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Abstract

Background: Skin testing in duplicate, correlation between case history of immedi-
ate and nonimmediate reactions and challenge outcome and prolonged oral treat-
ment with penicillin in the diagnostic evaluation of allergic reactions to B-lactam
antibiotics, mimicking real-life situations, have only been addressed in few studies.
Methods: A total of 342 patients suspected of having B-lactam allergy were inves-
tigated according to the European Network for Drug Allergy (ENDA) guidelines
and patients found to be negative in the ENDA program were supplemented with
a 7-day oral treatment with penicillin. Skin testing with penicillins was performed
in duplicate.

Patients with case histories of reactions to other B-lactams were also subse-
quently challenged with the culprit drug.
Results: Nineteen patients were IgE-sensitized to penicillin. Then, intracutaneous
tests (ICTs) were performed, in which 35 patients tested positive for allergy, 21
with delayed and 14 with immediate reactions. Only three patients tested positive
for the major (PPL) and/or minor (MDM) penicillin determinants, all being posi-
tive for penicillin G in ICT. The remaining 291 patients were challenged with
penicillin: 10 tested positive in single-dose challenge and 23 tested positive in the
7-day challenge. A total of 17 of 78 patients with a negative penicillin challenge
tested positive during challenges with other B-lactams.

We found no correlation between case histories of immediate and nonimmedi-
ate reactions and reaction time during challenge.
Conclusion: The data suggest that case history is often insufficient to discriminate
between immediate reactors and nonimmediate reactors. A 7-day challenge with
the culprit B-lactam may yield more positive reactions than the accepted one- or
2-day challenge. Interpretation of skin testing should be made with caution.

The diagnosis of allergic reactions to B-lactam antibiotics is
based on the European Network for Drug Allergy (ENDA)
guidelines, including skin tests, in vitro measurements, and
drug challenge (1-3). Very little data are available on repro-
ducibility of skin tests and relevance of the proposed subdivi-
sion of reactions into immediate (IR) and nonimmediate
(NIR) reactions, based on case history. Further, the challenge
regimen proposed by ENDA does not reflect the conven-
tional 4-7-day therapy with penicillin.

The aim of this study was to substantiate our previous
findings (4) with additional inclusion of skin testing in dupli-
cate with more allergens and also with inclusion of patch
testing, to compare the immediate and nonimmediate
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reactions during challenge and to assess selective reactions to
specific B-lactams.

Materials and methods

Adult patients referred to our department with a clinical his-

tory suspected of having a B-lactam allergy during the period

September 2010-September 2011 were included in this

prospective study. All patients were investigated according

to ENDA guidelines (1-3) with the following modifications:

1 The definitions of immediate reactions (IR) and nonim-
mediate reactions (NIR) in the ENDA guidelines are
based on patients’ case history; we extended this
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Table 1 Demographic data of the 452 patients investigated with ENDA Questionnaire
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Any test result

