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The antigenicity of cefazolin and its cross reactivity with benzylpenicillin,
ampicillin and cephaloridine were studied. Cefazolin showed a sensitizing
activity, as evidenced by the elicitation of specific precipitin antibodies and
of hemagglutinating antibodies in experimental animals immunized with
protein conjugates of this antibiotic, as do conjugates of penicillins and
cephalosporins. Cefazolin gave a minimal cross reactivity, not only with
benzylpenicillin but also with ampicillin and cephaloridine. Quantitative
hapten inhibition of precipitation, against anti-benzylpenicillin antibodies,
by haptens of 7-aminocephalosporanic acid and 6-aminopenicillanic acid was
only minimal. This finding suggests the possibility that the cross reaction
between cephalosporin derivatives and related penicillins against benzyl-
penicillin is mediated mainly by the acyl side chain of the molecules.

Cephalosporin antibiotics are substitution products of 7-aminocephalosporanic acid
(7-AGA), and differ from the penicillins in that a 6-membered dihydrothiazine ring
replaces the 5-membered thiazoline ring of the parent compound. Because of their
difference in nuclear structure, there appeared to be little or no cross allergenicity
between cephalosporins and penicillins. For this reason, earlier reports indicated

that cephalosporins could be safely given to patients known to be hypersensitive to
the penicillins.1>2>3'4)

But recent work has established that the cephalosporins have cross reactivity
with benzylpenicillin in animals and, very probably, in man.5'6'7' Indeed, more

recently, a few patients having a history of penicillin allergy were reported to be
allergic to cephalosporins.8>9) Fig. 2 shows possible pathways in the formation of

protein conjugates of cephalosporins.10'11)
Cefazolin (CEZ) is a new cephalosporin C derivative. This substance has a

tetrazolylacetyl side chain on the amino group and a 5-methyl-thiadiazolyl-thiomethyl

group on the 3-position of the 7-ACA12). Because of the structural similarity of
penicillins and cephalosporins, it is natural to suppose the existence of some overlaps

in allergenicity.
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This report describes the antigenicity of cefazolin and its cross reactivity with

other cephalosporins and penicillins by means of hemagglutination test, inhibition of
hemagglutination test, quantitative hapten inhibition of precipitation test and passive
cutaneous anaphylaxis reaction.

Materials and Methods

Antigen
Cefazolin (CEZ, Fujisawa Research Laboratories), potassium benzylpenicillin (PC-G,

Fujisawa Pharm. Co., Ltd.), cephaloridine (CER, Glaxo Laboratories), ampicillin (AB-PC,
Beecham Research Laboratories), cephalothin (CET, Eli Lilly and Co.). The preparations

of phenylacetoamido cephalosporanic acid (FK-1), 2-thienylacetyl-3-2-(5-methyl-l,3,4-
thiadiazolyl)-thiomethyl-J3-cephem-4-carboxylate (FK-2), 7-ACA and 6-aminopenicillanic

acid (6-APA) were produced in Fujisawa Research Laboratories. Bovine T-globulin (BGG)
used was Fraction II of bovine plasma (Armour Co.). Rabbit albumin crystalline (RSA)
was purchased from the Nutritional Biochemicals Corporation.

Preparation of benzylpenicilloyl-protein conjugates
Two hundred mg of PC-G was incubated with 50mg of RSA or BGG in 5ml of

veronal buffer at 37°C for 24 hours. The pH was maintained by the addition of In
NaOH at pH 8.5~11.0. The solution of the resultant conjugate was then dialyzed against
buffered saline, pH 8.0 at 4°C for 6 days. The penicilloyl (BPO) content of the conjugates
was determined by the penamaldate method13). The conjugates contained 32 BPO groups/
molecule of RSA and 33 BPO groups/molecule of BGG. Aminobenzylpenicilloyl-protein
conjugates were prepared in the same manner and 24 and 28 aminobenzylpenicilloyl groups,
respectively, were bound to one molecule of RSA and BGG.

