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between urticaria and
anaphylactic shock
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Background: Subjects with IgE-mediated allergic reactions to
penicillins can develop urticaria or anaphylactic shock. Urticaria
is mainly associated with positivity to the major determinant of
benzylpenicillin (BPO), and anaphylactic shock with minor
determinants (MDM). The presence of IgG antibodies to BPO
is thought to be mainly associated with urticaria, possibly
protecting from anaphylactic shock. We aimed to study the skin
test response to BPO and MDM, amoxicillin (AX), and ampicillin
(AMP) in a group of subjects allergic to penicillins, and to
evaluate the role of specific IgG.

Methods: We studied a group of patients with immediate
allergic reactions to penicillins, comparing urticaria and anaphy-
lactic shock. Skin tests were done with BPO, MDM, AX, and
AMP. Specific IgE and IgG antibodies to benzylpenicilloyl-poly-L-
lysine (BPO-PLL) and amoxicilloyl-poly-L-lysine (AXO-PLL) were
determined by RAST and ELISA, respectively.

Results: Fifty-nine patients were studied (30 with anaphylactic
shock and 29 with urticaria). Skin test positivity to BPO was
associated with urticaria (P<0.001), and positivity to MDM, AX,
and AMP with anaphylactic shock (P=0.006, P<0.001, and
P=0.002, respectively). Specific anti-BPO-PLL and AXO-PLL IgG
values were higher in patients than controls (P<0.001), but no
differences were observed between urticaria and anaphylactic
shock.

Conclusions: Positivity to minor determinants of penicillins is
associated more with anaphylactic shock than urticaria, but the
role of IgG antibodies in helping to prevent the development of
anaphylactic shock could not be confirmed.

Abbreviations: BPO: benzylpenicilloyl, MDM: minor determinant
mixture; AX: amoxicillin; AMP: ampicillin; AXO-PLL: amoxicilloyl-

poly-L-lysine; BPO-PLL: benzylpenicilloyl-poly--lysine.



The mechanisms involved in allergic reactions to penicillins
can be antibody dependent or T-cell mediated (1), although
antibody production is a phenomenon controlled by T cells.
Classically, antibody-mediated reactions are induced by IgE
antibodies and are classified as immediate reactions. Other
antibodies have been detected in sera from patients with
allergic reactions to B-lactams, and while some studies have
claimed that these antibodies can be involved in the reaction
(2), others suggest that the presence or absence of this
antibody may influence the type of reaction (3). However,
the role of IgG antibodies in inducing or modifying allergic
reactions has not been sufficiently clarified (4).

Two main clinical manifestations exist in immediate
allergic reactions to penicillins: anaphylactic shock and
urticaria (3). In anaphylactic shock, several of the following
symptoms may appear: generalized erythema, systemic
pruritus, dyspnea, gastrointestinal pain, nausea, or vomit-
ing, as well as hypotension. In other instances, symptoms
are mainly limited to the skin and consist of urticaria and/or
angioedema. Although overlapping may exist and urticaria
can be present in anaphylactic shock, this differentiation is
usually accepted for evaluating immediate allergic reactions
to B-lactams (5).

Skin tests are the most used and validated method for
evaluating IgE-mediated reactions to penicillins, and allergic
subjects are usually positive to major and/or minor
determinants of benzylpenicillin (6). The RAST is not
generally part of the initial diagnostic procedure of IgE-
mediated penicillin reactions because of both its lower
sensitivity and lower specificity than skin tests (7). A
number of studies have shown that the use of determinants
of other penicillins, such as amoxicillin (AX) and ampicillin
(AMP), can be of value for evaluating immediate reactions to
B-lactams (8-11). Subjects can respond to just one or a
combination of any of these determinants (6, 10).

The concept of minor determinant response is mainly
based on skin test studies (12-14) and when these results
have been correlated with in vitro tests, no definite
conclusions have been obtained (4). However, it is clear
that allergic patients can be classified into several categories
according to their skin test response (5, 14). Subjects with
skin test positivity to minor determinants are reported to be
more prone to developing anaphylactic shock after admin-
istration of penicillin, but subjects with positivity to the
major determinant of benzylpenicillin (BPO) mainly develop
urticaria (5, 13). The reason for this has been related, as
stated above, to the ability to produce IgG antibodies to BPO,
which can act as blocking antibodies and therefore prevent

the development of systemic reactions (12).
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In this paper, we report the skin test response to BPO and
minor determinants of benzylpenicillin (MDM), AX, and
AMP in patients with urticaria and anaphylactic shock, and
establish the relationship between the presence of IgG
antibodies to benzylpenicillin and AX and the clinical

manifestations.

