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The aetiologic evaluation of adverse cutaneous reactions to penicillins is still not an easy problem
to solve. Skin testing is usually carried out intradermally with benzylpenicilloyl polylysine (BPO-
PPL) and minor determinant mixture (MDM), but these are often unsuitable for the detection of
sensitivity to betalactam antibiotics. 101 selected subjects, with different cutaneous reactions to
betalactams and with a clinical history of positive challenge, were skin tested (patch test, prick test,
intradermal test) with a standard betalactam series (amoxycillin, sodium penicillin G, ampicillin,
bacampicillin, aztreonam, ceftriazone, BPO-PPL, MDM). 1 or more positive reactions to skin
tests, mainly to intradermal tests, were observed in 47.5% of the subjects studied, especially in
those with maculopapular eruptions, urticaria/angioedema and drug reactions caused by ampicillin
and amoxycillin. Cross-sensitivity was demonstrated in 22.8% of cases and was due almost solely
to the semisynthetic penicillins. Finally, to increase the yield in detecting positive patients, it is
necessary that ampicillin and amoxycillin be tested in addition to major and minor determinants.

Key words: drug reactions; betalactams; antibiotics; skin tests; patch test; intradermal test; cross-
sensitivity. © Munksgaard, 1997.
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The aetiologic evaluation of cutaneous and mu-
cous reactions to systemic drugs is still not an easy
problem to solve (1-3), and no easier when immu-
nologic mechanisms are involved. It is well-known
that in vitro tests are not dangerous but not very
reliable (4-6), while those in vivo are sometimes
hazardous and provide contrasting results (3, 5).

The radioallergosorbent test (RAST) is suitable
in some drug reactions and mainly in those caused
by penicillins (7), but positive results are obtained
only in patients with anaphylactic shock, urticaria
and serum sickness-like reactions. In these dis-
orders, and especially in exanthematic, eczematous
and erythrodermic eruptions, fixed eruptions and
anticonvulsant-induced rashes, skin tests are very
useful, even if the safe patch test is still thought to
be less helpful in comparison to the risky intra-
dermal test.

Skin tests are widely used for the diagnosis of
allergic reactions to penicillins, but the classical re-
agents benzylpenicilloyl polylysine (BPO-PPL) and
minor determinant mixture (MDM) are often un-
suitable for the detection of sensitivity to betalac-
tams (1, 8).

For all these reasons and to study cross-reac-

tivity among these drugs, we have carried out skin
tests in a group of patients with different cu-
taneous reactions to semisynthetic penicillins using
a standard betalactam series.

Materials and Methods

In the last 3 years, 101 selected subjects (66 female,
35 male) aged from 15 to 87 years (average age,
46.1 years), with a history of cutaneous drug reac-
tions (urticaria/angioedema, 44; maculopapular
eruptions, 32; anaphylactic shock, 13; other dis-
orders, 12), were investigated. The undesired ef-
fects were caused by betalactam antibiotics
(amoxycillin, 46; sodium penicillin G, 19; ampi-
cillin, 13; bacampicillin, 3; cephalosporins, 20), as
suggested by personal history of relapse of the clin-
ical picture after inadvertent re-administration of
the drug or a chemically-related compound.

All subjects were evaluated by a diagnostic pro-
tocol planned to include, in chronological order,
patch tests, prick tests and intradermal tests with
the causative drug and the substances reported in
Table 1. Some of these were chosen in order to
investigate possible allergic cross-reactivity among



152 LISI ET AL.

Table 1. Betalactam series used for skin tests

amoxycyllin
sodium penicillin G
ampicillin
bacampicillin
aztreonam
ceftriazone
BPO-PPL*
MDM**
saline solution
histamine
hydrochloride

Patch tests"
(%)

25
5

25
25
20
20
—
—
—

-

Prick tests°°
(mg/ml)

5
5"
5
5

20
20
0.035

0.6+0.5
as is

10

Intradermal
tests^

(mg/ml)

5
5̂
5
5
5
5
0.035

0.6+0.5
as is

0.1

° In petrolatum; °° in hydroglyceric solution (1:1); t in phos-
phate-buffered saline solution.