Total Positive Negative Only Questionaire
Number 342 98 (28.7%) 244 (71.3%) 110
Sex (female) 240 (70.2%) 65 (66.3%) 175 (71.7%) 88 (80.0%)
Age
<40 years 113 (33.0%) 4 (34.7%) 79 (32.4%) 4 (40.0%)
40-60 years 149 (43.6%) 9 (50.0%) 100 (41.0%) 7 (33.6%)
>60 years 80 (23.4%) 5 (15.3%) 65 (26.6%) 9 (26.4%)
Atopy 16 (4.7%) 2 (2.0%) 14 (5.7%) 7 (6.4%)
Asthma 28 (8.2%) 6 (6.1%) 22 (9.0%) 12 (10.9%)
Time since primary reaction
<1 year 150 (43.9%) 57 (58.2%) 93 (38.1%) 41 (37.3%)
1-5 years 36 (10.5%) 16 (16.3%) 20 (8.2%) 12 (10.9%)
>5-10 years 23 (6.7%) 7 (7.1%) 16 (6.6%) 9 (8.2%)
>10 years 132 (38.6%) 18 (18.4%) 114 (46.7%) 48 (43.6%)
Unknown (time) 1(0.3%) 0 (0%) 1(0.4%) 0 (0%)
Symptoms at primary reaction
Anaphylaxis 11 (3.2%) 4 (4.1%) 7 (2.9%) 0 (0%)
Angioedema and/or Urticaria 135 (39.5%) 54 (55.1%) 80 (32.8%) 51 (46.4%)
Unclassified Cutaneous rash 180 (52.6%) 36 (36.8%) 145 (59.4%) 52 (47.3%
Other cutaneous symptoms 3(0.9%) 2 (2.0%) 1(0.4%) 1(0.9%)
None cutaneous symptoms 13 (3.8%) 2 (2.0%) 11 (4.5%) 6 (5.4%)
Distribution of cutaneous symptoms (primary)
Localized 105 (30.7%) 30 (30.6%) 75 (30.7%) 2 (38.2%)
Generalized 192 (56.1%) 65 (66.3%) 127 (52.1%) 4 (49.1%)
Unknown 45 (13.2%) 3 (3.1%) 42 (17.2%) 4 (12.7%)
Respiratory symptoms 41 (12.0%) 13 (13.3%) 28 (11.5%) 0 (18.2%)
Other manifestations 40 (11.7%) 12 (12.2%) 28 (11.5%) 5 (13.6%)
Type of culprit drug
Penicillin V or G 188 (55.0%) 46 (46.9%) 142 (58.2%) 67 (60.9%)
Amoxicillin 33 (9.6%) 20 (20.4%) 13 (56.3%) 7 (6.4%)
Ampicillin 24 (7.0%) 7 (7.1%) 17 (7.0%) 12 (10.9%)
Dicloxacillin 39 (11.4%) 15 (15.3%) 24 (9.8%) 10 (9.1%)
Other 22 (6.4%) 4 (4.1%) 18 (7.4%) 5 (4.5%)
Unrecalled (culprit drug) 63 (18.4%) 8 (8.2%) 55 (22.5%) 16 (14.5)
Time interval between dosage and reaction
<1h 36 (10.5%) 19 (19.4%) 16 (6.6%) 12 (10.9%)
1-2h 13 (3.8%) 6 (6.1%) 7 (2.9%) 3(2.7%)
<24 h 35 (10.2%) 7(7.1%) 28 (11.5%) 16 (14.5%)
>24 h, but during treatment (days) 163 (47.7%) 39 (39.8%) 125 (51.2%) 52 (47.3%)
After treatment (days) 0 (14.6%) 19 (19.4%) 31 (12.7%) 13 (11.8%)
Unknown (time interval) 72 (21.1%) 10 (10.2%) 62 (25.4%) 21 (19.1%)
Treatment
No treatment of the reaction 121 (35.4%) 17 (17.4%) 104 (42.6%) 36 (32.7%)
Treatment of the reaction 154 (45.0%) 66 (67.3%) 88 (36.1%) 51 (46.4%)
Unknown (treatment) 67 (19.6%) 5 (15.3%) 52 (21.3%) 23 (20.9%)

No significant differences between the included and excluded patients regarding patient characteristics were found (P > 0.05).

definition to include symptoms and signs elicited during

4 The challenge procedures differed by number of doses

challenge. Specifically, we define IR as a reaction com-
mencing within 1 h after last drug intake and NIR as a
reaction commencing 1 h after last drug intake.

All patients, regardless of time between drug intake and
reaction, were diagnosed using the same protocol, includ-
ing measurement of specific IgE and patch testing.

Skin testings were carried out in duplicate, and all
patients were tested with all drugs described below.

and steps and by route of administration.

If the above program proved negative, investigations con-
tinued with a prolonged oral (7 days) treatment (p.0.7)
with penicillin.

