
Allergy, 1991, 46, 632-638

Differences in serum IgE antibody activity to
benzylpenicillin and amoxicillin measured by
RAST in a group of penicillin allergic patients
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To detcrtiiine the itiiUtcnee eil" the acyl side chain eiti the Igl'̂  antibody speeifteity eil the
twei tnost eommeiii penie:illitis inducing allergic reactions in onr eeintintinily. licnzyl-
penieillin (HP) and atneixicillin (AX), IgE peisitivc sera treiin a group of 24 patients
allergie lo penicillin were: studied. RAS 1" was determined in ])at'ailel tei benzyl penicilloyl-
polylysine (BPO-PLL) atid atiioxieilloyl-polylysine (AX-PLL) in each serutn, and values
greater than an estaiilislieel ceiefftcient of variatioti of 1.')% were con.sidet'cd as different feir
either of (he hapletis useel (HP and AX). 16 sera proved to be more positive to BP (Group
A), six to AX (Group B) and in two IgE was positive to both haptens with a similar value
(Greiup C). RAS r titralioti eoneetitration eff"ec:l c:urves and RASl" inhibition studies wilh
a pool of sera from each group (A, B, C) and individual sera showeel that nieist eit" tlieni
were more specific for either BPO or AX. a minority beittg of similar value tei liolh.
These findings indieate that the side chain slrnelure' of pcnie:illins is re']e'\'anl m the
constitution of the antigenic deterniinatU, altheiugh in sotne instances ihe ceinnnon
chemical structure of betalactatn is recogni.sed titaitily tiy the IgE .intibodies. The clinical
relevance of these data needs to be established.
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Penicillin and ccphalosporin antibiotics conju-
gate with body proteins by opening the be-
talaetam ring and forming a covalent linkage
with the amino group of proteins (15, 16).
These conjugates induce both antibody and eel-
lular mediated immunologieal reactions (22).
Different degrees of eross-reaetivity have been
reported between penicillins and cephalospo-
rins. Using antibodies raised in animals some
authors have found a high degree of eross-reae-
tivity (7, 11). The cause of this has been at-
tributed to the common epitope shared by all
these compounds resulting from the eonjugation
of the carbonyl of the betalactam ring with the
amino group of the earrier (9). Other authors

have found that the eross-reaetivity is related to
the variations in the aeyl side chain structure (2,
21). Most studies have been perlormed using
antisera raised in animals. Less work has been
done in humans eoneerning eross-reaetivity be-
tween penicillins and cephalosporins (4, 22) and
between benzylpenicillin and semisynthetic pen-
icillins (7). Although some authors indieate that
the side ehain structure has little inlluenee in
allergie reactions in man (22, 24), others have
reported that the use of different betalactams in
addition to major and minor determinants will
improve the diagnostic efficiency of IgE atibody
tests (18, 23). More reeently, our group have
reported cases where patients eould tolerate
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benzylpenieillin but had an anaphylactic re-
sponse after taking amoxicillin (3, 5),

In this study we present the results of RAST
and RAST inhibition to BP and AX determined
in sera Irom palienls allergic to different pen-
ieillins. Data are ]5rovided to support the role of
the aeyl side ehain structure in the specificity of
the antigen antibody reaetion.

MATERIAL AND M I ' : T H O D S

i'atients. Sera from 24 patients with allergie reae-
tions to penicillins were studied. In all samples
RAST was known to be positive lo eilher AX or
BP or both. All the sera with suffieienl volume
available in our files were used for this study.

PBO-PLL and AX-PLL conjugates We followed a
modification ol" the method described by Ed-
wards et al. (10). For the preparation of poly-L-
lysine (PLL) derivatised dises 1 g of eyanogen
bromide activated cellulose chses were treated
with 20 mg of PLL in 20 ml of 0.1 M sodium
biearbonate, O..'i M sodium ehloride buffer pH
8 (buffer A). The dises were maintained for 2 h
at room temperature by gently mixing and then
treated with 20 ml of 1 M beta-ethanolamine in
water at pH 8. After 2 h at room temperature

dises were washed in 0.5 M buffer A and eonju-
gated in 20 ml of different molar concentrations
of BP and AX dissolved in earbonate/biearbon-
ale buffer 0.05 M pH 10.5. The mixture was
maintained at 37°C for 48 h and then treated in
alternate washes of 0.1 M sodium biearbonate
and 0.05 M sodium aeetate-aeetie buffer 0.05
M pH 4.5. A final wash was made in PBS and
the dises maintained at 4°C till use.