Material and methods
Subjects

We evaluated a group of patients who had had an IgE-
mediated reaction to a penicillin derivative and were skin
test positive to at least one of the determinants mentioned
above. Subjects were divided into two groups according to
their history; group A comprised patients with symptoms
limited mostly to the skin, consisting of urticaria and/or
angioedema, and group B comprised patients having several
of the following symptoms: generalized erythema, systemic
pruritus, dyspnea, tachycardia, abdominal cramps, nausea,
vomiting, and hypotension. This second group was con-
sidered to have had anaphylactic shock. This evaluation was
made by patient interviews or consulting clinical records
when subjects had been treated in the emergency depart-
ment of our hospital.

Skin test

The following determinants were used: BPO 5X107° mM/1
and MDM 2X10> mM/I, both provided by Allergopharma,
Merck (Darmstadt, Germany); AX 20 mg/ml from Beecham
(Toledo, Spain); and AMP 20 mg/ml from Antibiotic SA
(Ledn, Spain). Skin tests were done by prick, and if they were
negative, intradermal tests were carried out. Subjects were

classified as positive or negative as previously described (15).
Specific IgG antibodies

These were measured by ELISA as previously described (16,
17). Microtiter plates (Dynatech Laboratory Ltd, Sussex, UK)
were coated with conjugates of amoxicilloyl-poly-1-lysine
(AXO-PLL) or benzylpenicilloyl-poly-r-lysine (BPO-PLL) at
100 pg/ml. Alkaline phosphate goat anti-human conjugated
IgG (Sigma) was used as antibody. The optical density was
read at 405-650 nm.

As a negative control group, we used serum from 100
subjects aged between 6 months and 2 years who had not
been exposed to any penicillin derivative. Those IgG values
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having an absorbance greater than o.400 nm were consid-
ered positive, this value itself being greater than the mean
plus 2SD of the negative control group.

Specific IgE antibodies

These were made by RAST to BPO-PLL and AXO-PLL as
previously described (18). Blood samples were obtained at
the moment that patients were evaluated, and sera was kept
at —20°C until assayed. All samples were made in parallel,
and values were considered positive if they were higher than
Table 1. Age, sex, drug involved in reaction, and time elapsed

since development of reaction and evaluation of patient in all
subjects in group A

Patient no. Age (years) Sex Drug Time elapsed
involved  (days)
1 57 F AMP UK
2 30 M AMP UK
3 52 F AMP 1250
4 61 F AMP 780
5 49 M AX UK
6 42 F AX 224
7 63 M AX 120
8 36 M AX UK
9 36 M AX UK
10 53 F AX 54
1 38 F AX 365
12 18 F AX 2160
13 37 F AX 270
14 29 M AX UK
15 30 F AX UK
16 56 F BP 4173
17 74 M CEPH 8462
18 60 M CEPH UK
19 68 F PENI 1080
20 56 M PENI 5400
21 54 F PENI UK
22 32 F PENI 3295
23 62 M PENI 3000
24 53 F PENI 285
25 68 M PENI 2880
26 35 M PENI 5000
27 67 F PENI UK
28 52 F PENI UK
29 52 M PENI 915
30 54 F PENI 5405

AMP: ampicillin, AX: amoxicillin, BP: benzylpenicillin, CEPH: cephalosporin,
PENI: unspecified penicillin, UK: unknown.

938 | Allergy 54, /936-943

2.5% of label uptake, which was the mean plus 2SD (19) of
the negative control group with a total IgE of 8-1300 kU/L.

