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Skin testing for immediate hypersensitivity to betalactams:

comparison between two commercial kits

Allergic reactions to betalactams (BL) are the most
common cause of adverse drug reactions mediated by
specific immunological mechanisms, with immediate reac-
tions being the most frequent and best studied (1, 2). Skin
testing with the major determinant of benzylpenicillin
coupled with poly-l-lysine and the so-called minor deter-
minant mixture (MDM), composed of benzylpenicillin
and benzylpenicilloic acid, has long been used for the
diagnosis of patients with an immediate immunoglobulin
E (IgE) response to penicillins. These reagents are part of
the standard skin testing reagents used for the diagnosis of
immediate hypersensitivity to BL (3–11).
Benzylpenicilloyl-poly-l-lysine (PPL), distributed in the

USA by Urban Kremmer, was removed from the market
in the early 1990s. In 2005, the other product still
available (Allergopharma kit) was also withdrawn by
Merk in Europe and the rest of the world, thereby
returning us to a situation similar to that in the pre-1960s.
Despite changes in some countries in the use of BL and
the appearance of side-chain-specific reactions, the use of

PPL and MDM is still necessary for the diagnostic
evaluation (12, 13). In an earlier study, published by our
group, 54.7% of all patients with a positive skin test to
BL determinants (including aminopenicillins) were posit-
ive to one or more determinants generated by benzylpen-
icillin (PPL and/or MDM) (14).

A new kit with major and minor determinants of
benzylpenicillin has recently been commercialized in
Spain for skin testing, following the general approach
described elsewhere (3, 11). The aim of this study was to
compare this new kit with the previous widely used kit by
performing skin tests and immunochemical studies. The
results indicate that these new conjugates are equal in
potency, sensitivity and specificity to the previously
existing kit and do not differ in terms of applicability.

Patients and methods

Patients and controls

Patients diagnosed with an immediate allergic reaction to BL using
the diagnostic procedure described in the European Network for
Drug Allergy protocol were evaluated (13). Inclusion criterion
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included a positive skin test to PPL and/or MDM during the two
previous years.
Forty skin-test-negative patients with good tolerance to benzyl-

penicillin were used as negative controls. The study was approved
by the relevant institutional review boards, and informed consent
for the diagnostic procedures was obtained from the patients and
controls.

Chemical characterization of the Diater reagents

PPL and MDM provided by Diater Laboratories (Madrid, Spain)
were characterized by reverse-phase HPLC. MDM samples for
quantitative analysis were prepared by dissolving the content of one
vial in 1 ml acetonitrile : water (50% v/v) mixture and filtered
thorough nylon filters. 20 ll of sample was eluted [Luna
(150 · 4.6 mm) 5 lm Phenomenex column] by using a linear 4.5–
93% acetonitrile gradient in 2.5% formic acid for 30 min at a flow
rate of 1 ml/min. Elution was monitored at 280, 254 and 210 nm.
Benzylpenicilloyl-poly-l-lysine samples were prepared as des-

cribed (15). About 30 ll of diluted sample was chromatographied
in a HPLC Alliance HT (Waters) equipped with a X-Terra MS
(Waters Corp, Milford, MA, USA) C18 3.5 lm (2.1 · 50 mm) col-
umn using a linear 0–100% acetonitrile gradient in 0.1% Trifluor-
acetic acid with a 0.5 ml/min flow rate, coupled to a Water
Micromass ZQ mass detector (Waters Corp, Manchester, UK).

Skin test

Skin testing was carried out as previously described (13), using PPL
(5 · 10)5 M) and MDM (2 · 10)2 M), provided by Allergopharma
(Reinbeck, Germany) and Diater. In both prick and intradermal
testing, a minimum wheal area of 3 mm or an increase of area
>3 mm was considered positive, with a negative response to the
saline control [for more detail see references (13 and (16)].

In vitro specific IgE antibody determination

This was performed by radioallergosorbent test (RAST) as des-
cribed (17). Briefly, 30 ll of patient sera were incubated with the
disc with PPL conjugates. Washed radiolabelled anti-IgE antibody
(Pharmacia Diagnostics, Uppsala, Sweden) was then added and
incubated overnight. The discs were then washed and their radio-
activity was measured in a gamma counter, Cobra II auto-gamma
(Packard BioScience Company, Frankfurt, Germany). Results were
calculated as a percentage of the maximum. Samples were consid-
ered positive if they were >2.5% of label uptake, which was the
mean + 2 SD of the negative control group.