RAST. Speeifie Igl'̂  antibodies were determined
to BP and AX as described (8). Eaeh determi-
nation was made in dtiplicate and in the same
serum for BPO-PLL, AX-PLL and PLL sensi-
tized discs. The label uptake prodtieed by the
PLL discs was subtracted from BPO-PLL and
AX-PLL conjugates and results expressed as
pereentage of label uptake of maximum counts
added. Radiolabelled anti-IgE was obtained
from Pharmaeia, Uppsala, Sweden. Coneentra-
lion effeet eurves were made with variable
quantities of PLL, BP and AX to determine the
optimal eoneentration of these reagents. PLL
(P-0879), BP (PEN-NA) and AX (A-8523) were
obtained from Sigma Chemical Co. Sera were
grouped in three categories: Group A with more
positive RAST value to BP, Group B with more
positive value to AX, and Group C wilh similar

Table 1

RA.ST ri;sults in the 24 sera studied

Sera

1

2
3
4
5
6

7
8
9

10
11

12
13
14
15
16

Group A

BPO

30.2

26
7

10

10.3
6.5

7.5
12.5

3.4

4.6
4
6

12..'')
5
7.8
3

AX

6

3
2.4

0.3

0.2
2.4

3.8
0.35

0.4

2.7
0.3
1.5

5
2.7
t),:i5

t),7

Sera

17

18

19

2t)
21
22

Group B

BPO

17,4

1.7
t),8

2
2,5

12

AX

31

5
10

3.5
4

16

Sera

23

24

Group C

BPO

23.3
17.5

AX

25

16

G r o u | ) A c o m p r i s e s s e t a l i i t i r e p o s i t i v e tt> b e n z y l | ) e n i c i l l i n ( B P ) a n t i G i t i u p B m t i i e p t i s i t i v e t o a m o x i c i l l i n ( A X ) . C J r o n p C

e t m t a i n . s t h t i s e w i t h s i m i l a r U A S T v a l u e s tti b t i t h B P a n d A X (C^V l o w e r t h a n 1 5 % ) .
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RAST values to both BP and AX (< the estab-
lished coefficient of variation (GV)). A control
group of 31 sera from subjeets with good toler-
ance to penicillins and with IgE values ranging
between 11 and 1300 IU was used for establish-
ing the eut-off point between positive and
negative.

RASf inhibition was carried out following a
modification of the method previously described
(4). Univalent haptens of BP and AX eonjugat-
cd to EAGA (2) were employed in the lluici
phase. BP was conjugated with a 10% excess of
EAGA at pH 11.5 for 1 li. This material was
used without further purification.

Five 10-fold decreasing concentrations (100,
10, 1, 0.1 and 0.01 tnM/1) of BP and AX were
used. Results were expressed as percentage in-

30

20

IS

0.05 2.5 30 50 mM

I"ig. t. Con< c-nlralion eftee I curves usin.g Iwo eoiuemralions
of I'LL, 10 ing/ml (eontiiiuou.s line) and 1 mg/ml (dashed
line) wilh lliree pools of sera positive lo HI'O-PLL. Pool I
(A) was made from sera wilh RAST values ranging from !5,̂)
lo 25% of label uplake (lu). i'ool 2 ( • ) from sera wilh
values ranging from 24 fo 10 lu and Pool 3 ( • ) from sera
with a value ranging trom 7.5 to 2..') hi. A similar plateau
was obtained with the pools al the cone cnlration of 25 iiiM/l
of haptcn. With the concentration of 10 mg PLL a higher
value was obtained ihan with t mg PLL. Ordinate presents
ihe inotar com enlralioii ot ben /̂.yl penieillin.

hibition. Pools of sera from Grottps A, B and G,
as well as individual samples with more binding
to BP and AX, were used for inhibition.

Coefficient of variation. This was determined as
described (12). Ten detertninations with a pool
positive to BPO-PLL discs and atiothcr |)ositivc
to AX-PLL were estimated. Values over the
established GV to both conjugates were con-
sidered as different for each of the sera studied.