Preparation of cefazolin-protein and cephaloridine-protein conjugates
CEZ or CER was coupled to protein at pH 8.5 to ll.0, following the same procedure

described for the conjugates of PC-G.
Experimental animals
White rabbits each weighing 2.0~2.3 kg were used for the production of antisera.

Albino strain guinea pigs each weighing 320^-350 g were used for passive cutaneous
anaphylaxis experiments.

Rabbit immunization schedule
A 4-ml aliquot of antibiotic-RSA conjugate was emulsified with an equal volume of

(Freund's complete) adjuvant ; 0.2 ml of this emulsion was given intramuscularly, 0.2 ml
intradermally into 2 sites on the abdomen, and 0.6ml subcutaneously to three white

rabbits. The emulsion injections were repeated for 4 or 8 weeks at 4^7 day intervals.
One week after the last injection, the rabbits were given as a booster an intramuscular
injection of the antibiotic-protein conjugate solution. Bleedings taken on the 5th day

after the booster injection were used for antisera. Antisera were collected from three
rabbits.

Hemagglutination test
Normal rabbit erythrocytes (RBC) were sensitized with each antibiotic as described by

Ley14). Four ml of blood from an unimmunized rabbit was mixed with an equal volume
of Alsevers solution containing 120 mg of the antibiotic. The suspension was incubated

for 1 hour at 37°C, centrifuged and washed three times with physiologic saline. The
cells were made up to a 2% suspension in physiologic saline. Antisera were prepared
from an initial 1:2 dilution and then from a twofold serial dilution in saline. To 0.3
ml of the individual serial dilution of antisera in tray (Tominaga Works Ltd.), 1 drop

of the 2% erythrocyte suspension was added. The tray sealed with seal-paper and
incubated for 2 hours at 37°C, stored 20 hours at 4°C and the results then read micro-
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scopically for hemagglutination, the end points being determined as the highest serum
dilution at which clumping of red blood cells occurred.

Inhibition of hemagglutination

Antiserum, 0.5 ml, was added to each 0.5 ml of serial twofold dilutions of inhibitor at
an initial concentration of 500 mM/ml, and the dilutions incubated at 37°C for 2 hours.
One drop of 2%sensitized erythrocyte suspension was then added to each 0.3 ml of the
mixtures. The remainder of the procedure was the same as that used for the hemag-

glutination test. Antiserum was used at 4 times the concentration needed to give detec-
table hemagglutination. Hapten concentrations were expressed as the lowest concentration
in millimoles per milliliter which gave complete inhibition of hemagglutination.

Quantitative hapten inhibition of precipitin reaction

To determine the equivalence of antigen and antibody, modified methods described by
Heidelberger were used15). Antisera and antigens (antibiotic-BGG conjugate) were clarified
by centrifugation at 10,000 r.p.m. for 30 minutes. A constant volume (0.5 ml) of antiserum
at a 1 : 10 dilution was added to increasing amounts of antigen dissolved in 0.5 ml of 0.15 M
phosphate buffer saline, pH 7.8. The mixtures were incubated at 4°C for 48 hours. They
were then centrifuged and the precipitates were washed three times with cold phosphate
buffer saline and dissolved in 1N NaOH. The supernatant was analyzed by ring tests

in the usual fashion. Protein assay was done by a modified Folin-Ciocalteau method.16)
For hapten inhibition studies, 0.4 ml of appropriate dilutions of haptens at an initial

concentration of 200mM/ml were incubated with 0.5 ml of antisera for 20hours at 4°C.
An amount of antigen, at a concentration which might be at equivalence with the above
prepared antisera, was added to the mixtures. After 48-hour incubation at 4°C, precipitates
were centrifuged at 3,000 r.p.m. for 20 minutes at 4°C and washed three times with the
cold phosphate buffer saline. Protein determinations were done by modified Folin-
Ciocalteau method. In order to compare the inhibitory effects among several haptens,

the hapten concentration required for 50 % inhibition of precipitation was calculated.
Passive cutaneous anaphylaxis

