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rmmunologic cross-Reacriviry berween penicillins and
Cephalosporins: A Review

Lawrence D. petz

f 'he possibil i ty of immunologic cross_reactivity
between cepl ta lospor ins ancl  penic i l l i r rs is of  f re_
quel t t  col ìcern in c l in ical  rnecl ic ine.  A var iety of
approaches have been tr 'clertaken i '  the study
of possible cross-reacti ' i ty antr trre assessnrent <lf
its cli nica I signifìca nce.

In this review, the following aspects rvil l  be
considerecl: (1) chernical corrfig.,ruiio' ancl des-
radation of penicil l ins ancl cephalosl>orins, (1
antibody cross-reactivity, (j) immunolr.-rio-
logic reacr ions,  ( i )  i rnmerl iate hl ,persensi t iv i ty
reactions, ancl (5) clinical stuclies.

Chemical Configuration and Degradation
of Penicillins and Cephalosporins

Perhaps the first scientists to consicler i 'rnr' 'e
cross-reacti l ' i t1' were chemists rvho notecl that thc
chemical configtrratiors of the r;asic stl-rrct.res
of the penic i l l ins and cephalospor ins (6_anr ino-
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Several approaches have been undertaken in the stùdy óf possible) immunologic
cross-reactivi ty between ceJrhalosporins anrl  penici l l ins. Although the chenrical s6uc-
tt t t 'es of these contPortnds are similar irr  scveial rèspects, t lere are dist inct cl i f lerences
in their degradation and ffansformation. Variotrs degrees o[ cross-reactivi ty of anti-
bocl ies prot lucecl in resPonse to administrat ion of t lese clrugs haye been demon-
stratecl both with test systerns that measrrre IgG and IgN,f antibocl ies ancl witS t lose
tl ìat l l reastrre Ig[,  antibotl ics. Tlre cl inical signif icance o[ irnmune res'o'ses to ceplra-
losl;Orins is l lcst t t t tclcrstoocl in regar<l to inrmunohematologic al:norrn:r l i t ies: posit i 'edirect antiglobtr l in (coombs') tests occur in orr l1, -rfo or patients rèceiving cephalo-
sporins; however, several cases of cephalosporin-in. l ,r le<I immune hemolyt ic anemia
Itave been reportect. ct inical sttrr l ies of the ceprhalosporins incl icated that patientsrvith a.histr iry of penici l l in al lergy have an increase<l incidence of reacti ' i ty to ceplìa-losporins, btrt  i t  is imPossible to r letermine to what extent this f inding is due to im-munologic cross-reactivi ty because penici l l in-al lergic patients have an increasedincit lence o[ l tvpersensit ivi t l '  reactions ro r lr trgs imÀtrnologicalty unrelated to peni-ci l l ins'  In addit ion, t l tere is evit letce of sl lecif ic immune response to cephalosporins
that indicates inclepentlently acrluit 'ecl hlpclsensit ivi t ,v rather than cràss,reactivi tyin some patients.

penic i l lanic acic l  [6-APA] and Z-arnino-cephalo-
spor:rnic acitt [7-ACA], respectively) arc similar
itr several respects. Both conìpoulìcls are of low
r'olecular weight, are highly substitutecl, possess
a B- l : r t ' tarn r ing str t rcture on which ant inr icrobial
activitv clcpenrls, ancl possess a separate ring struc-
ture containing strlfur I l]. However, t lte chemis-
try of .the clegradation ancl transfonnation of the
penicil l i 's cliffers fionr rhar of the cephalospori 's

[2]. After the acrion of specifrc p-lactamases, pen-
icil l i '  fornrs a stable penicil loate, whereas cePrra-
losporin fc;i.rns an trltraviolet absorption peak
tlìat rapidly disappears, a phenornenon intl icat-
ing fraurrìentatiorì of the cephalosporin nucleus.

