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Cross-reactivity between penicillins a
cephalosporins: Clinical and
immunologic studies
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Nineteen well-characterized penicillin-allergic patíents were investigated for theìr sensitiviry to

cephalosporins containíng potentially cross-reactive side chains. All patients were administered
cephamandole parenterally and, d this was tolerated, a course of oral ceplwlorídine was

administered. OnIy wo patients responded to the cephamandole; none of the remaining patients

* reacted îo cephaloridine. Benzylpenicilloyl RAST-inhibition studies wíth sera from threc subjects

who had not reacîed to the cephalosporins demonstrated that cephamandole linked to proteins

was capable of recognizing benzylpenicilloyl-specific IgE antibody. It is concluded that
cowids.f_Ation of side chaín structures can help to predict possíble cross-reactíons between
.., !"eaíl#tIilÈtìry-'fíffiíít 

and cephalorpoìi^, but curefully controlled challenge tests are ardvísable before
penícillin-allergic patients are treated with cephalosporins. In relatíon to cross-reacting
potential, in vito experimental studies are dfficult to interpret and may ín some circun stances
overestimate the risk. (J Artency Ctttt luuuNot 1989;83:381-5.)

The penicillins are a major and widely used group

of antibiotics containing a B-lactam structure. With

their extensive use and the high doses that can be

administercd, they can be considered relatively non-

toxic. The major adverse effects noted are the devel-
opment of .allergic reactionq@d
s idh$

t{E** tsf CePh-
alosporins, which also contain a B-lactam structure,
have also caused allergic reactiops, but -it is often

difficult to establish'if a piimary reaction to the ceph-
alosporins is occuning or whether a cross-reaction in
a penicillin-allergic subject is involved.2 Studies have

demonstrated that penicillin-allergic subjects are at
more risk for d reaction to a cephalosporin than non-
penicillin allergic subjects,3'a but the incidence varies

depending on the stringency of the criteria applied to
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Abbreviatíons u,sed
BPO: Benzylpenicilloyl
PLL: Poly-l-lysine
HSA: Human serum albumin

define the penicillin-allergic group. Experimental

studies with animal-raised antisera have demonstrated

that cross-reactions betwq:n penicillins and cephalo'

sporins are possiblè and can be rationaliZed on the

basis of simiiarities in the respective side chain struc-

tures.r-? In this study a group of well-characterized 
'

penicillin-allergic subjects were challenged with ceph-

alosporins containing side chain structures that might

be expected to lead to cross-reaction. The results are

compared with data from in vitro cross-reactivity stud- ,

ies with anti-BPo-specific IgE antibody from patients

and cephamandole protein conjugates.

MATERIAL AND METHODS
Subjects

During a period of I year, a group of penicillin-allergic

patients were selected in a collaborative study involving two

hospitals. Two criteria had to be fullfilled for a patient to

be included: (l) The patient had to have a previous history

of a type I allergic reaction to a penicillin with no history
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TABLE t .  Cl in ical  data of  the pat ients studied

J. ALLERGY CLIN. IMMUNOL,
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Pat Age {yrl Sex Drugs involved Clinical manifestations Time

2 ZZ F peniciltin (p) Generalized erythema and
2 m o
3 y r

3 m o
2 m o
l y r

8 m o
3 m o
3 m o
3 m o
l m o
4 m o
l y r

16 yr
15 yr
2 y r

6 m o
4 m o
4 m o
2 m o
3 m o
5 m o
6 m o
3 y r

3 s0 l tilfflil,iJ?j, 
";:1".,ff1"_*xÀ 

uno.y",
4 60 M Amoxic.illin (oi Hiio,.nrion, generalized erythema5 0a, F penicillin (p) d;.ralized muculopapular rashAmoxicillin (o) Generalized erythema and pruritus

ó 52 F Amnxic.illin (o) Hypotension, generarized erythema and pruritus7 qo M Penicitlin (p) cÉieratized macuropapurar rash and angioedema8 o, y lffiilff:lllll', l,Hl.,.:tr;i:ni,:":;;;;ffi:il"9 50 F penicillin (p) C;;eratized maculopapular rashl0 54 F Penicillin (p) Generalized eryrhema, breatning difficultiesI I 39 F penicitin (p) Generarized pruritus and erythemal2 40. M peniciilin.(p) 
Hyporension, facial angioedema13 50 F Amoxicillin (o) CÉi"rolir"d maculopapular rash14 50 M Amoxicillin.(oi ùyfor"nrion, generalized pruritus15 30 M penicittin (p) Hyiot.nrlon. ctifficulty breathing

t6 s0 F l#i#ly;;', 
fiffilii:flT:n:",,'0,, breathingdir'curties17 4l F Amoxicit in (o) cÉnerurized macuropapurar rashf 8 47 F penic'rin (p) Generarized angioedema and pruritus19 74 F penic i t i in  (o)  Genernl izer t  pnrr l .^*^ L_-,^,I  rsrrrclrr ln (o/ General ized erythema, breathing dif f icult ies