Statistical analysis

The percentage of penicillin derivatives involved in both
groups and the proportion of skin tests positive to all the
determinants tested were compared by chi-square analysis.
The time elapsed between the occurrence of the reaction and
the patient evaluation when the sera were obtained was
compared by the t-test for independent groups. IgG values in
groups A and B and the control group were compared by
ANOVA and, in the case of an association, the Bonferroni
test. The IgE responses to AX and benzylpenicillin were
divided into two categories: presence (positive) or absence
(negative) of specific antibodies, according to a cutoff point
of 2.5, which was over the mean plus 2SD of a negative
control group. The IgG response was also divided into the
same two categories, according to a cutoff point of 0.400 nm,
which was over the mean plus 2SD of a negative control

group.

Results
Subjects

We selected a group of 59 subjects who developed an
immediate reaction to a penicillin derivative and were skin
test positive to at least one of the penicillin determinants.
According to the criteria established above, 30 subjects
belonged to group A and 29 to group B. Results for group A
are presented in Table 1. There were 13 men and 17 women,
with an age range of 18-74 years (49.13 +14.13). Results for
group B are presented in Table 2. There were 17 men and 12
women, with an age range of 23-82 years (46.45+14.01).
Comparison of the age between both groups showed no
significant differences.

In 19 subjects of group A, the time interval between the
occurrence of the allergic episode and the evaluation of the
patient and taking of sera was known, and the mean value
was 237442387 days. In 15 subjects of group B, the time
interval was also known, and the mean value was
1049+ 1195 days. Although these values showed differ-

ences, they were not quite significant (P=0.06).



Table 2. Age, sex, drug involved in reaction, and time elapsed
since development of reaction and evaluation of patient in all
subjects in group B

Patient no. Age (years) Sex Dru Time
involved  elapsed (days)
1 60 M AMP UK
2 56 M AMP 120
3 38 M AX 75
4 32 M AX 60
5 47 M AX 2400
6 52 M AX 52
7 53 M AX UK
8 35 F AX UK
9 37 M AX UK
10 59 F AX 1900
11 23 M AX UK
12 38 M AX UK
13 52 F AX 3500
14 33 F AX 365
15 36 F AX 720
16 23 F AX UK
17 33 F AX 183
18 69 M AX 3300
19 63 F AX UK
20 39 M BP 94
21 54 F CEPH 930
22 55 M PENI UK
23 49 M PENI UK
24 36 M PENI UK
25 82 F PENI UK
26 62 M PENI 600
27 40 F PENI UK
28 36 M PENI 1440
29 55 F PENI UK

AMP: ampicillin, AX: amoxicillin, BP: benzylpenicillin, CEPH: cephalosporin,
PENI: unspecified penicillin, UK: unknown.

Drugs involved in the reaction

In group A, the drug most frequently involved was an
unspecified penicillin in 12 subjects, followed by AX in 11,
AMP in four, cephalosporins in two, and benzylpenicillin in
one (Table 1). The cephalosporins involved were cephadroxil
in one patient and cefuroxime in another. The term
“unspecified penicillin”’ is used for those patients who,
although sure it was a penicillin, were unable to specify the
derivatives involved in the reaction. In group B, the drug
most frequently involved was AX in 17 subjects, followed by
unspecified penicillin in 12, AMP in two, benzylpenicillin
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in one, and cephalosporins in one (Table 2). The cephalo-
sporin involved was cefuroxime. There were no statistical
differences in the B-lactam involved in the reaction between

the groups.

Skin test

The skin test results from group A (Table 3) showed that the
determinant most frequently inducing positivity was BPO in
17 subjects, followed by the combination of BPO and MDM
in five patients. In the eight remaining subjects, there was
positivity to one or more penicillin determinants. In group B
(Table 4), the combination MDM plus AX plus AMP was
positive in 10 patients, followed by MDM alone in six
subjects and AX plus AMP in five. Positivity to BPO
appeared in only three subjects.

Evaluation of the percentage of positivity to each
determinant showed that, in group A, 76.7% of the patients
were skin test positive to BPO, 33.3% to MDM, 20% to AX,
and 20% to AMP. In group B, 13.8% of the patients were
positive to MDM, 69% to AX, 65.5% to AMP, and 58.6%
to BPO. These differences were statistically significant for
all haptens (BPO<o0.001, MDM-=0.006, AX<o0.001, and
AMP=0.002).