Tlrtrs, on the basis of the chemical configura-
tion anrl rlesraclation of the penicil l ins and ceph-
alospolins, some authors hal'e strggested that im-
rntrnologic cross-reactivity between these com-
potrnrls rvoulcl be expected [3, 4], whereas others
Irave conre to the opposite conclusion lZ, b, 6].
Flon'ever, even nìore detailed inforrnation on
the chernisrry and degratlation of penicil l ins and
cephalosporins tlran is presenrly available wil l not
procltrce a rlefinit ive answer regarding the pres-
ence or absence of in vivo immunologic cross-
re:rct iv i  t  v.
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I  mmwt ol  ogi  c Cross -  ILe a c t iu i  ty

Cross-Reactivity of Antibodies

to Penicillins and Cephalosporins

Another apltroach has been t lre assessnlerìt  of
cross- react iv i ty  o f  ant iboc l ies  to  penic i l l ins  anc l
cep l ra lospor i r ìs  in  an imals  anc l  in  hunrans.
Schrre iersor ì  e [  : r l .  [7 ]  re l )or re( l  in  1964 that  cepha-
l o th i n  ca l t  s t i l ì t r r l : r t c  t l t c  p roc l t r c t i o r r  o I  i r r r n r r rno -
log ic  rcact ions in  rabbi ts  anc l  su inea p igs,  but
they founcl l ìo evidence of cross-reactions l le-

t$ 'een cephalo th in  anc l  pen ic i l l in .  Work ing wi th
rabbits, I l ranclr iss et al.  [8] ancl l ]atchelor et al.

[9] clenrorìstrated that cephalothin and cephalori-
c l ine con j t raatec l  to  appropr ia te  prote in  car r ier
nrolecules cÍtn inclrrce the fonnation of antibocl-
ies  < le tectab le  by HA,  prec ip i ta t ion,  and pass ive
cutar ìeous anaphl ' lax is ,  anc l  that  these ant ibod-
ies cross-react rvi th the ntajor antigenic cleternri-

nant  o f  pen ic i l l in ,  i .e . ,  the benzy l -penic i l loy l
t leternrinant. Abraham et al.  [0] wet 'e the f irst
investigators to report restr l ts rvi th trse o[ hu-
nran sera. T-hey stucl ied 174 acltr l t  patients receiv-

inSr  cephalo th in  or  penic i l l in  G i r ' .  Ut i l i z ing pas-
sive FI, ' \ ,  these rvorkers r lenronstratcd t l ìe inrrrtrr-

nogenic i ty  o f  cephalo th in  as ind icatec l  by  a

h igher  inc idence o[  ant i l loc l ies  to  cephalo th in  in

[ ) i ì t ie r ì ts  u 'ho l rar l  rece ivec l  thc  t l rug than in  con-

t ro ls  anc l  l l y '  an incrc : rse in  t i tc r  o f  ant i l l c ld ies  to

cephalo th in  dr r r ins  ar l r r r in is t ra t ion o f  the dr t rg .

Immurro loe ic  c l 'oss- t 'e : rc t iv i ty ,  rv i th  l len ic i l l in
rv : rs  i r rd ic ; r tc t l  l rv  i r  l r igh inc idence of  ant iboc l ies

to  ce l lha lo th in  in  l l t t ients  rvho were rece iv ing

penic i l l in  and hac l  never  r "cce ivec l  cephalo th in ,

ant l  b1 '  an increase i l ì  t i te r  o f  ant i l tody to  ce l lha-
l o th i n  i n  pa t i en t s  r cce i v i n r  pen i c i l l i n .  ! - t r r t he r -

n ìore,  pat ients  rece iv i r ìg  cephalo th in  I rad a h igh

inc i r ler rce o [  ant i l ;o r l ies  to  penic i l l in ,  ant l  the t i -

ter  o [  ant i l roc lv  to  l ten ic i l l in  increased dur ing ad-

tn i t r i s t r a t i o t r  o f  cc l l l r : r l o th i n .  I nh i l > i t i on  o f  HA

l rv  r ler ivat ives o f  pcn ic i l l in  and cephalo th in  anc l
a l lsor l l t io r r  o f  ser i ì  rv i th  er ) ' t l ì roc) ' tcs  sens i t izec l

rv i th  l rcn ic i l l in  or  rephalo th in  conf i rmed the
( ' r 'oss- r 'eact iv i t l .  S t rc l r  I -L ' \  ant i l to r l ies  are pr imar-

i ly ' ,  i f  t ro t  cxr . l t rs ive ly ,  o l '  t l rc  Ig l t  anr l  IgCi  c l : rsscs.

