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The quantitation of in vitro IgE antibodies
to the benzylpenicilloy! determinant (BPO)
is a useful tool for evaluating suspected peni-
cillin allergic subjects. Although many differ-
ent methods have been employed, few
studies have compared their diagnostic
specificity and sensitivity. In this study, the
sensitivity and specificity of three differant
radio allergo sorbant test (RAST) methods
for quantitating specific IgE antibodies to the
BPO determinant were compared, Thirty
positive control sera (serum samples from
penicillin aflergic subjects with a positive clini-
cal history and a positive penicillin skin test)
and 30 negativa control sera (sera from sub-
jects with no history of penicillin allergy and
negative skin tests) were tested for BPO-
specific |gE antibodies by RAST using three
ditferent conjugates coupled to the solid
phase: benzylpenicillin conjugated to poly-
lysine (BPO-PLL), benzylpenicillin conju-
gated to human serum albumin (BPO-HSA),
and benzylpenicillin conjugated to an
aminospacer (BPO-SP). Receiver operator
control curves (ROC analysis) were carried
out by determining different cut-off points
between positive and negative valuas. Con-
tingence tables were constructed and sen-

sitivity, specificity, negative predictive values
(PV~), and positive predictive values (PV+)
were calculated. Pearson correlation coeffi-
cients (r) and intraclass correlation coeffi-
cients (ICC) were determined and the
differences between methods were com-
pared by %% analysis. Analysis of the areas
defined by the ROC curves showed statisti-
cal differences among the three methods.
Whaen cut-off points for optimal sensilivity and
specificity were chosen, the BPO-HSA as-
say was less sensitive and less specific and
had a lower PV- and PV+ than the BPO-
PLL and BPO-SP assays. Assessment of r
and ICC indicated that the correlation was
very high, but the concordance between
the PLL and SP methods was higher than
between the PLL and HSA or SP and HSA
methods. We conclude that for quantitat-
ing IgE antibodies by RAST to the BPO
determinant, BPO-SP or BPO-PLL conju-
gates offer advantages in sensitivity and
specificity compared with BPO-HSA.
These rasults support and extend previous
in vitro studies by our group and highlight
the importance of the carrier for RAST as-
says. J. Clin. Lab. Anal. 11:251-257, 1997.
® 1997 Wiley-Liss, Inc.
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INT R0DUCTION

Ii common with allergy caused by other low molecular
wei tht compounds, penicillin allergy involves recognition of
hap enic structures covalently bound to homologous and het-
erol ygous proteins. In the case of benzylpenicillin (BP), the
maj )r haptenic structure is the benzylpenicilloyl determinant
(BP ) formed by conjugation of the carbonyl group of the
pen cillin betalactam ring with amino groups of the carrier
pro: zin (1-3). Other determinants (minor determinants) have
bee 1 identified and investigated (4-7), but the BPO structure
rem ains the major determinant involved in inducing immu-
nog obulin E (IgE)-mediated allergic reactions (4,8).

7T he quantitation of in vitro IgE antibodies to BPO has been
a u: eful too! for evaluating allergic reactions to penicillins
(9— .1). Although initially this method used penicillin conju-
gated to human serum albumin (HSA), other carriers have
bee 1 employed. These include red blood ¢ells (12), polyacryl-
arm Je particles (13), transferrin (14), polylysine (7), epoxy-
acti vated resins (15), an aminospacer (SP) (16), and direct
conjugation of BP to a polystyrene solid phase (17). Both
rad oilmmunoassay (7,9,12,15,16,18-20) and enzyme-linked
imu wnoassay (11,14,17,21-23) methods have been used. A
few comparative studies of in vitro methods using either an-
tibc dies from experimental animals (24) or human antibod-
jes 12,16,25) have been reported, but no systematic attempts
to ¢ etermine the sensitivity and specificity of the assays have
bee a carried out.

11 this study, a radio allergo sorbent test (RAST) assay us-
ing three different solid phases was carried out. BP was
cou pled to three different carriers, poly-L-lysine (PLL), HSA,
anc an aminospacer (SP). The results were compared using
30 >ositive sera from subjects allergic to penicillins and 30
nes ative sera from subjects who had a good response after
bei 1g given penicillin. Sensitivity, specificity, negative pre-
dic ive values (PV-), and positive predictive values (PV+)
we e calculated and Pearson correlation (r) and intraclass cor-
rel ition (ICC) coefficients obtained. Differences between
me ‘hods were compared by y° analysis.

