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Enzyme-linked immunosorbent assay for detection of IgG

against penicillins in children
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AIM: To establish an enzyme-linked immunosor-
bent assay {ELISA) for detection of IgG against
penicillins and then investigate this antibody
response in  children. METHODS: Western
blotting, ELISA, and hapten inhibition assay were
used. RESULTS: Penicillins reacted with bovine
serum albumin (BSA) to generate conjugate which
was used as coating antigen (100 mg-L™') in
ELISA. A good correlation was found between
absorbance (A) and dilutions of sample with a
linear ceoefficient of 0.9918. Thirteen subjects
who were clinically suspicious of penicillin allergy
were tested for specific IgG by ELISA, 4 positive
for benzylpenicillin, 1 for benzylpenicillin and
pipetacillin, and 3 for benzylpenicillin, piperacillin
and ampicillin. CONCLUSION: An ELISA was
successiully established and penicillin reactive 1gG
response in children was heterogeneous. 1gG
antibodies recognized benzylpenicillin molecule,
degraded products and new antigenic determinant
from conjugate. Cross reactions occurred among
benzylpenicillin, ampicillin and piperacillin.
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Penicillins are responsible for 15 % of anaphyl-

actic deaths'1'?) .

IgE against penicillins is the most
frequent cause of anaphylaxis in human@ % A
number of 7 wiwo and in wvitre techniques have
been established for the diagnosis of immediate
allergic reactions to penicillins including skin test
and radicallergosorbent test ( RAST). For the
detection of penicillin-reactive IgE, antibedy, RAST
has been used and reported to produce excellent
correlation with skin test results using penicilloyl-
polylysine. IgG represents
about 80 % of total immunoglobulins, its half-life
being much longer than IgE. limited

information is available concerning the mle of

In the human sera,
However,

specific IgG against penicillins in penicillin allergy.
During the course of surveillance of adverse drug
reactions, we wanted to establish an enzyme linked-
immuncsorbent assay (ELISA) to detect penicillin-
reactive Ig(s in children.

MATERIALS AND METHODS

Subjects and sera  Sera were collected within 1 wl afrer
the occurrence of allergic symptoms from 13 patients, aged
3.0+£2.7 a and weighing 12.5 + 7.6 kg, whe were clinically
suspicious of penicillin allergy in Pediatric Hospiral, Shanghai
bMedical University.  Sera from 10 non-allergic patients who
had not received penicillins. aged 3.2 + 2.6 a and weighing
13.1* 8.2 kg, were also collected 2s control.

Reagents Bovine serum albumin (BSA) was obtained
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from Sigma Chemical Co { USA}, horseradish peroxidase-
labelled sheep anti-human I[gG from Gibco BRL (USA), 96-
well polystyrene microtitre plates from Coster { USA ).
Benzylpenicillin, arnpicillin, and piperacilin were cobtained
from Shanghai No 3 Pharmaceutical Factory.

ELISA for detection of IgG against penicillins Penicil-
lins and BSA { wt/wt 10!1} were dissolved in carbonate buffer
0.05 mol* L™ "{pH 10.5} and final concentrations were 1 g
<L°Y and 100 mg* L™", respectively. The mixture was
gently shaken at 37 T for 24 h to produce penicillin-BSA
comugate™”, and coated on micratiter plates with 100 pl/
well at 4 T overnight. Plates were washed three times with
phosphate buffered saline 0.1 mol* L™! containing .05 %
{vol/vol) Tween-20. Prediluted sera {1:30) 100 UL were
added in triplicate, then incubated at 37 T for 2 h. Plates
were washed, 100 ul. of horseredish peroxidase-labelled sheep
anti-human IgG (1:400) were added and incubated at 37 T
for 2 h. Afrer washing, 100 pl. of substrate solution
containing O-phenylenediamine 400 mg+ L ' and 0.15 %
H,0,{30 % wt/vol) in citrate-phosphate buffer (0.1 mol+L™",
pH 5.0) were added and incubated at 37 T for 0.5 h.
Enzyme-substrate reaction was stopped by addition of 50 ul. of
H,50,(4 mol*L" '} . Absorbance (A) was read at 452 nm
using E]IA Reading {Bic-Rad, USA). The mean A walue
and standard deviation of control sera was calculated as
threshold (¢ = T + 3s), above which the tested serum was
considered &5 specific penicillin-reactive [gl positive.

Hapen inhibitlon assay The assay wes performed!™
with some modification: 50 pL of prediluted serum {1:153,
which was a mixed serum with strong penicillin reaction, was
preincubated at 37 T for 1 h with 50 L. of benzylpenicillin-
BSA conjugate, freshly prepared benzylpenicillin soluticn or
aged benzylpenicillin solution which had been stored ar 37 C
for 6 h and at 4 T for overnight, and then FLISA was
performed.

Western blotting The assay was performedm with
sorne modifications. BSA was incubated in carbonare buffer
(pH 10.5) at 37 T for 24 h and then analyzed using SDS-
PAGE electraphoresis using Mini-Protean systermn { Bio-Rad,
USA). Penicillin-BSA conjugate was separated by SDS-
PAGE and then transferred onto nitrocellulose paper using
Trans-Blot Cell {Bio-Rad, USA}. Nitrocellulose paper strips
containing the antigens were incubated with prediluted serum
(1:50). After being washed, the test strips were incubated
with peroxidase-labelled sheep anti-human [gG. Strips were
then washed and incubated with DBA.  After 10 min,
reaction was stopped by washing strips with water.