Petersen anc l  C i ra l rarn p  l ]  s t r rc l iec l  thc  i rnrnu-

t ro log ic  ( ross- l 'ca( t i r . i t1 '  o f  cep l ra lex in  ant l  peu i -

c i l l i n .  t l t i l i z i ne  pass i r  c  I I ' \  : r t t r l  s c r t r r r r  a t r t i bo t l -

ies  f ror r r  rab l r i ts ,  thev re l )or te( l  that  ant i l toc ly  to

cepl ra lex i r ì  a l ) l )cars  to  be r l i rcc ter l  pr i ruar i ly  to

the 7-ACA rrtrcleus anrl <loes not cros.s-react rvi th

the penicil l in ntrcletrs. Incleecl, the concentra-
tion of penicil l in G requirecl to inhibit antibody
to cephalexin was 600 times the concentration of
cephalexin needed for inhibit ion. Similarly, the
arìtount of cephalexin necessary to inhibit anti-
bocly to penicil l in G was approximately E0 times
the concentration of pcnicil l in G treeclecl for in-
l r i l r i t ion.  Also,  ex1>er i r r tents wi th human sera in
n,lrich IgE antiboclies were tneasurecl with use o[
a rat mast cell clegranulation technique generally
sr,rl)porte(l the concltrsion that the molecules of

cephalexin ancl penicil l in G are sufficiently dis-
sirn i lar i nrnr ttnologi cally that artt i boclies stim ulat-

ecl by the presence o[ one of the antibiotics do
not leacli ly recognize antibodies to the other.

Assem ancl Vickers p2] sttrclied the irnmuno-
logic cross-reactivit l '  between "penicil l ins and

cephaloricline in 24 patients with established al-

lergy to penicil l in. These investigators ttsecl a var-

iety o[ immtrnologic tests rvhich included HA,
skin tests,  quant i tat ive leukocyte chal lenge in

rvlriclr histarnine release by allergen was estimat'

erl, and lyrnpltocy'te stimulation. Cross-reactivity
rvas r:learly established in the majority of patients.

The highest percelìtage of cross-reactivity was

denronstratecl in the leukocyte challenge test

(80%) followed by the lyrnphocyte stimulation

test (50%) ancl the skin test (46%). None of

l0 nonallergic controls gave a positive result in

these tesls.
f ' truJ, several groups of investigators have tuìh-

er convincingly clemonstratect various degrees of

cross-reactivity of antibodies to penicil l ins and

cephalosporins. However, it is not possible to

rnake clefinit ive clinical recommentlations, partic-

trlarly in regarcl to inclividual Patients, on the

basis of suclt experimental clata. Additional ap-

proacltes are rlecessary to detennine the clinical

signifìcance of suclt infornration in regard to

specific clinical rnanifestations o[ immunologic

react iv i  ty.

f mrnunohenratologic Reactions

f'hc knowledge tlrat iv administration of large
rloses of penicil l in can result in positive direct
:rntiglobtrl in (Coonrbs') tests and immunohemo-
l1't ic :rnernia p3] led to concern that similar f ind-
ings rnay result fronr administration of cephalo-
sporins. Sttrdies to investigate this possibility



have lecl to a ratlìer detailecl assessnrent of the
meclranism, laboratory r ì ìeans o[  evaluat ion,  ancl
c l in ical  s igrr i f ìcance of  1>enic i l l in-  anr l  cephalo-
spori n-i ncl ucecl i m nr trnohenra tolosic react ions.

Early reports regardine several small series of
pat ients indicatecl  that  a hielr  percentage of  pa-
tients receivins cephalosporins clevelopecl a posi-
tive antiglobtrl in test [14, l5]. However, a".pros-
pective stm(lv in lvhich lt lore than 600 clirect anti-
gl<lbulin tests rvere perfonnecl on mrrlt iple sarnples
frorn 169 patients receiving penicilt in(s) iv
(mainl1,  penic i l l in G) ancl  124 par ients receiv-
ine cephalosporin clrtrss (primarily cephalothin)
inclicated that f ir,e patients receivins penicil l in
and four receiving cephalosporins hacl positive
direct  ant ig lobtr l in tests,  i .e. ,  : rn in<: i r lence of .  -Zo/o
in each instance [10, 16, l7] .  A review by Srvisher
supported the lorver fistrres o[ inciclence [18]. In
studies concerning the rnechanisrn ancl clinical
significance of the direcr antiglobulin tesrs that
were posi t ive as a resul t  of  cephalospor in admin-
istration, three mechanisms were proposed.