íí:".,i,,"#:,,1T::j"lTf :r*." oI *il roure; p, drug raken by parenterat roure.Time is the period elapserJ between the rl le, 
I '; r" vtuÈ raÀsn Dy parenteral route'

grc reaction to the penicirtin and the drug provocation carried out in this studv.

g

í
a
I

*
Fs'f:
i :

î.
jÈ

of a previous reaction or exposure to any cephalosporins.(2) The patient had to have óne or more positive skin reststo a panel of four penicillin-related material o, u poritiu"BPO RAST to their serum. If these criteria were negative,d,posit ive chal lenge-test to benzylpenici l l in was required.With these criteria, l9 patients were finally selected. sevenmale and r2 femare subjects. Fut detairs are presented inTable l.

Intradermal tests

. Four different skin test materials were used. BpO pLL
at a f inal concentrat ion of 5 x lO-j mol/L (Stal lergenes
Laboratories. Fresnes, France), benzytpeniciltin, 10.000

tients, still lower dirutions were used since there is a wide
range over which patients can react.s

S_p_e_cific lgE antibody measurement
(BPO RASTI

Specific IgE antibody directed against the BpO hapten
was measured with reagents purchaseb from pharmu.io F;;;
Chemicals (Uppsala, Sweden). The assay was carried outaccording to the manufacturer,s instructions, and results>0'8vo uptake of radiorabered materiar were considered
i l os i t i vè .  

"  - ' v  tv "Ù 'ewreu

Penicill in and cephalosporinu/ml (Ant ib iot icos 
' rv" 'Lrrr r r r ' i  lu 'Ltuu

-|.pjin ), aamieiilinw40*.
q- ----r g.'s q,,rI'rErrfrr.i. Éu.mg7fin.=tBeecham pharmaceu-

ticals. London, Engtand). nre Jtin tert sotutions were madeand used immediatery. The ,.rr, *.r" carried out in thevolar side of the forearm; 0.02 to 0.05 ii';f ;;;;';:injected' and the reaction was read ur* r5 minutes. A whealdiameter 4 mm grearer than the initial bleb in ,*o O.rpJn'j*,dicular directions was considerecl positive. The nonspecificirritant capacity of each skin test ,otution was investigatedin a conrrol poputation of subjec,, *i,l no history of pcn_ici l l in sensit ivi ty or other al lergies. io uuoiO any seriousreactions during the skin testin!. initial rests were caniedout with di luted solut ions. These solut ions were general lya,100-fotd tower for benzvrpenicitin uno ,"nrorJ r;;;; t*' 
.-

RAST inhibition
erÈ&lr|îWlw@ir!

",:1"t:if,,r.rl"r,.*u: ..1I.d out by preincubatins se-
:T jl'*'^'^fo pt) with HSA conjue.,!, ijò Irii ;:*;;a BPO procedure according to the method of

[T*#t]1.^ ":",,c.,,g, *..,'ì,;; ;;", ;'';'To ::
{

the remainder. However, in ,o*. .*,rÀ;il;;;il_" ;: hapten.
x l0-5, and 5 x t0-" with respect to the



VOLUME 83
NUMEER 2,  PART 1 cross-reactivi ty between penici l l ins and cephalosporins gg3

Il l rÉLE l l '  lmmunologic parameters and provocat ion resul ts in the group of  pat ients stur1ied

Skin tests Cephalosporin challenge

Pat
BPO

RAST
BPO
PPL PG AMP AX

Penicillin
chal lenge Parenteral Oral

I
2
3
4
5
6
7
8
9

l 0
n
t2
l 3
, 4

,
t 6
l 7
l 8
l 9

0 .2
2
0.7
1 . 2'  
l . l
0 . 2
0 . 2
1 . 2

il
0 .5
0 . 8
0.4
0 . 3
0.4
0 . 2
0.4
0 . 2
n
5 . 6

ND
ND
N D
ND
ND
ND

Positive
ND
ND
ND
ND

Positive
Positive

ND
ND
ND
ND
ND
ND

GT
Positive

GT
CT
GT
GT
CT
GT
GT
GT
GT
GT
GT
CT
CT

Positive
GT
GT
GT

CT
ND
GT
CT

* .GT'
GT
GT
GT
GT
GT
GT
GT
GT
CT
GT
ND
GT
GT
GT

-r

-: ! .

