Allergy to

: study of in vivo cross

reactivity with other betalactams

Juan Manuel Igea, MD; Juan Fraj, MD; Ignacio Davila, MD:; Manuela Cuevas, MD:
Javier Cuesta, MD, PhD; and Miguel Hinojosa, MD

We present two cases of hypersensitivity to cefazolin (one anaphylaxis). The skin prick tests with cefazolin at
therapeutic concentration were positive. For the in vitro study we used conjugates of cefazolin with human serum
albumin, obtaining a positive result in the histamine release test in both patients. In one case, we demonstrated
anticefazolin-specific IgE antibodies by RAST. The controls did not react to any of these tests.

Finally, we carried out skin tests and challenge tests with other betalactam antibiotics, including benzylpenicillin,
amoxicillin, aztreonam, cefuroxime and cefotaxime, showing in both patients good tolerance to all these drugs.

INTRODUCTION

Cephalosporins are betalactam an-
tibiotics widely used, mainly . for
their efficacy in gram(+) and
gram(—) infections, and their few
side effects: nevertheless, they rarely
are first choice drugs because there
are other less expensive drugs of
similar effectiveness.

Hypersensitivity reactions are the
most important side effects of these
drugs because of their potential se-
riousness although life-threatening
reactions have been reported only
rarely.'*

The exact haptenic determinants
of the cephalosporin molecule that
cause allergic reactions are not
nown. making questions about the

\ idence of immunologic cross-re-

“activity with penicillins and other
betalactam drugs difficult to answer.
Although some retrospective sur-
veys support a high incidence of
cross-reactivity between penicillins
and cephalosporins,”’ more recent
studies do not confirm this.*'?

In this study, we present two ce-
fazolin-allergic patients with good
tolerance of other betalactams. In
both cases. cefazolin was employed
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as prophylaxis against surgical infec-
tion. Cefazolin (in a single dose)
provides a high degree of prophy-
laxis against infection in patients
undergoing surgery because of its
effectiveness in nosocomial infec-
tion by gram(—) organisms;'' fur-
thermore, cost considerations favor
the use of this antibiotic. '

CASE REPORTS

Case 1

A nonatopic 2l-year-old woman
without any history of adverse re-
action to drugs was admitted to the
hospital to undergo a third molar
extraction. During surgery, while
she was hemodynamically stable, |

g of cefazolin was administered ip-

a\=§£9g§' / as surgical prophylaxis,

and in a few s :conds she developed
a gencralized urticarial rash, hypo-

tension and_tachycardia_(Fig 1).
There was no sign of bronchospasm.
These symptoms disappeared 20
minutes after appropriate treat-
ment. She did not rememb 1
taken any cephalosporin.before, al-
though. in the past, she had been
treated with parenteral antibiotics
because of acute pyelonephritis and
penetrating and blunt injury of her
left leg.

Case 2

A nonatopic 45-year-old woman
without any history of adverse re-
actions to drugs was admitted to the
hospital to undergo cholecystec-

tomy. Before surgery 1 g of cefazolin
was administered by Tniramuscular
IMjEction 4s prophylaxis against sur-
gical infection. In a few seconds she
developed a generalized pruriginous
urticarial rash without any other
symptoms. This resolved after ap-
propriate treatment. She did not re-
member having taken any cephalo-
sporin_before, “although she had
undergone two abdominal opera-
tions in the past.

MATERIAL AND METHODS

Skin Tests

We performed skin prick tests with
cefazolin at different concentra-
tions: 1, 2, 5, 10, 100, and 250 mg/
mL in normal saline.

Furthermore, we performed skin
prick tests with a battery of six ceph-
alosporins frequently used in our
hospital, at thelrnogmal therapeytic

oncentrations. including ceftazi-
dime (100 mg/mL), ceftriaxone
(100 mg/mL), cefotaxime (250 mg/
mL). cefoxitin (100 mg/mL), cefu-
roxime (125 mg/mL), and cefaman-
dole (333 mg/mL). If these were
negative, we performed intradermal
tests with the same cephalosporins
ns.

