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The quantitation of in vitro lgE antibodies sitivlty, specificity, negative predictive vatues
to the banzylpenicilloyl determinant (BPO) (PV-), and positive predictive values (PV+)
is a usefultoolforevaluaùng suspected peni- were calculated. Pearson correlation coeffi.
cillin allergicsubjects.Although rnanydiffer- cients (r) and intraclass correlation coeffi-
ent  methods have been employed, few cients ( lCC) were determined and the
Studies have compared their diagnostic ditferences between methods were com-
specificity and sensítivìty. In lhis study, the pared by 1? analysis- Analysis of the ar€as
sensitivity and specificity of three ditferant detined by the ROC curues showed statisti-
radio allergo sorbent test (RAST) methods caf ditferences among the three rnethods-
for quantitating specific lgE antibodies to the When cut-off points for optirnal sensitivity and
BPO determinant w€re compared, Thirty specificity were chosen, the BpO-HSA as-
positive eontrol sera (serum samples from say wes less sensitive and less specific and
penicillinafleqicsubjectswithapositiveclinl- had a lower PV- and PV+ than the BpO-
cal history and a positive penicillin skin test) PLL and BPO-SP assays. Assessment of r
and 30 negative controlsera (sera from sub- and ICC indicated that the correlation was
jects wiîh no history of penicillin allergy and very high, but the concordance between
negative skin tests) were tested for BPO- the PLL and SP methods was higher than
specific lgE antibodies by RAST using three between the PLL and HSA or Sp and HSA
diflerent coniugates coupled to the solid methods, We conclude that lor quantitat-
phase: benzylpenicilfin conjugated to poly- ing lgE antibodies by RAST to the BpO
lysine (BPO-PLL), benzytpenicilt in conju- delerminant, BpO-Sp or BpO-pLL conju-
galed to hurnan serurn albumin (BPO-HSA), gates offer advantages in sensilivity and
and benzy lpen ic i l l i n  con juga led  to  an  spec i f i c i t y  compared w i th  BPO.HSA.
aminospacer (BPO-SP). Receiver operator These results support and extend previous
controf curv€s (ROC analysis) were carried in vitro studies by our group and highlight
out by determining different cut-ofl points the importance of the carrier lor RAST as-
between positive and negative values. Con- says. J. Clin. Lab, Anal. 1j:251 -ZS7 , I gg7.
tingence tables were conslructed and sen- @lssTwitey-Lirr, Inc.
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Abbre iat ions:  IgE = immunoglobut in E;  BP = benzylpenic i l l in :  AX =
afioxr i l l in: BPO = benlylpsnicitloyl dererminant; MDM = rlinor dctermi-
nent m xture of BP; HSA = human scrum albumin: pLL = polt,.r_-lysine; Sp
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HSA '  bcnzylpenic i l loy l -human serum albumin corr jurare:  l ìpo-sp =
benzyl *nicil loyl-amirrospacercorrjugare;RAST=radioallergos()rb€nrresr;
r = Pet 'son correlation coelllcien( ICC = intreclass corrcllrion ccretlicienr:
Pv = I redictive value: PBS = phosphatc-buffered salinel Roc = receiver
op€nrlr r control.
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INT IODUCTION

h cornmon with allergy caused by other low molecular

wei, thtcompounds, penicillin allergy involves recognition of

hap enic structures covalently bound to homoiogous and het-

erol)gous proteins. In the case of benzylpenicillin (BP)' the

maj rr haptenic strucfure is the benzylpenicilloyl determinant

(BP l) formed by conjugation of the carbonyl group of the

pen cillin betalactam ring with amino groups of the carnet

pror :in (1-3). Other determinants (minor determinants) have

bee r identified and invesÚgated (4-7), but the BPO stnrcture

rerr rins the major determinant involved in inducing immu-
nog obulin E (IgE)-mediated allergic reactions (4,8)-

t he quantitation of in vitro IgE antibodies to BPO has been
a ur eful tool for evaluating allergic reactions to penicillins