-r

+

Par. Patient number: PG, benzyl penicii l in: AMp. ampicil l in; AX. arnoxicil l in: ND. nor <lonc: cir. gotxl tolcrance.
t:"::::,:::t:.::j'""'^:'1"Tj:::l:oj,uî,u1" or radiolabel on the sotid phase. A resulr oì >o.8vo uptake is taken to be positive. Forconcentrations used, see Material and Methods.

Provocation tests
As part of the selection proccdure. some patients were

challenged by administering benzylpenici l t in ( l0 unirs) in_
tramuscularly, and if this did not provoke a reaction, an.ral
course of amoxicillin was initiated 3 <lays later (500 mg
three times a day for 4 days). This procedure was uscd to
establish a defìnite diagnosis.

Patients selected for the srudy were all challengecl with
cephalosporin$sffi&{*UJg(o.2 ml of t00 mg/mt) was
r 

'stered 
subcutaneously, and if itris was tolcrated. a

fùfrner injection of 500 mg intramuscularly was aclminis-
tered after 30 minutgs.,[f_ no reaction was observed to
cephamandole, t administered oral ly
(500. mg three times a <iay for 3 days). Any adverse effect
was noted.

All these provocation tests were carried out with careful
monitoring of the patients, and full cmergency cover was
provided. Informed consent was givcn by each patient, ancl
the study was approved by the committees for research of
both hospitals.

RESULTS
Patients

Clinicaldetails of the patients setected are presented
in Table I .  Resul ts of  skin resrs,  RAS| and chal lenge
tests are presented in Table l l. Three subjects (patients
7 ,12 ,  and 13)  were  negat ive  to  the  sk in  tes ts  and
RAST but were selected on the results of penicil l in

provocation tests. Patient 7 experienced generalized
pruritus and facial angioedema, patient 12 experi-
enced transient hypotension. and patient l3 experi-
enced generalized maculopapular rash. Only two pa-
tients demonstrated a positive response to cephalo-
sporin challenge. Patient 2 experienced a profound
and sustained hypotension that required treatment with
saline and Dopamine (Astra Pharmaceutical products.
Westboro, Mass.) after injection of cephamandole
(500 mg inrramuscularly). patient l6 reacted to
cephamandole (0.2 ml of 100 mg/ml subcutaneously)
with transitory hypotension, dysphonia, generalized
pruritus, and upper airway breathing difficulties.

Protein coniugates

Analysis of the three protein conjugates demon-
strated that the benzylpenicil l in conjugare had l4
groups per molecule; the ampicil l in conjugate had l2
groups per molecule of protein;and the cephamandole
conjugate had l0 groups per molecule of protein.

RAST inhibi t ions

Results of RAST-inhibit ion rrudies are i l lustrated
in Fig. I with a pool of the sera fiom subjects 9, lg,
and l9 (Table II). All the conjugares could inhibit the
positive serum pool, but cephamandole demonstrated
the poorest inhibit ion, 42Vo ar 5 x l0 mol/L. The
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to give reactions. We found that only two of the 19subjects (lO.SVo) reacted to the cephamandole chal_lenge; the remaining subjects tolerated both cepha_
losporins with no adverse Lff..tr. Both of tt, ,"u.ìingpatients (Nos. 2 and l6) had experienced altergic ìe-actions to parenteral benzylp.nùittin in the p":; uùgave a skin test response only to benzylpenicillin inthis study. However, one other subject also satisfied
these criteria (No. 15) but did nor respond to eithercephalosporin. Overall, among the o,.urur.*.ni,
made on the subjects or on thJr sera, no pattern ofresponses singled out the reacting subjects from thenonreactors. In particular, the BpO nÀSf was posi-
tive in sera from 

.s:ven patients (>O.gTo up,ut , ofradiolabeled material), but only one of these padents
responded 

_to cephamandole (patient 2). ln spite ofthis, sera from three of these subjects who had notreacred could be inhibited with u."fu*unOote prot.in
conjugate with RAST inhibition.