(1) The cell membrane may be rnodified by
the rlrtrg so that the cell takes trp proteins non-
imrnunological ly p4-16].  In v i t ro stucl ies incl i -
cated that cephalosporin-sensitizecl cells incubat-
ecl in normal plasnra becorne coatetl n' ith albu-
mitt, IgG, IgA, IgNt, dr-antitr) 'psin, d2J.nìÍtcro-
glol lu l in,  C3, C4, arrc l  f i l l r inosen I lG, lg] .

(2)  
' I 'he 

drug nìay conrbine wit l r  the red bloor l
cell mernbrane, as cloes penicil l in, ancl react with
cross-react ing ant ibocl ies to penic i l l in [10,  14, 16,
20,2t1.

(i) 1'he <lrug nra)' con'rbine rvith the rerl bloocl
cel l  membrane in a fashion sirni lar  ro that  o[
penicil l in, and specific antiboclies to the cepha-
losporin nìay react rvith the rlrus on the cell

1t6,22,231.
Spath et  a l .  [6]  conf i rmed that al l  three of

these mechanisms may lead to a positive direct
antigloltulin test. Whether the positive clirect. an-
tiglobtrl irì test restrlts from noninrrnunologic pro-
tein absorption or from fixaticln of antibody may
be determinecl by serologic tests [lg, 24] arr,cl is of
c l in ical  s igni f icance since henrolyt ic anernia has
not beelt reported irs a resrrlt of nclnimrntrnnlogic
protein altsorption.

Al thotreh the direct  ant ig lobtr l in test  has been
nrost extensively stur l ier l  lv i t l r  ccphalothin,  posi-
tive tests have also been ascribed to otlìer cepha-

losporins, strch as cephalexin [25-27], cephalori-
d ine [28, 29],  and cefazol in [26,30].

The principal clinical irrrportance of positive
direct antiglol:ulin tests causecl by cephalospor-
ins is that they cause apparent incompatibil i ty
in the minor cross-nratch test and may confuse
the evaltration of hemolytic clisorders of other
etiology l l7, 31,32]. Since penicil l in is the second
rnost corìrnron cause of drug-incluced inrrnttne
hemolytic anemia, and since the mechanism of
recl bloocl cell sensitization with cephalosporins
is, in sorne cases, similar to that resulting from
adnrinist iat icr í r  of  peniCi l l in,  Abrahanr et  a l .  p0]
statecl in lf)68 that it was "strrprising" that hemo-
lytic anenria due to achninistration of cephalo-
sporins hacl not been reported. Since that t ime
several cases of cephalosporin-indtrced inrrntruo-
lrerrroll ' t ic anernia have been reported 122,33-3!t],
but such cases are mtrch rarer than tlrose occrlr-
ring rlrrring penicil l in therapry. T'his fincling may
be dtre to the fact that neithcr the drtrg nor the
cornplex <lf drtrg r.r'ith antibocly to the drug is firm-
ly botrnrl to erythroc)'tes cltrring therapetrtic ad-
mi nistration of cephalosporins p 0].

Netrtropenic reactions [36, 37] and tlrrombocy-
topcrtia [38, 39] have alsó been clescribecl atrd
uray, be citrrsecl l ly :tn irnntune nreclranisnì but are
less rvell characterizecl.

Imnrerliate Hylxrsensitivity Reactions

Inrrrrer l iate l rypersensi t iv i ty react ions must be con-
siclerecl separately from imrnttnoltematologic re-
actiorìs since IgG and IgNt HA antiboclies, rvhich
are of significance in regarcl to hematologic re-
actions, clo not rnediate immecliate h1'persensitir '-
it1' reactions. Such reactions are apPareltt ly medi-
aterl by Ig[, antibodies, rvlrich rnay be tlemon-
strated lry irnrntrnologic rnethods strch as skin
tests, histamine release by letrkocytes, aud raclio-
inrmtrnoassay.