(9- I).Altlough initially this method used penicillin conju-

gatr d to human sentm albumin (HSA), other carrien have

bee r employed.These include red bloodcells (12), polyacryl'

amjJe particles (13), transferrin (14), polylysine (7), epoxy-

activated rcsins (15), an arninospacer (SP) (1ó), and direct

con iugation of BP to a polystyrene solid phase (17). Both

rad oimmunoassay (7,9,12,,1 5, I 6, I 8-20) and enzyme-linked
imr tuuoassay (l1,14,17,7I-23) methods have been used' A

feu comparative stud.ies of in vitro methods using eithcr an-

tibr dies from experimental anirnals (24) or human antibod-
ies 12,16,Zí)have been reported, but no systematic attempts

to c etermine the sensitivity and specif,rcity of the assays have
bee l carried out.

I r this study, a radio allergo sorbent test (ttAST) assay us-

ing three different solid phases was carried out. BP was

cor pled to three different carriers, poly-l-lysine (PLL), HSA,
an( an aminospacer (SP). The resulîs were compared using

30 rositive sera from subjetts allergic to penicillins and 30

neg ative sera from subjects who had a good response after

beirg given penicillin. Sensitivity. specificity, negative pre-

dic ive values (PV-), and positive predictive values (PV+)

we e calculated and Pearson correlation (r) ald intraclass cor-

rei rtion (ICC) coefficients obtained, Differences between

mc:hods were compared by I'analysis-

M/ TERIALS AND METHODS

Pc sitive Control Sera

ierum samples from 30 subjects who had suffered an im-

rnt Ciate allergic reaction to a penicillin derivadve and were

skjn test positive to the BPO determinant at the moment they
w€ re evaluated for the study were ernployed as positive con-
trc .s. Mean subject age was 49 years, ranging from t9 to 68.

Th :re were l0 male and 20 female patients. In all sera where
thr RAST vaìue was over SVo of the label uptake (see below),
R,r .ST inhibition studies were carried out as described (26) to

co rf,rrm the specificity of the tgE antibodies to the BPO de-

ter ninant. In brief, monomeric conjugates were made by con-
ju1 ating BP, amoxicil l in (AX), and AMP with butylamine as
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reported (27). RAST inhibition studies were not rnade in sera

with a RAST value belorv SVobecause, in our experiencei no

accuraLe results can be obtained.

Negative Control Sera

Negative control sera were obtained from 30 subjects with

no history of allergy to penicillin and negative skin tests to

BPO, a rninor determinant mixture of BP (MDM)' AX, and

AMP, The subjects were age and sex matched to the positive

control group and had similar total IgE levels'

Reagents for ln Vitro Use

PLL, molecular weight 10 Kd, and HSA were obtained frorn

S igma Chemical Company. N -B oc- 1,6-diarnino-hexane-hy-

drocbloric, the SPused in this study. was obtained fromFluka

7-ara1ozuspain. BP was obtained fromAntibioÚc S.A', I-eon,

Spain. Radiolabeled anti-human IgE was obtained from

Pharmacia, Uppsala, S weden.

Skin Test Procedure

The following reagenls were used for skin testíng: BPO-

PLL (5 x 10-r M, All.tgopharma), MDM (2 x l0-? Nl,

Allergopharma),AX (20 rng/ml, Beecham), andAlt{P (20mg,

ml, Llorente). Skin tests were carried out as described (28).