We also carried out prick and in-
tradermal tests with other betalac-
tam antibiotics, including:

e benzylpenicillin at 10,000 U/ml
(Antibioticos SA, Spain); we also
used the major determinant penicil-
loylpolylysine 0.000006 M (Kre-
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Figure |. Hemodynamic changes in patient no | after the administration of | g of cefazolin

IV during surgery.

mers Urban Co, EEUU) and a mi-
nor determinant mixture composed
of 0.6 mg/mL of benzylpenicillin
and 0.5 mg/mL of benzylpenicil-
loate (Stallergens Lab, France).

eamoxicillin at 20 mg/mL
(Beecham, Spain)

e azireonam. at normal therapeu-
tic _concentration (250 mg/mL)
(Squibb SA, Spain).

All the skin test solutions were pre-
pared and used immediately. All
these tests were applied in duplicate.

Normal saline was used as a neg-
ative -control. Clorhydrate hista-
mine at 10 mg/mL and 0.1 mg/mL
was used as positive control for
prick and intradermal tests, respec-
tively. The injected volume for in-
tradermal tests was (.02 mL for con-
trols and drug solutions. All skin
tests were examined after 15 min-
utes and six hours.

For skin prick tests, we consid-
ered a reaction as positive if the
wheal size induced by the allergen
was 3 mm larger than the one ob-
tained in the negative control: for
intradermal test, a reaction was con-
sidered positive if the wheal size was
similar to the one obtained with the
positive control or if, regardless the
size, the wheal had pseudopods.

The nonspecific irritant capacity
of each skin test solution was inves-
tigated in a control population of
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ten subjects with no history of ad-
verse drug reactions.

Total IgE
Total IgE was measured by IgE EIA
technique according to the manu-
facturer’s instructions (Pharmacia,
Sweden).

Cefazolin Protein Conjugate
Protein conjugates of cefazolin with
human serum albumin were pre-
pared according to the method of
Levine and Ovary."?

Histamine Release Test

This test was performed using an
automated fluorometric method ac-
cording to Siraganian'* with the
modifications described previously, '
with six different concentrations
(1:5, '1:25; 1125, 5625 V3125,
1:15625) of cefazolin conjugated
with human serum albumin. A re-
sult higher than 10% release was
considered positive.

Before allergen challenge, blood
samples were tested with four dilu-
tions of goat antihuman IgE (Tago,
Burlingame, USA).

The total basophil histamine con-
tent was measured in the patients
by adding perchloric acid (Merck,
Darmstadt, Germany) at a concen-
tration of 10% vol/vol to the sample
blood.

The same test was performed on

five sera from subjects without his-
tories of adverse drug reactions.

Specific IgE Determination
Specific IgE was determined by
RAST. Nitrocellulose paper discs
(Hoeffer Scientific Instrument, US)
were coupled with cefazolin conju-
gates by a 24-hour incubation at
room temperature. Thereafter, the
discs were washed three times in
PBS 0.1% Tween 20 (PBS-Tw). To
facilitate the desorption, 1% bovine
serum albumin in PBS was added
and the discs were incubated for one
hour at room temperature. Afier
washing again three times with PBS-
Tw, discs were ready for use; then
they were stored in PBS at 4 °C.
The RAST assay was carried out
incubating our cefazolin conjugate
nitrocellulose discs with 50 pL of
serum for 18 hours at room temper-
ature. Then the discs were washed
three times with PBS-Tw to remove
unreacted serum. Afterwards, 50 uL
of '¥I labeled anti-IgE (Pharmacia
Diagnostics, Sweden) were added
and incubated 18 hours at room
temperature. Then, the washing
steps were repeated and discs were
read on a gamma counter. The
RAST was performed in duplicate.
The control group consisted of a
pool of sera from five normal indi-
viduals and a pool of sera from five
penicillin-allergic patients with pos-
itive RAST to penicillin. A value in
the RAST higher than the mean
plus 2 SD was considered positive,

Challenge Tests
m&nzy]penicillin and

its determinants were negative, the
patient was challenged by adminis-
We started

with 1 U administered u-
taneously. After one hour, 1f no re-
R ey .
action was observed, we continued
with 10.000 U intramuscularly, a-l"l.g
then double doses were adminis-
fered at 1-Rour intervals until a ther-
e E——

apeutic e was reache 000

f skin tests to Wwere
negative, the patient w. enged

by the oral route with this drug,
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administering E 50, and 500 mg, at
2- 3 -_
If skin tests to aztreonam were

negative, the patient was challenged

with this drug

adm

25 mg/mL) w

cutaneously, and if this dose was
tolerated, rlmh:Lm:ﬂms_QLZﬂ
00,.and 1,000 mg intramuscula

1 mL of

lf skin tests to cephalosporins
other than cefazolin were negative,
we carried out the following chal-

lenges

3 (Glaxo, Spain)
5, 100, and 500

to]erat f% uhg; . jg : |'§g;ions of 100,
500, and 1,000 mg intramuscular y

thsmu;g S_ﬂ__
-hour intervals
~ ousse Ibérica,

Joute: 0.2 2

were administered every two hours.