RAST inhibition

Cross-inhibition studies were made using PPL in the solid phase.
This was carried out as reported (18) by incubating sera from pa-
tients allergic to BL (with RAST values >7% label uptake) with
PPL and MDM from Allergopharma and Diater laboratories, at
two 10-fold-concentrations, 6 · 10)6 and 6 · 10)7 M for PPL and
2 · 10)2 and 2 · 10)3 M for MDM. Comparison of the inhibition
capacity of the reagents was made at 50% inhibition.

Statistical studies

The coefficient of variation for each measurement for the RAST
inhibition assays was made with a pool of sera to establish the mini-

mum variation accepted as different cross reactivity. Values >15%
were considered as different and the coefficient of variation of each
sample was within 10% of the variation. Comparison in the per-
centage of positive cases to the kits was made by chi-square analysis.

Results

Minor determinant mixture reagents from Diater were
made by basic hydrolysis, to yield benzylpenicilloate, and
by subsequent acid degradation, to give the correspond-
ing benzylpenilloate. The MDM composition mixture
was carefully analysed by HPLC and only three peaks at
9.44, 10.65 and 13.47 min were detected and quantified.
The chemical structure of these compounds was unam-
biguously assigned by the interpretation of their Mass
Spectrum, for which 308, 352 and 334 amu (atomic mass
units) were observed, corresponding to their respective
molecular weights.

The PPL HPLC chromatogram revealed two peaks at
5.82 and 6.20 min, integrating for 21% and 68% areas,
respectively. The mass spectrum of these peaks revealed
that the major component corresponded to octalysine, in
which eight benzylpenicilloyl groups were attached, and
the minor component to octalysine, bound with seven
benzylpenicilloyl groups.

Radioallergosorbent test inhibition studies using three
individual cases, with a low, medium and high percentage
of RAST binding, are shown in Fig. 1. Greater than 50%
inhibition was found in all the sera, with the highest
concentration of the inhibitor, PPL or MDM, in the fluid
phase. This percentage inhibition tended to decrease with
the lower concentration, the decrease being greater with
the PPL reagent. Comparison between the PPL and
MDM reagents from Allergopharma and Diater showed
that the percentage inhibition detected was parallel and
almost exactly the same for the three sera evaluated.
Similar results were obtained using a pool of sera from
the positive cases (data not shown).

We evaluated 22 patients, 10 men and 12 women,
diagnosed with an immediate allergic reaction to BL and
with positive skin tests to PPL or MDM during the two
previous years, as tested with the Allergopharma reagents.
The mean age was 46.9 years (range, 20–69) and the mean
time interval between the onset of the reaction and the skin
tests performed for this study was 1296 days (range, 30–
7300 days). Eight patients had developed urticaria, eleven
anaphylaxis, and three an anaphylactic shock. Amoxicillin
was the drug involved in the reaction in 18 patients,
benzylpenicillin in two and un-recalled penicillin in two.

These patients were all originally skin test positive to
PPL and/or MDM using the Allergopharma reagents.
Nine were positive to PPL, 10 to MDM and three to both
PPL and MDM. RAST to PPL was positive in eight
patients, all of whom were also skin test positive
(Table 1). At the time of the evaluation for this study
using the Allergopharma reagents, eight patients were
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negative and 14 remained positive (eight to PPL, three to
MDM and three to both determinants). Table 1 also
shows the results obtained using PPL and MDM provi-
ded by Diater. Eight of the patients were skin test
negative and 14 positive (eight to PPL, three to MDM
and three to both determinants). Comparison between
the Allergopharma and Diater reagents showed almost
identical results for both haptens. The only difference
concerned case 16, who was skin prick negative and
intradermal test positive at one-tenth dilution with
Allergopharma and skin prick positive with Diater. Skin
test with PPL and MDM from Diater laboratories was
negative in the negative control group.

Discussion

After >50 years of use, skin testing with major and
minor determinants of benzyl penicillin following the

classical recommendations has proved to be safe, with the
incidence of side effects <1% (19, 20). Figures regarding
resensitization are also low or negligible. A recent study
by Nugent et al. showed that 2.5% of the initially
negative cases converted to positive after skin testing
with PPL, benzylpenicillin and MDM (21).