All patients were initially challenged with penicillin. If
this challenge proved negative and if case history pointed
at a different B-lactam, the patient was subsequently chal-
lenged also with their culprit drug.

© 2013 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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On the first evaluation day, case history was analyzed,
ENDA questionnaire for drug allergy was filled out by par-
ticipants (5), clinical examination was performed, and specific
IgE levels against phenoxymethylpenicillin (penV), benzyl-
penicillin (penG), ampicillin (AMP), and amoxicillin (AX)
were measured using ImmunoCap (ThermoFisher Scientific).
On the second evaluation day, skin prick test (SPT), intracu-
taneous test (ICT), and patch test (PT) were performed. In
patients with negative results, penicillin challenge was initi-
ated 1 week later.

Skin prick test was performed with penV (25 mg/ml), AX
(1.25 mg/ml and 25 mg/ml), and the major (PPL, benzylpeni-
cilloyl-poly-L-lysine) and minor determinant mix (MDM)
from Diater Laboratory, Spain. ICT was performed with
penG and AMP (1.25 mg/ml and 25 mg/ml), dicloxacillin
(DX) 1 mg/ml, mecillinam (ME) 4 mg/ml, and PPL and
MDM (in patients with anaphylaxis, PPL and MDM were
performed initially with 1 : 10 dilutions as recommended by
the manufacturer). ICT was not performed with AX due to
unavailability of a formulation for intravenous use on the
Danish market.

Histamine 10 mg/ml (ALK-Abello, Denmark) and isotonic
NaCl were used as controls. Freshly prepared penicillins
diluted with saline were used for SPT and ICT. SPT and ICT
were performed on the volar forearm and read after 20 min.
ICT (0.05 ml of each hapten) and SPT were considered posi-
tive if the increase in the largest diameter (in duplicate) was
>3 mm and surrounded by flare (6-9). SPT and ICT were
also read after 72 h and 7 days.

Patch test (PT) was performed according to the Interna-
tional Contact Dermatitis Research Group (ICDRG) recom-
mendations (10, 11) with commercialized forms of penG and
penV, AMP, AX, DX, and ME (10% in petrolatum). All
vehicles were manufactured by Chemotechnique (Sweden) (6—
10). Reactions from + to +++ were regarded as positive (2).

Penicillin challenge

On the third day, challenge was initiated under anaphylaxis
surveillance by intravenous injection of penG from 100 IE to
1.000.000 IE in 10-fold increments with 20-min interval, fol-
lowed by administration of 400 mg of oral penV 20 min later
at the center and continued with a 7-day course (800 mg t.i.d)
at home. Challenge was stopped when a clinical reaction
occurred. Anaphylaxis was defined according to Simons (12).

Prolonged challenge

Patients who tested negative in the above program and
those with case histories of reactions to other B-lactam anti-
biotics were subsequently challenged with the 500 mg culprit
drug, 2 (AMP, AX) or 3 (DX) doses per day for 7 days
(p.0.7). Antihistamines or other drugs affecting the result
were discontinued. The study was approved by the regional
ethical committee (project ID. S-20100091).

Statistical analysis

Data were collected in duplicate in the EpiData database.
Statistical analyses were performed with stata 11, StataCorp,
College Station, TX, USA, using Fisher’s exact test. Statisti-
cal significance was defined as P < 0.05.

Results

A total of 452 adult patients, referred to the allergy center
for evaluation of history of allergic reactions to penicillin,
were included in this prospective study; 110 patients refrained
from further testing, as shown in Table 1.

The most frequently reported symptoms were unclassified
cutaneous rash (180 cases, 52.6%), urticaria and/or angioe-
dema (135 cases, 39.5%), and anaphylaxis (11 cases, 3.2%).
Respiratory or gastrointestinal symptoms without cutaneous
reactions were reported by 13 (3.8%).