Preparation of BPO RAST Discs

BPO-PLL, BPO-HSA, and BPO-SP RAST discs were pre-

pared as indicated below-

BPO-PLL discs

PLL, I Kd, was coupled to cyanogen bromide'activated

cellulose discs at a concentration of 10 mg/ml following the

rnethod previously described by Edwards et al' (7)- Two hun-

dred discs vrere treated with 40 mg of PLL in 4 rnl of 0.1 M

NaHCO3. Discs were gently rnixed for 3 hours at room tern-

perature and then blocked in 4 ml of 50 mM ethanolamine in

0.1 M NaHCO3 for I hour. This was followed by alternate

washes in 0.1 M NaHCOI and 0.1 M acetic-acetate buffer pH

4. Discs were washed in 0.05 M carbonate-bicarbonate buffer,

pH 10.2, and 4 mL of a solution of 50 mM of BP in carbon-
ate-bicarbonate buffer, pH 10,2, was added and kept for 48

hours at 3?"C. After this period, discs were washed in 0.1 M

NaHCOT and finally in phosphate-buffered saline (PBS).

These were kept in PBS at 4oC until use. In addition, l0 mg/

ml of PLL was also coupled to discs in parallel to obtain the

single PLL control discs,

BPO-HSA discs

Five mill i l i ters of HSA at a concentration of 100 mg/ml

was mixed with 5 nrl of BP ut^ a concentration of 200 mg/ml

in 0.05 M bicarbonate-carbonate buffer, pH 10, f lor 48 hours
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at 37'C. After this, the free hapten was rcmoved from the
conjr gate in a Sephadex G-25 colurnn. The conjugate was
adjur ted to a concentration of 50 mg/ml and coupled to the
cyan )gen bromide-activatcd cellulose discs as described
abov: for BPO-PLL discs- The same amount of HSA alone
(50 n :g/ml) was also couplcd in paraltel ro discs to obtain the
singl : HSA control discs.

BPC-SP discs

TL :se were obtained as described (29) following a modifi-
catio r of the method previously described by Daxun et al.
( I 6), \n aliphatic SP (N-Boc- 1,6-d iamino-hexane-hydrochle
ric) c rnsisting of six carbons with one amino end fiee and the
other blocked by CIH was dissolved in 0.5 M NalICO3, pH
9.5,t l a concentration of 50 mg/ml. Cyanogen bromide-acti-
vatec paper discs wÉre added and shaken at room tempera-
ture . or 24 hours. Then, the discs were washed in 0.5 M
NaHt )O3, pH 8.4, and in a second step blocked in 500 mM
ethar rlamine in 0.1 M NaHCO3 at room temperatue for 2
hourr . After washing, discs were ueated with 4 M HCI for 2
hours. Then, discs were washed and treated with a solution
50 nr Vf of BP ix 0.05 M bicarbonate-carbonate buffer, pH
10,2, for 24 hours at room ternperature- Finally, discs were
wash:d and stored in PBS containing 0.05% sodium azide,
pH 7 5, at 4"C until use. SP single control discs were also
prepu red in parallel,

RAS I Procedure

Rl ST assays were carried out as described (12). These
were :arried out in duplicate using 50 pl of senrm and 50 pl
of  ra J io labeled ant i - IgE. Resul ts obtained with BpO-
deriv rtized discs (BPO-PLL, BPO-HSA, and BPO-SP) were
expre;sed as percentage of label uptake after subtracting
the u'rtake of the respective carrier single disc (PLL, FISA,
and S P). Optimal cut-offpoints between positive and nega-
tive r rere determined by receiver operaror conrrol (ROC)
curvr s (30),

Statiitical Studies

In rrder to comparc the three assays tested in this study, the
statist cal analysis of the differcnces obtainedbetween the areas
definr d unde.r the ROC cuves for each one of the methods was
carrie I out as described (30). Assays were correlated hy the r
and Itlc coeffrcients as described by Bartko (31). sensitiviry
and s'ncificity were conìpared by X'analysis. In addition, the
PV+ r nd PV- in the tfuee assays were calculated,

Th : relationship berween total IgE values and RAST val-
ue.s ir the negative control group was compared by l inear
t€gre sion analysis.