FrG' 1' RAST inhib-itio.n with a poor of three sera frompatients g, lg, and 19. Inhibit ion *i t f ,  
"a.f ,  

individual seraerici ted simirar resurts. Bpo-HSA, benzyrpeniciroyr humanserum albumin conjugate; AMP_HSA: àrnpi. i f f , :n ; ; ;""serum albumin conjugate; CEF-HSA, cefamandole humanserum a lbumin coniugate.

three individuar sera ericited simirar resurts (data notpresented).

DISCUSSION

The probrem of cross-reactivity between penicirins
and- cephalosporins in allergic patients i, ; ;;;;_problem involving many factors. However, studies' with animal-raised antisera suggest that consideration
of the side chain strucrure JF B_lu.tum-contriningdrugs may yield important clues to their..orr-r.u.ring
potentiar. Anti-Bpo antibodies cross-react weil withsome cephàlosporins, ru.t,-àr-."phaloram, cephalo_
!hin, yd cephaloridine, which' huu. 

-il;d;;;

very similar side chain to benzylpenicill in,s-z Uut
Le.'.1!l poorly with other cephalosporins, such as
:plq'8-llElt g*t.îJime, *'rri.h have u..y oirr.r.nt
side chain s.' t EvEfrTióss- róàct i vity among pen ic i il i ns,o.r the lack of it, can be rationalized in terns of sidechain-structure considerations. For example, we havepreviously described some patients who are ailergicto amoxicil l in but can tolerate benzylpsnisil lgr,ríF
and there is evidence from antibody studies that thesetwo penicil l ins are poorly cross_reactive.r5

In the present study,re well_characterized pencil l in_
allergic patients were assessed for their ability tocross-react with tw_o cephalosporins, cephamandole

:,11 qf l"lorid i n g . B oth o f these ..ph uibr;;;il;;;
s.foe cnaln structures similar to the penicillins to wtrictrthe patients responded and might t""; ;;;;;;;

In this study t11.._91e..is a clear discrepancy betweepthe results of inÉ ònuíi.ng, *rr, *a the in virro an_tibody inhibition data, but the reasons for this are n,.,r
-____./ r,.rrvrrr\,r Lr4ra, uul tne reasons for this are notclear. There are obvious gifierences in ,t;";;,';;amounts or concentrations
Hr_.::'::Ì 

ur c,rî:enrrarrons of drue 
@t'or in vitro an@ these differences

ry$99!ce the hapten deníitv of anv nrnrpin ̂ ^-.  c o n -
Jugates formed or prepareo. we used;ilfi";j;-
g:::l with.hlRten densities unlikely tà be 

"cr,ieueO

This low incidence of reactions in a ..favorable
cross-reacting situation" does not, in our view, suggest
that clinicians should be complacent about treating

in vivo and thus may have been able to demonstrate
in vitro inhibition, ev-en though the antibod, ;,poorly cross-reactive. It is arsJpossibre that in vivoa

iq vitr-o couplings, rn.av occur, reLorng to. in the caseof cepham.nootr-,_ 
i";li,conrext it is perhaps signifi;;iihar, whereas RASTsystems have been_developed and used to Oirgr*.penicillin-related allergies, no conesponding ceph_alosporin systems have been reported.

From these and other studies, it is clear that treat-ment of some penicillin-allergic patients with ceph-alosporins can result in allergi. ,yrpro.n, .uur"OTycross-reactions. When a detailed clinical t irto.y, ;x-cluding skin tests-and antibody measurements, is ableto pinpoint the offending penicillin, it may be;r;Ji;to predict whether a cephalosporin w't- crois-react.In our srudy, two subjecìs *itú sensitivity t" úti_penicillin confirmed by skin tests, reacted to a ceph_a]osporin, cephamandole, with a structurally similarside chain, but l7 other subjects with similar histories

lil lli. $SS T' int' i[i tien . iledie s a I so ; ;;;;ì;;;
a \ 1

G
I

, f f iurturnrr _
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penicil l in-allergic patients with cephalosporins. lq. is
jgl{o- necessary to administer cephalosporin"s to

iienicil l in-aflergic patients, but our study suggests
that, if this is required, then a controlled chall..-e,ng*e
test wil l elicit a useful guide tò patient reactivity. If
ihe cephalosporin is folerated, then further treatment
can be administered, but the patient should be care-
fuìly monitored'during and afier therapy.
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