The B-lactam eliciting the initial reaction (the culprit drug)
was penV and penG in 188 cases (55%), DX in 11.4%, AX
in 9.6%, AMP in 7%, and unknown in 18.4%.

According to case history, reactions commencing within
1 h after last drug intake were subclassified as immediate
reactions (IR, 36 patients) and those commencing 1 h after
last drug intake as nonimmediate reactions (NIR, 235
patients), as described in the Materials and Methods section.
Seventy-one patients could not be subclassified. Only patients
reporting anaphylaxis were over-represented in the IR group
(P < 0.05), as shown in Table 2.

Diagnostic tests

Sensitization is defined hereafter as a positive outcome of
any of the tests applied. IgE sensitization was demonstrated
in 19 patients: 18 to penV, 1 to penG, 9 to AMP, and 6 to
AX. Monosensitization was only seen to penV (8 cases) and
penG (1 case). There was no correlation between positive

Table 2 Type of reaction compared with symptoms at the primary reaction

Symptomatology (Case history)

Type of reaction Anaphylaxis  Urticaria/angioedema  Unclassified cutaneous Rash ~ Vasculitis ~ AGEP Mb. Sweet  None
(n = 342) (n=11) (n=135) (n=180) (n=1) (n=1 (n=1) (n=13)
IR (n=236)* 1N 12 11 0 0 0 2

NIR (n = 235)* 0 106 121 1 1 0 6
Unknown (n = 71)** 0 17 48 0 0 1 5

*In all cases, except anaphylaxis, no significant difference between the IR and NIR groups was found (P > 0.05).

**Seventy one patients did not recall the exact timing.

© 2013 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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Table 3 Skin test results
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Table 4 Correlation between positive test results (IgE, ICT and PT)

Skin test result

pos/pos pos/neg
Reagents Total | D Total | D neg/heg NT
SPT
Amoxicillin 0 0 0 O 0 0 339 0
1.25 mg/ml
Amoxicillin 1 0 1 0 0 0 338 0
25 mg/ml
PPL1:1 0 0 0 0 0 0 339 0
MDM 1 : 1 0 0 0 0 0 0 339 0
ICT
Penicillin G 7 3 4 1 1 0 331
1.25 mg/ml
Penicillin G 12 7 5 1 1 0 325 1
25 mg/ml
Ampicillin 14 2 12 2 0 2 323
1.25 mg/ml
Ampicillin 26 9 17 b5 2 3 308
25 mg/ml
Dicloxacillin 6 4 2 1 1 0 332
1 mg/ml
Mecillinam 5 4 1T 1 1 0 333
4 mg/ml
PPL 1 :10* 0 0 0 0 0 0 19 320
PPL1:1 1 0 1 2 2 0 335 1
MDM 1 : 10* 0 0 0 0 0 0 19 320
MDM 1 : 1 3 1 2 0 0 0 335 1
Patch test
Penicillin G 2 0 2 1 0 1 332 4
10% pet.
Penicillin V 2 0 2 0 0 0 29 47
10% pet.
Ampicillin 7 0 7 0 0 0 304 28
10% pet.
Amoxicillin 9 0 9 1 0 1 325 4
10% pet.
Dicloxacillin 4 0 4 0 0 0 330 5
10% pet.
Mecillinam 0 0 0 0 0 0 260 79
10% pet.

| = Immediate reaction in skin test (at 20 min).

D = Delayed reaction.

The patients were not tested with AX in ICT because of unavailabil-
ity during the study.

*Since As we only used the recommended 1 : 10 dilution (PPL and
MDM) in patients with a case history of a severe reaction, most
patients (320) were only tested with the 1:1 concentration,
whereas the many cases of 'not tested, NT" in PT was caused by
supply unavailability during a part of the study period.

Three patients were not skin-tested (one with vasculitis, one
AGEP, one Mb. Sweet).

outcome in IgE testing and culprit drug reported (data not
shown).