Inf lrnred consent was obtained tìom all subjecrs partici-
patinl in the study and this was approved by the EthicalCom-
mitte, of the Hospital,
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RESULTS

RAST values for the positive and negative control groups
are presented in Tables I and 2, respectively. The ntean val-
ues/SD in the negative control group for BPO-PLL, BPO-
HSA, and BPO-SP were O.lAn.2?.,0,6210.53, and 0.0810.15,
respeclively, The statistical analysis of the areas defined by
rtre ROC curves obtained for the tfuee sorbents assessed in
this study is presented in Table 3. Results showed significant
differences when BPO-PLL and BPO-HSA were compared
(P < 0.005), and between BPO-HSA and BPO-SP (P < 0.05).
No significant differences existed when BPO-PLL and BPO-
SP were compared (P < 0.49)- The cut-offpoints that offered
the best cornpromise between sensitiviry and specificity for
the tbree assays were 0.3 for BPO-PLL, 0.9 for BPO-HSA,
and 0.5 for BPO-SP. According to these, contingence tables
were obtained and presented in Figure l. FoTBPO-PLL discs,
26 seru werepositive,2T sera were negative,4 sera were false
negative (sera 2,4,9, and 2l), and 3 were false positive (sera
11,15, and 30). For BPO-HSA discs, 19 sera were positive,
25 were negative, 1 I were false negative (sera | ,2,3,7 ,l 0, I I ,
14,7'7,21,22, and 30), and 5 sera were false positive (sera 4,
1l,14,15, and 24). For BPO-SP discs, 26 seru were positive,

TABLE 1. RAST Values of the Positive Control Group Using
BPO-PLL, BPO-HSA, and BPO-SP|

Subject BPO-PLL BPO-HSA BPO.SP

@o+

I
2
3
4
5
6
1

I
9

l 0
l l
l z
r3
t 4
r 5
l 6
t 1
t 8
t 9
zo
2 l
22
2 t
1 t

25
26
2'l
]H
29
l0

3.2.
0 . 1
0.6
0 , 1
3 ,5

t2.9
5 r

l ?
0
0,7
I

20. I
0.3
3 . t
4 .4
{ î
3.4

2 l
1 . 3
3 . t
0.2
2.7

t 1 . 6
1 , 4
0.7
1 ,6
L 7
4 . 1

t 7 , 5
2

0.r
0,5
0.2
l . l
1 .3
t
0.E
2.2
t_2
0
0.6
3,9
t . 2
0.7
2.6
2.4
0.ó
_8
7.2
2.5
0.3
0.5
? l

0.9
1 . 5
t , 6
1 . 4
I
5 3
0.6

?.5
0.6
0.s
0.2
4.2

t2 .4
4.9
9 ,3
o.2
0
t . l
4 ,9
2.3
7.2
4
4 .6
2.6

r 8
0.ó
2.3
0 . 1
1 , 8

t 5 . ó
I
t . t
7 ,7
2 .  r
4 . 3

r 6 . 9
2.6

"Results irre ef,pressed as percenhge label uptake.
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TAI LE 2" RAST Vdues of the Negative Control Group Using
BP( -PLL, BPO-HSA, snd BPO-SF|

ct BFO-PLL BPO-HSA BPGSP
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TABLE 3. Comparison of the Aress Defined Under the ROC
Curves for Each One of the Metho-ds Assessed in This.Study

Area undcr Standard
the cune P value+

s'!i

t
2
3
t̂

5
ó
7
8
9

t0
l l
t 2
1 3
l 4
l 5
l 6
t7
I E
l 9
20
2 i
22
23
24
25
26
z7
28
29
30

0
0.1
0
0
0
0
0.1
0
0
0
0
o.2
0
0,1
0
0.2
0
0.1
0 .1
0 . 1
0.1
0 .1
0
o
0.4
0 .1
0
0
0.1
0.7

0
0 , 1
0
0
0. t
o. t
0
0 .1
0
0
0,7
0
o
0
0.8
0
0
0
o
o.2
0
0
0.r
0
0 ,1
o
o-t
0
0.1
0.7

0.6
0.5
o.2
1,.2
0,ó
0.5
0.7
0.6
0 .8
0
0.9
o.7
o-4
I

3
0.5
0-2
0,4
0_3
0.6
0.E
0,4
0.ó
I
0.4
o. l
0.5
0.5
0,6
0. t

0.94
0.76
0.94

0,03
0.0ó
0.03

BPO,PLL (1)
BPO-HSA(2)
BPO-SP(3)

0.01 ( l  and 2)
0.01 (2 and 3)
0.49 (l and 3)

sRer ults are expressed ris p€rcentage label upteke.