RESULTS

Identification of penicillin-BSA conjugate
Only 67-kDa BSA band appeared after SDS-PAGE

electrophoresis, suggesting that BSA molecules did
not form polymer or degraded products during
incubation and that BSA was a suitable protein
molecule for preparation of hapten-carrier complex.
Penicillin reactive sera reacted with 67-kDa antigen,
suggesting that benzylpeniaillin and BSA formed
canjugate and the benzylpenicillin of conjugate was
recognized by specific [gG. Moreover, like
benzylpenicillin, ampicillin  and piperacillin  also
reacted with BSA to form conjugate and were
recognized by specific IgG. Sera from non-allergic
patients did not react with penicillin-BSA conjugate.

Effect of amounts of BSA and penicillins on
ELISA Optimal conditions, benzylpenicillin-BSA
(wt/wt 10:1) and coating concentration 100 mg
L. " 1{according to the weight of BSA) were given
for the ELISA (Tab 1).

Tab 1. A . valoes for coating conjngate In ELISA.

Benzylpenicillin- Benzylpenicillin: BSA (wt/wt)
BSA/mg-L ! 1:1 5:1 10:1 20:1
10 0.14 0.11 0.18 0.0%
50 0.13 0.08 0.32 .40
100 0.12 0.19 0.66 0.39
200 0.13 .23 0.57 0.35

Relatlonship between A values and dilutions
A series of dilutions of penicillin reactive sera, from
1:53 to 1:400, were detected using ELISA. A
good correlation was found between A walues and
dilutions with a linear coefficient of 0.9918. Sera
(1:30) was suitable for ELISA (Fig 1).
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Fig 1. Dilutions of antibody against benzylpenicillin and A

valoes._
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Hapten inhibition response Detailed inhibi-
tory dose-response profile of benzylpenicillin-BSA
conjugate was almost the same as that of aged
benzylpenicillin, but higher than that of freshly
prepared benzylpenicillin {Fig 27 .
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Fig 2. Hapten inhibition with benzylpenicillin-BSA (),
aged benzylpenicitlin (@), and Fresh benzylpenicillin ( X }.

Detection of IgG against penicillins By
ELISA, 8 of 13 subjects were positive for lgG
against benzylpenicillin, 4 of 13 {for piperacillin and
3 of 13 for ampicillin. Comparison of 1gG response
against three kinds of antibiotics, we found 3
subjects were Ig( positive for all those antibiotics, 1
subject {or benzylpenicillin and piperacillin, and 4

subjects only for benzylpenicillin.
DISCUSSION

Becanse penicillins can react readily with
proteins in witre at alkaline pH, we generated
successfully penicillin-BSA conjugate which was
confirmed by Western blotting, and then established
an ELISA {for the detection of
penicillinsg, in which BSA of conjugate was coated

[gG against

onto the wells of plates and penicillins of conjugate
acted as antigen 10 react with specific combining
sites of penicillin-reactive Ig( in sera from allergic
patients. We found that the amounts of BSA and
penicillins affected the A values in ELISA, which
supported the finding™ that hapten
{number of drug molecules conjugated per molecule

density

of protein) had a significant influence on antibody
binding. The exact nature and origin of immu-

stimulation of
12,7]

nogen responsible {for penicillin
immune system has not been entirely known
For our penicillin-BSA conjugate prepared with a
prolonged pericd of time and strong alkaline pH, we
believed that the antigenic determinants of conjugate
should include not only penicillin molecule itself but
also penicillin polymer, degraded and transformation
products.
high sensitivity of enzymatic reaction and high
our ELISA
system needed only 7 pl. of serum, so this assay

Permitting the optimal combination of
specificity of immunclogic reaction,

may be especially suitable for research in children.
This immunoenzymatic technique was also suitable
for detection of antibodies against ampicillin and
piperacillin.

We drew out some conclusions {rom the
inhibition experiment: 1} a smaller part of IgG
antibodies were against new antigenic determinant
from the binding of benzylpenicillin to BSA, because
conjugate showed higher inhibitory activity than
aged benzylpenicillin and freshly prepared benzyl-
penicillin when concentrations of benzylpenicillin
2) {reshly prepared free benzyl-
penicillin did show inhibitory activity although its

were 0 — 50 pg.

activity was weaker than that of the conjugate or
aged benzylpenicillin, which clearly suggested that
of IgG antibodies recognized the
benzylpenicillin
degraded products,
products.

some  parts

molecule and other recognized

polymer or transformation
The second conclusion was differ from
(19 4hat IgE antibodies detected in the

sera of patients were not directed towards penicillin

the view

itself but towards the penicilloyl hapten.

By the ELISA, we found 8 of 13 children,
clinically suspicious of penicillin allergy, were
Recently, the
side chain specific beta-lactam allergy has received a

U1.32) " We thereby further studied

positive for [gG against penicillins.

great attention
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the immunological cross reaction among benzyl-
penicillin, ampicillin, and piperacillin. Our results
showed that IgG

recognized piperacillin and benzylpenicillin, and IgG

antibodies from 4 subjects

from 3 subjects bound with all three penicillins,
indicating that some IgG antibodies were against the
molecular nucleus of penicillins and some against
side chain, since all the penicillins tested in this
paper varied in side chain only. Therefore, it was
clear that penicillin reactive IgG antibody response

2H

in children was heterogeneous.
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