The withdrawal of PPL in the 1990s in USA, followed
by its recent withdrawal in Europe in 2005, has created a
situation similar to that in the late 1960s and early 1970s.
We are only aware of one company currently providing a
substitute for this product for in vivo diagnostic use.
Although the manufacturer’s information indicates that
the product is valid for in vivo diagnosis, no comparative
studies with the pre-existing reagents have been carried
out. Accordingly, we undertook a comparative study
between the Diater kit and the Allergopharma kit,
obtained from our few remaining stocks. The results
indicated that the reagents from both companies were
equivalent in the skin test response to PPL, MDM, or
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Figure 1. Radioallergosorbent test (RAST) inhibition assays using benzylpenicilloyl-poly-l-lysine (PPL) in the solid phase and PPL
and minor determinant mixture (MDM) from Allergopharma and Diater in the fluid phase. Three cases are shown with different
RAST results (low, medium and high).
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both, with 63% of the cases being positive. Interestingly,
because our cases were taken from previously available
positive controls from our data base, the percentage of
patients that became negative was also similar for both
kits. Of 12 subjects positive to PPL, 11 still remained
positive, but of the 10 MDM, only three were still positive
(P < 0.001). Comparison of the RAST results for PPL
showed that the skin test was more sensitive than the in
vitro tests and that those cases that became skin test
negative were also RAST negative. Considering the initial
number of positive cases, we were able to confirm that a
considerable percentage remained positive; this is in
agreement with previous studies of natural history of
sensitivity, indicating that those cases positive to PPL are
those who become negative later (22).
The results of the RAST inhibition studies showed a

similar behaviour for all the sera, either PPL or MDM,
with the maximum concentration producing at least 50%
inhibition in all the sera. Although we have provided the
chemical characteristics of the Diater reagents, similar
data for the Allergopharma product have been omitted
because of the unavailability of the appropriate com-
pound for these studies.

To summarize, the results of this study indicate that the
kit currently provided by Diater laboratories for the in
vivo diagnosis of immediate hypersensitivity to BL is at
least as sensitive as the previously existing Allergopharma
kit, giving similar results in a positive control group.
RAST inhibition studies showed that the capacity of the
Diater kit to inhibit the IgE specific response was also
similar. The Diater kit can therefore be recommended for
the in vivo diagnosis of allergy to penicillins.
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Table 1. Drug involved, time interval, RAST with PPL and ST results with PPL and MDM from Allergopharma and Diater

ID Drug Interval (days) RAST PPL ST PPL Allergopharma ST MDM Allergopharma ST PPL Diater ST MDM Diater

1 AX 30 1.97 ID- 5 · 4 mm* ID- 4 · 4 mm*
2 AX 30 0 ID- ID- ID- ID-
3 AX 1460 14.7 3 · 4 mm* ID- 4 · 5 mm* ID-
4 AX 1460 0.53 4 · 4 mm** ID- 4 · 4 mm** ID-
5 BP 730 15.83 3 · 4 mm* ID- 3 · 5 mm* ID-
6 AX 60 16.35 6 · 4 mm ID- 5 · 5 mm ID-
7 AX 730 2.3 ID- ID- ID- ID-
8 AX 730 1.26 ID- ID- ID- ID-
9 AX 30 23.54 ID- 3 · 4 mm* Prick- 4 · 4 mm*
10 AX 365 0.28 ID- ID- ID- ID-
11 AX 7300 0.58 ID- ID- ID- ID-
12 PENI 5475 1.17 5 · 4 mm* ID- 4 · 4 mm* ID-
13 AX 365 4.04 6 · 6 mm ID- 5 · 6 mm ID-
14 AX 730 1.45 ID- ID- ID- ID-
15 AX 5475 7.07 4 · 4 mm 5 · 5 mm 5 · 4 mm 5 · 4 mm
16 AX 2190 0.44 ID- 4 · 5 mm** 3 · 3 mm** 3 · 5 mm*
17 AX 30 1.22 4 · 5 mm 4 · 4 mm 5 · 3 mm 4 · 4 mm
18 PENI 365 12.73 5 · 3 mm ID- 4 mm ID-
19 AX 124 8.36 5 · 4 mm 3 · 4 mm 4 · 5 mm 4 · 4 mm
20 AX 30 2.9 4 · 4 mm ID- 3 · 5 mm ID-
21 AX 79 0.5 ID- ID- ID- ID-
22 BP 730 1.56 ID- ID- ID- ID-

AX, amoxicillin; BP, benzylpenicillin; ID, intradermal–negative; MDM, minor determinant mixture; PENI, unrecalled penicillin; PPL, benzylpenicilloyl-poly-L-lysine; RAST,
radioallergosorbent test; ST, skin tests.
*Positive by prick testing; **Positive by intradermal testing (1/10).
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