Specific IgE antibodies

When we evaluated the specific IgE antibodies, we found
that in group A (Table 3), 12 (40%) patients were positive to
BPO-PLL and four (13.3%) to AXO-PLL, and in group B
(Table 4) seven (24.1%) were positive to BPO-PLL and eight
(27.6%) to AXO-PLL. The mean IgE value +SD to BPO-PLL
was 2.85+3.0 in group A and 3.7 +7.1 in group B, the t-test
analysis showing no significant differences. The mean IgE
value +SD to AXO-PLL was 1.67+3.12 for group A and
6.37+12.7 for group B. Comparison, although not signifi-
cant, was very close (P=0.055). No correlation was found

between total IgE levels and RAST values in either group.

Specific IgG antibodies

A graphical representation of IgG values to both haptens with
the median and the interquartile range of the three groups is
presented in Fig. 1. The mean IgG value +SD to BPO-PLL in
group A was 0.51640.355; for group B, it was 0.41340.281;
and for the negative control, it was 0.1664+0.098. The
ANOVA showed statistical differences between the groups
(P<o0.001). However, when groups A and B were compared by
the Bonferroni test, there were no differences (P=0.22). The
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Table 3. Skin test results to BPO, MDM, AX, and AMP, and specific IgE
and IgG levels to BPO-PLL and AXO-PLL in all patients in group A

Skin test IgE 19G
Patient BPO MDM AX AMP BPO-PLL AXO-PLL  BPO-PLL  AXO-PLL
no.
1 + - - - 1.77 0.41 0.208 0.950
2 - - + + 0.01 0.11 0.270 0.236
3 + - - - 0.01 0.01 0.305 0.502
4 + - - - 4.00 0.10 0.379 0.998
5 = - + + 0.7 0.2 0.570 0.620
6 = + = = 0.27 0.10 0.403 0.649
7 + - - - 3.5 1.3 0.890 0.970
8 + - + + 6.60 7.30 1.183 1.310
9 - + + + 3.6 1.2 0.730 0.620
10 + + - - 1.1 0.7 0.412 0.215
1 + - - - 437 1.70 0.550 1.415
12 & - - - 6.9 3.0 0.825 0.630
13 = + + + 0.7 45 0.201 0.400
14 = + + + 0.20 0.10 0.769 0.708
15 + - = = 7.2 0.3 0.360 0.470
16 + - - - 0.95 0.48 0.121 0.141
17 + + - - 0.01 16.20 0.290 0.483
18 + - - - 6.3 0.7 0.520 0.312
19 + - - - 0.2 0.3 0.430 0.390
20 - + - - 463 0.83 1.406 1.220
21 & - - - 0.89 1.21 1.457 1.709
22 + + - = 0.3 0.1 0.208 0.197
23 + - = - 10.82 1.26 0.139 0.160
24 + - = = 8.3 1.3 0.390 0.415
25 + - - - 1.39 0.25 0.771 0.725
26 + - - - 0.71 0.67 0.225 0.364
27 + - - - 0.71 0.57 0.414 0.539
28 + + - - 6.4 1.3 0.655 0.620
29 + - - - 17 1.9 0.215 0.218
30 & & - - 1.3 1.6 0.212 0.185

BPO: benzylpenicilloyl, MDM: minor determinant mixture, AX: amoxicillin, AMP:
ampicillin, AXO-PLL: amoxicilloyl-poly-L-lysine, BPO-PLL: benzylpenicilloyl-poly-L-lysine.

mean IgG value + SD to AXO-PLL was 0.612 4 0.402 for group
A,0.593+0.391 forgroup B, and0.193 +0.101 for the negative
control. The ANOVA also showed significant differences
(P<o0.001). However, when groups A and B were compared,
there were no differences (P=0.846).

When we established two categories of IgG, positive or
negative according to the previously established cutoff point,
we found that 53% of the patients were positive to BPO and
70.6% to AXO in group A, and that 34 % were positive to BPO
and 65.5% to AXO in group B. Although there were more
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positive subjects in the urticaria group than in the anaphy-
lactic shock group, these differences were not significant
(P=1.45 for BPO and P=0.723 for AXO).