* Benzylpenicilloyl polylysine (Bracco, Milano), tested in 81/
101 subjects.

** Minor determinant mixture: benzylpenicillin+benzyl-
penicilloate sodium salts (Bracco, Milano), tested in 81/101
subjects.

" Equal to 3010 IU.

penicillins and between penicillins and 2 betalac-
tams, 1 of the monobactam group (aztreonam)
and the other of the 3rd generation cephalospor-
ins. Concentrations and vehicles used were de-
duced from data in the literature (9, 10) and from
our previous experience (3).

Patch tests were performed on the back accord-
ing to ICDRG criteria, while prick tests and intra-

dermal tests were performed on the volar forearm
using 0.05 ml of the various solutions. Wheal reac-
tions were read at 10 and 20 min and judged posi-
tive when the test side was equal to or greater than
the histamine reaction. Subjects were reassessed 1
and 2 days after skin testing to evaluate possible
delayed reactions (tuberculin or eczematous type).

In order to insure the safety of patients who suf-
fered from angioedema and anaphylactic shock,
prick tests and intradermal tests were carried out
in an environment suitable for resuscitation. Writ-
ten informed consent was obtained from all sub-
jects.

Results

1 or more positive reactions to skin tests were ob-
served in 48 (47.5%) of the 101 subjects studied
and especially in those who suffered from maculo-
papular eruptions or urticaria/angioedema (Table
2). The intradermal tests were positive in 41/48
subjects (Table 2), but in 20 of these, there was an
overlap in positivity of the different tests and, in
particular, between patch tests and intradermal
tests in 5, between prick tests and intradermal tests
in 4, and between all 3 tests in 11. In the remaining
7 patients, 5 showed positive reactions only to
patch tests and 2 only to prick tests.

The results of skin tests with the causative drugs
are shown in Table 3. The most commonly positive

Table 2. Positive skin test reactions and clinical manifestations in 101 patients with a history of betalactam adverse reactions

Positive reactions

Clinical manifestations

urticaria/angioedema
maculopapular eruptions
anaphylactic shock
other disorders
total

total

no.

24/44
20/32
0/13
4/12

48/101

(%)
54.5
62.5
0.0

33.3
47.5

patch

no.

9
10
0
2

21

tests

(%)

20.5
31.2
0.0

16.7
20.8

prick

no.

7(0)
10(8)
0
0

17(8)

tests

(%)
15.9
31.2
0.0
0.0

16.8

intradermal tests

no.

22(0)
16(12)
0
3(0)

41 (12)

(%)
50.0
50.0
0.0

25.0
40.6

In parentheses, positive delayed reactions.

Table 3. Positive skin test reactions and causative

Clinical manifestations

total

no.

drugs in

(%)

101 patients

patch

no.

with a positive history of betalactam

Positive reactions

tests prick tests

(%) no. %

adverse reactions

intradermal tests

no. (%)
amoxycillin
sodium penicillin G
ampicillin
bacampicillin
cephalosporins
total

24/46
7/19
7/13
2/3

8*/20**
48/101

52.2
36.8
53.8
66.7
40.0
47.5

4
5
1
3

21

17.4
21.1
38.5
33.3
15.0
20.8

8(5)
2(0)
4(3)
1(0)
2(0)

17(8)

17.4
10.5
30.8
33.3
10.0
16.8

22(9)
6(0)
6(3)
2(0)
5(0)

41 (12)

47.8
31.6
46.2
66.7
25.0
40.6

* Cephalexin 4; cephaloridine 2; ceftriazone 2.
** Cephalexin 9; cephaloridine 5; ceftriazone 3; cefatrizine 1; cefaclor
In parentheses: positive delayed reactions.

; cefonicid 1.