“These challenges Were carried ot
as open procedures.
formed consent of the patients was
obtained before challenges. The pa-
tients were carefully monitored and
full emergency therapy was avail-

able.

Written in-

All the studies were performed in

our hospital.

RESULTS
)#SKin.pri

110

Wwere

sitive. in  the _two patients at

resEonses gTabIe 1} The same test
1S,

| otal serum IgE was less than l%()
IU/mL in the two patients.

Both patients had positive leuko-
cyte histamine release tests, with
maximum releases of 50% in pa-
tient 1 and 29% in patient 2 (Fig.
2). Both patients had positive hista-
mine release with the goat anti-hu-
man IgE. The control subjects had
negative results with the same test,

Specific anti-cefazolin IgE was
found only in patient number 1. We
obtained by RAST
which was ten times greater than the

__JLUME 68, JUNE,
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1.095 cpm
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Table 1. Results of Skin Prick and Intradermal Tests with the Different Betalactam Antibiotics
and their Concentrations in Both Patients

Patient1 Patient 2
—_— ———
Prick ID Prick ID
Benzylpenicillin (10,000 U/mL) neg neg neg neg
MDM* neg neg neg neg
PPL’ neg neg neg neg
Amoxicillin (20 mg/mL) neg neg neg neg
Aztreonam (250 mg/mL) neg neg neg neg
Cefazolin
1 mg/mL neg — neg —_—
2 mg/mL neg == neg o
5 mg/mL neg — neg il
10 mg/mL neg - neg —
100 mg/mL neg — neg —
250 mg/mL 7 mm —_ 6 mm —_
Ceftazidime (100 mg/mL) neg neg neg neg
Ceftriaxone (100 mg/mL) neg neg neg neg
Cefotaxime (250 mg/mL) neg neg neg neg
Cefoxitin (100 mg/mL) neg neg neg neg
Cefuroxime (125 mg/mL) neg neg neg neg
Cefamandole (333 mg/mL) neg neg neg neg
Controls
Histamine 7 mm 7 mm 5 mm 6 mm
Saline neg neg neg neg

* MDM = minor determinant mixture and PPL = penicilloylpolylysine.

PATIENT 1

PATIENT 2

a0 b "e c ve d »

Figure 2. Histamine release tests in both patients (2 = basal: b = antihuman IgE; ¢ = cefazolin-
human serum albumin; and d = total histamine).

ST LN 3T S S S il 5 e S L e Tl RE=

517



mean of the control group (includ-
ing penicillin-allergic patients with
positive RAST to penicillin). The
count obtained in patient number 2
was similar to the control group
(Table 2).

The skin and challenge tests with
the other antibiotics (benzylpenicil-
lin, amoxicillin, aztreonam. and the
other cephalosporins) were all neg-
ative in both patients, showing a
perfect tolerance to all these beta-
lactam antibiotics (Tables 1 and 3).

DISCUSSION

We present two cases of hypersen-
sitivity reactions to cefazolin, one of
which is anaphylaxis. Although we
have demonstrated anticefazolin-
specifi jes in only one

specific IgE_antibodics,

case, the sym olo de-
scribe?, the positive sEm ncE tests.
and the histamm§ EEE tests with
cefazolin in both patients strongly

suggest a type 1 hypersensitivity re-
action to this cephalosporin.
Skin@rick) tests with cefazolin at
therapeutic concentration seem a
Teliable and effective method for
identifying patients allergic to this
drug, although more studies are re-
quired with a more extensive num-
ber of patients. The negative results
in the control subjects support the
specificity of this test. There is no
previous report about skin tests with

Table 2. RAST Results in the Two Patients
and the Mean and Standard Deviation in the
Control Group (5 Normal Individuals and 5
Penicillin-Allergic Patients), Expressed in
c.p.m.