Skin tests have been stu<lied rather extensively
in 1-lenicil l in allergy laÙaal, ancl although these
tests are hell lful, rnost investigators agree that
tlrere is not a lÙ07o correlation o[ results fronr
skin tests with the presence or absence of immecli-
ate hypersensitivity reactions [40]. Nevertheless,
these tests are helpful itr assessing the probabil ity
of an accelerated reactiolt to penicil l in. For ex'
anrple, Levine ancl Zolor, [42] reported that an
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acceleratecl reaction occllrred in only one of 185
skin test-negatil 'e patients as conìparerl n' ith eight
of I I skin test-ltosit ive patients treated r,r ' i th pen-
icil l in. Sirnilarly, Green and Rosenblum report-
ecl that only one of 92 skin test-negative patients
reactecl to penicil l in, rvhereas two of eight skin
test-positive patients reacted [44]. Levine stated
that "negatire skin tests for ltenzl' lpenicil loyl-
specific ancl rninor-cleternrinant-specific skin-sen-
si t iz ing arr t ibot l ies appear to rrr le otr t  t l re pclssi-
bil i ty of an irnmediate or accelerated allersic re-
act ion" [41] ,  ancl  he at t r i l ; t r ter l  the less def in i t ive
expcr iet tces lv i t l r  skin tests l ry others to the fact
that the skin test reasents trsed by others have
not incltrrlecl the "nìinor cleterminant mixture"

[45]. Apparently, Levine's rvork with the "urinor
deterrninant rnixture" has not l)een confirmed lly
other investisators, :tt least in part l)ecatrse the
chemical natrtre of the "ntinor cleterrninants" has
not been el t rc ic lated [46].  f ' l r is  lack o[  knorvlcdse
hinders ftrrther rvork on tlìe rìature and signiR-
cance of irnnrtrrìe resporìses of nrinor cleterrninant
s1-recificit ies [46].

Only a l i rn i ted number o[  st t rc l ies l rave been
tlorre trsins skin tests r.r ' i th cephalosporin clrtrgs [4,
12, 47-49], alrcl these sttrt l ies have clemonstrated
th;r t  a rninor i ty of  pat ients al lergic to penic i l l in
I tave posi t ive skin tests to cel thalospor ins.  How-
ever,  the c l in ical  s igni f icance of  such react ions
hus trot  been r lctermined. Thtrs,  nr t rch more ex-
tensive cl:rta arc neeclecl before results fronr skin
tests cotrkl lte shorvn to be of value in reganl to
h1'persensi t iv i ty to cephalospor ins and 1:ossible
cross-react iv i ty wi th penic i l l ins.

Other uret l rocls o[  assaf ing IgE ant ibor l ies in-
c ' l t rc le l 'at  nì Í rst  ccl l  deglanrr lat ion p, l ] ,  rc lcasc of
I t is tanr i t re l ' rorn sensi t izecl  htrnr:rn letrkocytes p2],
atr<[  racl io inrnrrrnoassay. The last  technique has
been :rpplierl to penicil l in allergy rvith promising
restrlts [50-112] ancl may prove to bc a reliable
in v i t ro assav for the presence of  IgE ant ibodies
to :r t lrrrg. A particular advantage o[ radioinìnìu-
noiìssa): is that it is comrnonly trt i l izecl in clinical
laboratories, rvhereas other methotls, strch as re-
lease of histarnine frorn htrman letrkocytes, are
not. ' I ' l rcrefore,  rar l io inrrr lu l roassay cotr lc l  be wir le-
l1 '  a l r l r l iet l  i f  f t r r t l rer  expcr ience incl icates i ts rel i -
abil itr ' . ' I 'o 

rlate, lrorvever, t lrere are no publishecl
dat:r  rcganl inc t l re rrse oI  rar l io in lmurìoÍ tssay of
Ig l i  : rnt i l lor l ics to cephalospor i  r ts.

Clinical Studies

Althotrgh the weight o[ presently available lab-
oratory d:rta strpllorts the concept of immuno-
logic cross-reactirity between various penicil l ins
and cephalosporins, one cannot trt i l ize such ex-
perirnental data to predict accurately the efiect
o[ aclministration of cepltalosporins to individual
patients rvith a history of allergy to penicil l in.
Lacking spccific preclictive immtrnologic tests,
olte nrust refer to clinical stuclies to obtain addi-
tional infclnnation regarding inrnltrnologic'cross-
react iv i ty.  Drrr ing c l in ical  t r ia ls conducted with
the r:eplralosporins, 15,708 case reports were eval-
trated (R. S. Griff ith and H. R. Black, personal
corrrnrtrnication). Table I shows tlte number of
allergic reactions reportecl after administration of
each of several cephalosporins to penicil l in-al-
lergic ancl nonallergic paticnts. Of the 15,708 pa-
t ierr ts,  701 (4.5%) had a history of  a l lergy to

l rerr ic i l l in,  and 57 (8.1%) o[  t l rese hacl  an al-
lergic reaction to adntinistration of cephalospo-
rins. 