The results of SPT, ICT, and PT are presented in Table 3.
A total of 35 of 339 patients (99 positive results, 24 patients

IgE + IgE — PT + PT —
(n=19) (n=323) (n=9) (n=333)
Immediate
ICT + (n=14) 6 8 0 14
ICT — (n=2328) 13 315 9 319
Delayed
ICT + (n=21) 0 21 9 12
ICT —(n=2321) 19 302 0 321

All 9 patients positive in PT also had a positive delayed reaction in
ICT.

The 6 ICT positive results of the 19 patients with positive IgE were
all immediate reactions.

Bold values denote how many were positive in the different types
of tests.

positive to more than one) tested positive. Discrepancy
between duplicate test results was seen in seven patients (11
tests, three with a borderline and 8 with a clearly unilateral
positive reaction). Reproducibility was thus approximately
90% when calculating number of tests but only 83% when
calculating the number of patients. As expected, the recom-
mended concentration of penicillin for ICT (25 mg/ml)
yielded more positive reactions in the same patients than
1.25 mg/ml.

The majority of positive reactions in ICT were elicited by
AMP 25 mg/ml (26 cases, 74.3%; 14 also positive to AMP
1.25 mg/ml). An identical pattern was seen with penG (12 resp.
seven patients). No patient was positive only to 1.25 mg/ml.
As a formulation of AX for parenteral use was not available in
Denmark, we did not perform ICT with this drug.

The majority of ICT reactions were NIR (60%). No dual
responses (IR and NIR in the same patient) were elicited.
The only patient positive in SPT was also positive in ICT to
AMP. SPT and ICT with PPL and MDM resulted in very
few positive reactions (one and three, respectively, concomi-
tantly positive in ICT to penG 25 mg/ml).

Nine patients were positive in PT (+ or ++ reactions on
day 3 or 7), all to AX; seven were also positive to AMP (two
not tested with AMP).

The only consistent correlation between positive test results
was found between a positive PT and positive delayed reac-
tion in ICT, as shown in Table 4; especially, the lack of
correlation between IgE-positive patients and ICT-positive
patients is noteworthy. In contrast to what normally is seen
with classical type I allergens, only six of the 19 IgE-positive
patients were also positive in ICT.

Outcome of challenge procedures

A total of 291 patients tested negative in all tests were chal-
lenged with penicillin, as shown in Table 5. We found no
correlation between a case history of IR and NIR, and the
probability of a positive outcome of any test in parts A, B,
or C (P >0.05). A case history of anaphylaxis, urticaria,
and/or angioedema showed a significantly higher probability

© 2013 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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*Three patients only participated in measurement of specific IgE (one vasculitis, one AGEP, and one Mb. Sweet).

Prolonged challenge

than unspecific rash of being positive in any test in parts A,
B, or C (40% vs 20.7%, P < 0.05).

During i.v. challenge, four patients reacted with mild
cutaneous maculopapular rash (one to 10.000 IE, 3 to
1.000.000 IE). Six of the remaining 287 patients reacted
within 2 h in the single-dose oral challenge with penV. Of the
281 patients continuing with p.o.7 with penV, 23 reacted
during (14 patients, day 2 and days 6-7) or after treatment
(nine patients, mostly days 2-3). The main sign elicited
during challenge was urticaria/angioedema (18 patients),
followed by maculopapular rash in five patients. No severe
reactions were seen.

Of the remaining 258 patients, 78 presented with a case
history of reaction to other penicillins. They were subse-
quently challenged with their culprit drug. Seventeen reacted
to their culprit drug, 7 to DX, 7 to AX, and 3 to AMP (10
urticaria and/or angioedema and 7 maculopapular rash).

No reactions were elicited within 1 h in the group report-
ing IR, but seen in six patients reporting NIR, as shown in
Table 6. A significant correlation between patients reporting
IR and patients reacting within 2 h was found (8 of 11
patients, P < 0.05). Seven of 36 patients reporting NIR
reacted during the first 2 h of challenge.