M/ TERIALS AND METHODS

Pc sitive Control Sera

serum samples from 30 subjects who had suffered an im-
mx¢ diate allergic reaction to a penicillin derivative and were
skin test positive to the BPO determinant at the moment they
we re evaluated for the study were employed as positive con-
trc s. Mean subject age was 49 years, ranging from 19 to 68.
Thzre were 10 male and 20 female patients. In all sera where
tht RAST value was cver 5% of the label uptake (see below),
R/ .STinhibition studies were carried out as described (26) to
co 1firm the specificity of the [gE antibodies to the BPO de-
ter ninant. In brief, monomeric conjugates were made by con-
Ju; ating BP, amoxicillin (AX), and AMP with butylamine as
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reported (27). RAST inhibition studies were not made in sera
with a RAST value below 5% because, in our experience, no
accurate 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 minor 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 In Vitro Use

PLL, molecular weight 10 Kd, and HSA were obtained from
Sigma Chemical Company. N-Boc-1,6-diamino-hexane-hy-
drochloric, the SP used in this study, was obtained from Fluka,
Zaragoza, Spain. BP was obtained from Antibiotic S.A., Leon,
Spain. Radiolabeled anti-human IgE was obtained from -
Pharmacia, Uppsala, Sweden.

Skin Test Procedure

The following reagents were used for skin testing: BPO-
PLL (5 x 107 M, Allergopharma), MDM (2 x 107 M,
Allergopharma), AX (20 mg/ml, Beecham), and AMP (20 mg/
ml, Llorente). Skin tests were carried out as described (28).

Preparation of BPO RAST Discs

BPO-PLL, BPO-HSA, and BPO-SPRAST discs were pre-
pared as indicated below.

BPO-PLL discs

PLL, 9 Kd, was coupled to cyanogen bromide-activated
cellulose discs at a concentration of 10 mg/ml following the
method previously described by Edwards et al. (7). Two hun-
dred discs were treated with 40 mg of PLL in 4 ml of 0.1 M
NaHCO,. Discs were gently mixed for 3 hours at room tem-
perature and then blocked in 4 ml of 50 mM ethanolamine in
0.1 M NaHCO; for 1 hour. This was followed by alternate
washes in 0.1 M NaHCO; 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 37°C. After this period, discs were washed in 0.1 M
NaHCO, and finally in phosphate-buffered saline (PBS).
These were kept in PBS at 4°C until use. In addition, {0 mg/
ml of PLL was also coupled to discs in parallel to obtain the
single PLL control discs.

BPO-HSA discs

Five milliliters of HSA at a concentration of 100 mg/mi
was mixed with 5 m! of BP at a concentration of 200 mg/m}
in 0.05 M bicarbonate-carbonate buffer, pH 10, for 48 hours
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at 37°C. After this, the free hapten was removed from the
conj gate in a Sephadex G-25 column. The conjugate was
adju: ted to a concentration of 50 mg/ml and coupled to the
cyangen bromide-activated cellulose discs as described
abov : for BPO-PLL discs. The same amount of HSA alone
(50 n.g/ml) was also coupled in parallel to discs to obtain the
singl : HSA control discs.

BPC -SP discs

Tt 2se were obtained as described (29) following a modifi-
catio 1 of the method previously described by Daxun et al.
(16). An aliphatic SP (N-Boc-1,6-diamino-hexane-hydrochlo-
ric) c nsisting of six carbons with one amino end free and the
other blocked by CIH was dissolved in 0.5 M NaHCO,, pH
9.5, 2t a concentration of 50 mg/ml. Cyanogen bromide-acti-
vatec paper discs were added and shaken at room tempera-
ture : or 24 hours. Then, the discs were washed in 0.5 M
NaHi X0, pH 8.4, and in a second step blocked in 500 mM
ethar slamine in 0.1 M NaHCO, at room temperature for 2
hour: . After washing, discs were treated with 4 M HC] for 2
hours. Then, discs were washed and treated with a solution
50 mM of BP in 0.05 M bicarbonate-carbonate buffer, pH
10.2, for 24 hours at room temperature. Finally, discs were
wash :d and stored in PBS containing 0.05% sodium azide,
pH 7 5, at 4°C until use. SP single controt discs were also
prep: red in parallel.

RAST Procedure

R/ ST assays were carnied out as described (12). These
were >arried out in duplicate using 50 pl of serurn and 50 pl
of raiiolabeled anti-IgE. Results obtained with BPO-
deriv itized discs (BPO-PLL, BPO-HSA, and BPO-SP) were
expre ;sed as percentage of label uptake after subtracting
the uitake of the respective carrier single disc (PLL, HSA,
and S P). Optimal cut-off points between positive and nega-
tive \sere determined by receiver operator control (ROC)
curves (30).