-I 'here 
were Mr,007 patients who did not have

a l r is tory of  penic i l l in al lergy,  and 285 ( l .9fo) oî .
these h:r<[ an allergic reaction to cephalosporins.
Thtrs, it appears that a patient is about four times
nlore l ikely to have an allergic reaction to a
cephalosporin if lre ltas a history of allergy to

penic i l l in than i f  he has a negat ive history of
al lergy to penic i l l in.

With use of presently available data, it is irn'

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

Cephalosporin, history

of penicil l in allergy
(no.  of  pat ients) 'No. 

with allirgic reactions (%)

Cephalgridine
No  (3 ,471 )
Yes (109)

Cephalothin
No (1 ,045)
Yes  (138 )

Cephale xin
No  (7 ,819 )
Yes (291)

Cefazolin
No  (1 ,369 )
Yes (74)

Cefamandole
No  (1 ,303 )
Yes (89)

s77

86 (2 .6)
l4  (  l  3 .0)

2r (2.0)
8 (5.8)

8 7  ( l . l )
le  (6 .5)

I (0.6)
3 (4.0)

83 (6.4)
l 3  (14 .6 )



possi l ) le to ascertain to rvhat extel ì t  th is higher
rate oI  react iv i ty to cephalospor ins in peni-
c i l l in-al lergic pat ienrs can be at t r ibtr tec[  to in i -
mtrnolosic cross-reactivity between penicil l in
and cephalosporins. Smith et al. [40] shorvecl that
in penicil l in-allergic inclividuals rhere is an in-
creasecl inciclence of hypersensitivity reactions to
clnrss irnmtrnologically trnrelatecl to penicil l in.
f 'hat  i .s ,  their  data incl icarc r l ìar  the history of  a
prior reaction to inrnrunologically trnrelated
drtrss rvas about tltree tintes as freqtrent in 1ld-
t icnts rv i thorr t  l rcnic i l l in react ions.  In ad<l i t ion,
there is evitlence o[ specific irtrrntrne response to
ceph:rlosporins rvith antiboclies that clo not
cross-react rv i th penic i l l ins [0,  16,  23],  a f inding
inclicating indepenclently aiqtrirecl hyjrersensitir:-
íty rather tlran cross-allergenicity in some pa-
t ients [23] .

Conclusions

In decicling rvhether to uti l ize a cephalosporin in
a pat ient  wi th a history of  a l lergy to penic i l l in,
physicians ntust f irst consicler that a specific im-
nrtrnolosic test to preclict strch hypersensitivity
in an indiv ic l t ra l  pat ient  is  not prescnr ly avai l -
able. Physicians shoulrt also be arvare of the data
citecl above regarcline possil l le irnnrune cross-re-
act iv i ty and the cl in ical  sr t r<l ies incl icat ing the
l i r r r i tat ior ìs concerning the inter 'pretat ion of  these
sttrclies. Of eqtral irnportance, physicians mtrst
consicler the cornparative efficacy of possible al-
ternative drtrgs anct be awal'e of the aclr,erse reac-
tions that nray restrlt from the trse of strch al-
ternative antibiotics. Clinical jtrclgrtrent, basecl on
the above approach, allons for the best possible
assessrnent of  the advisabi l i ty  of  the use of  a
cephalosporin that can l;e nrade in an intl ividtral
pat ient ,  ut i l iz ing currenr l ) ,  avai lable informat ion.

In seneral ternrs, it is perhaps best to avoicl
the trse of cephalosporins, except for compelling
re:rsons, in l latients n'ith a l)ast history of *na-
plr l ' laxis or other immecl iate-rype penic i l l in
hl ,persensi t i r  i ty  react ions [53].  On the ot l ìer
hanrl, t lre allove analysis of cotrparative efficacy
ancl risks rrrakes it reasonable to use cephalosllo-
r ins for  appropr iate infect ions in most pat ients
lvith a history o[ a less severe type of allergic re-
action to the l lenicil l ins. Continued research to
clevelop lrractical in vitro tests ro preclict hyper-

Petz

sensitivity reactions in individual patients is ur-
gent"ly ncerlecl.
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