In all, this modification of the ENDA guidelines resulted
in 98 (28.7%) positive outcomes, confirmed by either specific
IgE (19 patients, 5.6%), skin tests (35 patients, 10.2%), i.v.
challenge (four patients, 1.2%), single-dose challenge (seven
patients, 2.0%), or prolonged oral challenge (39 patients,
11.4%).

Discussion

This prospective study is a continuation of our previous
retrospective study in 2011(4). In the present study, we
included PT with penicillins, PPL, and MDM in SPT and ICT,
and all testings were performed in duplicate. All patients were
investigated with a modification of ENDA guidelines and, if
negative, a prolonged oral treatment (p.o.7) was added.

Any food or drug challenge, regardless of eliciting agent,
should ideally aim to replicate the circumstances present at
the initial reaction. Although in case of drug challenge with
penicillins, the immunologic events taking place during the
infection normally cannot be included, it is important to
mimic the initial circumstances. We therefore included p.o.7
because single-dose penicillin treatment is normally confined
to perioperative treatment.

This extended procedure yielded more positive outcomes:
A total of 98 patients (28.7%) yielded positive outcome in
this study, whereas only 59 patients (7.3%) yielded positive
outcome after excluding p.o.7.

Prolonged oral treatment with penicillin has been
attempted only in few studies. Blanca-Lopez (13) studied 39
children given a prolonged oral treatment with amoxicillin,
where 19 reacted with cutaneous symptoms. Ponvert (14)
described 130 positive challenges in 111 children, in which 88
were positive during a prolonged oral treatment with the cul-
prit B-lactam. Two additional studies (15, 16) have described
similar, although less frequent, results.
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Table 6 Correlation between case history of IR and NIR and outcome of challenge including time course

Type of challenge

Type of reaction (Case history) Time of reaction (Challenge)

Penicillin

Ampicillin/Amoxicillin/
Dicloxacillin

i.v. pos.
(n=4)

p.0. pos.
(n=16)

p.o. 7 pos.
(n=23)

p.0. pos.
(n=1)

p.o. 7 pos.
(n=16)

Immediate reaction <1 h
1-2h
>24 h, but during treatment
After treatment (days)
Non-immediate reaction <1h
1-2 h
<24 h
>24 h, but during treatment
After treatment (days)
>24 h, but during treatment
After treatment (days)

Unknown

Concerning the practical approach for patient evaluation,
different algorithms for diagnosing IR and NIR have been
suggested (1-3), but data on reliability of the case history
have never been compared with the outcome of challenge.
We were unable to reproduce the case history-based classifi-
cation of IR and NIR in 87% of our patients (41 of 47 who
reported IR or NIR in the questionnaire) using the challenge
outcome as true outcome. Among these patients, we saw six
patients categorized as NIR on the basis of their case history
of reacting immediately during challenge, whereas no reac-
tions were elicited within 1 h in the group reporting IR, as
shown in Table 6. According to ENDA guidelines, measure-
ment of specific IgE is not included in NIR patients. This
could pose a risk to the patients’ safety. In this study, we
found 12 of the 19 patients with IgE sensitization belonging
to the group of NIR according to case history and only four
patients in the group reporting IR, so according to guide-
lines, these patients would have been challenged with penicil-
lin, because they tested negative in skin testing. Finally,
many patients in this study (21.1%) are unable to give a
detailed case history regarding time interval between dosage
and reaction (17, 18).

Other studies (19, 20) have also previously stated that clini-
cal history is not a reliable predictor of subsequent penicillin
skin testing.

In the literature, the two main signs of IR are urticaria
with or without angioedema and anaphylaxis. The main signs
of NIR are maculopapular rashes, but also delayed-appear-
ing urticaria/angioedema (1-3). In this study, the most fre-
quent reaction during challenge was urticaria and/or
angioedema, followed by maculopapular rashes. Only 22.2%
of the patients reacting with urticaria and/or angioedema
showed reaction within 2 h on day 1, and the remaining
(77.8%) reacted during or even after treatment. Whether a
patient reacting during continuous treatment on, for exam-
ple, day 4 would have experienced a similar reaction after

challenge with a single dose of penicillin (i.e., a true NIR)
cannot be deducted from the present study.