Stati stical Studies

In Hyrder to compare the three assays tested in this study, the
statisl .cal analysis of the differences obtained between the areas
define d under the ROC curves for each one of the methods was
carrie 1 out as described (30). Assays were correlated by the r
and I °C coefficients as described by Bartko (31). Sensitivity
and s ecificity were compared by y analysis. In addition, the
PV+. nd PV-in the three assays were calculated.

Th : relationship between total IgE values and RAST val-
ues i the negative control group was compared by linear
regre. sion analysis.

Inf >rmed consent was obtained from all subjects partici-
pating in the study and this was approved by the Ethical Com-
mitte. of the Hospital,
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RESULTS

RAST values for the positive and negative control groups
are presented in Tables 1 and 2, respectively. The mean val-
ues/SD 1n the negative control group for BPO-PLL, BPO-
HSA, and BPO-SP were 0.10/0.22, 0.62/0.53, and 0.08/0.15,
respectively. The statistical analysis of the areas defined by
the ROC curves obtained for the three 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 < (.49). The cut-off points that offered
the best compromise between sensitivity and specificity for
the three 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 1. For BPO-PLL discs,
26 sera were positive, 27 sera were negative, 4 sera were false
negative (sera 2,4,9, and 21), and 3 were false positive (sera
11,15, and 30). For BPO-HSA discs, 19 sera were positive,
25 were negative, 11 were false negative (sera 1,2,3,7,10,11,
14,17,21,22, and 30), and 5 sera were false positive (sera 4,
11,14,15, and 24). For BPO-SP discs, 26 sera 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
1 32 0.1 25
2 0.1 05 0.6
3 0.6 0.2 05
4 0.1 11 0.2
5 15 13 42
6 12.9 1 12.4
7 51 0.8 49
8 12 22 9.3
9 0 _ 12 02

10 0.7 0 0

1 I 06 11

12 20.1 39 49

13 03 1.2 23

14 3.1 0.7 22

15 44 26 4

16 52 24 46

17 34 0.6 26

18 2i 8 18

19 13 22 06

20 3.1 2.5 2.3

21 0.2 0.3 0.1

2 27 0s 1.8

23 17.6 3.1 15.6

24 14 09 |

25 0.7 1.5 1

26 . 3.6 1.6 2.7

27 21 1.4 2.1

2% 4.1 [ 43

29 17.5 53 16.9

30 2 0.6 2.6

"Results are expressed as percentage label uptake.

104
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TAY LE 2. RAST Values of the Negative Control Group Using
BP( -PLL, BPQ-HSA, and BPO-SP*
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TABLE 3. Comparison of the Areas Defined Under the ROC .
Curves for Each One of the Methods Assessed in This Study

Subj et BPO-PLL BPO-HSA BPO-SP
1 0 0.6 0
2 0.1 0.5 0.1
3 0 0.2 0
4 0 1.2 0
5 0.1 0.6 0
6 o1 0.5 0
7 0 0.7 0.1
8 0.1 0.6 0
9 0 0.8 0

10 0 0 0

11 0.7 0.9 0

12 0 0.7 02

13 0 04 0

14 0 1 0.1

15 08 3 0

16 0 0.5 02

17 0 02 0

18 0 0.4 0.1

19 0 0.3 0.1

20 02 0.6 0.1

21 0 0.8 01

2 0 0.4 0.1

23 0.1 0.6 0

24 0 1 0

25 0.1 0.4 04

26 0 0.1 0.1

27 0.1 0.5 0

28 0 0.5 0

29 0.1 06 0.1

30 0.7 0.1 07

Re: ults are expressed as percentage label uptake.

29 vere negative, 4 sera were false negative (sera 4,9,10, and
21, and 1 serum sample was false positive (serum 30). Table
4 sl .ows sensitivity, specificity, PV+, PV—, and the P value of
the %? analysis for the three assays. For the PLL and SP con-
jug ates, PV+ and PV— approached or exceeded 90%, for the
HS A conjugate these values were less than 80%. Linear re-
gre 3sion analysis comparing the positive RAST for the three
ass 1ys tested in the positive control group is presented in Fig-
ure 2. Pearson correlation coefficients (r) were 0.75 for BPO-
PL _ vs. BPO-HSA, 0.86 for BPO-PLL vs. BPO-SP, and 0.70

Standard
error

Area under

the curve P value*

0.01 (! and 2)
0.01 (2 and 3)
0.49 (] and 3}

0.94
0.76
0.94

0.03
0.06
0.03

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

*P was significant when BPO-PLL and BPO-SP were compared to
BPO-HSA.

for BPO-HSA vs. BPO-SP. In the three methods, the signifi-
cance had a P value <0.001, ICC for the three 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 the high concordance
between BPO-PLL and BPO-SP discs.

