during ad-
ministration of cephalothin. Inhibition of HA
by derivatives of penicillin and cephalothin and
absorption of sera with erythrocytes sensitized
with penicillin or cephalothin confirmed the
cross-reactivity. Such HA antibodies are primar-
ily. if not exclusively, of the IgN and 1gG classes.

Petersen and Graham [11] studied the immu-
nologic cross-reactivity of cephalexin and peni-
cillin, Utilizing passive HA and serum antibod-
ies [rom rabbits, they reported that antibody to
cephalexin appears to be directed primarily to
the 7-ACA nucleus and does not cross-react with
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the penicillin nucleus. Indeed, the concentra-
tion of penicillin G required to inhibit antibody
to cephalexin was 600 times the concentration of
cephalexin needed for inhibition. Similarly, the
amount of cephalexin necessary to inhibit anti-
hody to penicillin G was approximately 30 times
the coneentration of penicillin G needed for in-
hibition. Also, experiments with human sera in
which IgE antibodies were measured with use of
a rat mast cell degranulation technique generally
supported the conclusion that the molecules of
cephalexin and penicillin G are sufficiently dis-
similar immunologically that antibodies stimulat-
ed by the presence of one of the antibiotics do
not readily recognize antibodies to the other.

Assem and Vickers [12] studied the immuno-
logic cross-reactivity between - penicillins and
cephaloridine in 24 patients with established al-
lergy to penicillin. These investigators used a var-
iety of immunologic tests which included HA,
skin tests, quantitative leukocyte challenge in
which histamine release by allergen was estimat-
ed, and lymphocyte stimulation. Cross-reactivity
was clearly established in the majority of patients.
The highest percentage of cross-reactivity was
demonstrated in the leukocyte challenge test
(809,) followed by the lymphocyte stimulation
test (509,) and the skin test (46%,). None of
10 nonallergic controls gave a positive result in
these tests.

Thus, several groups of investigators have rath-
er convincingly demonstrated various degrees of
cross-reactivity of antibodies to penicillins and
cephalosporins. However, it is not possible to
make definitive clinical recommendations, partic-
ularly in regard to individual patients, on the
basis of such experimental data. Additional ap-
proaches are necessary to determine the clinical
significance of such information in regard to
specific clinical manifestations of immunologic
reactivity.

Immunohematologic Reactions

The knowledge that iv administration of large
doses of penicillin can result in positive direct
antiglobulin (Coombs') tests and immunohemo-
lytic anemia [13] led to concern that similar find-
ings may result from administration of cephalo-
sporins. Studies to investigate this possibility




have led to a rather detailed assessment of the
mechanism, laboratory means of evaluation, and
clinical significance of penicillin- and cephalo-
sporin-induced immunohematologic reactions.

Early reports regarding several small series of
patients indicated that a high percentage of pa-
tients receiving cephalosporins developed a posi-
tive antiglobulin test [14, 15]. However, a_pros-
pective study in which more than 600 direct anti-
globulin tests were performed on multiple samples
from 169 patients receiving penicillin(s) iv
(mainly penicillin G) and 124 patients receiv-
ing cephalosporin drugs (primarily cephalothin)
indicated that five patients receiving penicillin
and four receiving cephalosporins had positive
direct antiglobulin tests, i.e., an incidence of ~39,
in each instance [10, 16, 17]. A review by Swisher
supported the lower figures of incidence [18]. In
studies concerning the mechanism and clinical
significance of the direct antiglobulin tests that
were positive as a result of cephalosporin admin-
istration, three mechanisms were proposed.

(/) The cell membrane may be modified by
the drug so that the cell takes up proteins non-
immunologically [14-16]. In vitro studies indi-
cated that cephalosporin-sensitized cells incubat-
ed in normal plasma become coated with albu-
min, IgG, IgA, IgM, a;antitrypsin, a,macro-
globulin, C3, C4, and fibrinogen [16, 19].

(2) The drug may combine with the red blood
cell membrane, as does penicillin, and react with
cross-reacting antibodies to penicillin [10, 14, 16,
20, 21].

(3) The drug may combine with the red blood
cell membrane in a fashion similar to that of
penicillin, and specific antibodies to the cepha-
losporin may react with the drug on the cell
[16, 22, 23].