Predicting positive predictive value (PPV) and negative
predictive value (NPV) of specific IgE and skin tests is diffi-
cult when omitting a gold standard (i.e., knows for certain
whether a patient is clinically reactive or not). Romano et al.
(21) challenged five patients with positive delayed responses
to ICT, in which only two tested positive. In another study
(22), 270 challenges were performed regardless of skin test
outcome. A total of 137 patients positive in ICT were chal-
lenged, with nine positive outcomes, while 5 of 135 patients
negative in ICT tested positive. PPV is then as low as 0.07,
and NPV 0.95. Three other studies (23-25) also challenged
skin test—positive patients with penicillin and obtained similar
results.

One study has even tested the diagnostic value of specific
IgE by challenging patients with IgE sensitization to penicil-
lin (26): two of seven patients with positive IgE (0.4-2.9)
challenged with penicillin tested positive, both with an imme-
diate reaction (urticaria), and 2 of 15 patients with negative
IgE tested positive in challenge, one with IR and one with
NIR.

We found a lower number of positive skin tests to B-lactams
(10.5%) than reported in studies from the southern part of
Europe (12-70%) even when utilizing identical concentrations
of allergen (1, 2, 27, 28). This can only partly be explained by
the nonavailability of AX for ICT, because, although we do
not know the number of positive ICTs with AX in our popu-
lation, only seven patients tested positive to AX. Also, in con-
trast to what we had expected from the literature, where the
frequency of positive reactions to PPL and MDM varies from
5.5 to 22% (27, 29, 30), SPT and ICT with PPL and MDM
resulted in only 4 positive reactions in three patients (0.9%),
all also being positive in ICT to penG 25 mg/ml. Besides
regional geographic differences in drug consumption, we have
no apparent explanation for these findings.

© 2013 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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We found consistent correlation between ICT (delayed)
and PT. All nine patients positive in PT were also with posi-
tive NIR in ICT. The majority of patients positive in ICT
were PT negative, confirming previous findings that ICT has
a higher sensitivity than PT (21, 31, 32).

Discrepancies in the results of repeated skin testing in
patients have led to the concept of (re-)sensitization induced
by testing (15, 33, 34). The reports describing a positive skin
test result in a previously skin test-negative patient have used
single testing and found that a few percentage of the patients
became positive when repeated. Lack of reproducibility in a
small proportion of patients thus provides a more plausible
explanation than procedural sensitization. Further, a positive
outcome of a second challenge in a previously negative
patient has also been interpreted as (re-)sensitization (1, 3,
33, 35, 36). In these cases, however, the initial negative
challenge was followed by a regular treatment course with a
B-lactam probably mimicking our results obtained by the
prolonged challenge. As sensitization by skin testing with
classical, complete allergens has so far not been proven, this
is also unlikely to happen with haptens such as B-lactams.
SPT and ICT were performed simultaneously with all aller-
gens despite warnings in the literature of risk of elicitation of
systemic reactions. Although we found no such reactions,

Prolonged challenge

such a potential risk should always be considered especially
in populations with high rates of true IR.

Our study points toward that testing for allergy to B-lac-
tams conceptually does not differ from other testing proce-
dures in allergology, except perhaps in the fact that a higher
proportion of the patients are not demonstrably IgE-sensi-
tized and also that a higher proportion follow another time
course by reacting with symptoms and signs after hours to
days of exposure. Non-IgE mechanisms seem plausible, but
further studies are needed. Until such studies have shed light
on possible differences between IR and NIR, we suggest for
practical and for safety reasons to evaluate both groups using
the same diagnostic workup.
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