Table 4. Cross-reactions

Causative drugs

SKIN TESTS

among betalactam antibiotics

Subjects (no.)
with cross-reactions

FOR BETALACTAMS

A SPG

Cross

Am

reactions

B Az C

153

A
SPG
Am
B
Ce

12/24
1/7
in
111
1/4

1
4
2
_

—

4
2
1

10
1

1
_

A: amoxycillin; SPG: sodium penicillin G; Am: ampicillin; B: bacampicillin; Az: aztreonam; C: ceftriazone; Ce: cephalexin.

reactions were observed in subjects who reported
cutaneous eruptions to ampicillin (7/13) and
amoxycillin (24/46). Only 2 of these were positive
to BPO-PPL or MDM.

Cross-reactions among betalactams can be seen
in Table 4. These were documented in 23 patients
(22.8%) and were more frequent in patients sensi-
tized to ampicillin (7/7) and to amoxycillin (12/24).
Skin testing was well tolerated in 99 patients. In
the remaining 2, intradermal testing provoked a re-
lapse of the skin manifestations: angioedema of
the lips in one, morbilliform rash of the trunk in
the other.

Discussion

In about half the cases studied (47.5%), sensitivity
to 1 or more betalactam antibiotics was revealed
by skin tests and mainly by intradermal tests.
These and prick tests, however, must be re-evalu-
ated after 1 and 2 days because delayed positive
reactions are frequent (12/41 and 8/17, respec-
tively) (Table 3). It is interesting to underline the
positiveness of patch tests in 21 subjects (20.8%),
10 of whom suffered from maculopapular eruption
and 9 from urticaria/angioedema, probably med-
iated by immune complexes.

The clinical pattern seems to influence the fre-
quency of positive skin test reactions, which was
higher in maculopapular eruptions and urticaria/
angioedema than in anaphylactic shock. In the lat-
ter disorder, the negative reactions were likely in
relation either to the fact that specific IgE anti-
bodies have often been found only in the first days
and/or weeks of eruptions (11), or to the symptoms
not being immunomediated.

Among the betalactams investigated, positive
skin tests to amoxycillin and ampicillin were the
most common. As these were practically never as-
sociated with sensitivity to major and minor break-
down products of penicillin, it is probable that
side-chains, besides the nuclear portion (betalac-
tam and thiazolidine rings), are involved in the
sensitization. In fact, the side-chain of amoxycillin
and ampicillin differs from that of benzylpenicillin
as it has an a amino group. The remaining phenyl

(ampicillin) or p-hydroxy phenyl (amoxycillin)
groups are not unlike many other penicillins (12).

The importance of the side-chain structure
seems highlighted by cross-sensitivity between be-
talactam antibiotics. This was demonstrated in
22.8% of our patients and was due almost solely
to the semisynthetic penicillins (ampicillin, amoxy-
cillin, bacampicillin), which are one of the major
classes of betalactams (penicillins, cephalospor-
ins). Cross-reaction between amoxycillin and cef-
triazone was observed in only 1 case, while skin
tests with aztreonam were always negative. There-
fore, cephalosporins (and in particular those of the
3rd generation), monobactams and betalactams of
the other 3 minor classes (carbapenems, oxace-
phems, clavams) can be administered to the pa-
tients allergic to penicillins (13-15), but only after
having tested these compounds.

In conclusion, a careful history and the easy per-
formance of skin tests are very useful in the diag-
nosis of undesirable cutaneous and mucous reac-
tions from systemic betalactams, as well as in the
study of cross-reactivity. As intradermal testing
bears a definite risk of generalized reactions (2, 5),
it is advisable to carry this out only when patch
tests and prick tests are negative. Nevertheless, pa-
tients with a history of Stevens-Johnson or Lyell
syndrome, anaphylactic shock or serious angioeder-
ma, should not be evaluated by skin tests. Finally,
to increase the yield for detecting positive patients,
it is necessary that several semisynthetic penicillins
(i.e., ampicillin, amoxycillin) be tested in addition
to major and minor determinants.
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