29 verenegative, 4 sera we.re false negative (sera 4,9,10, and

2ll , and 1 serum sample was false positive (serum 30). Table
4 sl rows sensitivity, specificity, PV+, PV-, and theP value of
the 12 analysis for the three assays. For the PLL and SP con-
jug rtes, PV+ and PV- approached or exceeded 9OVo, for the
I{S d conjugate these values were less than 8070. Linear re-
gre;sion analysis comparing the positive RAST for the three
ass rys tested in the positive control group is presented in Fig-
ure 2. Pearson correlation coefficients (r) were 0.?5 for BPO-

PL - vs. BPO-HSA, 0-86 for BPO-PLL vs. BPO-SP, and 0.70

*P was s igni f icant  when BPO-PLL and BPO-SP were compared to

BPO-HSA.

for BPO-HSA vs, BPO-SP. In the threB methods, the signifi-

cance had a P value <0.001, ICC for the tfuee RAST systems

was 0.86, but pairwise comparisons gave 0.70 for BPO-PLL
vs- BPO-SP discs, 0.07 for BPO-HSA vs. BPO-PLL, and 0.09

for BPO-HSA vs. BPO-SP, showing ttre high concordance
between BPO-PLL and BPO-SP discs,

In 17 sera from the positive c.ontrol group, RAST val-

ues were positive with all three methods. Cornparative

results are presented in Figure 3. It can be seen that for

most sera, the RAST results with the BPO-PLL and BPO-

SP conjugates were higher than for the BPO.HSA system,
with results for sera 6, 8,12,18,23,28, and 29 being more
than 507o greater.

DISCUSSION

The diagnosis of allergy to penicillin is made by a positive

clinical history urd the presence of specific IgE antibodies ro

BPO, usually detected with skin tests (32)- Studies have shown

that subjects who have a negative skin test, even if they have
a positive history, can usually tolerate the administration of
penicillin (8,33,34). ln general, skin tests have proved to be

more sensitive than RAST for the determination of IgE anti-
bodies specific for the BPO determinant (33-34), although
there have been cases where onty RAST has been positive (6,

l0 and personal experience).
Although technically more cornplex, RAST offers several

advantages over skin tests- There is no risk of a systernic re-
action, serum samples can be tested and retested at any time,
the presence of IgE antibodies can be investigated following
fatal reactions, and serum samples can be exchanged between

a)

SKIN TEST
+

b)

SKIN TEST
+

c)

SKIN TEST
+

++
RAST RAST RAST

FlE. 1. Contingence tabl€s with positrve und negarive rcsults in both negative and positive control groups using
BPO-PLL (a), BPO-HSA (b), and BPO-SP (c) RAST discs,

26 3

4 27

1 9 5

11 25

26

4

I

29
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TABLE 4. Serrsitivity, Specifrcity, PV+, PY-, and P Value of Xz
AnsI' sis for the Three MethodsAssessed Using the Optimel
Cut-( tff Points Obtained by ROC Curves

Scnsitivity Spccifìcity
(E"t (H PV+ (7o) Pv-(%) P

BPO-I LL
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a BPO-PLL conjugate was more effective than BPO-HSA

or other BPO-protein conjugates for detecting IgE anti-

bodies by skin testing.