Spath et al. [16] confirmed that all three of
these mechanisms may lead to a positive direct
antiglobulin test. Whether the positive direct an-
tiglobulin test results from nonimmunologic pro-
tein absorption or from fixation of antibody may
be determined by serologic tests [19, 24] and is of
clinical significance since hemolytic anemia has
not been reported as a result of nonimmunologic
protein absorption.

Although the direct antiglobulin test has been
most extensively studied with cephalothin, posi-
tive tests have also been ascribed to other cepha-

losporins, such as cephalexin [25-27], cephalori-
dine [28, 29], and cefazolin [26, 30].

The principal clinical importance of positive
direct antiglobulin tests caused by cephalospor-
ins is that they cause apparent incompatibility
in the minor crosssmatch test and may confuse
the evaluation of hemolytic disorders of other
etiology [17, 31, 32]. Since penicillin is the second
most common cause of drug-induced immune
hemolytic anemia, and since the mechanism of
red blood cell sensitization with cephalosporins
is, in some cases, similar to that resulting from
administration of penicillin, Abraham et al. [10]
stated in 1968 that it was “surprising” that hemo-
lytic anemia due to administration of cephalo-
sporins had not been reported. Since that time
several cases of cephalosporin-induced immuno-
hemolytic anemia have been reported [22, 33-35],
but such cases are much rarer than those occur-
ring during penicillin therapy. This finding may
be due to the fact that neither the drug nor the
complex of drug with antibody to the drug is firm-
ly bound to erythrocytes during therapeutic ad-
ministration of cephalosporins [10].

Neutropenic reactions [36, 87] and thrombocy-
topenia [88, 39] have also been described and
may be caused by an immune mechanism but are
less well characterized.

Immediate Hypersensitivity Reactions

Immediate hypersensitivity reactions must be con-
sidered separately from immunohematologic re-
actions since IgG and IgM HA antibodies, which
are of significance in regard to hematologic re-
actions, do not mediate immediate hypersensitiv-
ity reactions. Such reactions are apparently medi-
ated by IgE antibodies, which may be demon-
strated by immunologic methods such as skin
tests, histamine release by leukocytes, and radio-
immunoassay.

Skin tests have been studied rather extensively
in penicillin allergy [40-44], and although these
tests are helpful, most investigators agree that
there is not a 1009, correlation of results from
skin tests with the presence or absence of immedi-
ate hypersensitivity reactions [40]. Nevertheless,
these tests are helpful in assessing the probability
of an accelerated reaction to penicillin, For ex-
ample, Levine and Zolov [42] reported that an
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accelerated reaction occurred in only one of 185
skin test-negative patients as compared with eight
of 11 skin test-positive patients treated with pen-
icillin. Similarly, Green and Rosenblum report-
ed that only one of 92 skin test-negative patients
reacted to penicillin, whereas two of eight skin
test-positive patients reacted [44]. Levine stated
that “negative skin tests [or benzylpenicilloyl-
specific and minor-determinant-specific skin-sen-
sitizing antibodies appear to rule out the possi-
bility of an immediate or accelerated allergic re-
action” [41], and he attributed the less definitive
experiences with skin tests by others to the fact
that the skin test reagents used by others have
not included the “minor determinant mixture"
[45]. Apparently, Levine's work with the “minor
determinant mixture” has not been confirmed by
other investigators, at least in part because the
chemical nature of the “minor determinants” has
not been elucidated [16]. This lack of knowledge
hinders further work on the nature and signifi-
cance of immune responses of minor determinant
specificities [46].

Only a limited number of studies have been
done using skin tests with cephalosporin drugs [4,
12, 47-49], and these studies have demonstrated
that a minority of patients allergic to penicillin
have positive skin tests to cephalosporins. How-
ever, the clinical significance of such reactions
has not been determined. Thus, much more ex-
tensive data are needed before results from skin
tests could be shown to be of value in regard to
hypersensitivity to cephalosporins and possible
cross-reactivity with penicillins.