In 17 sera from the positive control group, RAST val-
ues were positive with all three methods. Comparative
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 50% greater.

DISCUSSION

The diagnosis of allergy to penicillin is made by a positive
clinical history and the presence of specific IgE antibodies to
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). In 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 only RAST has been positive (6,
10 and personal experience).

Although technically more complex, RAST offers several
advantages over skin tests. There is no risk of a systemic 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) b) c)
SKIN TEST SKIN TEST SKIN TEST
+ - + - + -
+| 26 3 +| 19 5 +| 26 1
RAST RAST RAST
- 4 27 _ 25 -l 4 29
Fig. 1. Contingence tables with positive and negative cesults in both negative and positive control groups using

BPO-PLL (a), BPO-HSA (b), and BPO-SP () RAST discs.
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TABI! E 4. Sensitivity, Specificity, PV+, PV-, and P Value of x°
Anal sis for the Three Methods Assessed Using the Optimal
Cut-Off Points Obtained by ROC Curves

Sensitivity  Specificity
(%) (%) PV+(%) PV-(%) P
BPO-1LL 86.66 90 89.65 87.09  <0.001
BPO-1(SA 66.33 8333 79.16 69.44  <0.001
BPO-' P 86.66 96.66 96.29 87.87 <0.001

inves tigators in order to validate results and carry out popu-
lation studies. In addition, RAST inhibition has proved to be
a use ful tool for defining the specificity of IgE antibodies
and tudying the cross-reactivity with other betalactams
(26,2 5). The assay that we describe is a classical RAST method
wher : discs were activated with cyanogen bromide as reported
elsev here (6,7,8,10). In two of the assays, in a first step discs
were conjugated to the spacer (PLL and SP) and in the BPO-
HSA assay optimal conjugates of the hapten with the carrier
were first made and in a second step these were coupled to
the solid phase. In previous studies with BPO RAST systems
(12), we have reported differences in sensitivity when using
PLL and HSA carriers, and other studies have drawn atten-
tion o the importance of hapten density in relation to assay
sensi ivity (36,37). In comparing HSA and PLL, HSA has a
muc! . lower capacity for coupling penicillin molecules than
PLL Studies have also shown that not all the BPO haptens in
BPO -HSA are accessible to antibodies (38). With regard to
hapt n density, similar results have also been observed in in
vivo studies using PLL conjugates for skin testing
(33,.9,40). In particular, Levine and Zolov (33) found that

Speolfioity
1 0.60 0.50 0.40 0.0 0

14 ] i i ]
2
2
=
[’
C
4
172

0

Flg. 1. Linear regression analysis comparing the three RAST methods

testec in this study (BPO-PLL, BPO-HSA and BPO-SP).
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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-
ferent hapten carriers (PLL, HSA, and SP) on a RAST
paper disc. While PLL and HSA have been widely used,
the use of an aminospacer 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-specific antibodies to AX and we have
shown that there are also differences (29). No evidence
has been reported so far about sensitivity and specificity
studies with the three different RAST assays reported in
our system in a well-defined group of subjects with an
immediate 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), indicating a major concordance between the
PLL and SP methods. We also found that sensitivity and
specificity were higher in the 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 similar between these
two systems, the SP system was superior in terms of speci-
ficity and PV+. Interestingly, although BPQ-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 important decrease
in the RAST values of positive cases and a decrease in
sensitivity.

Summarizing, we conclude that for quantitating IgE anti-
bodies to penicillin, the use of solid phases with BPO-SP or
BPO-PLL conjugates offers an increase in sensitivity and
specificity over the use of BPO-HSA conjugates. These re-
sults confirm and extend previous data reported by our group
(12,29) and other authors (7,16).

06



17/02

251

% Label Uptake

RE
1.

2.

'98 11:57 FAX 3054641

Garcia et al.

25

)
o

o
1

10 —

ASS COLUMBUS

o7

Case number

Fig. 3. Comparison of the RAST values obtained 1n the seventeen sera from the positive control group which
were positive in all three assay systemns. ll, BPO-PLL: ], BPO-SP; (2], BPO-HSA.
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