Passive cutaneous anaphylaxis (PCA) tests were carried out essentially according to the
method of Ovary.17) A group of 5 guinea pigs were used for each antigen. The dorsal
skin surface was clipped free of hair and 0.05ml of the three antisera and saline were
injected intradermally at 4 sites on the area. A period of 18 hours was allowed for
antibody fixation, 0.5 ml of test antigen (antibiotic-BGG conjugate) mixed with 0.5 ml of
2 % Evans blue was given intravenously into a foot vein. Thirty minutes after antigen
challenge, the diameters of the areas of reactions were measured and, at the same time,
the dye was extracted by the method of Harada et al.18) The cross reactivity among
three antisera was calculated by the dye contents.

Hemagglutination

The results of hemag-

glutination tests are sum-
marized in Table 1. Each
pooled rabbit serum, im-

munized with PG-G :RSA,
CER:RSA or CEZ:RSA,

consisted of 2 lots. Rabbits

immunized with GEZ : RSA
conjugate produced hemag-

Results

Table 1. Cross reaction of hemagglutination of pooled
rabbit antisera immunized with PC-G : RSA,

CER :RSA and CEZ : RSA

A n t i g e n  a n d  s e r u m  h e m a g - g l u t i n i n  t i t e r s

A n t i b o d y ����������������������������������������������������������������������������

P C - G  : R S A
X  1 6 X  8 X  2 0
X  6 4 X  1 6 x  8 0

C E R  :  R S A
x  4 x  1 6 X  4 0
X  4 X  3 2 X  8 0

C E Z  :  R S A
x  8 X  4 x  1 6 0
X  3 2 x  8 X  6 4 0
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glutinating antibodies as did rabbits immunized
with PC-G:RSA and GER:RSA. Sera from

GEZ: RSAimmunized rabbits agglutinated PC-G-
sensitized cells in high titer, but agglutinated CER-
sensitized cells only to a limited extent. On the

other hand, antisera against PC-G : RSAaggluti-
nated CEZ-sensitized cells in low titer.

From these results, it was concluded that
cefazolin possesses a sensitizing potential. The

results also showed that cefazolin had weak cross
reactivity with anti-PC-G and anti-GER sera.

However, no quantitative conclusions can be
reactivity, since we could not measure the relative
the surface of the coated cells.

Table 2. Hapten concentrations
required for 100 % inhibition
of hemagglutination

H a p t e n  (m M / m l ) *

P C - G   C E R   C E Z

P C - G  : R S A 3 1 . 2 5 6 2 . 5 2 5 0 .  0

C E R  : R S A 0 .  0 2 4 0 .  0 1 2 1 2 . 5

C E Z  : R S A 5 0 . 0 5 0 . 0 0 . 3 9

Hapten concentrations are expressed
as the lowest concentration in milli-
moles per milliliter which is required
for 100% inhibition of hemagglutina-
tion.

drawn with respect to the cross
number of antigenic groups on

Inhibition of Hemagglutination
Table 2 shows inhibition of hemagglutination by PG-G, CER and CEZ haptens.

As can be seen, the PC-G and CER hapten concentrations required for 100%
inhibition of hemagglutination, in anti-PG-G sera : PC-G-sensitized cells system,
were 31.25 and 62.5mM/ml, respectively. On the other hand, much higher concen-

trations of CEZhapten, such as 250 mM/ml, were required in this system.
In anti-CER sera: CER-sensitized cells system, the PC-G and CER hapten

concentrations required were 0.024 and 0.012 mM/ml, respectively, for 100 % inhibition
of hemagglutination, but cefazolin required about a 1,000 times higher concentration.