Other methods of assaying IgE antibodies in-
clude rat mast cell degranulation [1]}], release of
histamine [rom sensitized human leukocytes [12],
and radioimmunoassay. The last technique has
been applied to penicillin allergy with promising
results [50-52] and may prove to be a reliable
in vitro assay for the presence of IgE antibodies
to a drug. A particular advantage of radioimmu-
noassay is that it is commonly utilized in clinical
laboratories, whereas other methods, such as re-
lease of histamine from human leukocytes, are
not. Therefore, radioimmunoassay could be wide-
Iy applied if further experience indicates its reli-
ability. To date, however, there are no published
data regarding the use ol radioimmunoassay of
IgE antibodies to cephalosporins,
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Clinical Studies

Although the weight of presently available lab-
oratory data supports the concept of immuno-
logic cross-reactivity between various penicillins
and cephalosporins, one cannot utilize such ex-
perimental data to predict accurately the effect
of administration of cephalosporins to individual
patients with a history of allergy to penicillin.
Lacking specific predictive immunologic tests,
one must refer to clinical studies to obtain addi-
tional information regarding immunologic cross-
reactivity, During clinical trials conducted with
the cephalosporins, 15,708 case reports were eval-
uated (R. S. Griffith and H. R. Black, personal
communication). Table 1 shows the number of
allergic reactions reported after administration of
each of several cephalosporins to penicillin-al-
lergic and nonallergic patients. Of the 15,708 pa-
tients, 701 (+£.59,) had a history of allergy to
penicillin, and 57 (8.1%,) of these had an al-
lergic reaction to administration of cephalospo-
rins. There were 15,007 patients who did not have
a history of penicillin allergy, and 285 (1.9%,) of
these had an allergic reaction to cephalosporins.
Thus, it appears that a patient is about four times
more likely to have an allergic reaction to a
cephalosporin if he has a history of allergy to
penicillin than if he has a negative history of
allergy to penicillin.

With use of presently available data, it is im-

Table 1. Allergic reactions to cephalosporins in pen-
icillin-allergic and nonallergic patients.

Cephalosporin, history
of penicillin allergy

(no. of patients) ‘No. with allergic reactions (%)

Cephaloridine
No (8,471) 86 (2.6)
Yes (109) 14 (13.0)
Cephalothin
No (1,045) 21 (2.0)
Yes (138) 8 (5.8)
Cephalexin
No (7,819) 87 (1.1)
Yes (291) 19 (6.5)
Cefazolin
No (1,369) 8 (0.6)
Yes (74) 3 (4.0)
Cefamandole
No (1,303) 83 (6.4)
Yes (89) 15 (14.6)
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possible to ascertain to what extent this higher
rate ol reactivity to cephalosporins in peni-
cillin-allergic patients can be attributed to im-
munologic crossreactivity between penicillin
and cephalosporins. Smith et al. [40] showed that
in penicillin-allergic individuals there is an in-
creased incidence of hypersensitivity reactions to
drugs immunologically unrelated to penicillin,
That is, their data indicate that the history of a
prior reaction to immunologically unrelated
drugs was about three times as frequent in pa-
tients without penicillin reactions. In addition,
there is evidence of specific immune response to
cephalosporins with antibodies that do not
cross-react with penicillins [10, 16, 23], a finding
indicating independently acquired hypersensitiv-
ity rather than cross-allergenicity in some pa-
tients [23].

Conclusions

In deciding whether to utilize a cephalosporin in
a patient with a history of allergy to penicillin,
physicians must first consider that a specific im-
munologic test to predict such hypersensitivity
in an individual patient is not presently avail-
able. Physicians should also be aware of the data
cited above regarding possible immune cross-re-
activity and the clinical studies indicating the
limitations concerning the interpretation of these
studies. Of equal importance, physicians must
consider the comparative efficacy of possible al-
ternative drugs and be aware of the adverse reac-
tions that may result from the use of such al-
ternative antibiotics. Clinical judgment, based on
the above approach, allows for the best possible
assessment of the advisability of the use of a
cephalosporin that can be made in an individual
patient, utilizing currently available information.

In general terms, it is perhaps best to avoid
the use of cephalosporins, except for compelling
reasons, in patients with a past history of ana-
phylaxis or other immediate-type penicillin
hypersensitivity reactions [53]. On the other
hand, the above analysis of comparative efficacy
and risks makes it reasonable to use cephalospo-
rins for appropriate infections in most patients
with a history of a less severe type of allergic re-
action to the penicillins. Continued research to
develop practical in vitro tests to predict hyper-
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sensitivity reactions in individual patients is ur-
gently needed.
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