RESULTS

Goncenttation effect curves showed that when
using discs derivatized with PLL at the concen-
tration of 10 and 1 ing/ml ol PLI^, BP concentra-
tion of 25 inM/l produced the optitnal uptake of
specific Igl'j antibodies, no higher binding being
given with values over this concentration. This
concenttation was similar for three pools of posi-
tive sera to ben/.yl penicillin with different bind-
ing. The same cx|icrimcnt was carried out with
pools of sei a positive to AX, producing similar
results. Thus concenttations of 10 mg/ml of PLL
and 25 mM/1 of BPO and AX were used for
running all the experiments ineluding RAST in-
hiljition studies. The GV value was 14% for
BPO-PLL di.scs and 13% for AX-PLL discs. The
mean and SD in the negative control group was
0.88 and 0.25 for BPO-PLL and 0.23 and 0.12
for AX-PLL. Values over the mean plus 2 SD
were considered as RAST positive (1.18 foi' BPO-
PLL and 0.47 for AX-PLL). Results of the posi-
tive sera are presented in Table 1. Sixteen proved
to be more positive to BP (Grouj) A). The highest
value in RAST binding was 30.2 for sera No. 1
and the lowest was 3 for sera No. 16. Sera Nos. 1,
2, 3, 6, 7, 10, 12, 13, 14 and 16 were also RAST
positive to AX. Sera numbered from 17 to 22
were more positive to AX (Group B). The maxi-
mum value was 31 and minimum 3.5. Ga.ses 17,
18, 20, 21 and 22 were also positive to BP. Sera
numbered 23 and 24 had similar binding to both
BP and AX with a GV lower thati 15% (Group
G).

For comparative studies pools of sera mote
positive to BPO-PLL (Pool A), AX-PLL (Pool
B) or with similar binding (Pool G) and also
individual .sera were run in parallel in the same
assay making concentration elTctt curves using



DIFFERENCES IN SERUM IgG ANTIBODY ACTIVITY TO BENZYEPENICIEEIN 635

Pool C

0.25 2.5 10 25 30 50

* Serum 19

0.25 2.5 10 25 30 50 0.25 2.5 10 25 30 50 mM

Negative

Fig. 2. Titralion curves using pools of sera from Group A (more positive to BP), pool B (more positive to AX) and G (similar
binding to BP and AX). Individual sera are also used. The Y axis shows the RAST results as percentage label uptake (% lu).
In Fig. 2a the concentration effect curves with pool A and serum 2 are presented. With discs sensitized with BPO-PLL more
binding is obtained than with those sensitized with AX-PLL. In Fig. 2b a pool more positive to AX and a serum RAST
positive to AX only is u.sed. When serum 19 was assayed widi BPO-PLL dises no significant binding was obtained. U.sing a
pool of the sera from Group G (Fig. 2c), similar binding was obtained using either BPO or AX-PLL dises. Binding t)f the
iiegalive control pool is shown at tlie bottom of Fig. 2c. With all the sera the optimal uptake was obtained at the ha|Men
concentration of 25 tnM. • BPO-PLL discs, • AX-PLL discs.

the same concentration of either BP or AX rang-
ing from 0.25 to 50 mM/1 with each sample.
Results are presented in Fig. 2. With pool A a
maximum binding of 27.3% was obtained at 25
mM/1 with no higher binding with hapten con-
centrations over this value. When discs of AX
were used with the same pool, a plateau was also
reached with 25 niM/l but with a value of 14.4%.
When a serum from Group A was used (sample
No. 2), a maximum binding of 24.9% was
obtained using BPO-PLL discs and 4.8 with AX-
PLL. The results with Pool B can be seen in part
(b) of Fig. 2. A maximum RAST value of 31 %
was obtained with AX at 25 mM/1 and with BP
the value was 9.5%. When the concentration
effect curve was made with serum No. 19 from
Group B, a maximum of 10.4% was obtained,
giving no positive value with BP-PLL discs at any
of the concentrations used. When the Group G
pool (sera of similar RAST value) was used,
similar parallel curves were obtained (part (c) of
Fig. 2).

RAST inhibition results are presented in Fig. 3.
With pool A a inaximuin inhibition of 82 % was
obtained using 100 mM/1 of BP-EAGA and 40%
with the same concentration of AX-EAGA. In-
hibition with serum No. 2 from Group A gave 59 %
of the maximum inhibition for BP and 38 % for
AX. When the same experiment was made with
pool B (part (b) of Fig. 3) 85 % inhibition was
obtained with 100 mM/1 of AX-EAG and 42%
with 100 mM/1 of BP-EAGA. The use of an in-
dividual serum from this group (No. 20) gave a
value of 78 % for AX and 39 % for BP. When pool
G, formed by sera 23 and 24, was used it gave
similar inhibition values with both BPO-EAG and
AX-EAG conjugates whichever dises were used in
the solid phase (BPO-PLL or AX-PLL).