Discussion

The purpose of our study was to evaluate the skin test

positivity to major and minor determinants of benzylpeni-

cillin and minor determinants of AX and AMP in subjects



Table 4. Skin test results to BPO, MDM, AX, and AMP, and specific IgE

and 1gG levels to BPO-PLL and AXO-PLL in all patients in group B
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Skin test IgE I9G
Patient BPO MDM AX AMP BPO-PLL  AXO-PLL  BPO-PLL  AXO-PLL
no.
1 + - - - 4.50 1.82 0.621 1.087
2 - - -+ 0.70 1.70 0.332 0.270
3 - + + o+ 0.10 0.10 0.336 0.486
4 - + + o+ 1.19 1.39 0.177 1.011
5 - - + o+ 0.22 0.40 0.231 0.478
6 + - - - 18.05 13.59 0.155 0.385
7 - + + o+ 0.50 49.70 0.378 0.623
8 - - + o+ 26.11 1.00 0.871 0.863
9 - + + o+ 1.67 1.14 0.215 0.331
10 - - + o+ 0.4 0.2 0.905 1.348
11 - + + - 0.20 2.0 0.531 0.615
12 - - + - 0.15 0.94 0.648 0.529
13 - + - - 0.20 0.30 1.233 1.404
14 - + + o+ 0.06 0.02 0.409 1.010
15 + + - - 0.81 0.02 0.208 0.404
16 - + - - 0.6 0.02 0.479 0.634
17 - - + o+ 1.49 1.01 0.185 0.226
18 - + + o+ 1.30 5.70 0.348 0.406
19 - + - - 5.35 3.22 0.364 0.502
20 - - + o+ 7.12 33.40 0.712 0.784
21 - + + o+ 0.08 0.04 0.180 0.417
22 - + - - 0.09 0.07 0.910 0.771
23 - + - - 8.26 5.90 0.154 0.321
24 - + + 0+ 25.5 29.0 0.205 0.291
25 - + + o+ 0.40 0.50 0.210 0.377
26 + + + o+ 2.00 0.01 0.165 0.379
27 - + - - 0.16 0.21 0.260 0.284
28 - + + - 0.80 0.10 0.361 0.682
29 - + + o+ 0.01 28.40 0.206 0.305

BPO: benzylpenicilloyl, MDM: minor determinant mixture, AX: amoxicillin, AMP:
ampicillin, AXO-PLL: amoxicilloyl-poly-L-lysine, BPO-PLL: benzylpenicilloyl-poly-L-lysine.

with urticaria and anaphylactic shock to B-lactams. Since a
number of studies have indicated that semisynthetic
penicillins can also induce skin test positivity (11, 20), it
seems reasonable to include these two new determinants in
both skin testing and laboratory studies. We divided the
clinical response into two categories: urticaria and anaphy-
lactic shock, although we agree with others that some
overlapping exists (1, 5, 14) and that it is sometimes difficult
to classify subjects because their symptoms are mostly
described retrospectively.

Skin test reactivity to MDM was observed soon after the
first use of penicillins together with their ability to improve
13). The

importance of semisynthetic penicillins in inducing allergic

the diagnostic capacity of these tests (12,

reactions has also been documented (11, 20), and recent
studies indicate that they contribute significantly to the
number of positive skin test responses (8-11, 20). MDM not
only improves the capacity of diagnostic tests, but also is
usually associated with a greater risk of developing
anaphylactic shock (5, 13, 21).
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Figure 1. Box-plot analysis and off-layers of IgG levels to BPO (top) and
AXO (bottom) in three groups: urticaria, anaphylactic shock, and
controls.

The results of our study show that patients who developed
an anaphylactic reaction were more frequently skin test
positive to MDM, AX, and AMP than those with urticaria,
and the latter were more frequently skin test positive to
BPO. Nevertheless, these responses were not exclusive,
since some patients with urticaria had skin positivity to
minor determinants and others with anaphylactic shock
were also positive to BPO (Tables 3 and 4). The positivity to
MDM alone in our group was important and similar to
another study (22). In our study, 33.3% of the patients from
the urticaria group were positive to MDM in comparison
with 69% of the anaphylactic shock group.

When we compared the RAST values to BPO-PLL and
AXO-PLL in both groups, there was a tendency to detect
more positive responses to AX in group B than in group A
(24% vs 13%). On the other hand, positivity to BPO was
27% in group B vs 40% in group A. These data approached
statistical significance, supporting the data found with skin

test results.
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