In anti-CEZ sera: CEZ-sensitized cells system, approx. 50mM/ml of both the
PC-G and CER haptens were required for 100% inhibition. On the other hand,

only 0.39 mM/mlof the cefazolin hapten was required for 100 % inhibition.
These results seemed to indicate that cross reactivity between cefazolin and related

antibiotics was minimal, but strong cross reaction existed between PC-G and CER.

Quantitative Hapten Inhibition of Precipitin Reaction
The results are shown in Fig. 1 and Table 3. Chemical structures of haptens

are listed in Table 4. Whenthe hapten concentrations required for 50%inhibition
were compared, homologous penicillins and cephalosporins were found to be the most
effective inhibitors in every antigen-antibody system. For example, in anti-PC-G :
PC-G system, PC-G hapten gave 50 % inhibition at 2.5 mM/ml, whereas much higher
concentrations of the other haptens were required for 50% inhibition ; for example

a 34-fold greater concentration of cefazolin hapten was required (K rel. 0.029) com-
pared with the PC-G hapten.

It was also observed that the inhibition by 6-APAand 7-ACAwere minimal in
this system. Although CER, CET and FK-2 are substitution products of 7-ACA
the same acyl side chain, and differ only in the C-3 side chain, they are nearly the
same in their inhibitory ability in this system.

Also, PC-G and FK-1 molecules have the same acyl side chain and differ only
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Table 3. Hapten concentrations required for 50 % inhibition of quantitative precipitin
reaction against PC-G, CEZ, CERand AB-PC antisera

S y s te m
H a p te n

P C - G   C E Z   C E R   A B - P C   C E T   6 - A P A 7 - A C A   F K - 1  F K - 2

A n t i-
P C - G  ;

( H )�"5 0. 2 . 5 8 5. 0 1 0. 0 3 2. 0 l l. 0 > 1 0 0 .0 >10 0. 0<0 .02 5 2 .70 .90 7 9 . 0

0.  278
P C - G  :
B G G K  re l. 1. 0 0. 02 9 0. 2 5 0. 0 78 0. 2 27 < 0 . 0 2 5

A n t i-
C E Z  ;
C E Z  :
B G G

( H )5 0

K  re l.

150. 0

0.  007

1. 0 5

1. 0

100.00.011 125.00.008

A n t i-
C E R  ;

( V ) W 1. 9 2 0. 0 1. 1 5 1 4. 0

C E R  :
B G G K  re l. 0 . 60 5 0. 05 8 1. 0 0. 0 8

Anti-AB-PCAB-PCBGG / smMw50:K rel. 1 5. 0

0. 2 5 3

6 4 . 0 0 . 0 5 9  1 1 5 . 0 0 . 0 3 3

Fig. 1. Hapten inhibition of the precipitation of pooled rabbits antisera against PC-G,
CER, AB-PC and CEZ : RSA conjugate by PC-G, CER, AB-PC and CEZ : BGG.

Hapten_ AntiPG-G serum

'à"§ 50

% '°

S 'ooj

I50

0.4 0.8

AntiAB'PC serum

04 06 2 6 JO 40 80 200 004 OB 2

Concentrations of hapten added (mM)

10 40 80 200

in the structure of the nucleus, 6-APA and 7-ACA, respectively. Nevertheless, 50 %
inhibition in this system was observed with PC-G and FK-1 at the same molar

concentration.
From these results, it seems likely that the acyl side chain of the penicillins and

cephalosporins may play an important part in their cross reactivity with PG-G. In
the anti-GER:CER-BGG system, CER and PC-G haptens gave 50% inhibition at
1.15 and 1.9mM/ml, respectively, whereas the concentration of cefazolin hapten

required for 50 % inhibition was 20.0 mM/ml. Similarly, in anti-AB-PG : AB-PG-BGG
system, AB-PG and PC-G haptens gave 50% inhibition at 3.8 and 15.0mM/ml,



2OO THE JOURNAL OF ANTIBIOTICS APR. 197O

Table 4. Chemical structures of haptens
Penicillins Cephalosporins

R-HN.