In the present study, we chose to investigate three dif'

ferertt hapten carriers (PLL, HSA, and SP) on a RAST

paper disc. While PLL and HSA have been widely used,

the use of an arninospacer as a carrier for determining IgE-

specific antibodies has only recently been reported by

Daxun et al. (16) who suggested it led to an increase in

assay sensitivity. This assay has also been studied by our

group for side chain-specifrc antibodies toAX ald we have
shown that there are also differences (29)- No evidence

has been reported so far about sensitivity and specÍficity
studies with the three different RAST assays reported in

our system in a well-defined group of subjects with an
irnmediate allergic reaction to penicillin, a skin test posi-

tive to the BPO, and IgE antibodies specific to the BPO

determinant. Our results indicate that the three RAST sys-
tems used are highly correlated (high r). However, the ICC
was higher between the PLL and SP methods (0.70) than
either of these with the HSA method (0.07 and 0.09, re-

spectively), indícating a major concordance between the

PLL and SP methods- We also fourtd that sensitivity and

specificity were higher in rhe PLL and SP methods than
in the HSA method. Considering the results obtained, the
best method was BPO-SP, closely followed by BPO-PLL.
While sensitivity and PV- were very sirnilar between these
two systems, the SP system was superior in terms of speci-

ficity and PV+. Interestingly, although BPO-SP was the
most sensitive RAST assay, there were instances where
the sera were positive to only one of the assays. These
occurred in one instance with the BPO-PLL, in two cases
with the BPO-HSA, and in one case with the BPO-SP. At

the moment, we see no explanation for these findings since
we do not know what the final structure and configura-

tion of the BPO hapten is in any of the systems used. In

any case, it suggests that if the RAST is negative with one
of the assays, an alternative system can be used and posi-

tive results may be found. The carrier producing most false
positive results was BPO-HSA with five sera. This was
due to the very high concentration of carrier used for con-
jugating to the solid phase (50 mg/ml). In our experience,
this false positive value can be reduced, but if concentra-
tion is reduced there is a corresponding imponant decrease
in the RAST values of  posi t ive cases and a decrease in
sensi t iv i ty-

Summarizing, we c.onclude that for quantitating IgE arrti-
bodies to penicil l in, the use of solid phase.s with BPO-SP or
BPO-PLL conjugates offers an increase in sensitivity and
specificity over the use of BPO-HSA conjugates. These re-
sulLs contìrnt arrd extend previous data reported by our group

{12,29). and other authors (7, l6),

@ oo

BPO.IISA
BPO.|P

inver tigators in order to validate results and carry out popu-
latior studies. In addition, RAST inhibition has proved to be
a us( ful tool for defining the specificity of IgE antibodies
and tudying the cross-reactivity with other betalactams
(26,3 s).The arìsay that we describe is a classical RAST method
wher : discs werc activated with cyanogen bromide as reported
elsel 'here (6,7,8,10). In two of the assays, in a hrst step discs
were conjugated to the spacer (PLL and SP) and in the BPO-
FISA assay optimal conjugates of the hapten with the carrier
were fust made and in a second step these were coupled to
the s' ,lid phase. Inprevious studies with BPO RAST systems
(12), we have repoted differences in sensitivity when using
PLL and HSA carriers, and other studies have drawn atten-
tion o the ìmportance of hapten density in relation to assay
sensiivity (36,3'7).In comparing HSA and PLL, HSA has a
mucl.lower capacity for coupling penicillin molecules than
PLL Srudies have also shown that not all the BPO haptens in
BPO.HSA are accessible to antibodies (38). With regard to

haptr n density, similar results have also been observed in in
vivo studies using PLL conjugates for  skin test ing
(33,: 9,40)- In particular, Levine and Zolov (33) found that

Spe olf lolty

0.80 9.60 0.{D 0.2q

<0,00t
<0.001
<0.001

89.65
79.16
96.29

86.66
66.33
86.66

90
83.33
96.66

87.09
69,44
E7 _87

:
v.
c{u

0,80

0.60

0,40

0 -20

0

Flg. t. Linear regression analysis compilnng rhe three RAST methods
tcste( in this study (BPO-PLL, BPO-HSA rnd BPO-SP).
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