Patients CPM
Patient no. 1 1095
Patient no. 2 93
Control group 748 +19.2
(mean + 2 SD)

cephalosporins and concentrations
to be used; dOnlysenestudy suggests
tioussta be-uged: only one study'
suggests that cephalotin concentra-
tions greater than 1 mg/mL in in-
tradermal testing tend to give many
false positive reactions.

Because cefazolin is probably an
incomplete antigen due to its low
molecular weight, we have com-
bined this drug with an autologous
protein to produce a complete an-
tigen to be used in in vitro tests. The
histamine release test and RAST
with conjugates of cefazolin have
helped us diagnose cefazolin-al-
lergy. We think they could be a help-
Fu]_dlagnosuc procedure in cefazo-
lin-allergy, at least in some cases.

The study of in vive cross-reactiv-
ity with other betalactams showed
good tolerance to penicillin. amox-
icillin, and aztreonam in both pa-
tients. These results are consistent
with low clinically relevant cross-
reactivity between the betalactam
antibiotics (penicillin, cephalospo-
rins, and aztreonam), as indicated
by recent reports."'*'” In some of
these, penicillin-skin test-positive
patients were challenged with ceph-
alosporins without adverse reac-
tions. Saxon et al established a

reagnog rate of 3% to 7% for cep_h
alosporins in patients with a positive
history of penicillin allergy.

h of penicillin

All these investigators have stud-
ied™folerance 1o cephalosporins in
senicilin-allergic patients, )But none
has stualea mierance To other beta-
Aelam anlibiotice 1N patients with
m'é orin_allergy; In
ACL, Cases of primary cephalosporin,

allergv have been reported only

. 4, 18,19
rarely,

On the other hand, both of our
patients tolerated administration of

Table 3. Challenge Test Results in Both Patients with the Route and Maximum Dose

Administered
Drugs Doses Route Patient 1 Patient 2
Benzylpenicillin 600,000 U IM neg neg
Amoxicillin 500 mg Oral neg neg
Aztreonam 1,000 mg M neg neg
Cefuroxime 500 mg Oral neg neg
Cefotaxime 1,000 mg IM neg neg
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other cephalosporins. Others have
suggested low cross-reactivity among
cephalosporins.* ?° In fact, aniibod-
ies to cephalosporins with different
side-chains prepared in rabbits fail
to cross-react.”’

All these works, including the

presenf one, Stronegly suggest that
pecific antlﬁogles re-

ominate in the immune response
o cephalosporins. 15 would ex-
p[am the low cross-reactivity among
different _ cephalosporins,  which
share the same nucleus but different
side-chains. Furtherm it would
em:c - _r____QE_J_w x i
among ceghalosgorins and other he-
talactam antibiotics, w ich share
the same betalactam ring 1n the nu-
STeue Butdilerent  side-chains.

¢ [ew cases ol penicilin-

robably.

gg;ihjg}aigs. 1 ze
In the group of penicillins, al-
though betalactam-specific antibod-

e A
1es predominate in the immune re-

sponse, recent works indicate the
importance of side-C o

23

antibodies.”™ =

IS ey

C tivity between a ceph-
alosporin and ot r
Gl : ;
the lack of 1t, could be r

in part, imcmsow-
ture c0n51d It 1S useful 10

cilin: and tha

q;.am.mml“
has the, Sammgm.as.mmm

the_penicillin_nucleus, aps._he

cause of greater lability of the ceph-
alosporin nucleus following amino-
i e bl ot T
WO explain 7 e
esser incidence of cephalosporin al-
:egv wEen comEare% WIlE Eemcﬂ—
in_allergy.™ It 1s 0 interest that

T - s

ANNALS OF ALLERGY




some cephalosporins can reduce IgE
levels in vivo® and other immuno-
genic responses in vitro,”® which
could contribute to this.

In conclusion, patients primarily
sensitized to cefazolin can tolerate
penicillins, aztreonam, and even
other cephalosporins. Although
more studies are required, soon we
may be able to advise physicians
about the use of one of these drugs
in the cephalosporin-allergic pa-
tient, when the right indication has
been established and always under
medical supervision during and
after therapy. For the present it is
reasonable to avoid the use of any
“etalactam antibiotic in the cepha-
1osporin-allergic patient.
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