0"

_^-S CH3

-N LCOOH

Rj-HN-
n

"NN^CH2-R2

COOH

- CH2C0-

Benzyl penicillin
(PC-G)

<f \-CHCO-

\=/ NH2

Ampicillin
(AB-PC)

H-

6 - AminopeniciUan-
ic acid (6-APA)

R2

N=N. N-N
I nch2co- -s4 JJ

Cefazolin
(CEZ)

IL-

r>u o>rv_
_vn jjy v-i

\=J

Cephalorid'me
  (CER)

a

>^CH2C0- -OCOCH3

Cepbalothin ( CET)

Ri

-CH2C0- -OCOCH3

FK-t

N-N

^à"S^CHoCO- ~S-^S^CH
"CH2C0-

FK-2

H- -OCOCH3

7- Am'mocephalosporanic
acid (7-ACA)

respectively. On the other hand, much higher concentrations of CER and GEZ
haptens, 115.0mM/ml and 64.0mM/ml, respectively, were required. In anti-CEZ:
CEZ-BGG system, GEZ hapten was about 95 to 143 times as inhibitory as in other
antibiotic haptens.

These results show that cross reactivity between cefazolin and related antibiotics

is generally weak.
Passive Cutaneous Anaphylaxis

As shown in Table 5, pooled rabbits antisera gave PGAreactions in all guinea
pigs when homologous antibiotic-BGG conjugate was used as the eliciting antigen.
Strong cross reactivity was
seen with GER *BCP for Table 5. Cross reaction of passive cutaneous anaphylaxis

__ ' of pooled rabbit antisera against PC-G, CER and CEZ
anti-JbHJ-Cj sera, whereas cross

reactivity between GEZ : BGG
and anti-PC-G sera was ab-

sent. Similarly, PG-G antigen
gave cross reaction at 21.4%
against anti-GER sera. On
the other hand, GEZ:BGG
antigen elicited weak cross

reaction at 9.7 % against anti-
GER sera but cross reactions
with PG-G:BGG and CER:
BGG antigens against anti-

CEZsera were absent.
Each value represents the average of five guinea pigs.

A n tibod
A n tig en

n tiooa y     pc-G : BGG  CER : BGG  CEZ:  BGG

Z on e (m m ) 37. 3-33. 6 26. 2~23. 9

A n ti-P C -G E van s (jug) 4 6 27

C ross rate    100 58.7 0 (?)
(% )

Z on e (m m ) 31 .3- 30 .6 35 .9 - 34 .1 20. 9~18.2

A n ti-C E R E v an s (jug )   22 103       10

C ross rate 21. 4 100 9.7
(% )

Z on e (m m ) 24. 5-21.3

A n ti-C E Z E v an s (fig ) 19

C ross rate 0 (?) 0 (?) 100
(% )
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Discussion

It is believed that penicillins cause sensitization only if they react with the e-amino

groups of protein to form the stable covalently linked hapten-protein conjugate, and that
the most important antigenic determinant in penicillin allergy is the penicilloyl group(Fig. 2).

Investigations into the pathways forming the penicillin antigen have been carried
out by the other researchers.19j20>21) On the other hand, little investigation has been
made regarding the cephalosporin antigen.

Fig. 2. Proposed pathways for
formation of antigen in
penicillin allergyll).