DISGUSSION

When monoclonal antibodies have been raised
to the BPO group at least three epitopes have
been found (12). Although different studies sug-
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gest that the chemical structure loeated in the
conjugation of the betalactam ring with the ami-
no group of the carrier is the relevant sirueture
(22, 24, 25) others emphasize the role of the
aeyl side chain (1, 2, 20). In our study the
determinalion of specific IgE antibodies in pa-
rallel to both BPO-PLL and AX-PLL using the
same conc(Uitra(ion of both derivatives gave dif-
ferences in binding higher than the CV of the
assay, suggesting ihat these are due to dillei-
ences in tlie chemical structure of these com-
pounds. When eoneentration ellect curves with
pools of more positive sera to either BPO or AX
were made, a plateau was reached at the eon-
eentration of 25 mM/I of the |)eni( illin deriv-
ative and a parallel curve of lower binding was
obtained with the other hapten. This indicates
that the antibody is raised to either BP or AX
and cross-reacts wilh the other derivative. These
results were also conlirined by RAS 1 inhibition
studies.

Different results have been reported regard-
ing the influence of the aeyl side chain in
patients allergic to penicillins. In one study the

addition of ampicillin, cloxacillin, nuihicillin
and eephalothin failed to increase diagnostic
efficiency (25) but other authors have found
ihat the use of semisynthetie penicillins for
skin tests resulted in a grealei- number of
positive cases (18, 23). These differenees can
be related to the consumption of the dirierent
pinicillin derivatives in the po|)ulations where
these studies were carried out. In a receni
study made by our grou|) il was lotind ihal
the eonsuniption of AX in the population
studied was 50% and of BP 25% (6). The
involvement of the aeyl side chain structure in
immunologie cross-reaetivity between the dif-
feient jjcnieillins has been emphasized (21).
The pheiiyl group of ben/.yl penicillin seemed
indistinguishable from the thiopene ring in in-
hibition studies, but when the amino gioup
was introduced into the ben/.ene ring the
spceificity of the immunologic reaction de-
creased. In the group of sera presented in this
work we demonstrate thai the addition of an
amino and an hydroxy grouj) lo benzyl pen-
ieillin gives differences in binding that change

Pool A
Socum 2

^ 10 1 10"'

DISCS BPO PLL

Poot D
Scrum 20

10 to I 10 K)

DISCS AX • PLL

^ 10 1 10'

DISCS BPO-PLL

10 1 XS'

DISCS AX-PLL

rig. .'i. Results ol KAST inhibition studies wiili pools A, H, (- and iiKlividual sera more posivive lo HI* (serum No. 12) and
AX (scrum No. 20). Results are prcsenlccl as perceniaKe RAS T inhibition in the y axis. I'ivc ID-fokl dilutions of BPO-KAC
and AX-EAC used in parallel at the sanicr molar eoneentralion wc-re einployeil for inhibition. In I'ig. Ha di.scs wei-e .sensitized
with Ul'O-l'l.I,. BrO-liAC; eonjugates inliiliited H2 % witli ItlO inM of BPO in pool A ;nid 59% in serum 2. When the
conjugate AX-IiAC wa.s used the inhibition was 40% for pool A and 27% for .serum 2. In Fig. .'ib the same proeedure was
made using pool B (more positive to AX) and scrum 20. 907o inhibition was obtaitied with tOt) niM/1 AX-liAC with pool li
and 79% with serum 20. When eonjugates of BP were used, ^^.^7o was obtained for 100 inM/l of BPO-I';AC for pool B and
38% for scrum 20. In the two graphs on the right half of the ligurc pool C was used giving a similar inhibition pattern u.sing
dises conjugated with either BP()-P\,I, or AX-l'l.l,. IM'O-1'.A(" in fluid plia.se A. AX-PI.I. in lluid phase • .
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from sera giving important individual variabil-
ity. In pools of more positive sera to either
BPO or to AX a stronger inhibition was made
with the same drug employed in both the solid
and lluid phase, giving a weak inhibition with
the other penicillin. Interestingly, a pool of
Iwo sera presenting similar binding to both
BPO-PLL and AX-PLL showed the same de- »
gree of inhibition with BPO-EACA or AX-
EACA used in the lluid phase and indepen-
dently of the conjugate coupled to the disc. In
this case the main antigenie determinant re-
cognised could be loeated in the union of the it),
carbonyl group of penicillin with lhe amino
group of the earrier (12).

These results provide important evidence of
the role of the aeyl side chain in the speeificity
of IgE antibodies raised to penieillins. We
conclude that in populations similar to ours
when the eonsuniption of penieillins is also
similar both haptens should be eonsidered for
RAST testing. The elinical implications ol
these findings are being investigated by our
group.
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