Fig. 3. Proposed pathways for formation of antigen
in cephalosporin allergy10*nK

6-APA
s

^^c h2 co -:nh-|-S (CH3)2

COONa

Lactam Thiazolidine
ring ring

Benzylpenicillin Na

^ (CH3)2HN 1COONa

o

CH2CO NH7
svi

J-"^
CH2 Ra

-OCOCHj CET

vo" 'o

Benzylpenicillenic acid

KH2- C0- NH

o« :H2C0-NH
+

CH2

w

(CH3)2

COONao-c
INH I e- iySyiamfde

(CH2)4 | linkage
H | OJ

-N CH-C-

Penicilloyl -protein conjugate
(BPO Protein conjugate )

a

. ^CHpCO-NH-

o=c
HN I

CH20C0CH3S>CH2CO-NH<

COO"
(CH2)4

-N-CH-C-

H 6

Cepha fosporin - protein conjugate

>
, -CHs

5-Carbon
fragment

Cephal osporin-protein conjugate

As shown in Fig. 3, due to the structural similarity of penicillins and cephalosporins,.
it is supposed that the opening of the /?-lactam ring of cephalosporins causes the forma-

tion of stable covalently linked conjugates as in penicillinsn). However, a recent work has
shown that cephalosporins lead to rapid fragmentation of the molecule under physiological
conditions10).

In the present study, the antigenicity of cefazolin and its cross reactivity with related
antibiotics was studied with antisera against RSA complex, which were incubated with
PC-G, AB-PC, CER and CEZ under alkaline conditions. It is postulated from our
experiments that cefazolin possesses a sensitizing activity in man as evidenced by the
elicitation of specific antibodies in experimental animals.
With regard to the specificity of rabbit antibodies to BPO, Levine has already pointed

out that they were specifically adapted to a large antigenic unit comprised of the entire

BPOgroup, the lysine side chain and structural configurations of the immunizing carrier
proteins by means of PCA, quantitative precipitin and hapten inhibition reactions22).
From our results in quantitative hapten inhibition of precipitin reaction, cross reac-

tivity of cefazolin antigen against anti-BPO antibodies and anti-CER antibodies was
minimal. In contrast, strong cross reaction of CER and CET antigens against anti-BPO1
antibodies was seen. As was shown earlier by Shibata et al., their cross reactivity
rriay be related to the chemical resemblance of thiophene and benzene in the side chain
of the compounds6).
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Brandriss has reported that CET and BPOantigens against rabbit anti-BPO antibodies
and anti-CET antibodies react to nearly the same degree, but CETantigen against anti-
6-APAantibodies give weak or negative cross reactionsll). Our experiment suggested
that cross reactions of 6-APAand 7-ACAantigens against anti-BPO antibodies were very
weak and that FK-1, which has the same acyl side chain with PC-G, reacted in the same
degree with PC-G against anti-BPO antibodies and furthermore CER, CET and FK-2
having the same C-7 side chain, but differing only in the C-3 side chain of 7-ACA,
reacted in the same degree against anti-BPO antibodies.

From these results it seems likely that the acyl side chain of penicillins and cephalos-
porins may play an important part in their cross reactivity with PC-G. In this respect,
it is supposed that cefazolin gives only a weak cross reaction against PC-G and CER on
account of the considerable difference in the C-7 side chain structure of cefazolin from
that of PC-G and CER.

The significance of these results is difficult to assess. Heterogeneity exists in popula-

tions of penicillin-induced antibody molecules with respect to the degree of specificity in
individual rabbits at different times after immunization (Atsumi23)), and to the combining
sites on the antibody molecule24). Moreover, a number of penicillin antigens have been
identified in animals and it is likely that this complex situation also exists in man.
While in the present study, whole antisera were used, the use of purified globulin
fractions would help to determine the significance of results obtained.

A further consideration results from the suggestion that a macromolecular protein or
peptide residue in penicillins and cephalosporins is responsible for some types of allergic

reactionsandthisresiduemaybecarriedoverfromthebiosyntheticprocess or may form,

i

nvolution, along with another polymer by degradation of the primary ring structure.25j26'27)

These facts make the understanding of the analysis of penicillin allergy difficult. It
is possible however to reduce the risk of hypersensitivity by modifications of acyl side

chain.
Although we report that cefazolin has minimal cross reactivity with benzylpenicillin,

cefazolin should be given with care to patients with known hypersensitivity to penicillins.
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